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Holographic Model for Baryons at Finite
Temperature PARK Cheonsoo, HONG Deog Ki, AHN Hyochul
(4 3t 2] 3}7) We study baryons at finite temperature in
the context of AdS/QCD. By introducing the 5-dimensional
AdS-Schwarzschild metric with an IR cutoff, we extend the holo-
graphic model for baryons proposed at zero temperature to the
model at finite temperature and compute the mass spectrum of the
necleons and their couplings to mesons, taking full account of the
effects from the chiral symmetry breaking.

Baryon Mass in medium with Holographic QCD
SEO Yunseok, SIN Sang-Jin(Hanyang University.) ~ We study
the baryon vertex (BV) in the presence of mediumusing DBI
action and the force balance condition between BV and the
probe branes.We note that a stable BV configuration exists on-
ly in some of the confining backgrounds. For the system of fi-
nite density, the issue is whether there is a canonical defi-
nition for thebaryon mass in the medium. In this work, we
define it as the energy of the deformed BV satisfying the force
balance condition (FBC) with the probe brane. With FBC,
lengths of the strings attached to the BV tend to be zero while
the compact branes are enlongated to mimic the string. We at-
tribute the deformation energy of the probe brane to the bary-
on-baryon interaction. We show that for a system with heavy
quarks the baryon mass drops monotonically as a function of
densitywhile it has minimum in case of light quark system.

On The Construction Of AdS; Solutions In IIB
Supergravity And Their Regularity 7 S-(F3tf s} &)}
) Ttis recently established that any supersymmetric D3 braneso-
lution in IIB supergravity can be expressed locally as a warped
U(1)-fibration over Kahler base satisfying a particular higher-order
equation. Explicit solutions are obtained using the Calabi-type an-
satz for the Kahler base space, which are made regular through an
ingenious redefinition of the angular variables. In this presentation
we report that such a procedure in fact can be applied to a larger
class of solutions, and their regularity can be checked even if we do
not have explicit solutions.

Multi-BPS DF-strings and Magnetic Flux 7 &
Wi, 2 €173, & A&, ISHIDA Akira(¥7# ) s}n &2]3}7})
‘We consider the system of D3-brane and anti-D3-brane pair in the
coincidence limitand examine rigorously the BPS nature of static
multi-DF-strings in the presence of magnetic flux.The low energy
effective theory involves a complex tachyon and U(1)XU(1) gauge
fields,and is described by the Dirac-Born-Infeld type action and the
action from the boundary string field theory of superstrings.

KKLT type moduli stabilization from the Heterotic
String and its phenomenology 2! *1-S(KAIST E2]}7) e =
g 7o) FXo| A dilatong SHF A 7= HH & A A S ©]
AL 2ALS AL Pk WAAT) AFS A7) A Type
2B o] 2] A gaugino &3} up-liftingell 3| F3t= AE S E3t
a2 drh 7|4 AAE W 7128 soft termE = T3
™ T mirage pattern®t AL BRES HolFs S ERHS
dS T A& Aoz 7"k
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Neutrino phenonmenology = CHUN Eung Jin
(KIAS) A 10979 F48nA A9 #de & o, 22
£ W79 Hg SHVAY s dFe2TE A% AT A
Y A= A7 F AY 452 AAdolde] R WA o
Atk o] oA E 4 /A EHE A8 7R S
A Y ARE 8ok, oby LeiAA @S PFE
Z%=, CP A, di7] S4vA A5 AFAte
% 59 AFE o 4@l U 2w
A VA 4 dE A7 7HA FE
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The Prospects for Neutrino Physics at the
Spallation Neutron Source = HUNGERFORD Ed(University of
Houston.) The Spallation Neutron Source (SNS) at the Oak Ridge
National Laboratory is presently being commissioned. It consists of
a 1 GeV proton driver with 1 MW of power. In addition to the copi-
ous production of neutrons, it will also be the most intense source of
neutrinos between the energies of a few to approximately 50 MeV.
This energy range overlaps the spectrum of neutrinos produced in
supernova, and provides a unique opportunity to experimentally
study neutrino interactions of astrophysical interest. A program to
measure both charge and neutral current reactions on nuclei has
been proposed and now awaits funding. The proposed experiments
and the potential physics to be addressed will be explored in this
presentation.

Current Status of RENO Experiment  KIM
Yeongduk, FOR RENO'(S¢jong University. ‘collaboration.) RENO
(Reactor Experiment for Neutrion Oscillation) is an experiment
under construction near Yeonggwang nuclear power plant. The
purpose of the experiment is to measure the thetal3, third
mixing angle yet to be measured. In this report, we will de-
scribe the current status of the preparation of the RENO
experiment.
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Shower Shape Analysis Study for CMS electron
Identification 7 A&, & 4, @ 3], FUTYAN David,
VANLAER Pascal’(Z &t 8}, E2] 37 'Imperial College. *Univ.
of Brussel.) In high energy physics experiments electromagnetic cal-
orimeters (ECal) have been widely used to identify electrons (or
positrons, also photons) by measuring the energy of the shower.
The hadronic showers are known that mostly inelastic hadronic in-
teractions were caused producing multiparticle. The electron show-
er shapes are developed discriminating against jets due to the differ-
ent physical processes and the energies are deposited in the ECal.
The CMS detector consists of 2 preshowers, ECal and HCal in the
endplug resion (1.6 <eta< 2.6). We present the status for the com-
bining information from the four longitudinal layers in order to gain
additional discriminating power in comparison with a simple
HCal/ECal ratio which has been used up to now.

Momentum Measurements of Secondary Particles
with ECC in DONuT Experiment PARK Byung Do, SONG Jin
Sopl, YOON Chun Sill(Nagoya University. IGyeongsang National
University.) The charged particles traversing mediums are deflected
by many small-angle scatters and most of these deflections are
known as Multiple Coulomb Scattering (MCS). In order to measure
momenta of charged particles by MCS method, high position accu-
racy and angular resolution are very much required. Nuclear
Emulsion satisfies these conditions due to submicron spatial
resolution. We applied this method to the secondary particles from
neutrino interactions in DONuT experiment. In the experiment,
578 neutrino interactions were observed in ECC(Emulsion Cloud
Chamber) target, and 2338 secondary charged particles were emit-
ted from the neutrino interactions. By the analysis magnet and drift
chamber, only 689 tracks (~29%) out of emitted particles from the
interactions were possible to measure their momenta. This is be-
cause both geometrical and reconstruction efficiencies of those de-
tectors were very low. To overcome this problem, we have tried to
use MCS method in ECC. With use of this method, 83.2% of the
tried particles were successfully measured their momenta. This is
the first application to real particles emitted from neutrino
interactions. Therefore momentum measurements is possible only
by MCS data in ECC target without other electronic detectors. The
method will be applicable to OPERA experiment, which is a long
baseline neutrino oscillation experiment.

Liquid Scintillator R&D for RENO ©] A%, A

as JES.Y 1
F,u < w A, A R A A, 8 A, 20

4
o
N

I3 = st

7 23" 7 99" STEPANYAN Samuel', A 241!, 7+ o}2', 7
egol, vl u g, A o] a2, A 5,
o’ W S5 & AR, A 587, 3 9L, 3 27, 1 9
AT AR, AR, AAE, FAY, A, F A,

A 4’ 9o 9% N. Danilov’, YU. Krylov’, G. Novikova’, E.
Yanovich’ (A& o ez, ' 5 o o}z, ° o] SFaL ° &+ o] oF L
PRk e, O gk ok (A E ol o TR ol o | E g,
INR/ICPE) We present the results of liquid scintillator (LS) R&D
for RENO (Reactor Experiment for Neutrino Oscillation). The
Gadolinium loaded liquid scintillator (GALS) samples are made
based on LAB (Linear Alkyl Benzene) with PPO and bis-MSB as
fluor and wave length shifter, respectively. The light yield and at-
tenuation length of GdLS samples are measured regularly for the
long term stability test. The compatibility test of detector materials
with GdLS are performed. The concentration of radiopurities (40K,
232Th and 238U) in GALS is measured by ICP-MS and the single
event background rates are estimated by Monte Carlo simulation
using the measured concentration. We are designing LS handling
and transportation system to handle large amount of LS and GdLS.

Studying the Silicon Photomultiplier in Geiger
photon counter mode  ©] %, U 1 B AL, & A, o F,
 dE, v AP(o/sfofxifstal)  The Silicon Photomultiplier
(SiPM) is a multipixel semiconductor photodiode. All multipixels
of SiPM are joined on common substrate. The Gain is the same lev-
el as conventional photomultiplier tubes(PMT). The micropixels on
the same substrate are electrically isolated from each other by poly
silicon resistors and trench. Each micropixel is working in limited
Geiger mode as “binary” devices. The pixel’s signals are ganged to-
gether by aluminum strips. We will present design, device simu-
lations and fabrication of SIPM. We also present the test results for
SiPM.

A Test Beam Result of CMS Electromagnetic
Calorimeter in 1.4 <eta <3 ¥ W3, & A&, & 44, & 59,
BEAUCERON Stephanie' (3% 82, &2/} 'CERN) The
endcap electromagnetic calorimeter of compact muon solenoid
(CMS Endcap ECAL) consists of identically shaped lead-tungstate
(PbWOA4) crystals grouped in supercrystals(5x5 crystals), which cov-
ers 1.4 <eta <3 region. The energy correction has been applied to
each crystal with a test beam according to various electron energies
during summer 2007. Energy deposited in Ecal is reconstructed by
clustering of crystals. The energy contained in the cluster varies
with the shower position. We present energy corrections to the tow-
ers ECAL Endcap using a test beam.

Mockup detector of RENO d} 72+, 2 &', 2
%3] 71 $9' STEPANYAN Samuel', A 41", KHAN Adil,
KIM Andrey', g} Q13% wF g2 ok gzt o) a4 1 4

3, 3 5%, 3
23 JENREY 215
A5, W g, A A ol g, A Az #9N, B oW 45
2435 5 5 5 5 5 6
@0 e, W 5§ AW, B 85, H 9L, F &7, 3
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G, w AF, A 253, 9 AW, A AE, F AR, A, 3
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HEAFSE gol Y= RENO 439 A%V HAE ERE
=43 AE7E AF Jo Aok o] H42¥ AEV]E Liquid
Scintillator®} 10 1% FZEZHS T8 FFL2 A& Htt o] 4
2719 AF BEH2 A&7 5 A5 L A2V 44X 45 &
Aol At A T 4I3H AX AYS sz
St} B R e o] H4Y A&7 A AF HE s Y
sHA et
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Integrability in AdS/CFT correspondence <t ¢
d(olstod] F2]gl7) AdS/CFTY] 7H8 842 el iz
HE S N=4 2 Y FL=20|29 HH5F At} 202
9] Fagt N E FTFLEN AAZLZE FERY Q= ATFFA
olth. oA 3] F-H=o] 2 A Y 3l = WrappingtAl, 10| &
o] FA 5 Ao FE FAEC] BAT HZ /HHE FAEE

& o] &3ty ol & AT B ATFE0]
AFHIL Y 2 ANz o] FAE & 7hFe et &
2 XYE AT S A EY] 2 dith

Black holes in AdS &8 S&(FAdsfx &2
sF7) At the beginning, we explain the relevance of two-di-
mensional black holes in the study of black holes. Then we
consider some classes of two-dimensional charged black hole
solutions in various higher derivative gravity theories. In the
macroscopic, gravity side, approach we use Sen's and Wald's
formalism to obtain entropy and free energy. We compare
these results with those from microscopic, gauge theory side,
approach wherever available.

Emergent Spacetime and The Origin of Gravity
% AX(Z5H3Fe) We argue that a field theory defined
on noncommutative (NC) spacetime should be regarded as a
theory of gravity, which we refer to as the emergent gravity.
A whole point of the emergent gravity is essentially originated
from the basic property: A NC spacetime is a (NC) phase
space. This fact leads to two important consequences: (I) A
NC field theory can basically be identified with a matrix mod-
el or a large N field theory where NC fields can be regarded
as master fields of large N matrices. (II) NC fields essentially
define vector (tetrad) fields. So they define a gravitational met-
ric of some manifold as an emergent geometry from NC
gauge fields. Of course, the pictures (I) and (II) should refer
to the same physics, which should be familiar with the large
N duality in string theory. The 1/N corrections in the picture
(I) correspond to the derivative corrections in terms of the
noncommutativity theta for the picture (II).
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Custodial bulk Randall-Sundrum model and
B—K*1'I SONG Jeonghyeon, KIM CS.", CHANG Sanghyeon1
(A=, &2} A, E2]2%)  The custodial Randall-
Sundrum modelbased generates new flavor-changing-neutral-current
(FCNC) phenomena at tree level, mediated by Kaluza-Klein neutral
gauge. Based on two natural assumptions of universal 5D Yukawa
couplings and no-cancellation in explaining the observed standard
model fermion mixing matrices, we determine the bulk Dirac mass
parameters. Phenomenological constraints from lepton-flavor-viola-
tions are also used to specify the model. From the comprehensive
study of B—K 1'T, we found that only the ee decay has sizable new
physics effects. The zero value position of the forward-backward
asymmetry in this model is also evaluated, with about 5%deviation
from the SM result. Other effective observables are also suggested.
For the first KK gauge boson mass of 2-4 TeV, we can have about
10-20% deviation from the SM results.

Spin effects in SUSY cascade decays 71 & #(3F
Z7el7] &9 E2]8l7) Westudy the two-body decay of a polar-
ized neutralino, chi-tildeio(nA)-—whi-tildejO+Z. It is shown that the
decay mode provides a probe of Majorana nature and spin in-
formation of the neutralinos.

Higgs Bosons in the Nonminimal Supersymmetric
Model & 5%, & NZ(FE0),CHEP. 'A=1), E2]3}7) In
the supersymmetric models, the source of the CP mixing between
the scalar and pseudoscalar Higgs bosons is the complex phases
arising from the soft supersymmetric breaking parameters. The
Higgs sector of the nonminimal supersymmetric standard model is
investigated within the context of the explicit CP violation scenario.

ZAA TEZ] AEAA MT, BZFE o] 8%
23 JAAFY 23 9, A 7L, 2 I, o B
Hprleg) FEF 2Y(Standard Model) S Hol A A2 &g
O] 2EF U] RNl BEFE 2o H o2 A&, Al
A A} 2= 7)(Large Hadron Collider) 2 @ A]ol] |28 x4 ¢
AH50] Fo2 AEo] YA, v 2 A YAE
T 7P 7P P8 F/49 Y AB(Lightest Supersymmetric
Particles-LSPs)S ‘&2 Zlolgt el 4stal olvk 28] 3L o] wf 3HgH
Ql YA YA #E7] WA E3tA] & @3
g Zlolgt oddrct olgd A Ko SHYAEY 25F
FR 7 FEA Foll AHE 201 Y YRS AFS AT
87171 & Ro] Aol o Aol A 2= MpE 2
& FE5F d 2o AA S ATFE FPBHS 7HEe] ol
SR A 2 FHmesp) S 7HEE W Mp(misp) FE5F0] 7HE §=
= HU M (mesp) 2 A0 EHA S FE}AL o
B3 G SHYAY AFH A FAE T E 2
A9 AERAE 230 E = ASS EQh 283 o Yo}

)

ot ¥°
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e ol @ 35 ARIOIA GolHe SHYR ololel, A2
2 QA BAFFAN Je FEFsR JAE BEAY
B9 M ™ (mus) 359 Fol msp7H BoiM e SHU A4 2
A AW AR A EP) S 7127] MBS BlThe LS &
SR ol FFe] B Bl FEAC] BAY 201

AR AFS BA Y F Adrks AL g By

Gluino Stransverse Mass H+ 33 = 944} 3 7]
&, A FHEKAIST, E2]87) AN ZY A+ S E7](Large Hadron
Collider, LHC) A& o A #Z0] A A EHE= 2L B 0|25 5
sl Ul H o229 d42F rdQl xUlH BF Z¥AME
R-HZ e/ EEE Z9, 203 gAEC] B4 48 &
GAE AX 7 7R 2 9 A(Lightest Supersymmetric
Paricle, LSP)E 2 & B3 dc) LSPE A&7 A AZHA ¢
A WA UA HaL o] AL Aé 7R of| U X (missing transverse en-
ergy) = YEIA B} 2384, 20 2 QRS0 Y=o 4
LSPE S HEZE 2= #ZF o2 RE Zulz2 LSpe] A%+
AU, SEFS A4S F A, 07 2hF YAE Alo]o AF
AT IS £ otk 2+ 59 FFAA AAYE BF 2
JAEY AR, 5HL A& 712 AR E o] &3 A4t 5
RNE Mp, e &Y Foigho] 270 B} AL TRE /A= A
S HAYN, )RS B T HF TAH 7] 2 H GA
LSPY AL 238 5 S8 Btk £33 LHCAA = 4=
ilste 272 YA U3 A FFo| = YA gel A4
g Ao AL FFo)et EF 2EY HE2r2 AAEY 2
oA #AQl 27 o 202 YRS 2F AlS T2 w o
G e AEA BHE AX F Y AZE UEA A oy
St 53 g9 B whet M9 A oigke] £84]o] XA
a1, 53] A B39 F% Sk miAE 27 a9 2F
T A8 otk e 98 e 2 EF E AE
E2HE Mp 49 2HZ2 AlgUl71E A=, o|Re] AA
LHC AN NEFad RS ByT)

Relativistic Corrections to J/psi — I'T at order al-
pha_s BODWIN Geoffrey T., CHUNG Hee Sok', LEE Jungil',
YU Chaehyun'(High Energy Physics Division, Argonne National
Laboratory. 'Department of Physics, Korea University.) We compute
the color-singlet contributions to the leptonic decay rate of the-
spin-triplet S-wave heavy quarkonium at order alpha*2 alpha_s in
whichrelativistic corrections are resummed to all orders in v.This re-
sult supersedes a recent theoretical prediction, whererelativistic cor-
rections were ignored at order alpha_s correction terms.
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New Resonances and Search for New Physics
from Belle ¥ IF(HAlof s}z E2/82) As a high-precision
tool to study electroweak and strong interaction dynamics of
heavy-flavor systems, the Belle experiment, using KEKB asym-

metric e+ e- collision at sqrt{s}=10.58 GeV, has been producing ex-
citing physics results in heavy-flavor physics and CP violation. In
this presentation, we will show recent result from the Belle
experiment. In particular, we will focus on new resonances dis-
covered by Belle as well as results which are relevant in constrain-
ing new physics through rare or forbidden decays of B mesons and
tau leptons.

Physics issues at Super B factory in the era of LHC
KO Pyungwon(KIAS.) 1 will discuss physics issues at Super B fac-
tory, emphasizing its complementaryrole in the era of Large
Hadron Collider (LHC).The topics will include further tests of
CKM paradigm, flavor and CP violations in SUSY models and pos-
sible connections between the quark and the lepton flavor violations
within some SUSY GUT.

Detector Issues at Super KEKB Factory Project
X W (gFeF 8FaL) The Belle experiment using KEKB e+e- en-
ergy asymmetric collider at KEK laboratory in Japan has been pro-
duced lots of fruitful and outstanding flavor physics results. From
these achievements, we are planning to launch Super KEKB factory
project to search mainly for new phenomena that arise from
physics beyond the standard model. In this talk, detector issues in
the project will be presented.

Accelerator issues at Super-B factory 71 24HF
&0jl) We present the accelerator parameters for the Super-B fac-
tory with the luminosity of ~ 10"35. We show the designed lattice
and beam instabilities issues such as electron-cloud that are
critical to achieve the design goals. We also discuss how large a
beam-beam parameter can be achieved in the Super-B factory. We
show the impedance budgets and collective effects in the rings.
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Study of $B o phi pi$ decays with 604.555 fb"{-1}
in Belle Experimental. JUNGHYUN Kim(¥ 7 &t g &g
ol7 9 AFE2]alE4l) We have search for the chamless de-
cays $B\to\phi\pi$ from Belle detector. The analysis is base on a
data sample of 604.555 $fb"{-1}$ collected at the $\Upsilon(4S)$
resonance with the Belle detector at the KEKB $e- e"+$ stor-
age ring.

The Recent Updates on a Search for Randall-
Sundrum Graviton using the mode, G — ZZ — mu mu'mu mu’
CHUNG J., PARK HK., KIM G.N., SON D.C.(& &t} 8} 310f
U x| &2 J7+4) CMS experiment at LHC will begin operation
some time in this year, and this experiment will provide
searches for high-mass resonance states. Among them, we have
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studied Randall-Sundrum graviton with the decay channel, G —
ZZ — 4 muons. We have used the worldwide CMS Grid-comput-
ing resources during CSA07(Computing, Software and Analysis
challenge '07) to produce large samples of signal and expected back-
ground MC events. In this talk, we will present updated results of
this search in the 1 fb integrated luminosity.

Construction of Underground Facility and
Detector at RENO 7 44, I AE, 9 494, & A5, B
AN, F 2%, T uF, 2 5y, 2 £9, 2 AL, AR
zHghd, A £41) old ¥ A =dol, v A, | g
o A, o] A A F¥ A A, v B& 9 4 A
AP, o]l AL, A AP & 44, A o, 2 53, 0 1
20w 2§ A, £8° Q99U 7 7, B 99,
i A%, A 25, & 9=, N. Danilov’, YU. Krylov’, G.
Novikova’, E. Yanovich(AYtjstm Eestz 'FHo sl
B ‘Fy ) n APET S el ued TEN g YE B
St B S Bl AU dn g2l ‘Y7
SJu B2, AEydn g2, CEgFI e Ee) e
INR/IPCE) RENO 2@ J3gAEdALo BEEE
SARAE o83ty olHE mEFH FHMAXZHELS
(theta_13)2 Z33}7] <) 20108 X258 AJ&sA 2 AF
olt}. 500E9 Z71E Ze 2UY 5YE A&V AR F
Aol AR ZAB(LF 290m), LA 1.4km) A H 2 A &F
Zroll Axg Algolth A3AEZY HAE= 20079 10€
AdFNLH, oo WE FAE 2008d 4€FEH AIFE
2008 ol ¢4=d dgolth o] XEFItd MAXE HE7]
9 FojAlA S HA JBGg e oA ExEA "ot

)

0!

B-21 Status of KIMS experiment 7 <34, 7 A7,
R W A%, AR 0 AL o BF, o 38, H AE B &
FA99, 0139, A EF A5 F AL 085 A Y
Z g m2° 3 A4 LlJin’, L1 Y.J°, YUE Q#4208 2]
ARGR Iy GAATE AET n 223 F B o
& B CAdd e Eed ‘ol TS

’Tsinghua University Department of Engineering Physics.) KIMS col-
laboration has carried out WIMP, one of dark matter candidates,
search using 12 CsI(Tl) crystal scintillators, whose total mass is
103kg in Yangyang underground laboratory. The current back-
ground level is around 2cpd(2 count /kg/keV/day).Besides CsI
main detectors, we are operating Neutron detector and Muon de-
tector to understand the background events other than WIMP. The
recent progress of KIMS project will be reported.

Neutrino Events in OPERA experiment YOON
Chun Sil, SONG Jin Sop, PARK In Gon, KIM Sung Hyun',
PARK Byung Doz(Gyeongsang National ~ University. ! Chonnam
National University. ZNagoya University.) In the experimental
results for v, — v; neutrino oscillation, “Direct observation
(“appearance”) of oscillated v, is still missing. For direct de-
tection of v; after oscillation, an identification of t lepton from
v. CC interactions is essential. Nuclear emulsion detector is
very sensitive for this purpose due to its good spatial reso-

lution To get an unambiguous evidence for the oscillation in
the parameter region indicated by the atmospheric neutrino dis-
appearance, OPERA experiment is being carried out with use
of Hybrid setup (nuclear emulsions + electronic detectors) and
a long baseline CNGS (CERN Neutrinos to Gran Sasso) beam
( v>= 17 GeV, L = 732 km). This kind of methodology is
possible by developing the full automated scanning system and
new off-line analysis “Net Scan”, proved by the DONuT
experiment. The CNGS beam is exposed to the ECC (Emulsion
Cloud Chamber) target area in Gran Sasso. In the 2007 ex-
posure, 38 events of neutrino interactions were found in the
Emulsion target among 365 events passed through the analysis
cuts so far. Their analysis is going on and the details of the
events will be presented.

Muon Reconstruction at RENO A &5, 7 2

K
= = 1 21 1 o S|
ﬂ,u}@_,_y_é_q];g771%o ’71 <29 ,/\]__,_011 /\Eﬂq_\,}:,x-]

29
F4', ok 7V, er=do] 7, uk Q12 wh e ok P2 o] w,
A A AR, w7, v g A AP, o] S, H M
947 A o, 7 BA A, W 26§ A, £
AL, 2, AAE, F 2, A, B A, G QA
9 9%® N. Danilov’, YU. Krylov’, G. Novikova’, E. Yanovich’

(AETh e, g B S, 2 ok, S E Al o S Bk o
@ gl ‘Yaden Ay . | E Y-S .
g INR/IPCE.) We developed a muon reconstruction algorithm us-
ing the veto and inner detector components at RENO. Based on
Monte Carlo simulated through-going muons, we studied the
muon identification efficiency, the reconstruction resolution of
muon entrance and exit positions, and the reconstruced muon
trackresolution. The time and charge information of PMTs in both
veto and inner detector components are used for the muon
reconstruction. The muon identification efficiency is found to be
roughly 98%.

Study of muon induced neutrons in the KIMS ex-

periment ¥ FE, F A9, B ¥, 3 A, 4 54, ¥

2 3] a7 ac 1

%, W 82, G A9, o 3, o &, o Wx, P I,
3

o 3, W BF, & F, ¢ AW, B 9T, § 9,
A5, 3 QA A 247 o] &’ LI J° ZHU T, HE D/,
YUE Q(Aeti gk, A&y o, 75 ok, * e oy e
‘o] sloixioy e, v Y A =0 8, °IHEP. "Tsinghua University.)
Searches for weakly interacting massive particles(WIMPs) can
be carried out based on the detection of nuclear recoil energy
in CsI(Tl) crystals. Neutron singal is identical to the WIMP
signal in CsI(TI) crystal. Therefor it is crucial to minimize the
neutron background and to fully understand the remaining

=]
=k

background sources. Some of neutrons can be induced by
mouns passing through the materials of the shield. Neutron
signal induced by moun is detected at the neutron detector in
coincidence with muon signal at the moun detector. Using
these events we measured neutron rate induced by muons in
theKIMS experiment.
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Status of the Korea-CMS Experiment Group 3
A FFH g E2eF) =7-CMS A 215220073 4
4 Fe7)|& R By IA R RRGAY S AT
WA G HAAETY ATANCERN)S F" A o2 A+
H] S x| guko} CERN LHC 7F&5719 A CMS 28 -& 58 Fo 9l
o}k AL CMS A 259 FAY A7 EE dES A%

Physics Perspectives at the Large Hadron Collider
A JA(FAEH g E2/5FF) We give a general and brief re-
view of the most interesting aspects of LHC particle physics and its
connection with cosmology.

The First Year of Physics at CMS  CHOI
Suyong(Sungkyunkwan University.) 1In 2008, the LHC will start pro-
ton-proton collisions and CMS will start taking data. The physics
programme will be rich and diverse, covering both Standard Model
physics and the search for new physics at the Terascale. The physics
possible at CMS in the first year will be presented

Muon-trigger Resistive Plate Chambers for the
CMS/LHC experiment LEE Kyong Sei, AHN Sung Hwan,
PARK Sung Keun, HONG Byungsik, HU Rong Jiang, KIM Hyun
Cheol, KIM Ji Hyun, KIM Tae Jung, LIM Jung Ku, MOON Dong
Ho, RYU Min Sang, SIM Kwang-Souk’, LIM Jung Ku, BAHK

Sang Yeol’, HONG Seong J ong3, KIM Yong Js u’, KIM Yong Eun’,

LEE Seok Jae®, NAM Soon Kwan’, RHEE Jun Tak’(Korea
University, Dept. of Physics. Korea University, Dept. Physics. ZWonkwang
University, Department of Physics. >Seoul National University. Institute of
Radiation Medicine. *Cheju National University, Dept. of Physics.

5Chungbuk National University, Dept. of Physics. 8Seonam University,

Department of Biomedical Engineering. "Kangwon National University,

Department of Physics. *Konkuk University, Department of Physics.)

Resistive plate chambers (RPC) in avalanche mode has been devel-

oped for the CMS/LHC experiment. The intensive R&D effort of
the past years shows that the avalanche mode operation enables

RPCs to accommodate a capability of carrying out the role of the

trigger detectors under the high background particle rates to be pro-

duced in the CMS. In this report, we review the past development,

the construction, and quality assurance of the forward resistive plate

chamber system of the CMS. The future plan and the scope for stag-

ing of the forward RPC system for the second-phase CMS/LHC ex-

periment are also briefly discussed.

Current Status of CMS Computing in Korea
PARK HyangKyu(& #f 8t 2oL x]&2]¢d74) The CMS
experiment at LHC will start the operation in this year. This experi-
ment will produce a few Peta-Byte raw data/year at the planned
luminosity. In order to process and to analyze such an un-
precedented data, the CMS experiment has been built the hierarchy
of Tier centers using Grid computing resources, services and
toolkits. In this talk, we will present CMS computing activities in
Korea.
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B4 o) 2 4X8 58 FARH /HE7] A4
9 FAAQ TF 2 2F AMY A SA(FFFHGH) A,
SolZ W o] & AT E 1T, FY, THXE B FS FTHL
2 1Yk 53, Fol WS AFES AN E AFE 1994
W A& YA e s AT A HY Y Fol X EAHHIMAC
T A X EE A EHOE Y Fol2 ATXGSD), o1Ed

of, ZgA 9 Eg o}, Addl T AFHIIF Byt ol F
T M= Fats] 30 FolohAlu] Aol x3le T U
WAL AXE 2FHE GRSt YRV ol A7t
300 MeV/u o’ Zlo] @F=H Al FH o= o5 7] ALY
ol &, BAY, &HY 2 Wy HAEH ¥ ZAFHAYD
300-500 MeV/u(B 213 o U A)) Fol2 W A2kr] A2 A 484

o] AFEAAE, & ol FYINECR), RFQ(Radio Frequency,
Quadrupole)7}<: 7], ¥ 714 71(LINAC), Booster 7+ 712 74

HolA gtk o] AFAHELE EPZF o R 10 MeV/u, 30MeV/u,
300 MeV/u, 500 MeV/ug] S0l W& A4ke 4= qlth

RIbeamS ©] &3 &7 U AT 14
(o]3loj =l 8t ZFe}w47) Radioactive Ion Beam< o] &3t
AT AT 2 SEATY A2 5FF Fo2 ALS DotR
317} 9k},

Applications of RNB to Material and Biomedical
Research PARK Se-Hwan(Korea Atomic Energy Research Institute.)
T}kl of 1 2] 2] RNB(Radioactive Nuclear Beam)S 2138 &= ¢l
£ 71 ZX N B o] & o] &% AT AAAIH o2 Edbe] »
Y= 3L Gtk o]t BokRE A TFE AT, AR EY, V2SS
28 AT, dAEY S AAEF, A8 H AES AT, HFE
A B & T QUvk B LRA A= RNB A2 S o
3 2T A A g 22 A AP X8 " 95 I AT
AR A 2 FA 8 NS A AAE AL § ok AT
A gl ko 2 of wbd ek ti 3t =gtk FE ol 7|Nke £
23 9 BN 7led 4 #3 #Ad FEE 7198 3o o
W, HZ Y A &b A 21 EA, A 22 S A
o] w2 A Y wEtA A7 2 Aol i FE 24
71€0] Aa3tA F9oH RNBE o] &3t B-NMR, Radiotracer
technique, Méssbauer spectroscopy 5= ©]213t 7|&€ 4 25 ¢
AL F & AL 7lg "k RNB A4 & o] &3 thgst &
A D4 A A3t G4 A g HAMA A & 71E S A
E & T Us AR AgE H2 ga wE A duAd
o2 Bk b 943 BRY1E Age] Bago] FEum g
on, GenlV URHE AA|, 8F7] s} Avg AAs YA
$13Ho] RNB /149 B 240] 7213 gick,

* Acknowledgements: This work has been carried out under the nu-
clear R&D program of the Ministry of Science and Technology
(MOST) of Korea. We are also supported by the iTRS Science
Research Center / Engineering Research Center program of MOST
/ Korea Science and Engineering Foundation.

G2 guA Fol2H I&FHYAE o] & Y
B3 9 S8AT B Felgy) AFHRA
Zoll 7HE F2% SAREYG 0] A o] A7 Y E
AZ% S8R Aol Bt do) Aslayg Fol A A
o]l ARGEAY o1& W F4A B /Mg £L BF S HE
th o] Alug] 2ol 93t H PC(*He,n)' 0 ¥Hgo] o} % 9
< 3 ARGYIA 252 A 19 %, CMo| HAZ <k 190keV
FGoll s Feeh AT FFHE W7 R EwEol| oFF
742 290keVE G7AA el 2 8kA] E8k wekA PC(Liy 0
S} o] W43 WS o] 8 5 ok LigS ol &3t 09
6.36MeV = JEH E o] e 5= e T o] Btk 2 o
Uz 999 trt 'Li ol eHoE s £ 9l AR
AR E)FE ol 297 MG &7 Al FHAY S 2B
9o} e A whS AT Aol o] 7)o Folt) T3
'H('Li,n)'Be ¥h-g-S0] &% 1% A4 {1 &g AL =
93 o g ol k.

712 2 S& FAAT-E A% FoIRNEN &
4 A SAUFYHIE) Fol2rt&71+ AT T keV ol U
Ao A o] 254 T BAH} EEZFE T MeVol A&
g, GAIAAAES, F9 GeV 0]4<] §12 2o =] E2] AT 5ol
AMEE AL QTh H A2 9 MeV o) o2 W g 7ttt e A
AREZo] gAY Wl Q1%E/FF, /&AL 59 FAZ Fol
29 3% P ¥ AFE 1 pmicroA ©14 7143t Ro] oH Y
W AYrEr)e) A9 W A/e 2717ME 2AE JH 23
Ho 22 dUANAE W &4 B o AgHE AFAH
ofsf $HAZE FolRTh AL o A €] F-& P59 RHIC, 99
LHC A4 A A o]n] AF7F IAHAY FHF vhd of A
T 7H71E ofd AAGAY ol2x ZIA T AEY S X3
£ 712/ &H3 AR A o7t A7) ol whet 7HET] e o)
g AA 2 FoUME a0 9EAF AT AP ol gtk B3] ¥
& beta (v/0) 2H = FEA 9 dfA )G 7HE A G 934 oY
b ZokA AL Qlo] & o] AR 7M1 AT The kAl H A
th Fol29 Z9 H AU E ZHFH LR Fol7] 93] 7t& F
ZAAA A (charge stripping)7t ¥FEA] D a3 o] gt Fio] 7}
E718A14 2 TS A F Utk 2% Fol P77
7HE 2 B3 T shue AAAA FZo A A st o sk
g 9] W& Al 7F&EE 5 ke Folth 28 AL 14}l o3
A 22 W& ARgEhE ot AR AF oz g FH o] AL Hle 5
A e FAR B YAt dubgo] o A EE 594
25 YO A THE 3t A o AT AP o] gtk ol
LA E IR FAE FEHT T A AR T T8 MeV 50
2744719 /g0l o 3 =<tz st

The Proton Engineering Frontier Project and its
Open Futures*  KIMi Kui Young, CHOI Byung-Ho, CHO
Yong-Sub, KIM Kye-Ryung, KIM Jun-Yeon, PARK Jae Won,
LEE Yong Yungl(Proton Engineering Frontier Project, KAERI, Yusung,
Daejeon 305-353, Republic of Korea. 'Brookhaven National Laboratory,
Upton, NY 11973, U.S.A..) We will review the current status of the
Proton Engineering Frontier Project and discuss its expandability
with several options. First, we will briefly summarize the achieve-
ments through the development of a high power 100-MeV, 20 mA
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proton linac, proton beam utilization programs and accelerator
technology applications. In addition, we will present possible ex-
tension options and related R&D activities for the post-PEFP era in
conjunction with the recent survey results.

* This work was supported by the 21C Frontier R&D Program of
the Ministry of Education, Science and Technology of Korea.
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K* transition form factors for the K* N — Theta"
7 ¥ LEDWIG Tim', GOEKE Klaus'( ¢/ 3}t 8} E2] 3},
' =9 Ruhr-University, A|20] 282 H74%) We present in this talk
the transition form factors of the pentaquark baryon Theta" to the
vector meson K and nucleon within the frame work of the SU3)
chiral quark-soliton model. We take into account therotational
1/N. and linear ms corrections, assuming the vector-meson domi-
nance and isospin symmetry, and employing the symmetry-conserv-
ing quantization. It turns out that the leading-order contributions to
the form factors are almost cancelled by therotational corrections.
The main contributions come from the flavor SU(3) symme-
try-breaking terms, in particular from the wave-function corrections,
which is a consequence of the generalized Ademollo-Gattotheorem
in the case of the electric transition form factor. We also discuss the
relevance of the present work in interpreting theoretically the null
results of the CLAS experiments.

K* Photoproduction at SPring-8/LEPS ¢}
LEPS Collaboration' (2 2t Ee] 3} 'SPring-8) ¥ A%
b g o] 83 ypoK* =" A g9 YTE ATl )
w3k o Golth, B =]} 3.0 GeVALol & o LA GGl A
g dHAT W R HES FF3= 489S Y& SPring8
LEPSZ 5 A2 Fd3tAtt Me S04 K+ 845 573
o] W MFH e SHAK WIS 0w 5 gk v 3
B WA dojue 75T ¥ Ao 23 2 e S e
3 % Aok A} s K FRAE Fee T, 294 e
2Zreb A AT JhsEoh W ug A R 2H 2« S
Ao EA %} ARl el M2 AW FAS AAG = Ak B
7 A E e 3" gto] 3 28t ol g} dlo] o & FE 4 E 9] Aol
A E 2T oG o]

Goldberger-Treiman relation in nuclear medium
up to O(Q"3) PARK Tae-Sun(-¥ &t 8lal) In free space, the
Goldberger-Treiman relation (GTR) relates the strong pi-N-N inter-
action to the weak A-N-N vertex. We study how the GTR is modi-
fied in isospin-even nuclear medium up to O(Q"3), using
heavy-baryon chiral perturbation theory. The quenching of the
Gamow-Teller operator and the enhencement of the axial-charge in
heavy nuclei will also be discussed in regard with the effective pion
decay cosntants and the GTR in nuclear medium.

Optical Pumping Spin Exchange *He Gas Cells for
Magnetic Resonance Imaging. S.S. Stepanyan, 2 24", A. Kim,
A o3}, M. Yurov, & 59, ¢ SH(FEH 3}z &2/ ' FE
g elw EelelH 7]k el x| 97+4) We present a device for
spin—exchange optical pumping system to produce large quantities
of polarized noble gases for Magnetic resonance imaging (MRI). A
method and design of apparatus for pumping the polarization of no-
ble gases is disclosed. The method and apparatus enable pro-
duction, storage and usage of hyperpolarized noble gases for differ-
ent purposes, including magnetic resonance imaging of human and
animal subjects. Magnetic imaging agents breathed into lungs can
be interrogated by the radio waves of the MRI scanner and report
back physical and functional information about lung’s health and
decease. The technique known as spin exchange (SE) optical pump-
ing is explained. Nuclear magnetic resonance (NMR) is im-
plemented to measure the polarization of hyperpolarized gas.The
cells prepared and sealed under high vacuum after handling Rb met-
al into the cell and filling with the *He-N, mixture. The cells could
be refilled. The longitudinal relaxation time T for *He gas is about
50 hours. The *He reaches around 50% polarization in 5-15 hours.
Our future plan includes production of hyperpolarized '*’Xe by add-
ing necessary system to existing setup.
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What's New in Strangeness Nuclear Physics?
HUNGERFORD Ed(University of Houston.)  The insertion of
strangeness into the nuclear medium has provided insights into the
structure of nuclei as well as neutron stars. It can probe nuclear
structure, kaon condenstation, and the fundamental baryon-baryon
interaction. With the anticipation that signicant resources will be
devoted to a strangeness nuclear program at JPARC, this field will
become an even more important component of nuclear physics
research. Thus, this talk will attempt to highlight strangeness in nu-
clei by reviewing some of the more recent results, and discuss a few
yet-to-be resolved problems.

Experiments to Measure the Weak Decays of
Hypernuclei at JJPARC  BHANG Hyoung C.(Seou! National
The nonmesonic weak decay (NMWD) LN—nN is
very unique in that it occurs only in the nucleus. Since this process
can not be easily realized in the free space, the NMWD provides

University.)

practically the only means to study this important strangeness
changing baryonic weak interaction process. Thanks to the recent
developements in experimental and theoretical efforts, the long
standing puzzle of the Gn/Gp ratio has finally been solved.
However, evenif the progresses, the decay interaction of NMWD is
not well established yet and there remain the major issues to be
cleared, such as the discrepancy of asymmetry parameter, uncon-
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firmed 3-body NMWD process and whether the dI=1/2 rule would
hold or not. In the presentation, the experiments on these issues
planned at J-PARC will be introduced.

In-medium Magnetic Moment of Octet Baryon
A %%, § 39, 4 ad, 2 570Gy FHusF Y
ZAg Fn E2] ) We investigate the change of the
magnetic moment of octet baryons in dense nuclear matter by
using relativistic quark models. Baryons are treated as MIT bags
and interactions are described in terms of mean fields of exchange
mesons. Quark wave functions in the bag change from the free
space ones due to the matter effect, and consequently the magnetic
moments change from their free space values. Magnetic moments
increase with density, but two models,quark-meson coupling model
and its modified version show large quantitative difference.
Magnetic moments in neutron star matter are also considered and
they turn out to behave very similar to those in the symmetric
matter.

Experiments on S=-2 nuclei using Nuclear
Emulsion YOON Chun Sil(Gyeongsang National University.)
About 20 years ago, KEK E176 experiment had been carried out to
search for Double-A hypernuclei and/or H-dibaryon using Nuclear
emulsion-counter hybrid detector. In this experiment, one light
Double-A hypernucleus and three heavy Double-A hypernuclei
were found at = capture at rest. And 2 Twin-A hypernuclei were ob-
served and interpreted as E-nucleus and =-atom respectively. In ad-
dition three candidates of Double-A hypernuclei were observed at
(K, K") reaction point. About 10 years ago, other kind of hy-
brid-emulsion experiment was carried out and 7 candidates of
Double-A hypernucleus were found in E capture at rest. One of
them was uniquely identified as sn’He and analyzed that the A-A
interaction in the nucleus was weakly attractive. And also, the N
decay of S=-2 system was observed. Recently, a new kind of hy-
brid-emulsion experiment for systematic study of S=-2 systems is
being planned at J-PARC. These experiments on S=-2 nuclei using
Nuclear Emulsion will be introduced.
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Neutron Spectrometry and Its Application for
Radiation Protection = &, 4 =, 2 A(FFETHIH
7-8l.) There are many techniques to measure neutron energy spec-
trum but most of them should use the complicated and in-direct un-
folding procedure. This is not the pleasant situation but still neutron
spectrometry is very important speically for the radiation protection
purpose. For last several years, KRISS has carried out the neutron
spectrometry in several places for radiation protection purpose and
some works done by KRISS will be presented.

Wide band gap semiconductor radiation detectors
for a harsh environment application HA JANG HO(Korea Atomic
Energy Research Institute.) New solid state radiation detectors based
on wide band gap semiconductors, for example, SiC and CdZnTe,
are now being developed for harsh environment applications. A wi-
deband gap and high radiation damage resistance allow to fabricate
detectors which are capable of operating at a high temperature and
in high radiation fields. SiC is one of the more attractive detector
materials for a nuclear power plant such as an in-core detector.
CdZnTe is for a portable isotope identifier. A SiC detector for neu-
tron and a CdZnTe detector for X- and gamma-rays were fabricated
and their radiation responses were investigated by using high dose
rate of neutron and gamma-ray.

Security Inspection System Using Nuclear
Technology KIM, Yong-Kyun(Department of Nuclear Engineering,
Hanyang University.) As an application of nuclear physics, current
trend of security inspection system technique will be introduced.
Recently the importance of the security inspection becomes higher.
It follows the R&D of the updated security technology. Until pres-
ent time one of the most efficient security inspection techniques is
the radiation transmission method, but the concealing method of
the illegal material becomes more and more dexterous as time goes
by, A new screening method is required to satisfy the higher crite-
rion of accuracy and processing speed conditions than now. With
these demands, two directions of the technology develop-
ments are realized as the updated application of nuclear technology.
The first one is to measure the ingredient of the objective materials.
Neutron activated gamma-ray measurement and XRF (X-Ray
Fluorescence) are the typical examples for this purpose. These
methods are very precise but take so much time to get results, which
cannot be applicable to the primary screening procedure. They are
adopted as the 2nd or 3rd inspection method. Recently a new sys-
tem using dual energy X-rays is available, which can measure the
density and an ingredient of the objective material at the same time.
The second direction is an improvement of the instrument. The de-
velopment of new radiation detectors has been done, which uses
new semiconductor or scintillator material, faster signal processing
electronics, and more precise ADC above 16 bit. The engineering
development which improves a security inspection ability is being
accomplished. * This work was carried out under the Nuclear R&D
program of the Ministry of Science and Technology (MOST) of
Korea. The author also wishes to acknowledge the partial support
from the Innovative Technology Center for Radiation Safety
(iTRS).

Generation and Application of the Ultra-short
High-Energy Radiation 3 ¥, ©] 7|8, x} 8%, 9t 43|, o] ¥
A, 0] 4w, A4S, B 9, G PR, A YY), 0] &, o A,
B33, o A4, A 87, & BE(AFAIG AT FREFe
7-%) When a high power laser pulse is focused on a target, such
as solid, liquid, and gas, a plasma is generated. As the laser in-
tensity increases over a relativistic limit, the motion of the electrons
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in the plasma becomes relativistic. Then the electron mass is no lon-
ger constant. Such a relativistic effect makes the interaction of the
laser pulse with the plasma much more complicated leading to rela-
tivistic nonlinear optics and acceleration of particles. This, so called,
relativistic plasma, which is emerged in the help of the CPA
(Chirped Pulse Amplification) laser technology, attracted much at-
tention not only by its fundamental interest but also its wide appli-
cation, especially in the generation of high energy particles in a
compact size. At KAERI, a 30 TW Ti:Sapphire laser system with
energy of 1 J and pulse width of 30 fs, has been developed.
Currently we are conducting various researches such as Compton
back-scattering x-ray, relativistic nonlinear Thomson scattering, and
generation of high energy ions, THz pulses and fusion neutrons for
the study of medical and nuclear researches with a laboratory-scale
system. This paper will review the status of the KAERI activity on
the generation of the ultra-fast, high-energy particles and its pros-
pects to the nuclear applications.
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A Nucleon with Pion Cloud in Quark-meson
Coupling Model RYU Chung Yeol, £ $$(¥7Z8 3n 22
8}7.) Recent experiment data show the contribution of quarks for
a proton spin is about a third of total proton spin and that of the po-
larized glue is nearly zero. Thus the other effects may originate
from the angular momentum of quarks, one gluon exchange, meson
cloud and so on. In this work, we regard a nucleon as MIT bag with
sigma, omega and pion cloud to calculate the magnetic moment
and the axial coupling constant of a nucleon. This is a hybrid model
which combines quark-meson coupling model with the cloudy bag
model. With these meson cloud, we investigate tha change of the
magnetic moment and axial coupling constant in a nucleon due to
them.

Masses of $\chi_{c}$ mesons in the hot gluonic
medium in the QCD sum rule approach SONG Young-Ho, LEE
Su Houng, MORITA Kenji( 947 o] 8} E2] 8}7) The masses of
$\chi_{c}$ mesons in the hot gluonic medium are calculated in the
QCD sum rule approach.

Beam Test Results and Simulation of Nosecone
Calorimeter % %, 3 5%, 4 9, % A%, 4 2%, £ 94",
A AR, w9 o] F % A4, o] D o] B,
F B ARG A LA ok, B2l | e 8
Z2] e}, 2o] of oy S, B2] 8, o] 3o A 8}, THepL 5
ol ‘g ok, Bl A S ola, FlagE) Asa
forward spectrometers of the PHENIX experiment, Nosecone
Calorimeter(NCC) is a Silicon-Tungsten Sampling Calorimeter.
NCC consists of Electromagnetic Calorimeter and Hadronic

Calorimeter, each contains Stripixel sensor and Pad sensor that can
measure the pre-shower and shower-max of the electron and pion.
For taking the data, SVX4 chip which has the Analog to
Digital ability, preamp, and Front-End-Electronics including Field
Programmable Gate Array chips for compressing and transforming
the data are included in the readout electronics. During this
Development, embeded system which has advantage on con-
venience and stability for debugging and interface has been used.
We tested the performance of them through the beam test at CERN
on September. The test results showed signal the prototype of NCC
works well. Comparing to the GEANT4 simulation result for the
prototype, the shape was similar, and there was a linearity between
incident electron and signal.

QCD Sum Rule for Open Strange Meson
$K _17pm$ in the Nuclear Matter SONG Taesoo, LEE Suhoung
(Yonsei  University.) The properties of open strange meson
$K_17pmS§ in the nuclear matter are estimated with QCD sum rule
approach. Unlike nonstrange or hidden strange meson, the behav-
iors of $K_1"-§ and $K_17+$ in the nuclear matter are different
from each other. Using the most flat Borel curve for $K_1$ mass in
vacuum, the maximum mass shift of $K_17-$ in the nuclear matter
is -250 MeV without width change, and its maximum width change
is +570 MeV without mass shift. On the contrary, the maximum
mass shift of $K_1°+$ in the nuclear matter is +40 MeV without
width change, and its maximum width change is -90 MeV without
mass shift. This result anticipates the production of $K_1"-$ in up-
coming J-PARC, though its energy of kaon beam is slightly below
the threshold value for $K_1$ production.

A Monte Carlo Study of a Modulated Therapeutic
Proton Beam Delivery System SHIN Jungwook, SHIM Hyurha',
KWAK Jungwon, KIM Dong wook, KIM Gui Nyun’, SON
Dongchul’, LEE Se Byeong(Proton Therapy Center, National Cancer
Center. ' Department of Physics, Korea University. zDepartment of Physics,
Kyungpook National University.)  To apply the Monte Carlo
technique to the verification of radiotherapy, the virtual re-
producibility of a real irradiation is the primary prerequisite. In case
of a external-beam therapy using a medical accelerator, the accurate
modelings of the beam delivery equipment (call "nozzle") and the
initial-beam characteristics are essential parts to evaluate the good
simulation results which are well matched with measured data. We
have been modeled and simulated the proton beam delivery
system installed at National Cancer, Korea (NCC). Using the
GEANT4.8.2 Monte Carlo toolkit, we have implemented the noz-
zle elements along with the beam delivery path, including the mov-
able components in time and space to produce Spread Out Bragg
Peaks (SOBP) and uniform lateral-dose distributions in the scatter-
ing mode. The magnet fields, which vary in X-Y direction, also
have been realized in our virtual environment. To test its feasibil-
ities as our purposes, we have compared simulation data with the
experimental data of the two different beam delivery modes-the
scattering mode and the wobbling mode-and obtained simulation
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data that showed a good correlation to the measured dose dis-
tributions in several treatment conditions. In near future, when the
Monte Carlo commissioning for the overall treatment range is com-
pleted, we will make practical application of the Monte Carlo simu-
lation as an auxiliary tool for dose verification in addition to stand-
ard messurements.
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Heavy Ion Physics with the CMS detector at the
LHC WYSLOUCH Bolek(Massachusetts Institute of Technology.)
The Large Hadron Collider at CERN will collide protons at = 14
TeV and lead ions at Sxw = 5.5 TeV. The physics program of the
Compact Muon Solenoid (CMS) includes the study of heavy ion
collisions. The high energies available at the LHC will allow high
statistics studies of the dense partonic system with hard probes:
heavy quarks and quarkonia with an emphasis on the b and "Y', high
jets, photons, as well as Z0 bosons. The CMS detector consists of a
13 m long, 6 m wide superconducting solenoid providing a uniform
4 T magnetic field. Charged particles will be measured with a large
acceptance, high resolution silicon tracker consisting of pixel and
strip detector layers. The tracker is surrounded by electromagnetic
and hadronic calorimeters located inside the magnet while the
muon detector is outside. The central detector will be com-
plemented by CASTOR, a proposed forward calorimeter, and a
ZDC. The tracking system and the muon detector provide hermetic
coverage for particles with. The high granularity, high resolution
calorimeters will provide hermetic coverage for. The CMS data ac-
quisition system, with its reliance on a multipurpose, high-level trig-
ger system, is uniquely qualified for efficient triggering in high-mul-
tiplicity heavy ion events. The CMS detectors will allow a wide
range of unique measurements in nuclear collisions. The excellent
calorimeters combined with tracking will allow detailed studies of
jets, particularly medium effects on the jet fragmentation function
and the energy and redistribution of particles within the jet. The
large CMS acceptance will allow detailed studies of jet structure in
rare jet— and jet—Z0 events. The high resolution tracker will tag b
quark jets. The muon chambers combined with tracking will study
production of the Z0, and the Y’ family in the central rapidity region
of the collision. In addition to the detailed studies of hard probes,
CMS will measure charged multiplicity, energy flow and azimuthal
asymmetry event-by-event. The forward detector suite, including
hadron calorimeter, CASTOR, the ZDC and TOTEM will study
forward energy flow and charged multiplicity in the fragmentation
region as well as the relative charged and neutral energy
fluctuations. The combination of the forward hadron calorimeter
and the ZDC will determine the collision centrality. Detailed stud-
ies of the CMS capabilities using the full detector simulation and re-
construction will be presented. The Large Hadron Collider at

CERN will collide protons at = 14 TeV and lead ions at = 5.5 TeV.
The physics program of the Compact Muon Solenoid (CMS) in-
cludes the study of heavy ion collisions. The high energies available
at the LHC will allow high statistics studies of the dense partonic
system with hard probes: heavy quarks and quarkonia with an em-
phasis on the b and V', high jets, photons, as well as Z0 bosons. The
CMS detector consists of a 13 m long, 6 m wide superconducting
solenoid providing a uniform 4 T magnetic field. Charged particles
will be measured with a large acceptance, high resolution silicon
tracker consisting of pixel and strip detector layers. The tracker is
surrounded by electromagnetic and hadronic calorimeters located
inside the magnet while the muon detector is outside. The central
detector will be complemented by CASTOR, a proposed forward
calorimeter, and a ZDC. The tracking system and the muon de-
tector provide hermetic coverage for particles with . The high gran-
ularity, high resolution calorimeters will provide hermetic coverage
for. The CMS data acquisition system, with its reliance on a multi-
purpose, high-level trigger system, is uniquely qualified for efficient
triggering in high-multiplicity heavy ion events. The CMS detectors
will allow a wide range of unique measurements in nuclear
collisions. The excellent calorimeters combined with tracking will
allow detailed studies of jets, particularly medium effects on the jet
fragmentation function and the energy and redistribution of par-
ticles within the jet. The large CMS acceptance will allow detailed
studies of jet structure in rare jet— and jet—Z0 events. The high reso-
lution tracker will tag b quark jets. The muon chambers combined
with tracking will study production of the Z0 , and the 1" family in
the central rapidity region of the collision. In addition to the de-
tailed studies of hard probes, CMS will measure charged multi-
plicity, energy flow and azimuthal asymmetry event-by-event. The
forward detector suite, including hadron calorimeter, CASTOR, the
ZDC and TOTEM will study forward energy flow and charged
multiplicity in the fragmentation region as well as the relative charg-
ed and neutral energy fluctuations. The combination of the forward
hadron calorimeter and the ZDC will determine the collision
centrality. Detailed studies of the CMS capabilities using the full de-
tector simulation and reconstruction will be presented.

Heavy Ion Physics from RHIC to LHC
KAPUSTA Joseph(Univ. Minnesota.) The Relativistic Heavy Ion
Collider (RHIC) at BrookhavenNational Laboratory has provided a
wealth of data, some of it quiteamazing, with more to come.
Among the most significant findings areexhibitions of collective
flow, jet quenching, and thermal equilibrium ofobserved hadrons at
a temperature of about 170 million electron-volts. Iwill outline a
theoretical program that describes nuclear collisions fromfirst im-
pact until final hadronic free-streaming. Various pieces arealready
in place, including coarse graining of the initial gluon fields(Color
Glass Condensate), parton production and minijets, relativisticfluid
flow, and late stage hadron scattering. By inferring the temper-
aturedependence of transport coefficients from data it ought to be
possible todetermine the critical behavior of the equation of state of
QCD. I willalso summarize what is expected to occur at a much
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higher energy inlead-lead collisions at the Large Hadron Collider
(LHC) at CERN.

CMS Computing Overview 5} 9157, 7 A=, 1}
A%, A Wi, @ 1R, D A, A KA EAG A E) The
Compact Muon Solenoid (CMS) Collaboration is an international
organization for high energy physics and Nuclear research. The
CMS detector produces extremely large volume of data, about 10

Peta bytes per year, from the collisions of protons and also from
heavy ions. Analyzing and storing such data need huge amount of
computing resources in terms of CPU power and the amount of
storage space. CMS uses the grid computing technology to handle
such a huge computing complexity. In this talk, we will briefly in-
troduce the CMS computing model and technology, including the
CMS Grid tier structure.
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Progress of the KSTAR Commissioning 7 31,
2 A= ¢ FE A Y5, vk 2], KSTAR Team(F7}3 g 3+ 7
4) KSTAR ZX & ZA 187 A 2AE AP A 2oz
Aee FEXY 7184 9 AGFXZ o] R &= Foj g
283 2AE AN W4 9 2 A% AN ALFX ] AY TF
3 B Au) 2 T4 F o) KSTAR &= 2007d 9€ 3
F 3t 2™ 2008'd 4= ol Zx] 8 R Adu] g A
A3 AT 2 9 Yzhol| 2 & o G ol 2 1]
Ag=EE @7 B Foll ¥ A2 2 Y@ A5
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The Physics Scenario of KSTAR First Plasma &
Al A AL A SH(FFIEEAITFL) In fully super-
conducting tokamaks such as KSTAR and ITER, the parallel elec-
tric field required for plasma initiation is limited due to coil power
supply and stability compared with the conventional normal con-
ductor tokamaks. In KSTAR, the characteristics of low loop voltage
startup will be investigated using blip resistor system and pre-ioniza-
tion of electron cyclotron resonance heating (ECRH). In this study,
the optimized pre-charging current of poloidal field coils and each
blip resistance are calculated for this low loop voltage breakdown
reducing the EM load on the central solenoid.

Overview of the KSTAR Physics Operation Plan
KIM J.Y., KSTAR Research Team(NFRI) The main research ob-
jective of the KSTAR device is to demonstrate the steady state oper-
ation capability of high performance AT(Advanced Tokamak)
modes. Here, we introduce the overall physics operation plan of
KSTAR to achieve this research goal. It is now planned that the
KSTAR has the first plasma around middle of this year and then
operate until 2025, taking the following four phases; the initial base-
line operation(2008-2012), the long-pulse operation(2013-2017), the
high-beta AT operation(2018-2022), and the integrated high-beta
steady-state operation(2023-2025). Major research goal, key physics
issues, and the upgrade plan of ancillary systems, such as heating
and current drive system, are discussed for each operation phase.
Also, some simulation results are presented for the target operation
modes, including the high-beta AT mode.

Progress of High Temperature Plasma Physics
and Implication to ITER ¥ @A(EFFZFfs} &a]37)

International Thermonuclear Experimental Reactor (ITER) project
sponsored the consortium of seven countries is officially launched
and will demonstrate the feasibility of the future energy source for
human kinds. Significant increase of the participating countries
from Asia (China, India, Japan, and Korea) is mainly driven by the
necessity of the precious energy resource. At the same time, it re-
flects the paradigm change of the fusion plasma research which
once was dominated by advanced countries (Russia, US and EU
and Japan). Through intensive physics research from the large toka-
mak devices (JET, TFTR, and JT-60) which have created the plas-
ma condition for the optimum fusion reaction (~20keV; optimum
cross-section for DT), the ITER project is well justified. However,
the sustainment of the magnetically confined hot plasmas is still a
challenging physics problem beside the engineering problems to be
resolved in the future. The physics of the containment of the high
temperature plasma consists of two branches; transport physics and
stability physics. Transport physics is an understanding of the cross
field energy transfer which is crucial for the compact fusion devices.
For the larger devices like ITER, the primary physics issue is the
stability. The stability problems arise mainly from the unstable
Magneto-Hydro-Dynamic (MHD) modes of the hot plasmas driven
by free energies from the plasma pressure and/or current dis-
tribution in the closed magnetic configuration. Control of the harm-
ful MHD mode is critical for the steady state operation of the high
beta plasmas. Reliable control mechanisms are only possible from a
full understanding of the physical mechanism of the explosive
growth of those harmful MHDs which can often lead to the cata-
strophic disruption. Physics modeling of the MHDs in the hot plas-
ma has been advanced significantly based on world-wide fusion sci-
ence research but not conclusive yet to develop a precise remedy for
the harmful instabilities for the ITER. This is largely due to the un-
derestimated complexity of the phenomena which require much
more sophisticated multi-dimensional diagnostic system to map out
precisely the nature of the problem. As an example, the
proof-of-principle state-of-the-art two dimensional diagnostic sys-
tem has been challenged to resolve the classical MHD problem and
provided decisive conclusions for the disputed physics of m=1
mode (sawtooth oscillation). New approach of the physics
study is essential so that the transient high beta plasmas ach-
ieved in previous generation tokamak can be extended to the
steady state operation in the new superconducting tokamak de-
vicess such as KSTAR, EAST, SST and NCT in Asia.
Successful test of the new physics on these devices will in-
crease the chance of the success of the ITER project which
will lead to the Demo construction.
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Measurement of electron beam properties using
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electro-optic crystal ¥} £ 3 FA! 7 AW 1 A4E
gEHY ta, Eef 'EYsFEI]HdF4A)  Electro-optic
sampling (EOS) is a promising method of the properties of the
electron bunch such as bunch length, arrival timing jitter
nondestructively. In this paper, we proposed the possibility of
electron beam position measurement using the EOS technique.
When the angle between the axis of electro-optic (EO) crystal
and the electric field is 0 degree, the principal indices of the
crystal are modulated up to its maximum. For the maximum
electro-optic effect, the laser polarization is fixed normally to
be parallel with the crystal axis in the measurement. However,
the electron beam position with respect to the EO crystal can
be changed which derived the finite angle between the crystal
axis and electric field. So, we need to consider the non-princi-
pal indices along the 45° components of the sampling laser. A
simulation study is carried out with the pulse propagation
method, which utilizes the Fourier transform to investigate the
evolution of the electromagnetic pulse inside the EO crystal.
The simulation result shows that the electro-optic effect is
changed along the laser position in the crystal. With 90° ro-
tated EO crystal with respect to the horizontal plane, the elec-
tron beam position can be measured. The resolution of the
beam position measurement with EO crystal can be better than

1 pm.

Experimental Studies on High Flux Hyperthermal
Neutral Beam Generation by Ion-Surface Interaction JOUNG
Mi, YOO Suk Jae, LHO Taihyeop, CHO Moohyun',
NAMKUNG Wonl(Natz'onal Fusion Research Institute, Dagjeon,
Korea. 'Pohang University of Science and Technology, Pohang,
Korea)  High flux hyperthermal neutral beam (HNB) can be
used for a variety of researches and industrial applications. For
example, it can be applied to edge plasma diagnostics in
TOKAMAK, protein fragmentations in mass spectrometers, and
low temperature processes for surface modification and thin
film deposition. In this talk, an experimental study was per-
formed on the HNB generation using plasma ion-surface inter-
action together with its characteristics. Inductively coupled plas-
ma (ICP) source and a filament assisted magnetron (FAM)
source are fabricated for the experiment. The HNB flux was
sensitive to the metal properties but insensitive to the ion in-
cident angle. When ions were normally incident at the neutral-
izer, the HNB flux increased with atomic mass of the neutral-
izer and dramatically decreased with the surface roughness of
the neutralizer. The HNB energy distribution to have mul-
ti-peaks was measured. For all gas species used, as the energy
of the incident ion is increased, the energy efficiency of HNB
with the highest energy efficiency is increased. The optimized
plasma source and neutralizer can generate HNB with the flux
of ~ 10" #/cm’s with the energy ranging from 5 eV to 30
ev.

*This work was supported by NFRI and KBSI.
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Plasma Diagnostics of the Dense Plasma Focus in
Ar Gas for Extreme Ultraviolet Lithopgraphy(EUVL), Plasma dis-
play panel in Ne- Xe Gas Mixtures, and High Power Microwave
Generation from Virtual Cathode Oscillator %] =3 &2 8}/
el o7 fdYAY Y Fepsnl A7 (PDP A4 E))
We have generated Ar plasma in dense plasma focus device of co-
axial electrode for extreme ultraviolet lithography (EUVL) and in-
vestigated an emitted visible light for electro-optical plasma
diagnostics. The electron temperature and density of the coaxial
plasma focus were obtained by the optical emission spectroscopy
(OES). The electron temperature has been measured by the two rel-
ative line intensity and Boltzmann plot. In case of electron density,
it has been observed by the Stark broadening method. The EUV
emission signal whose wavelength is about 6 ~ 16 nm has been de-
tected by using a photo-detector (AXUV-100 Zr/C, IRD). Also we
have measured the excited Xe atom density in the 1ss metastable
state in accordance with Xe mole fraction to Ne in alternating cur-
rent plasma display panels by laser absorption spectroscopy. The
various test panels with Xe mole fractions of 4, 7, 10 and 15 % to
Ne have been used in this experiment. It is noted that the correla-
tion between the excited Xe atom density in the 1ss metastable state
and the VUV luminous efficiency is in good agreement at xenon
mole fraction from 1% to 15% with each other. Finally We have in-
vestigated an efficiency enhancement of high power microwave
generation from axial virtual cathode oscillator. This high power
microwave generator is powered by the “Chundoong” intense rela-
tivistic electron beam pulser (Max : 600 kV, 88 kA and 60 ns dura-
tion). The microwave peak power has been measured to be about 1
GW at main frequency is 5.75 GHz . It is found in this experiment
that the output microwave power sensitively depends upon the
work function and ion induced secondary electron coefficient of
cathode materials.

Characterization of pulse-power-modulated in-
ductive discharges for semiconductor processes A1 &, o] FH,
of A, & FH, & TI(FFHG]=8)  Recently, the
pulse-power-modulated discharges have been concerned due to a
potential in the applications to various plasma processes including
the semiconductor manufacturing. In this work, the pulse-pow-
er-modulated inductively coupled plasmas are experimentally inves-
tigated by means of time-resolved probe diagnostics. Especially, the
effects of the various discharge conditions such as the pulse fre-
quency, pressure, and discharge gas, on the plasma parameters and
their spatial uniformity is presented and discussed on the basis of
the diffusion property during pulse-offf period. Furthermore, the
transient power deposition phenomena just before and after the
pulse is turned on is studied on the basis of the time-resolved meas-
urements of the discharge impedance and the absorbed power.
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Highly Productive and Damage Free High Density
Plasma Chemical Vapor Deposition (HDP CVD) Equipment
SHON Jong Won(JUSUNG Engineering LTD..) We have devel-
oped new HDP CVD equipment for semi-conductor manufacturing
without charging damage and with best productivity. HDP CVD
equipment is used for filling oxide in shallow trench isolation (STI),
inter-layer dielectric (ILD), inter-metal dielectric IMD) and passi-
vation layer. New HDP CVD system uses high frequency parallel

.76 -

resonance antenna RF system, which causes no charging and plas-
ma damage common in such processes. Currently semiconductor
devices are being produced with 45nm to 65nm line widths. Due to
small feature scale, any charging or plasma damage is critical for
maintaining high yield. Small difference in RF system in new HDP
CVD system causes big difference in production. New system also
improves deposition, etch and sputter uniformity and cleaning effi-
ciency, which causes better productivity.
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Characterization of Attosecond Pulses using the
Spectral Phase Reconstruction Method 3 9, 7 29 v F§,
o F(ZR= XY A7Y, g8, =53] eel) We de-
veloped a novel characterization method of an attosecond pulse
train obtained from high order harmonics. The method is based on
the cross correlation between the attosecond pulse and the dressed
laser field, in which the photoelectron spectra is utilized. The in-
formation about the spectral phase is directly extracted from the
modulation of the sidebands which appear between two consecutive
harmonics as a function of the time delay between the two fields.
The method enables full characterization including not only the
characteristics of the individual pulses in the attosecond pulse train
but also the characteristics of the envelope.

Long-term CEP stabilization of a grating-based
high-power femtosecond laser by the direct locking method ©] A
&, 0] &5, 9 T8, BE, B BA(EY I Foe 24
Tt KAIST. ' 15876974 GIST) The carrier-envelope
phase (CEP) of a femtosecond laser was stabilized using the direct
locking method developed at CXRC. A heterodyne balanced de-
tection was emplyed for precise measurement of CEP drift. Also a
double feedback loop was installed for long-term operation. The
CEP drift of high-power femtosecond laser pulses, generated in a
chirped-pulse amplification kHz Ti:sapphire laser, was compen-
sated by adjusting the separation of the grating pair in the pulse
compressor. The CEP stabilization of the whole kHz femtosecond
laser was maintained for 4 hours with a phase jitter of 180 mrad.

Characteristics of Ni-like Ag X-ray Laser Pumped
by a Single-profiled Laser Pulse in GRIP Geometry 7 F&,
A AEY, H A9 A A, F HE o AT, T ¥4, HAFZ
N, 4 9&, = 93, 3 =7, TUEMMLER J.", NICKLES P. V.,
JANULEWICZ K. A, o] FWFFH a8 Z5E7=dT
2. 'Max Born Institute, Berlin, Germany.) 39 12 g oA 4
25 o] &% A2 FolA = 2 3T AL E /A
o] B2 Hololl Fge 5 US ACZ A Qlth B o
Ae 9 B2 0]-83F Grazing Incidence Pumping (GRIP) ¢ 2
A o)A 9 &R B gigte] dxEH AL ot E AFA M=
7-mm9] =2 v A o) A LA 3F= 13.9 nm 3] A A4 2 o] A ¢
8 9 I B S AR AT 9 28 o] &3 GRIP 9
24 FolA = 7|EY GRIP 924 g o] A of vl &5 o] P
o]a, 7mm9] ¥ H 71 WiE & A8 FF - AN
I A2 HZAE A= AS € F AATE 0] o] L% o
24 GolA Y M & =

—
o As ALE 7| H A glh

Measurement of the Polarization of High-order
Harmonics from Align N2 molecules using Spatial Interferometry

1= o]n)g o] Rofo] §8 2

ol A& A olF, v 1, A U, o]l &, & B3 (KAIST £/ 8
¥ Fg= o 2% o97Ek) Interaction of an intense femtosecond
laser field with atoms or molecules generates high harmonics in the
soft x-ray region. The polarization of high harmonics from aligned
N molecules was measured by observing the visibility of spatial in-
terference between two high harmonics generated separately. The
visibility minimum was observed at the angle of 60° between the
polarization of harmonic generation field and molecular ori-
entation, which corresponds to the polarization angle 15° of high
harmonics. Our measurement on visibility variation matches the
theoretical prediction based on the harmonic field calculation from
aligned N, molecules.

Coherent Optical Phonons Appearing in Charge
Ordering Phase of Phase-Separated Manganites. = JANG Kyeong-
Jin, LIM Jongseok, YEE Ki-Ju', AHN J. S AHN Jaewook’
(Department of Physics, KAIST. IDepartment of Physics, Chungnam
National University. “Department of Physics and RCDAMP, Pusan
National University. 3Depaﬂment of Physics and KI-OST, KAIST.)
Hole-doped manganites R;xAxMnO; (where R is a trivalent
rare-earth ion and A is a divalent alkaline earth) which show colos-
sal magnetoresistance have various magnetic phases, such as ferro-
magnetic metal, paramagnetic and antiferromagnetic insulators re-
lated to alkaline ion doping rate and temperature. Unlike highly
hole-doped (x>0.5) manganites which have a phase transition from
paramagnetic insulator phase to antiferromagnetic insulator phase,
optimally (0.175/8-yPr,Casz/sMnOs3(y=3/8) using femtosecond in-
frared pump-probe spectroscopy, and observed 81-cm’ coherent op-
tical phonons appearing in the temperature range between Curie
and charge-ordering temperatures. Moreover, we have observed a
temperature hysteresis of modal amplitudes in heating and cooling
processes, which effect may be explained with the coexistence of
ferromagnetic metal and antiferromagnetic insulator in the
charge-ordering phase. These coherent optical phonons disappear
above and below the temperature interval for the mixed phase. On
the other hand, as similar experiments in optimally hole-doped
manganites Las/sCaz/sMnQOs,[1] show no such optical phonon oscil-
lation, we attribute the origin of these coherent mode to the
charge-ordering phase. [1] Y. H. Ren, X. H. Zhang, G. Lupke, M.
Schneider, M. Onellion, I. E. Perakis, Y. F. Hu, and Qi Li, Phys.
Rev. B 64, 144401 (2001).

Optical Pumping by Chaos-assisted Tunneling in a
Deformed Microcavity YANG Juhee, LEE Sang-Bum, MOON
Songky, LEE Soo-Young, SHIM Jeong—Bol, KIM Sang Wool?,
LEE Jai-hyung, AN Kyungwon(Seou! National University, School of
physics and astronomy. 'Max Plank Institute for the Physics of Complex
Systems, Germany. *Pusan National University, Department of Physics
Education and Department of Physics.)  Optical pumping is widely
used for microcavity lasers for its easy implementation and rela-
tively high efficiency. An important requirement for efficient optical
pumping is field coupling to the ultrahigh-Q cavity mode. Popular
techniques for coupling to high-Q microspheres are prism coupling
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or fiber-taper-based coupling. On the contrary, free-space coupling
without such special arrangements is possible in asymmetrical reso-
nant cavities, where a ray easily can be injected in the cavity re-
fractively and circulates near the cavity boundary for many rounds
even in the nonresonant case. Furthermore, when the pump fre-
quency is resonant to the high-Q cavity mode, the injected light
would efficiently couple to the mode through chaos-assisted tunnel-
ing process. We have experimentally demonstrated the optical
pumping by the chaos-assisted tunneling with a focused pump beam
in a two-dimensional quadrupole-deformed microcavity laser. A
tenfold enhancement in the pumping efficiency was observed in the
nonresonant case. When the pump wavelength was scanned under
this condition in a manner of excitation spectroscopy, we observed
an additional hundredfold enhancement when the pump wave-
length was resonant to a cavity mode spatially overlapping much
with the lasing cavity mode.

Trreversibility of Light from Atomic Motion with
Electromagnetic Induced Transparency OQOI Raymond(Department
of Physics, Korea University.) Moving atoms in an atomic beam in-
troduces irreversibility of light. We show how atomic motion of gas
affect the transparency and absorption of two counter-propagating
probe fields controlled by electromagnetic induced transparency.
The interference of the two fields show spatial dependent profile
that can yield information about the velocity of the atomic beam.
Some potential applications of these results such as optical diode,
directional emitter, optical transistor and mirrorless cavity are
discussed.

F71Ao2 22 %AY fanout structure type
LiNbO;oll A 9] g} 220 &N 7 2, o] 9, 7] A4,
F 8L 7 9ol B R ARG, o) FUNZEF eI (F
FHe)) e 22X V| el A H et 2 Fd A
2 WS Fa% IXE A YTk 53], 1 S8VE MES
A8 MZFo] FomA mgo] 7haE 4 e HEs 22 FA7
o] 4o gde oS ZxEI Ak ol Fd AL 93
60~80 ym F7]2 Z+E fan-out structure 2= ¥HA LiNbO3 (PPLN)
£ A &3}tk Fan-out structured PPLN| ¥ E % & o] A ®2] ¢J
AIXE W B AZFEA H g 220te] d) 4§ AT ¢
Hu A& o2 233 A t) Fan-out structured PPLNS| &1t
A FN7REX dolA W AARAX o w} MalE 7] o Fo
S H s 2200 FA G E 7hAE QT Al A B3E
o7 AL o] 24 02 o] 2% PPLNY 7|13l B2 3
A7 g 2 A ATk
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Ultra-small square-lattice photonic crystal laser
EE Ho-Seok, JEONG Kwang-Yong', SEO MinKyo', LEE

Yong—Heel, PARK Hong-Gyu(Korea University. 'KAIST)) We pro-
pose an ultra-small square-lattice photonic crystal laser cavity con-
sisting of a shift in two of the lattice points. Three-dimensional fi-
nite difference time domain simulation shows that the ultra-small
modal volume of ~0.018 pm?® and Q factor of ~4200. This smallest
laser is successfully demonstrated in experiment. Photoluminescence
spectroscopy exhibits lasing at 1511 nm with a lasing threshold of
~140 uW at room temperature. The measurements are well agreed
with the FDTD simulation results.

Y F5E AW 1R &4
BAE A=Y o|v A FR FF A FH, ol B4, 53y,
ANE, & F(AAD st ZAFeF) 9o HHE e
35 Sl Ui vlol @ o]u) g g & 24T J]& 9 Aok
AolH, o]& FE37] 9% HH Y /A NIM(Negative
Index Materials; &= 2 & E2)0 &3 77t E3HA 1=
I Utk NIM2 W BHEE Y JIZ3R] 5% F7]7Fx Y3 RF
Fdol A 29 FEAETH 548(u<0, £<0)S Z+= DNG(Double
Negative Materials)}, 7FA]1 B4 G 9ol A Electrostatic limitel] <]
3 59 FA (<0, pO)Te 2 Z2HE oA Y 2HE YEY
= SNG(Single Negative Materials)2 Ut} o] &, SNG= 13
Aol wet X2 02 742] 3l =evanescent waveS XA Z
222 FH(Surface Plasmon Resonance)ol| &J3) SZA|AA ¥4
SHAIE dolX e FEE BT F JeB2 Z23F olvd 7&
9 B35S FHAZ T US AL Z 7|d A) &, NIMo A&
FHAZ S 4o717] &) NIM3Z 53 52 (Host material)2]
AL =715 X A7)+ impedance matchingS LWz o2 AL&
sttt o), DNGell A= NIM EHe) A §hALe] &t &4 o] glo
W ZE 9 Az 9t FAE WA T A] Gof ke T X
A& ZA dr}. E9 SNGol A= B4 |9 FRE on]z] Hof
oA oz AEE ¢ A Foh 28y EZ 2 W FFo g%
AR A4S Za lon ol &4 FHAA Y o|mA] F
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7188 E Q1 848 A#3te FEIFT FREA Sol] A
shue] Aot JAAES Fote o2 st AU
tholol2E HATFETE o) 83t AZEHY e 1 HE
EZE01%k=2) o= FZG3Ath HETH o= A Zd B3
TAE B A28 HET FYCE E23Y A, B2 % 2856
KSudoz 35 B9 s AE3 3 e v 2348 E, M+
A MFZEe] A, AET LY A2z F T BFIE S
DH3H FFEAE10% (k=2) TFO2 I & FZS 43
otk #Fig FIEE F49 BrE e 23 Fo
TV, BUH, A3, A5 vEdTHEs 2 FUE 59 2
FU2Zd o) g9 ¥ E = ALHTh

o %

Transition from single to multi-mode lasing in sta-
dium-shaped InGaAsP microlasers CHOI Muhan, SHINOHARA
Susumu, FUKUSHIMA Takehiro', HARAYAMA Takehisa
(Department of nonlinear science, ATR Wave Engineering Laboratories.
"Dept, communication engineering, Okayama Pref Univ.) We ex-
perimentally investigate spectral and far-field characteristics of las-
ing emission from stadium-shaped semiconductor (InGaAsP)
microlasers. We report how these characteristics change when the
pumping current increases, revealing the transition process from
single to multi-mode lasing. We succeeded in experimentally ob-
serving a tendency that a far-field pattern exhibits a better agree-
ment with the result of a ray simulation when the number of modes
involved in lasing increases. A remarkable finding is that, in spite of
this agreement, individual modes of a multi-mode lasing state show
very different far-field patterns from each other, each of which less
agrees with the result of a ray simulation. This result is contrasted
with previous works on microcavities with relatively low refractive
indices, which reported that an individual mode always shows a
far-field pattern corresponding to the result of a ray simulation. Our
experimental result is supported by wave calculation of cavity
modes, showing that the averaged far-field pattern of many modes
closely corresponds with the result of a ray simulation, whereas the
far-field pattern of each mode exhibits less agreement with the result
of a ray simulation.

G AARATEY 1 kI F Nd:Glass # o] A
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Laser Chirp Effect on Femtosecond Laser
Filamentation Generated for Pulse Compression g} 58, ©] Aj
3t & F(KAIST, E2]317) The influence of laser chirp on
femtosecond laser filamentation in an argon gas cell has been inves-
tigated for the generation of few-cycle high-power laser pulses.
Filamentation experiments were carefully worked out to prevent
multiple filamentation using 28-fs laser pulses with energy over 3
mlJ. At the single filamentation condition, the characteristics of fila-
mentation output was examined with respect to initial laser chirp
and argon pressure. Much larger spectral broadening was obtained
with positively chirped pulses, compared to the case of negatively
chirped pulses that generated much longer filament. After the dis-
persion was compensated with chirped mirrors, the pulse duration
measured with the FROG technique was 5.5 fs and the energy con-
tained in the broadened spectrum was 0.5 mJ.

HEZ AEZA MG E o] & B2 AHF +

Z2Z3 I FEHF AL, ol §F, L BF, o] TU(FTH
led LEFIedT4E) B UiEE Fxd go)x Ex9
NZA FZE BA3E A28 71822 Chirped convolution&

A etst ATt o] /EE &3l 7129 convolutiondl] 7|¥ke 2 F
o2 Fx g oA B2 AT F2E Z317] ojH 24

o =2 ZAFQ AT E FEX Fo]A BA100 HEZx ¢

Ao A9 AIZHY T2 9 HXH|E o gk BA7 Zgstazt
gt F-5-ol o] %A Chirped convolution®. 2 71532 & AE ¢
o FF A E ST 15 Fo|A 2 A FRE T
371 $13) o] A dol AE&E FAH A A HH A HAES AL
1=
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Generation of free-traveling “Schrodinger cat”
states and their applications to quantum information processing
JEONG Hyunseok, OURJOUMTSEV Alexei', ROSA Tualle-
Brouri', GRANGIER Philippe', RALPH Timothy C.*(Department
of Physic and Astronomy, Seoul National University, 599 Gwanangno,
Gwanak-gu, Seoul, Korea. ' Laboratoire Charles Fabry de I'Institut d'Op-
tigue, CNRS UMR 8501, 91403, Orsay, France. ZDepaﬂment of Physic,
University of Queenland, Qld 4072, Australia.) Since Schrodinger sug-
gested his famous cat paradox [1], it has been of great interest
among physicists to generate and observe quantum superpositions
between macroscopically distinguishable states. In quantum optics,
quantum superpositions of well separated coherent states are con-
sidered such macroscopic quantum superpositions [2, 3]. In partic-
ular, “Schrodinger cat” states in free-traveling fields play an im-
portant role in fundamental tests of quantum theory [4, 5] and
many quantum information processing applications. It has been
found that quantum computation [6], quantum teleportation [7, 8]
and precision measurements [9] may be realized using optical
Schrodinger cat states.In this talk, I will present a scheme to gen-
erate optical Schrodinger cat states with its recent experimental real-
ization [10]. Our protocol allows to generate arbitrarily large
Schrédinger cat states, using a homodyne detection, a beam splitter,
and photon number states. Furthermore, the squeezed vacuum
fields can be used as ancillary states to enhance the fidelity of the
generated states [11, 12]. Remarkably, the generated Schrodinger
cat state clearly exhibits interference fringes between the ‘dead’ and
‘alive’ components, and is large enough to become useful for quan-
tum information processing and experimental tests of quantum
theory. I will also discuss the usefulness of Schrodinger cat states in
optical quantum information processing.

1. E. Schrédinger, Naturwissenschaften. 23, pp. 807-812; 823-828;
844-849 (1935).2. B. Yurke and D Stoler, Phys. Rev. Lett. 57, 13
(1986).3. W. Schleich, M. Pernigo and F. L. Kien, Phys. Rev. A.
44, 2172 (1991).4. H. Jeong, W. Son, M. S. Kim, D. Ahn, and C.
Brukner, Phys. Rev. A 67, 012106 (2003).5. M. Stobinska, H.
Jeong, T. C. Ralph, Phys. Rev. A 75, 052105 (2007).6. T. C. Ralph,
A. Gilchrist, G. J. Milburn, W. J. Munro, and S. Glancy, Phys.
Rev. A 68, 042319 (2003).7. S. J. van Enk and O. Hirota, Phys.
Rev. A. 64, 022313 (2001).8. H. Jeong, M. S. Kim, and J. Lee,
Phys. Rev. A. 64, 052308 (2001).9. W. J. Munro, K. Nemoto, G. J.
Milburn, and S. L. Braunstein, Phys. Rev. A 66, 023819 (2002).10.
A. Ougjoumtsev, H. Jeong, R. Tualle-Brouri, and Ph. Grangier,
Nature 448, 784 (2007).11. A. M. Lance, H. Jeong, N. B. Grosse,
T. Symul, T. C. Ralph, and P. K. Lam, Phys. Rev. A 73, 041801(R)
(2006).12. H. Jeong, A. M. Lance, N. B. Grosse, T. Symul, P. K.
Lam, and T. C. Ralph, Phys. Rev. A 74, 033813 (2006).

Quantized Motion of Trapped Atoms in Optical

Micropotentials KIM Wook Rae, YOON Seokchan, CHOI
Youngwoon, KANG Sungsam, LIM Sooin, LEE Jai-hyung, AN
Kyungwon(Seou! National University, Department of Physics and
Astronomy.) Spectrum of resonance fluorescence from a small num-
ber of atoms was measured with a real-time high-resolution hetero-
dyne spectroscopy setup based on photon counting method. Our ex-
perimental results reveal quantized motion of trapped atoms in a
phase-stabilized magneto-optical trap (MOT). Specifically, Dicke
narrowing and vibrational Raman sidebands were observed in the
spectrum of atoms trapped in sub-wavelength regions of optical mi-
cropotentials formed by the phase-stabilized MOT. Various proper-
ties of trapped atom such as temperature, atomic population in vi-
brational modes and oscillation frequency of the atoms have been
measured.

Observation of Atom-cavity Coupling with Cold
Single Atoms. CHOI youngwoon, KANG sungsam, LIM sooin,
LEE Jai-hyung, AN kyungwon(Seou! National University, Department
of Physics and Astronomy.) 'We have observed atom-cavity coupling
in an optical cavity in the regime of single atoms. In our experi-
ment, about 10"5 85Rb atoms in a magneto-optical trap(MOT)
were dropped slightly above a high-finesse Fabry-Perot cavity with
a cavity length of 155 microns while the cavity transmission on res-
onance was monitored. The cavity transmission was decreased
when individual atoms moved across the cavity mode because of
the coupling effect of cavity quantum electrodynamics. In this man-
ner we could identify the passage of single atoms through the cavity
mode one by one. By analyzing the arrival and passage times of in-
dividual atoms, we could measure the initial temperature of the
atomic cloud. Our experiment will be the platform for single-photon
generation on demand.

The role of entanglement in quantum lithography
o] 173, ol N (FFEZHFATY, FRSESIFTE 3T
Frled ) e FAYULaH el 1HH - &
AE HAoAd e B3lls /MY 2d& A3t At 2= 2719
HE &4 93] FEI(NOON state)7} 9183 IZ A2 A3
FHE W el = I ol Holgls dd9 F=g 4
#Re] Bafs MY Bt FAE S BATh 8= Ee A
A FAE Holde Bl Mol He BEErbsd HHle i
St ERANME doJd F IS AT 22 = AMHEE 2 AH
| X} NOON E}4] &3l &) A o 77} FAfe] g 3ol A o] &3

T MY FEE 2L ZEAJKHADY F= HE9
7hsA ol FEgLel).

(ot Hy

Bound for mixed state discrimination from the
no-signaling condition = LEE Jae-Weon, BAE Joonwoo, KIM
Jaewan, HWANG Won-Young'(KIAS. 'Chonnam National University.)
It is well known that one can obtain many no-go theorems of
quantum information science such as the no-cloning or the
no-perfect state discrimination from the no-signaling condition,
which says superluminal communication is impossible. This in-
dicates there is a nontrivial connection between two pillars of
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modern physics, relativity and quantum mechanics. We prove
that the minimum error of discrimination of two mixed one
qubit states is given by the Helstrom theorem by using this
no-signaling condition. Ref) Bae et al, arXiv:0711.0664

Control of the Atom-Cavity Coupling Constant
with a Nanopore Lattice in the Cavity-QED Microlaser LEE
Moonjoo, SEO Wontaek, HONG Hyun-Gue, SONG Y ounghoon,
LEE Jai-Hyung, AN Kyungwon(Department of Physics and Astronomy,
Seoul National University.) — Although uniform atom-cavity con-
stant is assumed in almost all cavity quantum electrodynamics
(QED) theories, atoms in an optical cavity in reality experi-
ence position-dependent coupling constants because of the
standing-wave structure of the cavity mode. In this work, we
have realized precisely controlled atom-cavity coupling con-
stants for cavity QED experiments. We performed this feat by
employing an atomic beam aperture in the form of two-dimen-
sional lattice of nanometer holes, i.e., nanopores, with a pitch
of 791 nm, the same as the resonance wavelength of atomic
barium, in front of the cavity in our cavity-QED microlaser.
‘When the horizontal position of the aperture is adjusted so as
to make the vertical columns of nanopores aligned with the
antinodes of the cavity, the atoms passing through the holes
would experience the maximum coupling. On the contrary, if
the columns of nanopores are aligned with the nodes of the
cavity, the atom-cavity coupling would vanish. We have suc-
ceed in the lasing operation with this nanopore-array aperture
installed. Our nanopore lattice technique provides an oppor-
tunity to perform various cavity-QED experiments with con-
tinuously scannable atom-cavity coupling constants.
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Analytic Calculation of the Lineshape of Saturated
Absorption Spectra & 2, Al M2 = ZTE(HG, 7 )
‘We present analytic solutions of the saturated absorption spectra.
By solving the rate equations in the presence of a pump laser beam,
we obtained analytic forms of all the ground and excited-states pop-
ulations, and calculated the absorption of a counterpropagating
probe beam. We compared the analytic solutions with the numer-
ical and experimental results and found good agreement between
them. In addition, the results are compared with Nakayama's
model. Compared to Nakayama's model, the analytic theory can
provide accurate spectra at arbitrary intensity and diameter of the
pump beam.

Saturated Absorption Line-shape Analysis Of
Rubidium D2 Lines LEE Sangkyung, LEE Kang Hee, AHN

Jaewook, PARK Chang Yong'(KAIST, &2] 3}-7}. 'KRISS, Quantum
Application SI Laboratory.) A phenomenological study to de-
scribe the sign reversal and asymmetry of line-shapes of satu-
rated absorption spectra of Cs D, lines were previously re-
ported in Ref. [1]. We have observed similar behaviors of ab-
sorption line-shape changes in *Rb D, lines. The lines of the
resonance signal for the transition F=3 to F'=4 are found to
be very sensitive to the change of the pump laser intensity,
having reversed signs of the peaks and dips. Considering the
saturation effect and the velocity optical pumping effect, as
suggested in Ref.[2,3], we explain the line shapes if Rb D2
lines and their changes as a function of laser intensity.
Reference: [1] Kang-Bin Im et al. , Phys. Rev. A 63, 034501
(2001) [2] Seung-Sub Kim et al, Jpn. J. Appl. Phys. 32, 3291
(1993) [3] S. Nakayama, Jpn. J. Appl. Phys. 24, 1 (1984)
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Coherent Manipulation of Rydberg Helium Atoms
in Inhomogeneous Electric Fields LEE* Seung-Hyun,
VERNALEKEN A.', METCALF Harold'(Department of Physic,
Korea Air Force Academy, 363-849 Cheongwon, Chungbuk, Korea..
IDepartment of Physics and Astronomy, SUNY Stony Brook, Stony Brook,
NY 11794-3800,USA.)
dipole moment because their outer electrons are located far from
the core. Due to the relatively strong dipole interaction, therefore,
the motion of Rydberg atoms can be affected even by weak and
moderate field gradients. Ultimately, it is desirable to maximize the
population in the Rydberg states to increase the intensity of the
beam focused by an electrostatic lens. In a new approach to achieve
a highly efficient population transfer, we take advantage of the high-
ly efficient Stimulated Raman Adiabatic Passage (STIRAP) ex-
citation technique.In this talk, we first present an investigation of

Atoms in Rydberg states have a large

the Stark-shifted atomic energy levels and compare our observations
to numerical calculations. Once the state with the highest transition
efficiency has been identified we employ the coherent STIRAP ex-
citation technique in order to achieve a complete population trans-
fer from the metastable ground state to the target state via an inter-
mediate state in the three-level ladder system 2°S; — 3°P, — nL of
triplet helium. In order to fulfill the strict conditions for STIRAP,
we also need to know the Rabi frequencies of the laser fields. For
this purpose, the Autler-Townes effect is also examined. Finally, we
demonstrate an example of atom optics by focusing the atomic
beam with our electrostatic lens after preparing the metastable heli-
um atoms in one of the well-defined Rydberg states.

Spectroscopy of Backscattered Femtosecond
Coherent Anti-Stokes Raman Scattering of Microparticles OOl
Raymond(Department of Physics, Korea University.) — Coherent an-
ti-Stokes Raman scattering (CARS) signal can be enhanced by prop-
erly tailored femtosecond laser pulses'. Backscattered CARS signal
from a microparticle is only about ten times smaller than the for-
ward signal®® can serves as a promising tool for real-time identi-
fication of airborne particles in a LIDAR (light detection and rang-
ing) setup. Existing theory’ based on three-level atomic model is in-
adequate for studying the chemical signature of particles composed
of molecules and complex biological agents upon excitations of
broadband laser pulses.We use time-correlator theory which in-
corporates many-body effects of complex molecular system as well
as the effects of arbitrary laser pulses. The theory enables us to
study the backscattered spectra from a particle composed of com-
plex molecules. References: ' M. O. Scully, G. W. Kattawar, R. P.
Lucht, T. Opatry, H. Pilloff, A. Rebane, A. V. Sokolov, and M. S.

Zubairy, Proc. Natl. Acad. Sci. US.A. 99, 10994 (2002).2 J.
Kasparian, B. Kramer, J. P. Dewitz, S. Vajda, P. Rairoux, B. Vezin,
V. Boutou, T. Leisner, W. Hiibner, J. P. Wolf, L. Woste, and K. H.
Bennemann, Phys. Rev. Lett. 78, 2952 (1997).3 C. H. Raymond
Ooi, Guy Beadie, George W. Kattawar, John F. Reintjes, Y.
Rostovtsev, M. Suhail Zubairy, and Marlan O. Scully, Phys. Rev.
A 72, 023807 (2005).

CH4 £#9] Branching Ratio &3 7 &, 3 &
F(EYU e E257) CH, 2A7F 35734 84
e o] 7FA] Fol 259 branching ratios Time of Flight
(TOF) Y& o]&3td 30 nm4l.3 eV)FE o]23FHd
2] 98.32 nm(12.61 eV)7kA] T3tk A E Fol 259 £
UAE T3t wxE A5 vttt 3de 2774
2> 3B1 NIM beam line 9] resolution 0.06 nm¢1 WAIZ-S o] &3}
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The electromagnetically enhanced absorption sig-
nal using the injection-locking technique in Rb D; line & 34, i
QI (I 8 E2]8F3) We have studied electromagnetically
induced transparency for the probe laser which is concerned with
the coupling laser driven by on-resonant standing wave in a three
level system. When the coupling laser became the standing wave,
the transparency of on-resonant probe laser in the three level system
was reduced by periodic modulation of the coupling laser and the
reflected probe laser was found in the backward direction by absorp-
tion Bragg grating. The spectral profile of sharp absorption by the
spatial modulation of the coupling laser is the reversed EIT, that is
enhanced absorption signal. The bandwidth of the enhanced ab-
sorption signal has a broadening effect which is due to the noise be-
tween the independent coupling and probe laser. To eliminate the
noise, we are going to use the injection-locking technique which is
generate the coherence between two independent lasers. After the
injection-locking, we expect the advantage that the bandwidth of
the enhanced absorption signal is narrowed than the results of for-
mer experimental setup which is made by two independent lasers.

Quantum Localization in Open Chaotic Systems
& B, + 8, A &S g 2] 97) We study a qua-
si-Floquet state of a $\delta$-kicked rotor with absorbing bounda-
ries focusing on the nature of the dynamical localization in open
quantum systems. The localization lengths $\xi$ of lossy qua-
si-Floquet states located near the absorbing boundaries decrease as
they approach the boundary while the corresponding decay rates
$\Gamma$ are dramatically enhanced. We find the relation $\xi
\sim \Gamma"{-1/2}$ and explain it based upon the finite time
diffusion, which can also be applied to a random unitary operator
model. We conjecture that this idea is valid for the system exhibit-
ing both the diffusion in classical dynamics and the exponential lo-
calization in quantum mechanics.
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The Interaction of Dark Energy With Dark Matter
KIM Sung-Won, KEUM Yong-Yeonl(Ewha Womans University.
'Taiwan National University.) In this work the interaction of dark
energy with dark matter is studied to see the roles of the coupling
term in the universe.

BEC or scalar field dark matter and collisions
of galaxies @~ LEE Jae-Weon(K74S.) It is known that the
dark matter models based on Bose Einstein condensate (Sin,
PRD50,3650) or scalar field (Lee &Koh, PRD53,2236) can al-
leviate many problems of cold dark models such as the cusp
problem and missing satellite problem and well explain the ob-
served rotation curves of galaxies. I suggest that the dark gal-
axy and the galaxy without dark matter recently observed can
be also explained in these models, if dark matter is repulsively
self-interacting. When the kinetic energy of two colliding dark
matter halos is not enough, dark matter merge to form a dark
galaxy and outgoing stars form the galaxy without dark mat-
ter, while at high kinetic energy halos behave as solitons mim-
icking ordinary collisionless cold dark matter. This scenario al-
so expalins the apparently contradictive behaviors of dark mat-
ter in the bullet cluster and Abel 520. I also briefly review the
entanglement dark energy model.

Cosmological implication of the second law of
thermodynamics ~ KIM Hyeong-Chan, LEE Jaeweon', LEE
Jeongjai’( 94t 81 'KIAS. ] 21t 3}x) We study the cosmol-
ogy including holographic dark energy term.The cosmological im-
plication of the second law of the thermodynamics is studied. By as-
suming $d\geq 1$, we derived a formula which present time when
the transition from the radiation dominant era to matter dominant
era happens.

Hypercylindrical vacuum spacetimes KANG
Gungwon, CHO Inyongl, KIM Sang Pyoz, LEE Chul H?
(KISTL. 'Sungkyunkwan U. *Kunsan U. *Hanyang U) We have
investigated the geometry of hypercylindrical vacuum spacetimes.
This class of spacetimes is characterized by mass and tension
densities, and has spherical symmetry on slices perpendicular
to extra dimensions in which translational symmetry exists.
Depending on the value of the tension density we describe
various geometrical properties of several submanifolds including
its causal structure. The stability behavior will also be re-
ported, giving some implications on the Gregory-Laflamme
instability.

m SESSION: L [LI1]
49 174 (), 14:30 - 16:15
Z 4 2033

Gravitational Lensing and Dark Matter and Dark
Energy TAKADA Masahiro(University of Tokyo.) Gravitational
lensing by structures in the Universe causes the images of distant
galaxies to be distorted. This distortion signal, measurable via the
statistical analysis of a number of galaxy images, allows to directly
map out the distribution of dark matter. In addition, the time-evolu-
tion of the distortion signal is sensitive to the cosmic expansion his-
tory, thereby probing the influence of dark energy on the growth of
cosmic large-scale structures. In my talk I will describe how the
gravitational lensing methods can be used to explore the nature of
dark matter and dark energy.

Dark Energy Constraints from the Large Scale
Structure of the Universe PARK Changbom(K74S.) I review the
on-going and future observational programs that are aiming to
measure the cosmological parameters. In particular, the constraints
on the equation of state of the dark energy, namely its value at z=0
and its time evolution, predicted from these surveys are presented.
The key ideas of these experiments are to study two time-dependent
phenomena, the expansion of space and growth of structures. In or-
der to study the expansion of space the standard candles (like Type
Ta SN) or rulers (like BAO) are used. To study the growth of struc-
tures gravitational lensing, abundance of clusters, and the reioniza-
tion history are being observed. Since both phenomena require large
and deep surveys of various tracers of linear and non-linear struc-
tures, we are facing the era of massive cosmological surveys.

Holographc dark energy models MYUNG Yun
Soo(Inje University.) We review the dark energy models, especially
the holographic dark energy model which was recently proposed to
explain the dark energy-dominated universe. In order to study its
origin, we introduce the spactime form cosmology. This model
could explain the holographic energy density. Furthermore, we
show that the agegraphic dark energy models have nothing but the
holographic dark energy model with different IR length scales.

= SESSION: L [LG1]
49 18¥(F), 11:00 - 12:45
Z 4 2033

Non-axisymmetric Instabilities of Rotating
Neutron Stars KIM Hee II, LEE Hyung Mok(Department of
Physics and Astronomy, Seoul National University.) We study the evo-
lution of rapidly rotating neutron stars by using the 3-dimensional
hydrodynamics code, Whisky, and the Einstein equation solver,
Cactus. The initial equilibrium stars are perturbed by changing pa-
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rameters of the polytropic equation of state to mimic the phase tran-
sition of neutron stars to quark stars. The perturbed stars near the
critical rotation parameter have bar-mode instability even for ini-
tially stable stars. The resulting gravitational wave emissions are
calculated from the analyses of quadrupole moments. Observational
implications are discussed briefly related to the future interfero-
metric gravitational wave detectors.

The first look of coincident events from air show-
ers of high-energy cosmic rays in Uijeongbu area = 44}, @ I,
Z 9, G, vag FEu A e 9 HQ I,
F A, AT, ZHF A AW, 0 &3 & g o] BF
o] et Q) 5%, = FH( AT FaL ' o] i xpy St P Al )
fal. Pt gl 3fal. ‘o) F R} 58 wl) COREA(COsmic ray
Research and Education Array) collaboration have developed an ar-
ray of plastic scintillation detectors to measure air showers of
high-energy cosmic rays. The time difference between coincidence
signals from an air shower in three detector stations running in-
dependently has been improved up to 20 ns which corresponds to
only two pulses of the oscillators in the data acquisition electronics
of the stations. We present the improved performance on timing res-
olution of the detector and the first analysis result of air shower
events taken in Uijeongbu area.

A study of Optics for Detecting Gamma ray-bursts
from Space 3 =, ‘&A1, vt AF vk A, o] A, o] F3H(o]
sjog o)t Ealele, [ Rtfela, £2]9%)  The mul-
ti-wavelength Ultra Fast Observer of Transient Flashes (FLASH) is
proposed to study ultra fast flashes in space, e.g., early X-ray, UV
and optical afterglows from GRB(Gamma Ray Burst) using the
Micro Electro Mechanical Systems (MEMS) based telescope
concept. We expect that the rapid slewing capability of its MEMS
technology will provide the world's best early-instance Optical/ UV
imaging. The first few seconds after the X-ray detector is triggered
offer a unique observational opportunity that has so far rarely been
utilized. In this paper, optics for the FLASH has been studied by

analytical modeling and wave optics simulation with ASAP
program. A lab-test using small prototype telescope with MEMS
micromirror and Scm Ritchey-Chretien telescope will be reported.

EREFHAE B9 e oo Artd
& X 3N, o] By uk () w Fal3t) A& Az
o] &S ZupA Zuto] Yolo g BdZoly SAAE 5o U
Hg o2 o] Folzl AHA Y] Wo] FE ==L Utk o] AT
ANME Bz SHAER o] R AV st HH S
TA A o 2 A3 T} Roche-Lobe Overflowoll ¢a) Al 4 <4
AN EdzZz AFo] o|5 W FAAE ] AF | w2 vt 9]
s 1A H) AF o|lFES L F AT X B F
AAE S AMEsle] 7 2l wEA AF o)l 5EY A7) A F
ol AlZkol disiA A4kt A TE 2 A SRPE ] A Fo] o}
g2 Ao BAER o)l5E = glon Bz A¥g HwF
EA S7HAE £ A & F AT IEtA] o] ATE K& A
7ol F2 7wk o) BT nlud Bz EFEFHA
d AAA 7 Ak Zdke] glozA ol A& JMsAdol e

2] & gkt

Gravitational Waves In Binary Neutron Star
Systems 7 FF, o] ¥, v FXR(F G EF )
Mergers of compact stars in binary systems, such as a pair of neu-
tron stars, a neutron star and a black hole, or two black holes, are
expected to be the prominent sources of gravitational waves which
can be detectable by LIGO. Due to the emission of the gravitational
waves, the binary orbit shrinks and the binary merges into black
hole eventually. For the binary neutron star systems, when the
Roche lobe becomes less then the size of the neutron star, mass
transfer occurs. In this work, we study the qualitative features of
gravitational wave amplitude during the spiral-in and the
mass-transfer phase in binary neutron star systems. We consider
various initial mass ratios and Neutron star structures. We also con-
sider the post-Newtonian analyses to incorporate the general rela-
tivistic effects.
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100 MeV Alo] S2EEE ECR o299 ¥3l
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Nzgol WS §8%E ASIAL E

AA dutdoz AEHE gERT dBL AP 2
Ao Aol tal M= =2 e A

Modified Z-K Theory of Nonlinear Double Layers
in a Magnetized Plasma KIM Seung-Shik, KIM Tae-Han'(ustitute
of Basic Sciences, Hankuk University of Foreign Studies. 'Dept. of Cre
Science, WCDN.) Theoretical investigation of obliquely propagating
nonlinear double layers (NDLs) of non-monotonic type are per-
formed in a magnetized plasma, which consists of a positively
charged ion fluid and trapped, as well as free electrons. The modi-
fied Zakharov-Kuznetsov (Z-K) equation is derived by the usual re-
ductive perturbation technique in a three dimensional system.
Nonlinear double layer solution is presented. Furthermore using
Sagdeev’s pseudopotential technique, nonlinear double layer sol-
ution, which is associated with a set of nonlinear eigenvalue con-
ditions, is also presented. These solutions are the analytic ex-
tensions of the monotonic double layers and solitary holes. The ef-
fects of physical parameters of nonlinear double layers are
discussed.

Electron Trapping in Laser Wakefield
Acceleration = HUR Min Sup, KIM Jaehoon, KIM Jonguk,
SUK Hyyong'(KERIL 'GIST)  An externally applied longi-
tudinal magnetic field was found to enhance the particle trap-
ping in the laser wakefield acceleration. When a staticmagnetic
field of a few tens of tesla is applied in parallel with the
propagation direction of a driving laser pulse, it is shown from
two-dimensionalparticle-in-cell simulations that total charge of
the trapped beam and its maximum energy increase. The anal-
ysis of electron trajectories strongly suggests that the enhanced
trapping originates from the suppression of the transverse mo-
tion by the magnetic field. The enhanced trapping by the mag-
netic field was observed consistently for various values of the
plasma density, the amplitude of the laser pulse and pulse spot
size. From a similar consideration of the particle trapping and
its realtionship with the electron dynamics, the effects of laser
pulse spot are also discussed.

RF-Z&l2uld) 93 2=44 139 3 F
W FH, o] BRELY sy FH) WEA FFAA
4 EZ(dielectric material)2 ©]- =il 9+ SiOE 4 &
Fk7F 7] "ol Wz &Fo] 77Kgiga)Fel LA A
3 FA7F 5nm o3 E gFobA Al H o WA El'd P (electron
tunneling) @4l 710 +4 7 F(leakage current)ol] <3l Z
B A Al EEEAT Zi0E B2 887, =28 3
e 7ML oem 92 d&8FH} s uds 2
1o #5t7]& EopllA B FHS @i lom FE 29
£ B £33 2 Z7)9 AR A9 FAAZES F
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AL deol X A8 4 S5 7H 5 Aok 28 A g s 7|83
A S (electrode) @] B3 QFg/do] FrEojok & Wl ol g}, &
7 oA W = 7Y (energy band gap) B AFo| §le PIAFZRE 7}
A AL Qojof 5% A4 AF 5ol FAFHojok 3t E FF
A A, 2F 59 B2 AV Aok SIOE HAHE
Qormz S JF Mo A EE EF Hrtol o]|27] 74A] B2
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Numerical study of the free-electron laser with the
wiggler harmonics NAM Soon-Kwon, PAIK Eun-Kyeung, KIM
Ki-Bum'(Department  of Physics, Kangwon National ~University.
ICyclotron Research Institute, Kangwon National University.) We con-
sider the effect of the wiggler harmonics in the free-electron laser.
The laser field is expanded as a series of modes close to each
harmonics. In order to investigate this possibility, we have general-
ized the standard model with the two-harmonics wiggler. The wig-
gler magnetic field is expanded as a sum of harmonics of funda-
mental wave number. We analyses laser fields generated by a mul-
ti-harmonic wiggler.

Transverse optical mode competition of far-infra-
red FEL oscillator NAM Soon-Kwon, JULIUS Nfor, KIM
Ki-Buml(DeparTment of Physics, Kangwon National University.
]Cyclotron Research Institute, Kangwon National University.) In a
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far-infrared free-electron laser oscillator, the numerical simulation
have been performed for each transverse optical modes. To design a
far-infrared free electron laser oscillator, we investigate the effects of
diffraction, hole coupling, misalignment, and electron beam qual-
ities such as the energy spread, emittance and size of electron beam.

Status of Medical Cyclotron Facility in Kangwon
National University = NAM Soon-Kwon, PAIK Eun-Kyeung,
JULIUS Nfor, KIM Ki—Buml(Department of Physics, Kangwon
National University. 'Cyclotron Research Institute, Kangwon National
University.)  The medical cyclotron facility which accelerates pro-
tons up to 13 MeV is constructed in Kangwon National
University(KNU) to produce the medical radio-isotope. To perform
the experiments using 13MeV proton beam, we are planning to con-
struct beam line in cyclotron facility. We introduce the presents sta-
tus and application of the medical cyclotron facility in KNU.

Reduction in the Effective X-Ray Source Size by
Use of Transmission Targets THSAN Aamir, CHO Sung Oh(Dept.
of Nuclear &Quantum Engineering, KAIST.) The emission of x-rays
as a result of the irradiation of targets with electron beams has a
problem of large x-ray source size. The source size is normally larg-
er than the electron beam size owing to the broadening of the elec-
tron beam. Monte Carlo simulations have been carried out for a va-
riety of target geometries. It has been found by the simulations that
special geometry designs of transmission targets can effectively limit
the source size as compare to the conventional ones. 50 keV elec-
tron beam with 5 um diameter was used for the simulations and the
target material was molybdenum with varying thickness. Spatial in-
tensity profiles of x-rays, corresponding to various solid angles, on
the rear side of the target were calculated for several geometries.
From the calculated intensity profiles, the effect of target thickness
on the source size is studied. For smaller thicknesses up to 3 pum the
intensity drops to about less than 5% of the total value beyond the
circular region of radius 5 um, which indicates that most of the
emission takes place from the central region of target. For larger
thicknesses the x-ray emission at the peripheral regions increases
and beyond a thickness of 8 um the intensity gets almost constant
for regions with 6 um radius and larger. Smaller target thicknesses
are therefore found potentially capable of limiting the effective
source size.

Enhanced Proton Acceleration via Resonant
Absorption From Laser-Thin Foil Interaction In Near-Critical
Density Regime. 1| 712(Z &5&7]& 9 74) Proton acceleration
mechanisms in near-critical density regime are analyzed by using
2-dimmensional particle-in-cell (2D PIC) simulations. When an ul-
tra-intense (I >10"{19} W/cm"2), ultra-short pulse laser incident in-
to a proton-electron plasma target of near-critical density, proton ac-
celeration is enhanced by resonant absorption resulting in two-tem-
perature acceleration. Furthermore, when the laser pulse incident
obliquely into the target, the main proton acceleartion center is
shifted to the laser propagation direction and the acceleration direc-

tion is rotated accordingly by a strong, quasi-static magnetic field.

Beam Optics Design of the PEFP modified Beam
Lines JANG Ji-ho, CHUNG Byung-chul, KWON Hyeok-jung,
CHO Yong-sub(KAERI) The main purpose of the 100-MeV Linac
of the Proton Engineering Frontier Project (PEFP) is supplying
20-MeV and 100-MeV proton beams to user groups. The 20-MeV
beam line begins at a 45-degree bending magnet and includes 5 tar-
get rooms. A 90-degree dipole magnet separate beams into two di-
rections, one for bending 90-degrees into a target room and the oth-
er for going straight into an AC magnet. If we modify the
90-degrees bending magnet, another target room is available in the
opposite direction of the target room using 90-degree bending
beams. The AC magnet distributes proton beams into 3 target
rooms. For the 100-MeV beam line, we use similar scheme as that
of the 20-MeV beam line. The work summaries the beam optics de-
sign of the modified beam lines which are short and compact. *This
work was supported by the 21C Frontier R&D Program of the
Ministry of Education, Science and Technology of Korea.

Magnetic Focusing System for W-Band Electron
Gun % A2 SATTOROV M.A, & A7, & 731, 9 Sx(A2
et &e] HE
waves is accelerating development of vacuum electronic devices
(VED:s). As the operating frequency of linear VEDs goes up to ter-
ahertz (THz), mainly two issues should be solved. One is the micro-
fabrication of the interaction circuit and the other is to provide an
electron beam with high current density. Computer simulations are

Recent explosive interest in terahertz

performed using Opera 3D to evaluate and optimize magnetic fo-
cusing system for two 0.1 THz microfabricated backward-wave de-
vices: folded-waveguide BWO and coupled-cavity BWO. Both de-
vices use the same thermionic electron gun producing 50 mA at 12
kV. Magnetic focusing system has been fabricated. The detail of ex-
perimental result will be presented.

Reference [1] Opera-3D user guide, Vector Fields Limited,
England. [2] http://www.vectorfields.com/ [3] J. K. So et al.,
IVEC 2008. [4] A.S. Gilmour, Jr. Principles of Traveling Wave
Tubes. Boston-London, 1994.

MAGIC3D Simulation of an X-band CCTWT
with 4-stage depressed collector. 7 3|3, A & 2 AF(F20
glal) B =8| AE7.9~84 GHzol A 3} 28 350~430 WS
Z+= CCTWTE 2 A8t gtk CCTWT= 64712 23712 F
A e A& 3 3] 2+ double-slot staggered 3317 +25 Z
=5 ZA3Y MAGIC3D AlE8EoAE B3te 521
12.7~13.0 kV, A2 AF 300 mAL T ©]5223dB, A718 &
€L 89~11.2%=2 2= AL E A=H ok CCTWTY A4 &&
S FA1717] 98ted, MAGIC3D ZEE ©]-83}4 depressed col-
lectorE A A3tk 52594 8.3 GHz, E31&3 400WE 24+
ZA0A AL J2E AX WD AAYE 299 gF2
Z 3 Al EE o) AS AT 49 (four-stage) depressed col-
lectoroll A Al4tE ZHE &2 2F 80 %ol AA &2 <&F
37.2 %7} Utk
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Derivation of General Wigner-moyal Equation in
Quantum Plasma WOO Meanhaw, RYU Chang-Mo(POSTECH,
Physics.) We can treat plasma in the frame of quantum mechanics
when temperature of plasma is lower than Fermi temperature and
average distance between particles are smaller than De Broglie
wave length of particles. Starting from statistically averaged
‘Wigner-Poisson system we adopt wigner transformation to general
case of classical shrodinger equation with magnetic field. We have
found general quantum wigner-moyal equation and conformed that
it will approach classical Vlasov equation in the limit #—0. So with
this equation all linear waves in magnetized plasma could found
their quantum corrections with individual particle effect (in classical
plasma analogy). As an example we derived most simple linear
waves in unmagnetized plasma and found that electro-static wave
do have quantum corrections to its dispersion relation, but elec-
tro-magnetic wave dispersion relation is not changed. For further re-
search our main goal is to investigate dispersion relations of other
linear modes like Alfven wave and Bernstein mode and stabilities of
such waves in quantum regime.

Monte Carlo Simulation on Design of
Bremsstrahlung Conversion Target and Collimator for Electron
Accelerator 2 JH], L 9%, A FE = 7, @3 d(EFFH
tjetal) A 4 MeV C-band electron accelerator has been developed
as an X-ray source for the container inspection system. The elec-
trons emitted from the accelerator can be slowed down in the target
materials of high atomic numbers, leading to the emission of brems-
strahlung photons. The photons with various emission angles can
be focused by a collimator. This work describes the design of the
conversion target and collimator as follows. First, the conversion ef-
ficiency of electrons into photons was derived from the sur-
face-averaged flux calculated by MCNPX. These calculations were
performed for the mono-energetic electron beams of 4 MeV passing
through the target materials of tantalum, tungsten, and gold.
Considering the conversion efficiency and the bremsstrahlung spec-
tra along the tracks, we could determine the optimum materials and
the optimum thickness of the target. Secondly, the heat generated
by the electron collisions can cause damage to the target. The
amount of heat can be derived from the energy deposition by elec-
trons calculated by the MCNPX. And finally, we designed the colli-
mator to minimize the spot size and the energy spread of brems-
strahlung beams. GEANT4 and SABRINA codes were used for de-
sign of the collimator. These codes provide ray-tracing, and it veri-
fies the optimum design of the collimator.

Transverse Phase Space Painting with Space
Charge Effect for the PEFP Injection®* CHUNG Byungchul,
JANG Ji-ho, LEE Yong Yung, CHO Yong-sub(KAERL) The pro-
ton engineering frontier project (PEFP) proposes a 1.0 GeV syn-
chrotron accelerator as an extension of the 100 MeV, 20 mA pulsed
proton linear accelerator, which initially is a 15 Hz Rapid-Cycling
Synchrotron (RCS) with a 100 MeV injection energy. The number
of accumulated protons via H- stripping injection is 2.42*10" in the

initial stage of the PEFP RCS. The injected beam is painted into the
large transverse phase space via a suitable programmable orbit
bump. The transverse painting alleviates the space charge effects
and controls the shape of beam's profile. In this paper, the uni-
formity of phase space distribution and the emittance growth due to
space-charge effects is studied. The PEFP injection simulation with
space-charge effects is carried out by using the ORBIT code. * This
work was supported by the 21C Frontier R&D Program of the
Ministry of Education, Science and Technology of Korea.
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Digital power supply for air core magnet g &,
w714d, A 59, 8 XS EZ7FE 7] A74) This paper presents
the air core magnet power supply for the Pohang Light Source. The
required current to energize the air core magnet was +5 A with the
high precision of ~2ppm resolution to accomplish a stable beam or-
bit correction. This power supply has been implemented by a digital
signal processing technology and shows the high stability and other
good responses. Various experimental results such as stability,
bandwidth and simulation are given in this paper.

Stability Improvements of Klystron Modulator
System Using Fine Inverter PS and DSP Controller & 45, A A
3 & /7, AR, B 54, & B4, $ Az (EgI 1S
A 72 'ITER 349 & 34 F @ 0] 3lal)  Recently, demands
on high-coherent, ultra-bright, and ultra-fast X-ray photon beams
are increased for ultra fast science applications. A 60-MeV electron
linac for intense Fs-THz (Femto-second Terahertz) radiation sour-
ces is under construct in PAL. Fs-THz sources require highly stable
RF sources with the stability of 0.01% rms, which is one of the chal-
lenging problems technologically, to meet the beam energy spread
requirements. Therefore, by adopting a fine inverter system and
DSP controller, the flat-topped pulse beam voltage with less than
100 PPM stability (0.01 %) of klystron modulator system is
achieved. The high voltage pulse stability is directly determined by
the one of inverter power supplies. The target charging voltage for a
modulator PFN is realized by regulating small buckets operated by
a PWM (pulse width modulation) mode of an ultra fine inverter
power supply. This paper suggests a new control algorithms scheme
and hardware upgrades as well as test results on klystron modulator
system using fine inverter system and DSP controller for Fs-THz fa-
cilities applications.
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Hp-022 Status of high brightness photocathode RF gun fab-

. . 1 1 a0 I
rication &Y, AT, A GH, A A, = 7Y, @ AUEZ

g ow, Fal . EF 71 7] JF4) A 16écell photo-
cathode RF gun has been fabricated to generated electron beam
with low emittance and high brightness. Because the extremely high
electric field is applied at inner surface of RF gun, the surface of
cathode has to control precisely. High quality surface can achieved
with precision machining and proper brazing condition. The side
tuning scheme is eliminated to reduce high order mode excitation
and risk of breakdown. The longitudinal tuning scheme is in-
troduced and the simulation result shows this tuning scheme is
adoptable. The measurement result of fabricated RF gun show that
the design goal of coupling was not achieved. An external matching
section was used to change coupling without affecting the cavity
resonant frequency. The RF aging is being carried out.

Dipole Field Effect of the PEFP 3-MeV RFQ on
the Beam Trajectory* KWON Hyeok-Jung, KIM Han-Sung,
JANG Ji-Ho, CHO Yong-Sub(PEFP, KAERI) Proton Engineering
Frontier Project (PEFP) 20-MeV proton accelerator has been in-
stalled and tested at KAERI site. The dipole field effect of the PEFP
3-MeV RFQ on the beam trajectory was studied based on the meas-
ured field profile. The conventional RFQ design code did not con-
tain the options to simulate the asymmetric field effect such as di-
pole field. Therefore, program was developed to investigate the ef-
fect of the dipole field on single particle. It contains two term poten-
tial field which describes the quadrupole field, and the dipole field is
described by the scaling of the SUPERFISH code result. The results
showed that the D1 mode which changed the sign at the coupling
plate was more harmful than DO mode because it kicked the particle
to the same direction at the coupling plate. In this presentation, the
structure of the program is described and the results based on sev-
eral cases including measured profile are discussed. * This work
was supported by the 21C Frontier R&D program of Korea MOST.

Current Status of L-band Intense Linac for CESC
industrial applications* 7 3%, ¥l &, F 39, 249, & &
i, B AR AT, o B 2 7Y, 3T AEFTHA
& E ISP PFIF S 9 F4)  An intense L-band
electron linear accelerator is under construction at CESC (Cheorwon
Electron-beam Service Center) for industrial applications. It is capa-
ble of producing 10-MeV electron beams with 30-kW average beam
power. For high-power capability, we adopted 1.3 GHz, and the RF
source is a 25-MW pulsed klystron with 60-kW average RF output
power. The PFN-type modulator and the matched transformer pro-
vide 264-kV beam voltage with 230-A beam current to the klystron.
The RF pulse length is 7 ps, and the repetition rate is 350 Hz. The
thermionic E-gun generates 80-kV electron beams with pulsed 1.6
A. The pre-buncher, a single standing-wave cavity, is used before
the bunching section, which is built-in with the regular accelerating
section. The accelerating structure is a disk-loaded waveguide with
a constant-impedance operated in the 2r/3-mode. It is to be oper-
ated under the fully beam-loaded condition, where the beam power
becomes a maximum. The electron beams are accelerated within 6
us since the traveling-wave filling time of the accelerating structure
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is almost 0.8 ps. In this paper, we present details of the accelerator
system and commissioning results. *This work is supported by
KAPRA and POSTECH Physics BK21 Program.

Integrated Field Gradient Measurement of the
PEFP DTL I Drift Tube Quadrupoles® KIM HAN-SUNG,
KWON HYEOK-JUNG, KIM DAE-IL, CHO YONG-SUB(Korea
Atomic Energy Research Instute, Proton Engineering Frontier Project.)
The PEFP DTL 1I for accelerating the proton beam from 20 MeV
to 100 MeV is under development. An electromagnetic quadrupole
magnet is installed in each drift tube for focusing the proton beam.
The integrated field gradient of the electromagnetic quadrupole
magnet was measured by using the rotating coil method. The rotat-
ing coil measurement system consists of the rotating coil, a motor
for driving the coil, a rotary encoder and an oscilloscope for meas-
uring the signal from the rotating coil. The measured signals were
analyzed by using FFT from which the integrated field gradient and
magnetic centor offset could be found. In this presentation, the
measurement setup, data analysis procedure and the results are giv-
en in detail. *This work was supported by the 21C Frontier R&D
Program of the Ministry of Education, Science and Technology of
Korea.

20MeV 3 100MeV ¥ A4 o] & detel /g
AA =84, B, F AL, T AN, A A, A Ex(FYA}
ZIRE eI, dFAAEAT)  FEAT NS
Z1ENEAI el M= AB7HE 7] g E 20MeV 2 100
MeV A S o] 84S EF 7] 93 Wl g /st
Ak AG7HE7IAA Qe FEA 2 29X AR A 9
o 379] WERl o 2 Lol A H, o] F ghife AC WA & AH
oAl 370 9] Q1S B3l Hof AAH 0= 20MeV W2 5
7H, 100MeV "2l S7H = FE A Ak AF7HA <} YA
F2 2A 2FE WEOoR AC AR 0|9 W o 7]
2 AEe A% o] 8AEA A We FFtE Aol 7hsdty
AC AAA o] Wkl &9 A& 44 5 tge] 9 A8d
AL A gse Fopl A8L2 Wg FFIT] A #HUo=
AAH AT 2 ZEA A= ol T Wkl i ANd HAAE A
Al Zlolth *2 AT AERAT)E R 2147 ZEH AT
MEALG 9] A9 & WGk

Development of C-band Standing-wave Electron
Linac for Compact X-ray Source* & 3§, 7 &, &8, &%
gL e84, A 8, AT, L I, 2 7Y, IT AUEGF
Bof et B2 o) | 1) ATE AN HATL) A
C-band standing-wave electron linac is under development for a
compact hard X-ray source. It is capable of producing 4-MeV elec-
tron beams with 50-mA pulsed beam current. It is powered by a
5-GHz magnetron with 1.5-MW peak power and 0.08% duty factor.
For a compact structure, the accelerating column, consisted of 6
normal cells with 3 bunching cells and a coupler cell, is directly at-
tached to the E-gun. The accelerating column is a bi-periodic struc-
ture, operated with the n/2-mode standing-waves. It is on-axis cou-
pled with magnetic coupling slots on the side wall. Each cavity in

the bunching and the normal cells is designed using the MWS simu-
lation code. The coupler cell is designed by using the Omega3p
code for determining the resonant frequency and the external Q.
The actual OFHC-copper cavity is being fabricated with the di-
mensions from the measurement by using the aluminum prototype
cavities. The diode-type E-gun is powered by a 20-kV pulsed volt-
age with 4 us pulse width. Using E-gun test chamber, we measured
the beam size and current of this E-gun. The beam dynamics is si-
mulated by the PARMELA code. In this paper, we present design
details of the accelerator system. We also present the status of the
fabrication and system assembly. * Work partly supported by
POSTECH Physics BK21 Program and POSCON.

Development of the Proton beam irradiation test
facility at the 20-MeV PEFP Linacs & 3%, £ 4, 2 A3, 7
oA, & X4 (FFYxEH 97¢) PEFP has developed 20-MeV
proton beam irradiation facility at the 20-MeV proton linacs to pro-
vide the 20-MeV proton beam to users. The 20-MeV proton beam
has 20mA peak current, 50usec pulse width and 1Hz repetition rate.
Thus, its average current is 0.1 pA. Recently, we obtained the au-
thorization for operating this facility from the KINS(Korea Institute
of Nuclear Safety). The 20-MeV proton beam irradiation facility
was consisted of the proton beam line the radiation shielding block,
and the graphite target stage. The radiation shielding block is con-
sisted of the lead blocks which have 10 cm thickness for the photon
shielding and the concrete blocks which have 15 cm thickness for
the neutron shielding. this shielding block was designed by the
MCNP-X calculation. The accelerated proton beam is transported
from the DTL to the exit window and adjusted by the quadrupole
magnets and its intensity measured by the faraday cup in the beam
line. The transportation and the beam optics of the 20-MeV proton
beam was designe by the Trace-3D calculation. The evacuated pro-
ton beam through the exit window made of 0.5 mm aluminium ar-
rive on the graphite target stage, at that time, the spatial distribution
of the proton beam have gaussian distribution which have 10cm of
FWHM. The beam size was estimated by the MCNP-X calculation
and confirmed by the beam profiles measured by the Gafchromic
film(type HD-810). *This work was supported by the 21C Frontier
R&D Program of the Ministry of Education, Science and
Technology of Korea.
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A system analysis study for a finding of key design
parameters of future DEMO LEE Hyungho, NA Y-S', LEE
Dongsu', LEE H.J.!, HAN JH! KM JY.!, KWON M‘
(University of Science and Technology. 'National Fusion Research
Institute.) System analysis is carried out to find several key design
parameters for future DEMO construction. The effects of tokamak
aspect ratio on plasma parameters, which determine the cost of fu-
sion power plant during construction and operation phases, are
investigated. In this analysis two physical constraints are given.
Maximum wall load on the first wall is limited to 2.5 MW/m’ and
also maximum plasma current is 30 MA. With this given con-
straints effects of the aspect ratio on tokamak plasma performance
parameters such as major radius, normalized plasma beta, toroidal
magnetic field are investigated to look for a possible operation re-
gime and some design criteria of future possible DEMO plant. This
analyses result could be used as a guideline for future KSTAR oper-
ation scenario determination.

Impact of Geometrical Configuration on Breeder
Blanket Design for Tritium Breeding ©] ¥4, 2 4= @ W(F7}
3l -§-3197*4%) The primary functions of a breeding blanket for fu-
sion power plant are not only production and transport of trititum
generated by the D-T reaction but also heat generation for energy
conversion and shielding for safety and environment. One of the
most important limitation of a blanket concept design is the self-suf-
ficient condition for tritium breeding ratio. Desirable feature of
breeding blanket is a tritium breeding ratio greater than 1. In this
study, neutronics assessment for tritium breeding capability on a va-
riety of layer arrangements of breeder/multiplier have been per-
formed with the MCNPX-code and EDNF nuclear data library.
The present blanket concept considers lithium orthosilicate

(Li4Si0O4) as ceramic breeder and Be as neutron multiplier. The ma-
terials are tried to arrange in parallel, head-on and edge to the first
wall to assess the breeding performance. The concept of a segment
box of blanket is here considered.The result from this study shows
that the tritium breeding capability of blanket is very strongly de-
pendent on the layer configurations of the materials, and the combi-
nation of two types of parallel and edge is particularly able to reach
the highest breeding performance in term of issues for a fusion pow-
er reactor.
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Modelling of Current Ramp-up Phase in KSTAR
Advanced Tokamak Scenarios NA Yong-Su, KIM J.Y.(National
Fusion Research Institute.) Steady state operation of a fusion device
is one of the key issues to develop an economically viable fusion
power plant. This issue is more critical for the tokamak-based fu-
sion power plant due to the inherent pulsed operation property of
tokamak. In this context, one of research objectives of the KSTAR
tokamak is set to establish an advanced tokamak (AT) operation
scenario as a step toward an attractive tokamak fusion reactor. The
reversed shear modes are considered as a strong candidate for AT
operation scenario. It usually exhibits ITBs (Internal transport bar-
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riers) which drive high bootstrap current owing to the high pressure
gradient in the ITB region. Together with external current drive,
fully non-inductive current drive is achievable by this high fraction
of bootstrap current in reversed shear modes. The main issue of the
reversed shear modes is how to produce and sustain a reversed
g-profile. Generally, the reversed g-profile is able to be formed by
preheating or current drive in the plasma current ramp-up phase us-
ing external sources. It increases the plasma conductivity and sub-
sequent reduction of the diffusion of the Ohmic current into the cen-
tre of the plasma results in reversed g-profiles. In this work, a pre-
dictive modelling of ramp-up scenarios is performed using the
ASTRA code to investigate a possibility of producing the reversed
g-profile using heating and current drive systems currently planned
at KSTAR. In addition, the optimal heating and current drive sys-
tem and the current ramp-up rate are discussed to establish reversed
shear plasmas in KSTAR.

Nonlinear interactions between cold electrons and
the microwaves at cyclotron resonances 2 A &7} & 34 7
#) An analytical model for nonlinear interaction between par-
ticles and the waves at cyclotron harmonic resonances is developed.
Nonlinear oscillations of particle's energy occur when particles stay
in resonance zone longer than the oscillation time scale which is de-
termined by the wave electric eld. Trapped mode exists only at first,
second and third harmonic resonances. Second harmonic ECRH is
described by using the analytic theory developed in this research.
The parameters of second harmonic ECRH energy oscillation are
determined analytically. In particular, heating of cold electrons at
the second harmonic resonance is investigated. The energy gain of
cold electrons from a single pass through the resonance zone in-
creases as the wave electric field increases. The energy gain of cold
electrons from ECRH is highly dependent on the wave frequency. It
is inversely proportional to the wave frequency. As the wave fre-
quency decreases, heating efficiency of ECRH is improved sig-
nificantly for cold electrons.

Optimization of current drive performance of
170GHz ECCD for increased NTM suppression performance in
KSTAR H g4, = 5F, & (A0 3tu YA F e
KSTAR will use 170GHz ECCD system utilizing second harmonic
X-wave for NTM suppression by compensating missing bootstrap
current inside magnetic island. The location of ECCD launcher is
recently optimized to obtain the most highly localized driven cur-
rent density profile on NTM resonant surface which may lead to
maximized NTM suppression performance [1]. From the opti-
mization research, it was verified that the proposed KSTAR ECCD
system is anticipated to have low current drive efficiency under ref-
erence operation scenario having 3.5T toroidal magnetic field due
to outboard located electron cyclotron resonance layer. Under the
circumstances, it is highly recommended to increase current drive
performance by changing toroidal magnetic field and electron ki-
netic profiles. A new plasma equilibrium having lower toroidal
magnetic field is constructed to increase current drive performance

and the new equilibrium exhibits highly enhanced driven current
density profile on NTM resonant surfaces with higher peak current
density and narrower profile width compare with current drive un-
der the reference equilibrium. Electron density and temperature pro-
files are also optimized to increase the ratio of driven current den-
sity to local bootstrap current. From the optimizations, NTM stabil-
ity analyzed by modified Rutherford equation verifies that the mini-
mum ECCD power required for mode suppression is greatly re-
duced for both m/n = 3/2 and 2/1 NTMs. [1] Y.S. Park and Y.S.
Hwang, Fusion Eng. and Design, in press 2008

Conceptual Design of the Versatile Device with
Multi-Functional Arms for a Diagnostic on Tokamak ©] ¥4, &
AHFIH§3dT42)  New 3-D diagnostic system concept
having a sensor seperately attached to the two multi-functional is
here suggested. The main feature of the system is in the use of the
multi-functional arms with sensors. The multi-functional arms of
the system are controlled by a PC and moved freely to upper-, mid-,
and lower-planes directions as shown in the figure below. Thus, the
system can be accomplished a diagnostic with three dimensional
imaging turning round a tokamak. And also, the sensors are re-
placeable to proper device optionally according to an objective of a
diagnostic such as radiation measurement, nuclear heating measure-
ment in a reactor chamber, and detection of surface temperature of
plasma fusion components. The applicable areas of the system is ex-
pected to be in the fields of spectroscopy, wall errosion and re-
deposition, diagnostic for the fusion products and real time control
for safety operation.

Current status of probe diagnostics for the
KSTAR* 8} F3, o] & F7Ig&ed77s) Probe diag-
nostics (PDs) for the Korea Superconducting Tokmak Advanced
Research (KSTAR), which are composed of two fixed edge probe
arrays (EPAs) and three fast reciprocating probe assemblies
(FRPAs), are required to study on boundary plasma at the edge re-
gion during a plasma discharge in the KSTAR machine. The EPA
measures the plasma basic parameters and their poloidal profiles in
the plasma-surface interaction regions such as the inboard limiter
and divertor, and the FRPA measures the spatial profiles of the
plasma parameters in the scrape-off layer (SOL) and divertor
regions. Considerable progress on the engineering design of the
KSTAR PDs has been done, and the performance test of the proto-
types is carried out. Current activities on the KSTAR PDs for will
be presented. *Work supported by the Korea Ministry of Science
and Technology under the KSTAR project contract.

A novel X-ray imaging crystal spectrometer for to-
kamak plasmas* ©] 4, 9 £, & 9, £ 97, W S (F
1 g AT AT, P A 9 72l) A novel
X-ray imaging crystal spectrometer (XICS) can provide spatially
and temporally resolved measurements of the ion and electron tem-
peratures, toroidal rotation velocity, impurity charge-state dis-
tributions, and ionization equilibrium. The XICS successfully have
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demonstrated the ion, electron, and toroidal rotation velocity pro-
files during ICRF heated plasmas with good statistics in 10 to 20
ms. The detector used for this experiment was based on a pixellated
semiconductor diode array. However, a feasibility to apply the sem-
iconductor diode array under severe radiation environments was
not clearly proved. Unlike the semiconductor diode array, a posi-
tion-sensitive two dimensional multi-wire proportional counter
(MWPC) and time-to-digital converter (TDC) based delay-line read-
out data acquisition system have been well proved to survive the se-
vere radiation environments. The current development status for the
novel X-ray imaging crystal spectrometer utilizing the MWPC and
TDC will be presented. * Work supported by the Korea Research
Council of Fundamental Science &Technology under Contract No.
C-Research-2006-08-NFRC.

Developing progress of KSTAR Thomson scatter-
ing system LEE Jongha(NFRI) Thomson scattering system is
most important diagnostic device for measuring electron temper-
ature Te and electron density ne profiles in most tokamak machine.
The Thomson scattering system on KSTAR is designed to configure
90 degree scattering optics and is developed by international
collaboration. Laser beam guiding systems, beam dump systems
and digitizing systems are developing at NFRI and high power
Nd:YAG laser system is developing at JAEA, and 5 channel poly-
chromator systems are developing at NIFS in Japan. As well as,
PPPL is design a KSTAR Thomson scattering cassette and scat-
tered light collection lens systems. In this poster, I'll shows you a de-
veloping schedule of KSTAR Thomson scattering system, laser safe
shutter device for high power Nd:YAG laser, collection optics de-
sign, laser beam guiding system, and developing progress of
KSTAR Thomson scattering system.

Developing an FPGA(Field Programmable Gate
Atrray) imaging control system for measuring a rapidly changing
spectroscopic scene of plasma. 3 B3, 4 AQ'(eF7]x F}=]
AAFE, 718§ 39 F4)  New fast synchronized imaging
control system measuring a 2D imaging of transient or rapidly
changing spectroscopic scenes of plasma has been developed. The
simultaneously captured, but distinct, images can be simply proc-
essed to unfold the plasma brightness, temperature, and flow fields
by this system. The main feature of this system is fast and flexible
control system for development of hardware. From the use of the
“NI LabView FPGA module(NI PCI 7833R)”, The control pro-
gram and circuit can simply be optimized without coding of
“VHDL(Very high speed integrated circuit Hardware Description
Language)” or redesign the input/output control board. PC controls
the high-speed motion camera, shutter and high voltage power sup-
ply through the fast FPGA module. It can improve a flexibility and
time domain resolution of 2D imaging.

Performance Test of the Integrators and Pre-ampli-
fiers for the First Plasma Operation in KSTAR Tokamak KA Eun
Mie, LEE Sang Gon, BAK Jun Gyo, SON De Racl(Natz'onaZ Fusion

Research Institute. ' Hannam University.) The drift self-compensating
type analog integrator and impedance buffering pre-amplifier (PA)
have been developed for the magnetic diagnostics (MD) in the
Korea superconducting tokamak advanced research (KSTAR)
device. 40 channels of the integrator and PA were already installed
for the first plasma operation. The software for integrator was devel-
oped using Labview. The installed integrators could be automati-
cally controlled and compensated also acquired real time data from
the integrators could be displayed on strip chart and saved in ASCIT
file by this program. The installed 40 channels of the integrator and
PA were simultaneously tested by measuring the magnetic flux den-
sity from different MD sensors when a small current was applied to
the toroidal and poroidal field coils at the room temperature. The
overall configurations and performance test results from these meas-
urements will be presented.

Determination of Field Errors in KSTAR with an
Electron Beam ENGLAND A.C,, ©] 93, ¥ <, 4 v, & &
3 JH(FtAFgd L) It is possible to measure tor-
oidally averaged field errors in KSTAR with an electron beam. This
should be simpler, less expensive, and take less time than direct
measurements of fields as was done in the DIII-D tokamak.
Toroidally averaged error fields of a few tenths of a gauss can be de-
tected by the electron beam method. Error fields due to a ertical dis-
placement of the central solenoid (CS) coils can easily be found by
this technique. Calculations have shown that non axi-symmetric er-
ror fields can also be easily detected and the location of the dis-
placed field nulls can be found. Some preliminary ideas as to the lo-
cation of the electron beam probe and camera have been proposed.
This paper shows the basic concept of the measurement of the field
errors with an electron beam and requirements of the electron beam
source. This paper also shows the calculation results with several
field null scenarios for the KSTAR first plasma.
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Multi-chord visible spectroscopy and H_alpha
monitor for KSTAR diagnostics Y Z3H(F71§3d72)
This report describes visible multi-chord visible spectroscopy system
and H_alpha monitoring system developed for KSTAR diagnostics.
The H_alpha monitoring system consists of 30 lines of sight in tor-
oidal and poloidal direction, 20 channels views toroidal direction
and 10 channels in poloidal one to measure the neutral density be-
havior of Hydrogen plasma. Multi-chord visible spectroscopy sys-
tem is developed for the measurement of impurity lines in toroidal
cross section of KSTAR plasma, which consists of five chords of
lines of sight. Ferrule device which consists of five holes to insert
optical fibers is developed and it fixed in front of entrance slit of
spectrometer, the main function of ferrule is to guide the lights from
several fibers into ICCD detector through spectrometer, so the opti-
cal signals from several positions are detected simultaneously with
one detector system. Both systems are installed inside the cassette
system developed for long diagnostic port of KSTAR cryostat.

Construction of RAPID control system for devel-
opment of a novel optical coherence imaging diagnostic = KU
Dongjin, CHUNG Jinil', SEO Dongcheol', KWON Myeun’
(University of Science and Technology, National Fusion Research Institute.
'National Fusion Research Institute. 2Unz’versz’ty of Science and
Thechnology, National Fusion Research Institute.) Research on
Advanced Plasma Imaging and Dynamics (RAPID) has been de-
signed and constructed in National Fusion Research Institute

(NFRI) as a new experimental plasma device for development of a

novel optical coherence imaging diagnostic. The RAPID system is
designed to be heated Te = 10-20eV and Ti = 1-2eV with a
6kW(@2.45GHz Electron Cyclotron Resonance (ECR) magnetron.
The RAPID is also designed to be fully controlled from the remote
area via field point LAN communications and virtual network
consoles. Developing of the remote control system is very important
to merge the separately operated parts such as the vacuum system,
magnetic system, heating system, and safety interlocks. To do this,
large numbers of input/output channels are required. Control soft-
ware for the system is under developing using software develop-
ment kit (SDK) libraries under the LabView development
environment. In this work, we present the design and test experi-
ments of the RAPID remote control system.
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Ax Bl e LATE 38 542 IR a9 ¢

S 9% £l s EAF LA E E4E R XA A& 043
74A Fe7h YA, AA XA G 28 EBVIE AL Ve
AE7e vds=2A v A7 otk dildeg s &
A Al Alerle AR HolH E5AIA"E Y ol
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gs=A vlE Asr]e ©i1 g Bgkste] Ao 2Meps7tA] &3
7hedt ths £ A%719 E47% ol AR AZIE AL &Y
o] #ste] =93ttt *Work supported by the Korea Research
Council of Fundamental Science &Technology under Contract No.
C-%17-2006-08-NFRC.
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ECR Heating with X-wave in a Linear Plasma
Device LEE Kyu-Dong, CHUNG Jinil, SEO Dong-Cheol
(National Fusion Research Institute.)  Electron cyclotron resonance
(ECR) plasma will be produced and studied in a linear RAPID
(Research on Advanced Plasma Imaging and Dynamics) device.
Microwave power up to 6 kW is delivered by a CW magnetron at
2.45 GHz and launched in the extraordinary (X) mode. Simple
magnetic mirror configuration localizes effectively ECR surfaces
(875QG) at both axial positions. When the width of evanescent re-
gion is thin enough to allow the power absorption in the vicinity of
upper hybrid resonance (UHR) layer, the heating efficiency can be
improved through the mode conversion of X-wave to electron
Bernstein wave (EBW). In this presentation, the preliminary work
will be shown in terms of the magnetic field configuration and the
1-D evaluation of X-wave propagation in an ECR plasma.

Development of an Electron Beam Source to
Measure Field Errors in KSTAR g 7], ENGLAND Alan C., Hf
d& ¥ 249 vyl 2 28! 9z Qe gy

T4, POSTECH.) An electron beam source was developed to
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measure toroidally averaged magnetic error fields in KSTAR. Field
errors can be occurred by coil misalignments, magnetic materials,
and non-uniform coil current distributions. The electron beam with
a small size can detect toroidally averaged error fields of a few
tenths of a gauss. This paper shows a design of the electron beam
source to scan radially and vertically in KSTAR vacuum vessel and
experimental results with a test electron beam source to find out the
operational parameters of gas pressure and the filament heating cur-
rent and bias voltage. Also, the dependance of the emission current
on the extraction hole size of electron beam would be presented.
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Commissioning of KSTAR 84 GHz ECH

Transmission System* 9 54, @ Jd, = 74, ¢35 4,

3 A oF AR W G EFgEAYGa SIS FAT
4)  The electron cyclotron heating (ECH) system is installed to
assist plasma startup by preionization at the Korea Superconducting
Tokamak Advanced Research (KSTAR). The KSTAR 84 GHz
ECH system is consisted of a 500 kW gyrotron, a transmission line
and an antenna system. The wave is transmitted from the gyrotron
to the antenna through the evacuated circular corrugated waveguide
of 31.75 mm inner diameter and six miter bends, which include a
pair of polarizer miter bends for the polarization control. The vac-
uum pumping system for the transmission line requires, a vacuum
pressure of 1 X 10* Torr to prevent breakdowns, and it is achieved
in 22 hours by two turbomolecular pumps. The wave transmission
efficiency of 93% from the output of the mirror optical unit to the
torus window was measured using a low power radio frequency
(RF) source. The wave polarization by a pair of polarizer miter
bends with grooved mirrors was tested using the low power system,
and it showed a good agreement with numerical calculations. In
this paper, we present the design of KSTAR 84 GHz transmission
line and test results in the vacuum and low power. Also, we discuss
the requirement of the polarization control for the wave injection
and the mode coupling. *This work is supported by National
Fusion Research Institute.

Current status and upgrade plan of power supply
system for KSTARECH 8 13, ¥t 5, = 738, &5 9, 3¢ ¢
& 3R o) AE (ZEF I FaL ' FA1 g FATE) An
84-GHz, 500-kW KSTAR ECH system is installed, and tests of the
2-MW power supply system have been carried out using dummy re-
sistors with 80 kV and 25 A at NFRI (National Fusion Research
Institute). The gyrotron power supply system consists of a cath-
ode-collector (CPS), an accelerator power supply (APS) between
the cathode and body, and a heater power supply (HPS). The CPS
provides the main beam power with 60 kV and 25 A, and the APS
provides the stable acceleration field between the cathode and body
at 80 kV with a +/- 0.1 % ripple ratio. The main input power for the
gyrotron power supply system is supplied by a step-down trans-
former (6.6 kV/1.1 kV), and it is converted to dc voltage by inverter
switch modules, the high-voltage transformer-rectifier module, and
a filter system with capacitors and resistors. In case of upgrade plan
for 84 GHz gyrotron power supply system, the inverter and the
transformer-rectifier system will be upgraded with the higher
switching-frequency more than 1 kHz to reduce the response time
of current control, ripple ratio and noise level. Also, a capacitor fil-
ter system will be added for reduce the voltage drop by the fast dis-
charge as the switch turned on. In this paper, we present current sta-
tus and upgrade plan of the 84 GHz gyrotron power system.

Heat treatment effect on the parametrisation of the
critical current of an Nb3Sn strand ©] ¥3] & 3|7, 9 4, @
A5, A 7171 § 3 74) Heat treatment dependence of
the critical current of an internal tin processed Nbs;Sn strand has
been measured using a modified Walter spiral probe with which
compressive or tensile strain can be applied reversibly to a strand
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solder on the outskirt of the spiral. The critical current is measured
at various temperatures and field. The measurement results are pre-
sented and analyzed by the scaling law of Ekin and strong coupling
theory.

The preliminary analysis of the effects of neutral
particles at NB armor in KSTAR LEE Dong Su, LEE Young
Seok, NA Yong Su(National Fusion Research Institute.)  Neutral
Beam (NB) armors are installed inside the vacuum vessel (VV) of
KSTAR with aims of protecting the wall of the VV and the beam
port from possible damages occurred by deuteron particles and oth-
er charged particles. Specially NB shine-through armor can be ex-
posed by deuterium neutral particles, with energy of about 120 keV,
which pass through the plasma without any interaction. The neutral
beam armor is generally covered with graphite tiles which are able
to withstand against the high energy neutral particles. In this study,
interactions of deuterium particles with the graphite tile have been
calculated by using the PHITS (multi-purpose particle and heavy
ion transport code system) code. The maximum number of deute-
rium particles is estimated to be approximately 10*°/ m’ for the du-
ration with a plasma pulse length of 20 s.

Time-Dependant Simulation of the Neoclassical
Tearing Mode Behaviour in KSTAR Tokamak  TERZOLO
Laurent, NA Yong Su, KIM Jin Yong(National Fusion Research
Institute.) Experimentally, it has been observed that tokamaks are
subject to several kinds of instabilities. Even if those instabilities
cannot be fully understood, they can be attributed to identifiable
MHD modes. The MHD instabilities occurring in plasmas change
the magnetic topology. Those changes are able to take the shape of
magnetic islands, which are generally associated with tearing
modes. The Neoclassical Tearing Modes (NTMs) are one of the
typical MHD modes found in tokamak plasmas which considerably
limit the plasma performance in conventional tokamak operation
scenarios. They take the form of poloidal (m) and toroidal (n) mode
number on rational q surfaces within the plasma: e.g. ¢ = m/n =
3/2, 2/1. The growth of the 2/1 NTM mode sometimes provokes
the tokamak disruption. However, if the width of the islands is
maintained under a critical value, the plasma stability can be
increased. That is why feedback techniques must be investigated to
keep the plasma stable against NTM activities.In this work, we will
present a model employed in the ASTRA transport code, describing
the magnetic islands behaviour. Simulation results will be shown
for the time-evolution of NTM island widths. In addition, control of
the NTM island width by using ECH/CD will be presented. This
time-dependant model will be applied to the KSTAR configuration.
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Recent Implementation of KSTAR “Day-1”
Plasma Control System and its Applications on the Poloidal Power
Supplies HAHN Sang-hee, WALKER M.L.", AHN H.S.?, KIM
Kukhee, CHOI J.H, LEE T.G, PARK MK, KIM W.C., OH
YK, PENAFLOR B.G.', JOHNSON R.D.', EIDIETIS N.',
WELANDER A.S.!, HUMPHREYS D.A.\(F7181§ 3724,
'General Atomics. “POSCON.) ~ As the first step of preparing the
“Day-1” KSTAR plasma control system for its successful startup,
experiments and measurements of the various characteristic re-
sponses for a 12-thyristor power supply which is supposed to be
used on one of KSTAR poloidal magnet. For the reliable control be-
tween remote sites, a full-digital remote interface consisting of a
high-speed reflective memory network was utilized. In addition, the
site's timing synchronization system has played a good role for the
synchronized operations of both the control system and related
actuators. In this presentation, the main results are described and its
significance for a successful plasma startup control will be
mentioned.

Quench and Protection of KSTAR TF Magnet ©]
94, F &, & 2, IVANOV Denis(NFRL) The force flow
cooled superconducting magnet, in case of increasing the temper-
ature and pressure of the coil during operation of tokamak, should
be discharged using the external dump resistor for the protection of
the magnet as soon as possible. The insulation stability and the ther-
mal stability are related with the dump resistor and there is an in-
verse correlation. The dump resistor of KSATR TF magnet is
changed from 114 mohm to 85 mohm due to the provement of the
insulation stability during the first campaign and the quench voltage
measurement is always delayed rather than a real situation. In this
study, we have analyzed the influence of the thermal stability for
the tf coil by the change of the dump resistor.

Dust ion-acoustic (DIA) surface waves in a
Lorentzian plasma containing elongated and rotating dust grains
LEE Myoung-Jae, KIM Taejoon(Department of Physics, Hanyang
University.) Dust ion-acoustic surface wave is investigated for the
semi-bounded dusty plasma containing elongated and rotating
charged dust particles. The equilibrium plasma velocity distribution
function is taken to be Lorentzian. We found that the frequency of
the dust ion-acoustic surface wave propagating at the plasma-vac-
uum interface can be lowered by the increase of the angular rotation
frequency of the elongated dust par-ticles in the range that &/, <1
where k., and /. are the wave number and electron Debye length,
respectively. In addition, the increase of the spectral index kappa in
theLorentzian distribution function is found to increase the phase
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velocity of the wave, especially in the case that £/, < 10. The influ-
ence of rotation frequency and wave number on the group velocity
of the surface wave is also analyzed and discussed.
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Two-dimensional Simulation of ECR Plasmas
with Race-track Permanent Magnet for Hyperthermal Neutral
Particle Beam (HNB) Sources 7 4% & d%' & 39
z 578 92 4, ¢ AN (ZE g G, F71 S FA T
'EgFa)Sta *F7F g 3AA)  One of the key issues for
hyperthermal neutral particle beam(HNB) sources is to reduce an
operational pressure below 0.1 mTorr and to decrease the HNB
losses due to collisions with background gases. For this purpose, we
conducted simulations on ECR plasmas with a race-track perma-
nent magnet by the OOPIC-pro program. In this paper, we present
the simulation results for electron density profiles, ion density pro-
files, potential profiles, and absorbed power density profiles under
the several operational pressures in 2-dimensional configuration.

Comparison of particle-in-cell simulations and
theory of two-dimensional quasilinear evolution of the elec-
tron-beam-plasma Instability YI Sumin, RHEE Tongnyeol, RYU
Chang-Mo(POSTECH, physics department.) Evolution of a two-di-
mensional (2D) electron-beam-plasma system is studied by a par-
ticle-in-cell (PIC) simulation. The set of the quasilinear equations is
numerically solved and direct comparisons of obtained electron and
Langmuir wave distributions with the simulation results are made.
The agreement between simulation and numerical analysis is gen-
erally good. Major characteristics of 2D evolutions of the electron
and Langmuir wave excited by the bump-on-tail instability are ex-
plained by the quasilinear theory. It is found that decay of the ini-
tially growing Langmuir wave by the linear wave-particle inter-
action, which is a characteristic of a 2D quasilinear evolution, is dif-
ferent from a one-dimensional case. Minor discrepancies between
the PIC simulation and numerical solution indicate other nonlinear
processes than the quasilinear process in the simulation.

Simulation of the Self-generated Magnetic Field in
the Laser-induced Plasma Channel MOK Chinook, RYU
Chang-Mo(POSTECH, Physics.) Numerous reports have been pre-
sented on the mechanism of the self-generated magnetic field in the

laser-induced plasma based on the anisotropic pressure. However
the other machanism due to the irrotational current density rising
from the product of plasma density gradient and the longitudinal
motion due to the ponderomotive force of the laser pulse has been
theoretically studied. Using 2D PIC simulation, we have found that
the magnetic field is generated (~ 3 Tesla) by the irrotational cur-
rent density when the high-intense (~ 107 'W/cm?) short-pulse
(~ 50 fs) laser passes the plasma channel. It is also found that the
magnetic field is generated by the anisotropic pressure at the plasma
boundary.

The bicoherence analysis of wave-wave interaction
of beam-plasma interaction RHEE Tongnyeol, RYU Chang-Mo
(POSTECH.) The wave-wave interaction between plasma waves is
a key process which explains the plasma nonlinear phenomena. For
example, the power law of Alfven wave spectrum observed in the
space is explained as the energy transfer through wave-wave
interaction. To measure the wave-wave interaction in real plasma,
bicoherence method which shows the phase coherence among the
three waves is developed by Kim et al. We analyzed the nonlinear
phenomena generated in a simple beam plasma interaction simu-
lation by using a bicoherence method. We found the Langmuir
and ion-acoustic wave interaction which generates the back-
scatterd Langmuir wave which is consistent with the theoret-
ical prediction.

Analytic modeling of ion motion around high volt-
age applied grid for pseudowave excitation 7 &, & 3] v}
A, & FE, G Q(EZFF0 E2/3}7) Transient sheath behav-
ior in plasma ion implantation has been modeled analytically in var-
ious geometry and conditions. When a high voltage pulse is applied
to a grid, ions are accelerated toward the grid and subsequently os-
cillate by the potential well around the grid. As soon as the potential
well disappeared, ions propagate with ballistic mode, which is
called pseudowave. When the grid pitch is much shorter than the
radius of the cylindrical matrix sheath around the each wire of the
grid, the grid sheath is assumed to evolve like a planar sheath. In
this presenatation, the ion motion in the sheath are described based
on the Lieberman’s model [1] and several assumptions to make the
problem simple. * Work partly supported by MOST &POSTECH
Physics BK21.[1] M. A. Lieberman, "Model of plasma immersion
ion implantation," J. Appl. Phys. 66 (7), pp. 2926-2929, 1989
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o, o] Zgtznt YRo = YAE 7o el I3 4 - 79
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U EdE 59 F8E& oA drh £ ATeA e HZd ALd
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Photodetachment Diagnostic for TCP RF H-
Volume Source  YOUNG-HWA An, SEOK-GEUN Lee, JI-
HUN Kim, YONG-SEOK Hwang(Seoul National University.)
Photodetachment method was used to determine the negative ion
density in a hydrogen negative ion source developed at SNU.
Conventional Nd:YAG laser was used to detach electrons from all
negative ions in the illuminated region and a Langmuir probe was
used to collect electrical current signal originated from the detached
electrons proportional to the negative ion density. Also, other diag-
nostic results such as electron density and temperature measure-
ments by Langmuir probe and ro-vibrational temperature measure-
ments of hydrogen molecules by emission spectroscopy were com-
pared with the results from the photodetachment H- density
measurement. All parameters were measured at both plasma heat-
ing region and extraction region separated by filter magnetic field.
The optimal operation condition for H-production will be discussed
according to the diagnostic results.

Ion Beam Extraction Characteristics Using
Positive Bias Method in a Modified Inertial Electrostatic
Confinement Fusion Device JUNG Soonwook, HWANG
Yong-Seok(Nuclear Engineering, Seoul National University.)  The
Inertial Electrostatic Confinement (IEC) fusion device has drawn
great interest as a neutron generator which may overcome limi-
tation of existing neutron sources. In the IEC fusion device, un-
desirable ion losses such as charge exchange reaction prevent the
IEC device from obtaining fusion reaction rate. In this study, a
modified IEC fusion device is developed where high differential
pumping ratios between plasma generation region and ion beam ac-
celeration region are achieved by reducing total area of the slits. In
this condition, in order to get more beam currents with given small
slit size and plasma density, positive bias electrodes are introduced
in the vicinity of the slits. With the positive bias electrodes, local
sheath breakdown occurs and subsequent ion beam current en-
hancement is observed, up to 70 enhancement factors at maximum.
Perturbation of local sheath plasma by high extraction field ac-
counts for reduction in ion beam current at high extraction voltage.
A simple model based on the experimental results well estimates
current enhancement ratios for local sheath plasma formation.

FAxT ) % Sehzrh o} WAYR) A%

FEsl A, a8 29, H dx(EggH) Zg=ut
W A AES AR o] 29 54 2ol o) BE 33t
EHAHR, 3 ol EFA o] YRS AL S AL
o AS FH R 3 AetFo] FhEHe AL 7IHE F ATk
£ AT A e DC ol2 Z=ut Ulo] EFH ALO; P YA
(& um)oll A& ALt At Wsks AT A9
At 23S 98 SFo2REY EPAX 23T o|x g
97l = d(parabolic sheath model)& ©]- &3}t ZAHLJA FA} Al
YA ERFLXTL 7 Zo2 IR E AL ARAHCE F
AL, YAREY A o)l 5AZZFH HtFol] k2%
BT v = A& Lohh itk £ Aol M= At AFd @ CCP &
AN A7 54 nm 2719 aH Si @A R AT 5L & w4
9 M 2AL A S FH AT AE A aH S YA o
Al EY 9147} vH = A& g3tk o9 22 aH Si Y=
A5 AstF FAE AApl HX = o] 2ol FFS Fof
PAZE Fehzut el A o 2 271744 AZAI7E a]lo] He
Ag &Ad & ATk
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Fabrication of Simple and Large Penning Ion
Source for Diagnostics of Plasma Parameters JUNE-WOO
JUHN, YONG-SEOK HWANG(Department of Nuclear Engineering,
Seoul National University.) A PIG (Penning or Phillips ionization
gauge) type ion source has been constructed. Ion beam will be ex-
tracted through the center hole of a cathode to the direction of cylin-
drical anode axis. Since this device designed as a prototype of a
neutron generator need to have enough space to investigate plasma
parameters, dimension of the device is relatively larger than other
devices which have similar concept and purpose : simple and com-
pact axial ion beam source for neutron generator. Therefore the
ring-shaped permanent magnet is attached to the outer surface of
the cylindrical anode to make high enough magnetic field rather
than solid cylindrical magnet outside the anti-cathode. Langmuir
probe and other spectroscopic methods are able to be utilized via
the several diagnostic port.

Simulation Study of The Weibel instability in A
Relativistic Anisotropic Plasma KAANG Helen H., YOON Peter
H., RHEE Tongnyeol, RYU Chang-Mo(POSTECH.) The Weibel
instability is a purely growing electromagnetic mode excited in an
unmagnetized and anisotropic plasma. In relativistic region, this in-
stability has received renewed attention as a main mechanism of
magnetic field generation in the core of galaxies or in the formation
of universe. So, we simulated the fully relativistic Weibel instability
with the generalized Maxwellian distribution. We obtained the
growth rate of a dominant wave at the linear stage and compared
this simulation result with numerical calculation. We found a good
agreement between them.

Effects of negative dc voltage in the capacitively
coupled plasma source through particle-incell /Monte Carlo colli-
sion simulations PARK Jinwoo, LEE Sunghee, PARK Ganyoung,
LEE Jaekoo(Department of Electronics and Electrical Engineering,
Pohang University of Science and Technology.) As the feature size of a
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semiconductor chip shrinks, the plasma-process-induced damage
(PPID) such as the bowing is a serious problem on the etching proc-
ess [1]. The ion has the anisotropic motion while the electron has
the isotropic motion. The difference of ion and electron motions re-
sults in charge-up damage. The negative dc voltage is one of the
techniques used to reduce the charge-up damage. We have per-
formed particle-in-cell/Monte Carlo collision (PIC/MCC) simu-
lations [2, 3] for the negative dc voltage. Electrons gain the accel-
eration energy by imposing the negative dc voltage in the top
electrode. The accelerated electrons have the anisotropic motion.
As a result, the charge-up damage of the bottom layer of the wafer
is reduced by anisotropic electrons. [1] Poiroux, T.; Pelloie, J.L.;
Turban, G.; Reimbold, G., "Plasma process-induced damage in SOI
devices," Electron Devices Meeting, 1999. IEDM Technical Digest.
International, vol., no., pp.97-100 (1999).[2] H.C. Kim and J.K.
Lee, "Mode transition induced by low-frequency current in dual-fre-
quency capacitive discharges", Phys. Rev. Lett. 93, 085003
(2004).[3] G.Y. Park, S.J. You, F. Iza, and J.K. Lee, "Abnormal
heating of low-energy electrons in low-pressure capacitively coupled
discharges", Phys. Rev. Lett. 98, 085003 (2007).

Particle Simulation of a Capacitive Discharge for
Various Driving Frequencies = KIM Daeho, RYU Chang-Mo
(POSTECH, Physics.) A lot of studies have been performed for the
electron heating and electron kinetic property in low-pressure rf dis-
charges, being accompanied by the development of numerical tech-
niques in modeling of highly non-equilibrium plasma phenomena.
In particular, the driving frequency is one of the important parame-
ters for semiconductor processing. We investigated the driving fre-
quency effect on the plasma characteristics of a capacitive discharge
under the fixed rf current, by using a one-dimensional par-
ticle-in-cell/Monte Carlo collision simulation. The results indicate
that the collisional heating becomes dominant with increasing driv-
ing frequency.

Ion Energy Distributions in RF Magnetron
Sputtering with Moving Magnet Configuration = KIM Daceho,
CHANG Hyunu, RYU Chang-Mo(POSTECH, Physics.) Magnetron
sputtering sources have become one of the important devices for
thin-film deposition. Though the moving magnet configuration has
been used to increase the target utilization recently, a few papers
have been carried out to investigate the effects of moving magnet
configuration on magnetron sputtering. We investigated the ion en-
ergy distributions (IED) in rf magnetron sputtering while the mag-
net configuration moves, by using a two-dimensional par-
ticle-in-cell/Monte Carlo collision simulation. As the driving fre-
quency increases from 0.1 to 13.56 MHz, it is found that the shape
of the TED is shifted from a broad bimodal distribution with a domi-
nant low-energy peak to a narrow bimodal distribution.

Hp-077 Simulation Study on the Electron Kinetic Property
of Argon Plasma in DC Micro Discharge CHANG Hyonu, RYU
Chang-mo(POSTECH, Physics.) Micro DC discharge of 100um gap

distance and 100Torr pressure of argon gas was studied, by using
1-dimensional PIC-MCC code(XPDP1). EEPFs(electron energy
probability functions) in the bulk near cathode present three temper-
ature electron groups. Electron temperature and density were low
relative to convensional low pressure DC discharges. Additionally,
other micro-plasma simulations of different conditions such as gas
pressure or SEEC(secondary electron emission coefficient) are
performed. In these conditions, plasma characteristics are compared
with former results.

239 A A EHoIAS ol &I WHEF
Transformer Coupled Plasma®] FIAE AT 2 714, 2 o
3, & A%, & ZX(POSTECH, Physics) ™82 CIGS(CulnGa:
Sep) & HLFAA AZS Y% Tzl o H FXE ATSATE
53] HFHA Aol Me A B4 28-S Fol7] $1 dlass
etching®] #Y =7} 5 Q3| A AL At} 23H Al Al &8 o] A& At
£-3}4] Transformer Coupled Plasma(TCP)&x]2] Z2t=w} #d
5 A3tk o] FXE Ar gas7} o] &5 3 1M 13.56MHz
RF o] 21U Fe| 2 Q7= I o} el = 180°9) Y445 F
o] 13.56MHz RF A o] JHAFOZ QI7FE AT o] do}f
A 2L 72 N7t Bold 5 Zezut 159 FUdEs}
ForHth

The characteristics of Ar, N2 electron beam pro-
duced plasma  CHAE soohang, LEE hunsu, CHANG hon-
gyoung(kaist, physics.) 'We have developed the electron beam gen-
erated plasma source. There are many advantages of electron beam
generated plasma in the dry etching process. It reduces the charge
build-up damage and ion bombarding damage due to the low elec-
tron temperature. For the same reason, the dissociation and ioniza-
tion of neutral molecules can be produced directly by beam impact
not by plasma-electron impact. The factors which determine beam
property are the acceleration voltage, discharge current, gas pres-
sure and gas species. This plasma source has the wide range of plas-
ma density, still low electron temperature.

Loss Characteristics of Plasma near the Substrate
in Pulsed-DC Magnetron Discharge and Analysis of Ion Energy
Flux by a Modified Global Model IN Jeong-Hwan, NA
Byung-Keun, SEO Sang-Hun, CHANG Hong-Young, HAN Jeon-
Geon(KAIST, Physics.) The plasma density in pulsed-DC magnet-
ron discharge was measured by the time-resolved wave cutoff probe
method and the loss characteristics during the off-phase of plasma
near the substrate were examined. It was found that the loss veloc-
ity of plasma was delayed and the effective loss area was changed
according to pulse condition and target voltage during the off-phase.
These loss characteristics were applied to the global model. In the
model, the ion bombardment energy on the substrate increased with
pulse frequency and decreased with duty. The ion current density
from the model showed a similar trend with the measured substrate
ion current.

Measurement of Excitation Temperature on
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Capillary Z-pinch Argon Plasma* ¥ 84, = 3%, A A4, = F
4,93 9, 3 7 (EGF A 3}, E2]3% 'VMT) Capillary
Z-pinch discharges in the discharge-produced plasma (DPP) have
been widely used for Extreme-ultraviolet (EUV) light sources be-
cause of simplicity, wide collection and long lifetime. For diag-
nostics of plasma parameters, optical emission spectroscopy (OES)
was used on the Argon plasma. In order to measure the time evolu-
tion of visible light photon output, the photodiode was also used.
With the assumption of local thermodynamic equilibrium (LTE),
the excitation temperature was measured by the Boltzmann plot. To
understand the z-pinch plasma, its dynamics and characteristics
were numerically studied using the one-dimensional Lagrangian
magnetohydrodynamic (MHD) code. With experimental and simu-
lation results, the dependence of different parameters, such as the
gas pressure and the capillary tube radius, is presented on the elec-
tron temperature. Discharge conditions have a discharge current
rate of 5 A/ns and 1 microsec pulse width in Argon gas pressure of
0.1 ~ 1 Torr. *Work partly supported by VMT Co., Ltd. &
POSTECH Physics BK21

Measurement of Electron Density on Capillary
Z-pinch Argon Plasma* = 3|7 ut ¥z A A&, = 74, ¢
4, 3 5F(EgEHy a E2)7 'VMT) Extreme ultra-
violet (EUV) lithography techniques are currently being investigated
to provide a solution for high-volume manufacturing of semi-
conductors with feature sizes below 45 nm. It is commonly realized
that 13.5 nm EUV can be generated from high-density, high-temper-
ature plasmas based on laser- or discharge-produced plasmas.
Among several techniques, the capillary Z-pinch discharge by
pulsed high-current discharges has the advantage of being relatively
simple, efficient, stable, and compact. The electron density of capil-
lary Z-pinch argon plasma is obtained by the optical emission spec-
troscopy (OES) measurement. 422.816-nm line is mainly broadened
by the superposition of instrumental, the Doppler, and the quadratic
Stark broadening. The Doppler broadening is negligible and the
quadratic Stark broadening can be extracted by the de-convolution
of a Voigt function. The time variations of electron density are com-
pared in the following cases: (1) n. by the simulation [1], (2) n. us-
ing experimental result of Tex [1], (3) ne using the simulated Te.[1]
uhg A, “Measurement of Excitation Temperature on Capillary
Z-pinch Argon Plasma,” in this conference.* Work partly supported
by Small and Medium Business Administration and POSTECH
Physics BK21

TMOS/NH3/N2 ICP-PECVDH £ ©]-& 3%} SiOx-
CyNz e} S 3 A7 2 A7, v A, 2 AAL 3 =
E(EoHH g {12 E 2] 817 ICP (Inductively Coupled
Plasma) &4 ZXE ol&3std 3t 714 F2H<A PECVD
(Plasma Enhanced Chemical Vapor Deposition) #H & ©]-&3}¢]
SiOxCyNz dt2+-g Z 234t} Source gasZE TMOS (tetra-
methoxysilane), N2, NH3E o]-&3} %1t} source gasE 9] ratio, to-
tal pressure, ICP power?] ¥3lo] m2 Zgt=vle] 53} dhato)
AAE A3+ OES (Optical Emission Spectroscopy)E plas-

ma THYJAES 248 FG 3 A LFTIR (Fourier-transform in-
frared spectrum)Z ICP power$} gas ratio, total pressure®] * 3}o]]
w2 SiON uH2He] 2313 pondingS ZF3tQth 281 22 E
7 4 72-E -2 Inssitu ellipsometers ©]-83te] AAITHo 2 £33 %
th Zetznt A WL EL Wl mE utgo] HA S48 =9
ATk

A Study Of Plasma Treatment For Hydrogen
Storage Materials Using Sol-gel Process CHA Su-young, SHIN
Jong-moon, JEONG Se-young, CHO Yong chan', CHO Chae
ryong(Department of Nano Fusion Technology, Pusan National
University, Mirang 627-706, Korea. 'Research Center for Dielectric and
Advanced Matter Physics, Pusan National University, Busan 609-735,
Korea.) In the last few years, much of the focus in hydride research
has been on light metal alanates and borohydrides because they of-
fer relatively large gravimetric hydrogen densities. However, effec-
tive storage of hydrogen presents a significant challenge that must
be overcome for the hydrogen economy to replace current energy
technologies. So, we made hydrogen storage material using simple
sol-gel process under the 100 oC. Additionally, hydrogen storage
material is treated using RF plasma at hydrogen atmosphere. The
structure and surface properties were investigated using X-ray dif-
fraction (XRD) and field emission scanning electron microscope
(FE-SEM). We investigated the desorption of hydrogen storage ma-
terials using Thermo-Gravimetric/Differential Thermal Analyzer
(TG/DTA) in the range 100~500°C and also by the measurement
of hydrogen absorption/desorption under high pressure. Some oth-
er parameters to influence significantly to storage capacity are
studied.

Hydrophobic coating of Multi-walled carbon nano-
tubes by HMDSO glow plasma at low pressure, and their resulting
wettability = A&, o] A}, & <1, A B4 (o}Fd Fw, £
8p7), o} Fr) ola, HA}F8F7]<elF)  This study demonstrate
the super-hydrophobic coating of MWCNT powders by HMDSO
glow discharge plasma at low pressure and investigates the hydro-
phobic behavior of the treated MWCNT powders. To investigate
the change in the surface free energy of the MWCNT powders, wa-
ter, polyethylene-glycol (PEG), and glycerol as probe liquids were
used. Their surface free energies were directly determined by mak-
ing use of the measured CAs and the equation of Owens-Wendt.
The cushion made of the plasma-treated MWCNT powders re-
vealed super-hydrophobicity (CA>150°). In representation, the total
surface free energies of the MWCNT powders before and after the
HMDSO plasma modification estimated drastically from 82.6 to
0.1mJ/m’.

Hyperthermal 5/ 4218 & 0] & A & ghet
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DC / RF7F 28 £A4F W71 S=vt
GBAEZS AT A A, A, dEP, H Y (KAST &
2]el7L) RFE o &3t tl71¢t 12 S8t =rle o8 ZHE
Z 13, bk g uhe S35 o] 4l A Hool A dE] &8
Hi ok A2 AW FF=EAel A A8 EDC 239 o
7+e W 714 RF Z&kznte] H83t4 o] 29 fluxE S7H 1A L
SHEES ZT7MATIE AlE7F o] FoiX 1 Qi & AT M=
RF7} Q171 Aol 0 Vel A -150 V 744 DC 2319 & A7HA
A U714 45 2 dEd e ZS=uty YAEH S A0F,
E3to] ARtk DC SA 99 S/t Zgd=nt=
ARAY F7)d & IS XA gov, FA
EY B4 Al7)(1.54) B A EE S7H< 420
KA AT whde] B2 Al7] 8] & o] &9t Ax} o] =& DC
399 St met ZAEATE 53] AE-H e Se=nte] 3
&, ZEY =2 RE $4 92 $E24 (Hbeta)o] FEE =0, ©]
ZREH DC 2399 57V E8t=2nt AALEE STHAIAS &
Q1 & &g Atk

HE B 25122 93 t7) He/CHA S
Hz2ule FAGEF AT FAQ, A Gu, AR LS
(KAIST E2]¢}7) B3 1eS 53] 71l A S &
FE GH 5498 A7 Ht dF B A9, AE8HA
F A A7 FA G710 93 ZAEA E A YR AHE ]
FRH A v F v & 714 9 H7b=, CN (B2Z+ -X25+ : Violet
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CN Z CH 7} 4% 29 EH S o] 8o, T =nle B2 35
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¢ mlolaz EFe=n H44Y &4 A+
A AR, & ot F H&(FoFd 3l 2124 EF8]8F)  Non-
thermal plasma & &4 A]7]+E toolQ! plasma needleZ single-elec-
trodeE T4 3ol 13.56 MHz RF powerE 21713t tl 7]t plasma
£ A7t} Current probe 9} voltage probe & o] &34 I.V &
AZAE AU} RF power = 10 W 0]t 2718 FA183 3,
gas flow rateZ} powers T3 7PHA F&2vl LV 54 & H]
W3tk Optical Emission Spectroscopy (OES)E o] &3] &3
AAET BAE 2] emitted line 2. 2 discharge compositionS ZA}
399tk N,' first negative system®] molecular emission spectraS
£33 rotational temperature® 83+, F2=ute] E4&

A1 AT

Study on atmospheric pressure microdischarge uti-
lizing nanoporous dielectric electrodes CHO Jin Hoon, CHOI
Myeong Yeol, LEE Woong-Moo(Department of Chemistry and
Division of Energy System Research.)  Atmospheric pressure,
non-equilibrium microplasmas have emerged as powerful ex-
perimental tools for many industrial applications requiring fast, low
energy and inexpensive generation of plasmas. The wide range of
applications of the microdischarge is attributed to the merits of ex-
cluding vacuum equipments in the processes and generating spa-
tially confined high electron density plasmas using small electrical
power. The electrodes used in the dielectric barrier discharge are
made of aluminum (Al) rods or plates covered with nanoporous alu-
mina films, ~80um thick and mean pore diameters being ~40 nm.
The alumina nanoporous film was grown onto Al rod by an electro-
chemical process. The microplasma was sustained, using ~10W AC
power of 10~30kHz, in the gap of 100~500um between the rods,
tubes and plates. The typical driving voltage and the electron den-
sity are ~1200V and 10"'~10" cm”, respectively while the temper-
ature at the discharge region is in the range of 310-350 K. This type
of dielectric barrier discharge effectively generates low temperature
uniform microplasmas that can be used for a variety of applications,
including UV generation, surface treatment, biomedical treatment,
and plasma chemical synthesis.

Synthesis of Tin Oxide Nanoparticles by
Evaporation of SnCl4 using an Atmospheric Microwave-plasma
Torch % <3, 2 AR, o] A3, & SH(o}Fr) ol £ e}
Jleela lolE et E8)3l7)  Tin dioxide (SnOs) nano-
crystalline particles were directly synthesized via decomposition of
gas-phase tin tetrachloride (SnCly) using an atmospheric microwave
plasma torch. X-ray diffraction (XRD), Fourier transform in-
frared spectroscopy (FTIR), thermo gravimetric analyses (TGA),
field-emission scanning electron microscopy (SEM) were used as
part of the analysis, and the surface area and pore distribution prop-
erties of the particles were analyzed using a nitrogen adsorption
apparatus. The mean size of the synthesized SnO, particles was 34
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nm according to SEM imagery and was 32.9 nm when estimated by
a Williamson-Hall plot using XRD data.

Measurement of Electron Density and Gas
Temperature by using Ar I Line Broadening* %= 3|3 7 A& =
78 33 QEFFHY) g E2 7)) The electron density
and the gas temperature of the atmospheric pressure micro-plasma
are measured with the OES diagnostics. They are obtained from
spectral line broadening of the neutral argon. 549.6-nm and
603.2-nm lines are mainly broadened by the superposition of in-
strumental, the Doppler, the quadratic Stark, and the Van der
‘Waals broadening. The measured line profile has a Voigt function
form, the convolution of the Gaussian and the Lorentzian
functions. The Gaussian line profile is due to the instrumental and
the Doppler broadenings, while the Lorentzian line profile is due to
the quadratic Stark and the Van der Waals effects. Neutral argon
spectral lines at 549.6-nm and 603.2-nm are mainly broadened by
the quadratic Stark and the Van der Waals effects, respectively. An
optimization program is executed to determine the electron density
from the quadratic Stark broadening and the gas temperature from
the Doppler and the Van der Waals broadenings. The measured gas
temperature is compared with the rotational temperature, measured
from spectrum of OH molecules. * Work supported by POSTECH
Physics BK21
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CW Terahertz Imaging of Paraffin-embedded
Epithelial Cell of Rat ¥ 23, 2 9, 7 &, 9 F&, F &,
A8, 0O, A, H g9, 0 182 & 9E P A
A AR A AR A 27)%(Seoul National University. 'National
Cancer Center. “Samsung Advanced Institute of Technology. *Korea
Electrotechnology Research Institute) CW Terahertz imaging system
is being constructed to investigate the response of cells to the
Terahertz wave. This system consists of a 0.2THz radiation source
and some off-axis-parabolic mirrors(OAPs) with 2 dimensional(2D)
translation stage. A pyro-electric detector is used to measure the
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power of resultant signals where a chopper is employed for a
triggering. CW THz imaging for a epithelial cell of rat will be
presented.

Coupling of TE10 waveguide mode to TMmno
cavity mode in photonic = G =, 8 (A& L) We stud-
ied the formation of a TMmn, cavity mode externally coupled with a
TE;o waveguide mode in a square photonic crystal (PC) cavity. It is
found in MAGIC3D simulation that the geometric symmetry of
square cavity prohibits some of modes and causes cavity mode de-
generacy which spoils the formation of cavity mode. To excite the
prohibited mode and to separate the degenerated modes, the manip-
ulation of waveguide-cavity coupling structure is suggested. For an
instance, two input signals of TE;y waveguide mode with opposite
phase are derived to eliminate the geometric symmetry of PC
cavity. The detailed things will be presented.

The Experimental Study on the Electron Beam
Emission from the Cold and Thermionic Cathodes t} 712], v} &
%, & AT 8 2] X731 F) High frequency (~THz)
vacuum electron devices demand high current density of electron
beams for making periodic metallic circuits oscillation. Hence, it is
necessary not only to develop cathodes producing high density of
electron beam but also to focus the electrons from the cathodes to
have accurate shape and high density of electron beam. For the ex-
perimental study of the cathodes and focusing structures, we devel-
oped 3D electron beam analyzer to measure details of electron
beam profiles from the cold or thermionic cathodes and also elec-
tron gun. We will present the plotted the multi-sectional profiles of
the electron beam emitted from the CNT cathode and highly fo-
cused the thermionic gun.

The Study on Pulse Shortening by RF Breakdown
in Relativistic Backward Wave Oscillatorf(RBWO) % A% & 3]
A, A 4 8 A4 kAR o] FEL g PG4T, o) e B F
A’ & FZ(AEeda 'dAgjela ‘ADD)  Relativistic
Backward Wave Oscillator (RBWO) is one of the most successful
devices of High Power Microwave (HPM) sources utilizing a
high-current relativistic electron beam. The slow-wave structure
(SWS) that has a rippled wall of sinusoidal type can get to transact
electron beam by reducing the phase velocity of microwave under
the Cerenkov synchronism between a cylindrical TMOn mode and a
hollow electron beam. And RBWO has high efficiency by a rela-
tively long interaction region between electron beam and backward
microwave. It is well-known that the practical use of HPEM’s in-
cluding RBWO are hindered by the pulse shortening. The under-
standing the physics of the pulse shortening is very crucial and fur-
ther implementation should be made afterwards. To measure the
radiated output power, COBRA (Coaxial Beam Rotating Antenna)
antenna which converts the operating mode, TMO1 to TE11. Here,
an antenna-window was made of poly-carbonate. The radiation pat-
tern and gain are simulated using MWS simulation code and the
gain of COBRA is also measured for comparison. Field intensity is

measured to be maximized at centre of COBRA Antenna as ex-
pected from the simulation. Now the measurement of pulse width
with respect to the output power as shown through the result of ex-
periment and confirms our assumption of pulse shortening which is
caused by RF breakdown as shown in comparison of the experi-
ment and the PIC-simulation.

High Current Density Sheet Beam Formation and
Stable Transport Under Miniature Periodic Magnetic Focusing for
Table-top Terahertz Devices SRIVASTAVA A., & Z7F, & 73},
SATTOROV M. A, ¥ 712|(A/£0j3fxL) The truly table-top
Terahertz-wave vacuum electron devices require a much higher cur-
rent density electron beam (> 60 A/ cmz). The development of high
current density sheet beam electron gun for that type of devices is
carried-out. It operates at beam voltage of 12 kV and perveance
0.0136 pp to meet ours requirement of high beam current density
100 A/ cmz, low emittance 0.068 m-mm-mrad, and almost rec-
tangular sheet electron beam 30 x 600 p.m2 at the beam—waist posi-
tion after 1-D, 3-fold beam area compression. Currently, mentioned
gun is being fabricated. Work has been initiated to test the perform-
ance of Scandate cathode using anode-aperture mapping. Current
density of 50 A/cm” has been ensured across the beam cross-section
of 100 x 600 pmz. This high space-charge (low voltage, high current
density) sheet electron beam can be stably focused using compact
and strong single-plane periodically cusped-magnetic (PCM) focus-
ing without disruptive diocotron instability. Preliminary study on
sheet electron beam PCM focusing shows requirement of ~ 1.5 kG
peak magnetic field for stable transport.

The Effect of Anode Plasma on Mode
Competition in L-band MILO 3 3%, 2 4o Wl A% 7 Bz,
A A Q) 59, ANA et g Fr A7 Ty
72) A mode competition between two axial modes of TMO1
mode is observed in the operation of a L-band Magnetically
Insulated Transmission Line Oscillator (MILO). This mode com-
petition is analyzed by the measurement of field distribution in the
cavities of the MILO. By comparison between this measurement
and the MAGIC 2D simulations, it is found that the delayed satu-
ration of magnetic field that is induced by the beam current makes
this mode competition. And the anode plasma that is formed ac-
cording to the impact of the beam can affect the transient situation.
The faster transition of two modes is observed in a MAGIC 2D sim-
ulation with the additional anode plasma

Radiation Characteristic from Electron Beam
Interacted with Dielectric Metamaterial ¢ $3%, & 27, 8 4]
(A&t 3L X} A 7} 8}rf] sf F2] X731 F-) We present theoretical
and numerical analysis of the radiation characteristics from
Electron Beam interacted with the surface mode of a dielectric
metamaterial. Like the periodical metallic slit structure by J. T.
Shen investigated, various kinds of possible dielectric metamaterial
were suggested. We investigated the radiation characteristic from
the electron beam propagating near to the specially designed metal-
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lic structure. While observing the results from this study, a FDTD
simulation code (Magic3D) is used. These results showed that the
radiation pattern between real dielectric material and the meta-
material is different. That is opposite to our rough expectation.

Optimization of beam and wave interaction in
CSEB SPR system SATTOROV M. A, & Z17f, SRIVASTAVA
A, 938 F 9%, & st vt A2(A/ 2 8fxL) The radiation
from interaction of electron beam with a metal grating was first re-
ported by Smith and Purcell in 1953 [1]. Since that, it continues to
attract interest due to its compact and efficient method of generating
a high-power, tunable and simple radiation mechanism, particularly
in the terahertz frequency regime, 0.3-3 THz. In addition to various
attempts to improve the weak intensity of spontaneous SPR [2]-[5],
we have introduced another way which uses counter streaming elec-
tron beams (CSEB) and 1D slit array [6, 7]. Here we present further
optimization of the beam-wave interaction through the observation
of the relevant surface-confined mode using PIC simulation.
Reference[1] S. Smith and E. Purcell, Phys. Rev. 92, 1069, 1953.[2]
Yu.A. Grishin, M.R. Fuchs, A. Schnegg, A.A. Dubinskii, B.S.
Dumesh, F.S. Rusin, V.L.Bratman, and K. Mdobius, Rev. Sci.
Instrum. 75, 2926, 2004.[3] G. Doucas, J.H. Mulvey, M. Omori, J.

Walsh, and MLF. Kimmitt, Phys. Rev. Lett. 69, 1761, 1992.[4] S.
Yamaguti, J. Inoue, O. Haeberle, K. Ohtaka, Phys. Rev. B 66,
085209, 2002.[5] S.E. Korbly, A.S. Kesar, J.R. Sirigiri, and R.J.
Temkin, Phys. Rev. Lett. 94, 054803, 2005.[6] Y.M. Shin et al.,
Appl. Phys. Lett. 90, 031502, 2007.[7] J.K. So et al, IVEC 2008,
349-350.

Terahertz Dispersive Metallic Metamaterial 2~ 7
T, ¥ 7A2), KIM J. H!, CHANG S. S.\(#1 2] 3} 'Pohang
Accelerator Laboratory (PAL), POSTECH.) A metallic slab with
two-dimensionally periodically perforated micro-waveguides is pro-
posed as a dispersive metamaterial in the terahertz regime. The fun-
damental waveguide mode of each micro-waveguide governs the
transmission of incident light through the whole structure, which re-
sults in the frequency dependence of its effective refractive index.
This frequency dependence observed in a finite range of frequency
above the cutoff frequency and below the Rayleigh minimum is pre-
dicted theoretically and also verified numerically using the finite-dif-
ference-time-domain (FDTD) simulation. Samples designed above
1THz have been prepared using Deep Etch X-ray Lithography and
tested using a THz-TDS system in the frequency range of 0.2-2THz.
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Analysis of Light Transmission through Sub-wave-
length Aperture on Al coated Pyramidal Probe V. K. Jha, O. K.
Suwal, D. W. Kim, M. J. Park', S. S. Choi(Department of Physics and
Nanoscience, Sun Moon University. IDepan‘ment of Physics, Korea
Military Academy, Nowonku, Seoul, Korea.) The enhancement of
light intensity transmitted through nano-apertures has become an
important issue since the higher intensity is crucial for the applica-
tion of near field optics. We have fabricated ellipsoidal grooves
around an aperture on the apex of the pyramidal probe coated with
Aluminum as shown in fig.1. Output intensities transmitted through
apertures in far field before and after corrugation were measured. It
was observed that the presence of symmetric grooves around a
nano-aperture enhance the transmittance around 600 to 1000 times
to that of bare aperture. These symmetrical grooves present around
an aperture are responsible for de-coupling of the SPP (Surface
Plasmon Polariton) energy into light energy at far field.

Fabrication of high throughput near field focusing
optical probe  O. K. Suwal, V. K. Jha, M. J. Park', S.S.
Choi(Department of Physics and Nanoscience, Sun Moon University.
'Department of Physics, Korea Military Academy, Nowonku, Seoul,
Korea.) There have been vigorous investigations on the enhance-
ment of the light intensity transmitted through sub-wavelength aper-
ture because high throughput is essential for its promising applica-
tions of near field optics such as high density data storage, near field
optical microscopy, and nano photonics. We have fabricated nano
/ micro mirrors bounded near field focusing probe following the
conventional microfabrication techniques (fig 1). We fabricated four
different types of probe surrounded by nano / micro mirrors — sin-
gle plane mirrors, double plane mirrors, octagonal opening pyr-
amidal mirrors and rectangular opening pyramidal mirrors. The
characterization and measurement of throughput through the fab-
ricated probe is under investigation.

B e PR A HAE LAY, L &
AL R B P N, 1 P38 A2(FY G B2 F
FH R oLF B3 ‘e kG F ) FFA A
datag o]&3te] 6719 ol tisl A2 o2 12709 FHAI A
(400nmel A 750nm)& AH&-3te] T}go] ME FxESLE 243t
Aot ggo] wWE 9 Fx o]EFQ AL MEH
Gullstrand-Le Grand BEF<Hs 7122 3to] 7/ 2PLHE A
A & FRnk 53] wel defocus(Longitudinal Chromatic
Aberrations, LCA)+= ¥3}7} 911t} 4, Zernike Polynomials %
Ne] g o] &3t FHFXE B AT o] 59 AHE T
o} 2o 2 A A3 Th
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Quasi-resonance Mode Distribution in a Chaotic
Ultrasonic Cavity KWAK Hojeong, SHIN Younghoon, LEE
Sang-Bum, YANG Juhee, MOON Songky, LEE Soo-Young, KIM
Sang Wook', LEE Jai-Hyung, AN Kyungwon(Seou! National
University, School of Physics and Astronomy. "Pusan National Uni-
versity, Department of Physics Education and Department of Physics.)
Deformed microcavities are important for photonics applications
and quantum chaos researches. Typically, mode characteristics of a
microcavity are measured in terms of far-field emission patterns and
spectra. Although there are many interesting features expected from
theoretical studies in the internal mode distributions of deformed
microcavities, it has not been possible to visualize the spatial mode
patterns experimentally because of its technical difficulty. To cir-
cumvent this problem, we have perform experiments with an ultra-
sonic cavity whose pressure field satisfies the same form of
Helmholtz equation and boundary condition as the EM field in a
microcavity. Here we have measured spatial mode patterns in a wa-
ter-field aluminum cylindrical shell employing the Schlieren meth-
od, a widely used tool for visualizing density modulation in a trans-
parent medium. We observed both chaotic and scar modes in a cen-
ter-displaced annular cylindrical cavity varying the driving fre-
quency of the external-coupled ultrasonic field. Further studies in
other cavities of various shapes are under progress.

3 dimension re-write bit optical memory using fem-
tosecond laser and CQO; laser in gold and silver ions doped glasses
LIM Ki-Soo, SHIN Jong-Ho, JANG Kyung-Sik, SOHN Ik-Bu'(Z
Hojstw et 215G A7) 98 Gold$t Silver
o] 2o] 7} A sodium borate glassesE THE ¥ HEX # oA 9
o A F5E o] &3t Mt 18] AL heat treatmentE 3}
o bit FFS 23 AL A & ¢ Qe 33w 2o g 3)

A gotr gttt HE X # oA E ©|glassesell 7+3HH glassesH

2] Gold®} Silver®] 3} Fef7F AztA €tk o] “Eﬂ of| A heat
treatmentS ¢ ¥ Gold} Silver®] 4 9Ate} o] 250] A2S

SHA| Ho] 405 nm & o] A & o17] A]7]™H 500nm oaqu RS
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F47 5492 47 o} £ % 1900 fumace BT} 5 o W21
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= %39 g4 9 32 93] Radar, Laser, Daylight Camera, &
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Optical Characterization of Sm’": GeO,PbO
glasses with the addition of Ga and B M. Jayasimhadri, CHO
Eunjin, JANG Kiwan, LEE Ho Sueb, KIM Iigon, KIM Sun
Ill(Deparz‘im'nt of Physics, Chanwon National University. ' Department of
Physics, Pukyong National University.)  Glasses with composition
(50-x) GeO; - 49 PbO - x MyO3 -1 SmyOs ( where x= 0 and 20
mol%; M = Ga and B) were prepared from commercial raw
materials. The optical properties of the synthesized glasses were ex-
perimentally and theoretically investigated in detail. Optical absorp-
tion and emission spectra of Sm’* ions in lead germanate glasses
have been investigated at room temperature. The experimental and
calculated oscillator strengths of Srn3+d0ped lead germanate glasses
were determined from the absorption spectrum. The Judd-Ofelt in-
tensity parameters were calculated by using Judd-Ofelt theory, from
which the radiative transition probabilities, branching ratios and ra-
diative lifetimes of various excited levels have been estimated.
Analysis of decay curves also have been carried by exciting the sam-
ples with argon ion laser. The effect of addition of Ga,O3 and B,O;
on the optical properties of Sm>" doped GeO,-PbO was compared
and analyzed.This work was supported by Korea Research
Foundation(KRF-J900902)

Ip-013 ) 2SO - Mgo - xSi0, AR A7/FE Eu®'/
Eu’' o] 259 333 &4 x 27, M. Jayasimhadr, & 71€,
A Az, ol 34, A F48, o H’“Z(** o fw Eejel (R
Fojgm Eeja ‘e E2/87) 2810 - MgO -
xSiOxEu®*/Eu®*(0.8<x<1.2) 2224 & A Z3te] XRD ¥ SEM
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Strong influence of nonlinearity and surface plas-
mon excitations on the lateral shift PHUNG Duy Khuong, ©] 4
9,9 B2 A 71 E(oFF A AA LR Lo FT] ARt
J%) When surface plasmons are excited at a metal-dielectric inter-
face, the electromagnetic field takes a very large value near the
interface. If the dielectric is a nonlinear Kerr medium, then the ef-
fect of nonlinearity can be greatly amplified due to the field
enhancement. We calculate the lateral shift of p wave beams in-
cident on metal-dielectric multilayer systems in the Otto config-
uration in a numerically exact manner, using the invariant im-
bedding method of wave propagation in nonlinear stratified media.
In the linear case, we find that the lateral shift becomes very large at
the incident angles where the surface plasmons are excited. As the
nonlinearity is turned on, the value of the lateral shift changes
rapidly. We find that even a small change of the intensity of the in-
cident wave can cause a huge change of the lateral shift. We pro-
pose that this phenomenon can be applied to designing precise opti-
cal switches operating at small powers.

Surface polaritons in structures made of chiral neg-
ative index media ©] B3, A 7| & (o}, o YA]A]2H )
We investigate the excitation of surface polaritons in structures
made of chiral negative index media. Using the invariant imbedding
method of wave propagation in stratified media, we calculate the re-
flectance of s and p polarized electromagnetic waves incident ob-
liquely onto simple structures made of slabs of chiral negative index
media in the Otto configuration. The two refractive indices of chiral
media are given by n+y and n-y where n and y are the conventional
refractive index and the chiral index respectively. When plotted as a
function of the incident angle, the reflectance dips represent the sur-
face polariton mode at certain angles. As the chiral index changes,
the position of the reflectance dips also changes. We also calculate
the surface polariton modes when circulary polarized waves are
incident. Finally we calculate the lateral shift of reflected beams.

AR REX o)A FY FFE F HolA
Fdol AR AT ol 8, A 8%, vgr a9, A =3 (F g
o ARG B3, 1*15714—11145“’4 YRS L ST H7E) =
EAEH G HEX FolAE & Hb] REZo] 0}249}5]
9 4o] 77t (coherent) 3 FF FH N 5 7129 BLE
AL 7 Qirk ShA T 2t mEQ] A 23] FA9 RETH 7¢
Ao] F7) g &2l A AH&3tE Rl & A Utk B Aol A

€ olEe REX oA B REESY TS HAsty] 9
AWGE ©]-§3}4, 1500 nmol] A %{16}% BAF BEX golA
G AR T2 BE A& B3t F ¥iEA 8 °] ADFB-LD)E
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& BEd F BEA golAE A FUFFAA FE=E
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Effect of Plasma Profile on Ion Acceleration in
Interaction of a Short Laser Pulse with a Thin Overdense Target
A 92, o] Ju, o] 87, % AIFFARG A7, FHFIA
T2) Energetic ion generation from the interaction of a short la-
serpulse with a thin overdense plasma accompanied by a preplasma
and a rear side plasma gradient is investigated by particle-in-
cellsimulations. The dynamics of ion acceleration depending on the-
maximum density of the preplasma in front of the overdense plas-
maslab with a smooth density gradient at the rear side are presented
and discussed by comparing a sharp rear side boundary case.

H-JL UFY S o)A AA ) 2HE &4
x4 /“% °] AMI(E Fn, E2et) ZIF EFE
ZAE SHS AT ZE XNZE, B ZEE H3) s AE A
ol AHEEHE AEAA A 7] FolA T, dEE o g2 247}
Q5L X e Aargel Hls) Zx] 9 i7]°ﬂ o Z2H4E &3
Zkol £0.019] 45 7R A "t o] e Tt S Bkt iﬂ]
F B4V A4l 2d FYEFH o] FE & HolZE A A &
XE T 4x8 M’ P IS T £0.0029 2
A2 FHES FFATE £ AFdAE olFIEHCSy,
A 3lEHA(CCL), S=IMA(CHS(OH),), o3 (CHINH), =
A2 (CsHy(CHa)y) 9 AAZ AQ%], W9 Zol7k6 em 0] &
0]7} 7 cmQ] hollow prism .2 3}-g-0] 632 8 nm<] He-Ne#l o] A <}
Hgo] 532 nm{l Nd;YVO, #lo] A &) - H 4 AFAYE 57
3la, A3 Ao o) & 2% Cauchy 842 AFE-3le] A 2]
ZAES Tt e £ 2F=F v w3t Atk

Spatial Continuous Tuning of Laser Emission in a
Dye-doped Cholesteric Liquid Crystal Wedge Cell 8 v, 2] &
3! ¢ Al (o] 8him, LpiHpo] © 7] & A Fik B2 3},
fo] gl 2} 8F i, 1} 2&E2]817) In order to realize spa-
tial tuning of lasing wavelength, we made a dye-doped cholesteric
liquid crystal (CLC) wedge cell. The left handed helical CLC sam-
ple is composed of nematic ZLI2293 with the chiral dopant
S811(Merk), and the lasing dye DCM was mixed 0.5wt %. As a
alignment layer polyimide (SE-5291) is employed. The wedge cell
was prepared by employing two spaces with different thicknesses,
and we could easily achieve a spatial gradient corresponding to the
thickness change of ~0.1 um over the distance of 1 cm. The wedge
cell possesses a series of dislocation lines along the wedge direction.
In the lasing operation, the spectra of both lasing wavelength and
stopband are monitored simultaneously and we find that the lasing
wavelength is continuously tuned in the region between two dis-
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location lines, while the lasing wavelength jumps when crossing the
dislocation lines. The observed one-dimensional spatial continuous
tuning is attributed to the presence of a gradient in the cholesteric
helical pitch, while the laser wavelength jumping originates from
the pitch jump owing to a change in the number of helf-turns of the
cholesteric helix. And the polarization of the fluorescence and laser
light wave examined by a combination of polarizers and wave
plates. While the fluorescent light placed outside the stopband is un-
polarized, the laser light is left-circularly polarized. In the CLC las-
ing, the fluorescence from the laser dye is suppressed inside the
stopband, while the enhanced density of modes in the band edge of
the stopband allows for multiple reflection in the cholesteric helix
resulting in a laser operation. We find that the lasing operation oc-
curs at the longer wavelength band edge of the stopband. Since the
linearly shaped rodlike DCM molecules prefer to get aligned paral-
lel to the nematic director, the CLC laser cavity in the longer wave-
length band edge of the stopband is much more efficient in amplify-
ing the stimulated emission of fluorescence.

e 7318 3] dF AT FAE H A
8], & FA(oJsFA =t ]} Fa] FF & =) LHPE A
9] YR &= GutH o2 A7k 9E31A] ¢=Hamiltoniandl] 2]
3 FAHT AUXZF Bl ZHAEY AR w2 Wgle
exp(iEt)2he 9149 Wstg F0i2) 3, 09} 2 A4S 5954
$]/d(Dynamic phase)©]2tiL F-2t} $tH, F7]E 7FA 2L 8]
Helshe 37 ol e AY FeHdrE 5934 947 A
T T2 449 93 A =k Benrys ol#d 949 E815,
T84 ol & ety f3 718keHE 9)H(Geometric phase)©]
NS EY3ATE 713EE 9ol dehve Sz W H
BAEE Hstd o A7 = A3 E & de o] 82 W
9 AP F 22 R HA = TG 94T ENE AT
o] Wslol] whe} A == UM Ydoltt o] B9 Ho] A=
Z7}4 91 94F-& Pancharatnam's Phase#} i 5-2 1 o] A2 Berry's
topological phase (£ Geometric phase)e] LZolth. E3F W9
AZSHE= 3709 Stoke's parameterd] 23] EHFH = Ak
Stoke's parameter= 2 ¢ HBGHE et = 339 371 €
g AL, o]¢k o] A" FZ+E Poincare spheredtil F-EtT}
Pancharatnam®] ©o]&¢] <3t Ho] d= 7)3tae A&
Poincare spherel| 4] X¢] AZFE 2 o] & F27F HSLo2 HE
oI}E B, & T8 WslE 4o S e B o] of
o] A& 7]3tsHA 949 & o] =27} o] R YAAY -
Wt 2ok 9o WG e 7)EEE 932 HEAE 7
FozH 2% £t B AF A& o9 22 W] 7315
el t3te] ol gt H o AHGXE T3t o] & AHF o
2 2339

saze s =371 BUAY e ZYe
ol w2 AR WS Y B, A BE $0 3Q () o
Fejop) ATy, (I B2 GR) =BIEL
WEA ZRAMC 8 & 2N BEA tubel2e] vl shet
AARE FEHE G2 FYAT Yk BT S =P
& nhzz glo] UV #aul g dolAE 4 FAkekel AR

A3t e YIS =N} olFse] =FATE A

=%7]% (Next Generation Lithography:NGL) o]t} £ Aol A
£ #HolAZHoNA Yot 7HAIF X9 WS Fly-eye AZE
o] g3t FY EEXZ TE ¥ DMD (Digital Micro-mirror
Device)oll A A& 02 wiAtste ZFEA A FH o2 =34
71 B AoNA, AL E o] DMDeol| A §hALE] = 48 vt
AF7] A& FEA WHol EA3t vk FE oAt wE
HEe] W3l g Bzt sttt npAI s 2372 =3}
o]&3l7] wEol npA39] FHol M JlsAdol A HHo| W3}t
A e HLoxE LAVt Atk DMDY] 3tue] 371+ 13.68
(m x 13.68m, k=3 HH-L 10me] A5& 7H = 9, k39
FA= lmm<] 5o g3 A Light - Tools =213 © 2 HA &}
o HE 9] WslE AH E i)

Tera-Hertz study of electromagnon in TbMnOs
JUNG Seonghoon, MAENG Inhee!, OH Seungjae', SON
Joo-hiuk!, CHEONG S.W.2, CHOI E. J .(Infrared spectroscopy Lab.,
Dept. of Physics, Univ. of Seoul. ! Tera Hertz science Lab., Dept. of Physics,
Univ. of Seoul. *Rutgers Center for Emergent Materials and Department of
Physics &Astronomy, Rutgers University.) Pimenov et al observed a
new E-active optical resonance in the spiral-spin driven ferroelectric
phase of RMnO3. Currently there is a controversy on whether the
resonance is related with the Mn-spin collective excitation
(magnon), and if so whether it has the character of 1-magnon or
2-magnon continuum. In this work, we measured detailed temper-
ature dependence of the electro-magnon absorption of TbMnOs3 us-
ing Tera-Hertz transmission spectroscopy. The peak appears at
0.65THz at Tc=28K and the position increases with decreasing
temperature. From a curve fit using Lorentz oscillator model, we
obtain the peak width I'(T) and strength S(T) as well as the position
@o(T). By comparison with the magnons in conventional AF like
NiF2, we find that the electromagnon bears intermediate behavior
of 1-magnon and 2-magnon.. Also we find that S(T) is scaled with
electric polarization P(T) as S(T) ~ P(T)".

The Infrared spectroscopy of ZnO_FET interface
charge KIM jooyoun, JUNG seongjung, RHO jachoon, CHOI eu-
njip, KIM kimun', KIM kitea', IM seongilI(IDepartment of Physics,
University of Seoul. 'Institute of Physics and Applied Physics, Yonsei
University.) We used infrared (IR) Spectroscopy to probe volt-
age-induced interface charge in nanometer-thick accumulation lay-
ers in a bottom contact ZnO based field-effect transistor(FET). In
these bottom-contact device, source and drain Al electrodes were
deposited on top layer of ZnO / SiO2 / p-Si and ground contact at
the bottom layer by In. IDT mask with 200um spacing was used.
Infrared transmission in far-IR region 100cm”~700cm” was meas-
ured for the Vps = 40V and with varying Vep = 30V~80V. We ob-
served Drude absorption and optical-phonon peak which show
striking change with Vgs. Thorough multilayer Fresnel equation
analysis, we found that optical phonon tells us a lot about the inter-
face change.

Ip-024 A3 = $99 ST03 2 F 9 B33 J2

> 291 2 2 2 1 a3 2
7 BE, G A, F (TS St o4E go | e o
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A2 Fe a7 A7 527 d7HER) =53
SrTiO3 % Nb7t #7149 SrTiO3 @278 -8 700 ~ 1200 °Cell A 4ta}
EE dg3yth &3 G239 B9, FF 2P EHY S
4] small polaron®l] o & #4-& g 5 A2, Nb7t A7
SITIO3HZ A M= vl A §5 AHERS B =% &
7 wavenumberdl] A strong phonon peakS ¢1& 4= oM o]
9} 22 4 & o] 24 7} v w3} polaron BE-& A3 ATk

Reversible Tuning of Lasing in Dye-Doped
Azo-Cholesteric Liquid Crystals 7 2.9, 3 v]&, 3 93], & 3
Y(ojs}e Rl s, =2 32) The dye-doped cholesteric lig-
uid crystal (CLC) laser has attracted tremendous interest for the last
decade because of its low-threshold lasing and micro size. In this
work, reversible tuning of lasing realized with a dye-doped
azo-CLC (DDAC) mixture by trans-cis-trans isomerization of
azo-nematic liquid crystal (NLC). The azo-CLC was achieved as
followed; each of azo-NLCs (1005 and 1205, BEAM Co.) are dis-
solved in CLC prepared by mixing a chial dopant (5811, Merck)
with a nematic liquid crystal (ZLI 2293, Merck). Then a laser dye
(DCM, Exciton) was dissolved in the azo-CLC. The long wave
length edge of selective reflection band (SRB) where laser action is
occurring is within the DCM emission band, the overlap is obtained
by choosing a suitable concentration of chiral dopant and azo-NLC.
The DDAC was filled a 12um-thick cell with rubbed polyimide
coated substrate to make planar alignment. The Nd:YAG (A= 532
nm) laser pumped and UV curing lamp irradiated on DDAC cell,
simultaneously. In order to investigate the in-situ dynamics of the
DDAC cell, the fiber coupled spectrometer was mounted. To obtain
reversible tuning, the Ar ion laser (A= 488 nm) was irradiated the
cell after UV irradiation. Both in DDAC cell with 1005 and 1205,
the SRB shifted shorter than 40 nm upon UV irradiation and back-
ward tuning was induced upon 488 nm irradiation based on trans-cis
—trans photo-isomerization.

193 nm B9 L o] 8% 32mm F HE 238 &3
B HEE A g o 79, F X, F 4, & e, 9 3
(Y St SE&E] ) WA deo] A Foly o mp
2193 nm YL 0] €332 0m F HY FHS nAZA =F
Wo g 27153t Lithography S8 A= sjed o] D=9} H)
Xl whg} A Zo] SR AY A9 do|r} etx= @] A
gtk ol S B 2 ndE 2FANA Ao FEH o2 4
T AGE7] g Fo LATE FY =39 A A2 udHez &
FE geo] FFAXAY A Fo] Welsict. I12A v o] &
1G37] Y3 Mask ol 22 H6& BoA g 2715 24
3t 344 d3te Fe 2A & F e ol = a9 1Y
olg}t $tr}k. 8= 193 nm g o] &3] FL9H 32 nm 7 HH
£ A7) 98 A] Scattering BarE ©] &3 2 23 WP thaf =
ArStRTE 1 AT 2 % BE S o A9 3A g2 FeE
Haste] AE g7]9) 33 G5 HaE AuE oz nlA
Heo A o] 23 23} B o] G 29X Bl T

Ip-027 Simulation of 15 fs, terawatt laser pulse amplifica-
tion by counterpropagating pump pulse in a plasma: presented

along with a new diagnostic scheme for simultaneous measurement
of plasma density and temperature using stimulated forward and
backward Raman scattering. ~ HUR Min Sup, JANG Hyo Jae',
SUK Hyyong’, KIM Jaehoon, GUPTA Devki N*(KERI. 'POSTECH
/ GIST-APRI. *GIST. ’IT T))  One and two dimensional simulation
results are presented for the compression of laser pulse in a plasma.
We suggest a proper parameter regime to generate less than 15 fs,
tens of or hundreds of terawatt laser pulses, which is not readily
available from the conventional CPA technique. Rewidening of the
amplified pulse by focusing in two dimensional cases is discussed.
As a second topic, we introduce a new diagnostic scheme for simul-
taneous measurement of the plasma density and temperature, using
the different temperature-dependence of Raman forward and back-
ward scattering.

New Fabrication Method for PLC type of
Transceiver using Active Alignment X} 4+ ¥} 7+3])'| 3 4] o]
a5, 9 AF, BN (I om B2 3 (P FEEYS
R&D. *Fdr] 8t Al2}2F87) Multi-mode interferometerS
o] &3t 1310nm/1550nm 3-8 &S 13 WDM filterS 24|
3} o3 A PLC(planer lightwave circuit) &8 -& ©]-&3}o] A 2319 2
1310nm 2 1550nm th &l A fiber 2F<E4 S F331e] 1.5dB ©]
8}o] AL crosstalk = 28dB ©]4 9] §4& Atk 23 L LD PD
£ 2733} 7] 913 SiOB(Silicon optical bench) S A &} Flip-chip
2933, o] & =923 WDM Filtere} LD, PD 7} 4785 SiOB
S8 ANY MG T F, 55EE B & ol &3t dAW
o] J2 /)¢ Bi-Di REZ 29311, o] & dicing 3t SHZI E
WA BES St 2 23} 2.5Gbps AEE 0l 7He3t
&= IS

t&FH ol 9 WMALEAY FIHE A gloss EF
23l B AT Sl F 7E, G AR (FYHF ' F
FECHGATY) 2 AFAAME U2Ed o) M HH kAt
54 9 A ojgojiE 544 HUHE H9 712 AT2A gloss &
A 9 BFEL #3 ATE T3 glosse] HH =
22 YApte 9ol tited 53 589.3nmel A 2HE
79 FE] A H ) WALE 2 F ) gloss B S HH 2 A
ASTM D 523 g 2J&|o] glon, CIE 39 CH A Zae 2
SEE 4t AEVIE 7488 BN E AHEBA 200, 60°, 85°
AW/ GE ZAAA HAMES FF ST B ATl A= gloss
=AW ) FFEE 9 gloss IS =33+, Fresnel 33
183 X3 Ats S3to] 2HES 23RS £
gloss g2l 7128 Y S AT3t7] f3to] S o] &3
gonioreflectometer 278 X & T3 KAt
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v BAH B AEY FAg ol g P Ex
A 99 B3 ol U B IR, o) 9 A AL(FFESE
737, TR AE, ST HEHGATY, TIo]AE)  oF7he]
WEE Xl & 7 Tl Y FEX #o|AE o83t mE b
ol Al A7t AL T 259 FHS HX € H B4
4 & =9 (asynchronous optical sampling) 321 9] €g}s] 2=
(terahertz) 9} A1t B 237 S A Ak Th T3 7|&=0] A =
B 2H0|X] & o] &3l AutHQl H g2 A7ty 37
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H AL E A =3kt

Sty A9 2ds) AdEe §83 4
B34 =3¢ 59 283 AARAIYY FH 93 F
ox, A S e, Ee]eT) B =Eo s U5 A
S0 3R I ERYE B} gHH o7 BAY] 9%
WS AR ek Al B ol A S Fdat=d oA A
AFASS B AL H AN BdF g x3t2 Gesld
A B 4] e 7| & g ASdEg nas
Aoz 7pPgatgnh Ao Al Egold S APHgoen =3
& Ao} v & FAFS AL BT TS A QI WP & 7] =9
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e FAY FHto gy A A4 FR 458 ngFe
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o] 1AZF =0l 3 E 23 F45E 8,000,00091 6] H] 3| £ Aol
A QEA AAE AEGo)A L 28 FE FHS A7t
500,0009] BAFToTE FAR 2FHE S F YTk 1Y
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BT A B ool o] BoT Ao AN HTE

FIolE BAR AR Fol1AY B &
& AR FaAF FF /Y, A 2 (FFEEAFAT
) FIg olF BAE FAFH oA = AFo] Fhstar g2
SHEY S AgeH taagolv 228 H 9] Fds AL
F Tk FakE olF FAL BAF AolAY o] 22 5 wE
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AHEE F Atk B el A o E Al obg 3} # ©] A (1542 nm)
9 FAZE RN FYa Fu FoAM wdd U
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o)A M Y7 E A AT AL B R o)A F LY
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UV LED & ©] &3 SPOT #3#7] &84 4
ADAZFE 2 AE, DAL A G A, N A
ARG Y ARG & obF e A G o Ea]
8l7}) UV LED £ ©| &% spot & 437] A &< 93 UV 99
Egmgo] 3 Fpower 9 FIFEE AP AIL, AR
LED % 405nm ¥ < 9] UVLED & A4 Al &eta 1 548 =3
dtglom A 2E LED & #3502 ndys}i o] g o] gato
spot 2 A3l HF ) FAAE A ALk ALE F
&7 9 405nm UV LED & ©]-&3td 7hvl| g}-& A =uped 1785
219} UV Bonding ©ll 883l A3 =& %74, BrFstdth

gAg 2309 4 2HER AJPYF FF F
HF 58 )&% A5XF GndFE A =Y, A IS
dw FrleFed) T3 A7 MEQ nA] 4SS 93 Uy
o2 A A=} g 23 2ol W gle Uxd 2218
1 wlo]| a2 2 F 3 Fop/l 243 ¥l gitk £ APl M e nfs
A Fej ol 7+ A9 skl USAF 1951 E4E Ax3lx &
=2 o E Oxd 2288 P9k ZEd ZAE F 8
32 e 7 A ER WS H g3 w9 2 A AR A
= A G4 dnrl 2 94 IS F ol oy e
ZARE 22a99 ZYE B SOz ANE 20y 1y
o] FAS Btk T3 A Al B4 9% 9 271 & Pt
A 2337 S8t AAADE &) 2FE Dot Ao I
Fog, U] 58 o) 83 As 2 G H L3t BA 4

A,

0f

T o

A LEDE AHE3=BLUY # 7| RETH =
g & X E ¢ 34 ) (PLF-Prism sheet) A7+ 7 T3], o g
gr 3a', < JF (eI 3w 2 3} vpa g 7, 19l
oj 8t Ea] 817 J(HKDT) #ZLEDS AL HZo] Fol )
w2} Photoluminescent Film(PLF)E ©]-83 AW A7} 44
< w3 9tk PLFE Q4 40] 942313, ¢l LEDZ R gt
Aol o gk W] 7hsety] wEel] PLFY A M= ol
A2t B AT A= P8 LEDES B0 2 AL83} = Edgelit
@ 9] Back Light Unit(BLU)ll 719 LGP9] 4ol 9X]3tL 2
= diffuser sheetE A& A, PLE7} ¢ X3} A @t} PLF= LGP
< 53 U2 FAFS MaFo g BEo] E Bk ol FY9)
W ggoz AEH o F Alokdg 4 4 gz b
AFE = dth PLFY 334 §E4 & Z3stod o] 22 &
Aol e N2 EH Y Z2|E A EE vHEH, o] WZ PLF9}
ZdZ ANEY HAzE 2 FEHE 244 Z2aY S 5

A Bt FotE EAo] o) BA HEA BA3HTH

UAY T2 Feueg o) g3 ANF AY
BEg2Ae) A4 4 AF u 83 7 o], SOBAHAN KMA,
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Fu FAJ A}y Fe] ) BARA FH PH G 0] &S
o AFE o2& Foharete vhate] vy Tzl o F5H
H 5% £48 YA Atk A A SR F 718E
st S 722 St 29 48 HEE U s 4 H3dd
13 g AFd Ho g BHAE 5 e 394 S4 & Yerd
th A1 E 729 S8 9 F9 718 S g o) 2
HE 93 AR g wero 2 A& ¢ Qlal FAE 2
gholl wet FFAnd 93t AR BS FIAE F e 9
e AT vk A B ATl A = 35

Hgo g gte] TS 2dste AR HPFEFES o]
£ half wave plateE A&t AA &8 S3%

B ATl v e AS st th =3 AAFH LS 7
YAZ F e B2 TAIEEE A& 23 (99 543

3 FAHZH Y 3 LA FE Yol el He AS ISk
o] &t B 1 ¥kAME &3} half wave plate S A4 4 0.2 F23l 4
FHOR YAt 5 49 E o AR HEFS v = 4
A F3 225 A4 9 AFs AT

WH=A) FolAZ o 7]1A1%] ceramic Nd:YAG ¥
o] 9] AO Qswitch £8 §4 Z d=, A dd, A 3,2 4
(Gt o olA 87 7] AFE) 2 ATNAME
ceramic Nd:YAGE @l o] A vl & 2 A}&-3t] o] 120 mm<] T3
718 T3, S8-F HE7E F-29X] &2 AR St &Y
E4& FF3tAth HolA Y dr|Fe2Es FuolHE AEY
A vt=A F oA E AME3I A TE o)A 9] 82 oJ7]1F A7,
274 9] 9HALE(85%, 90%, 95%) B2 F-29X] AxFe] MR
o] et ZA Waksted, 449 F9 i e 71&7]
& 9 AZ S uaste 299 B S BA AT

Fob <IN

e gol gahuiate] F3E, 28 9 B
84 54 A 57,0 94, 8, 0 5G, 3 A%, 2 93
W) A&’ F F(S4 3w B ek oot Y gstet
FFEHLF),) BERoputete g2 28 353 3o
HEY wj ol FtEH ol AT AR E L Utk 2B A 7[R,
A2 AAY 5Y S¥zA wEt gt EAo] gkt
3 LA Q. 53] Eep ol vt 0 A F7|9 ES FIA
Z e BEASS 7R L o] 87 Hopol| A 23S v gl
o} Elgf o}l whebs A7) Y B Ho2E o]
29 29 EHP Y, AR SEY Fo] o] &H I glom, AW,
CVD 5% 22 a5l & o] &5 gtk £ AFelA+e
RF Magnetron Co-sputtering'§ & ©]-&3}¢] E €l o] Ttk no-
ble metal(Au, Ag)S H7et E3tutahg Az sho] uheto) Fahz]
T2 9 38Y 548 2 ATk g A Fel AMES el
EJEfY o} powderE LY O 2 4S9t F 1200 Ceoll A 42314 A
At At 7182 quartz glassE AFEIIG oW, X27] JFEE
3.6x10-6 Torr ©]3t 2 3tH 3, & AF =& 1x10-2 Torrd] 4
ol A AAJstATE S Al BB oF B SIRF power 200 WE
Q17}3tal Ag, Au BFLS OW, 5W, 10W, 15W= Q174 i ok A &
g uhe2 600 Toll A 1A17F B2 G 2] 3o UV-VIS ZZF=A],
XRD, SEM, XPS& o] &3t Fa4, +23 545 £33
UV-Visible spectrophotmeter, XRD, SEMS A}-& &} o utate] Bt
A, F2H 54 EAA A, v 3848 §4S 3] 4
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Excitation of surface-plasmons wave at the planar
interface of metal-chiral medium SOBAHAN K M Abdus, ¥ &
%=, g1 34\l ol Fe] oy} vpat gt 74, el3) o o
E2]3}7) A surface plasmon wave which is a quantum of collec-
tive electron oscillations resonantly excited by the light at met-
al-dielectric interface, has been extensively studied for many years.
The fields are strong at the interface and die off exponentially as
evanescent fields on either side. Recently, interest of surface plas-
mon wave has grown substantially due to their possible use in novel
device applications.The aim of this communication is to introduce
the theoretical concept of surface-plasmon wave at the planar met-
al-chiral medium interface. The numerical results for the sol-
ution of a boundary-value problem formulated using a modified
Kretschmann configuration shows that a surface plasmon wave can
be excited at the planar interface of a thin metal film and a non-
dissipative structurally chiral medium if the exciting plane wave is
p-polarized. A tentative evaluation for the wavenumber of the sur-
face-plasmon wave also emerges thereby.

Haze defects by pellicle adhesive 2 3%, 4 A
3, 3 &4, o 5, L (s §&EEFF) The
minimum feature size of the semiconductor device will be smaller
and smaller because of the increasing demand for the high in-
tegration of the device. According to the recently proposed ITRS
roadmap, ArF immersion lithography will be used for 65 to 45 nm
technology nodes. In the 193 nm exposure process, the outgassing
from the adhesive of pellicle is becoming the serious problem in
semiconductor industry due to haze formation. Various materials
contribute to photomask haze including: chemical residuals from
mask cleaning, outgassing from pellicle glue / materials, and the
contaminants from the scanner ambient. Pellicle lifetime is im-
portant to exposure process and is directly related the throughput of
mass production and is affected by exposure dose and environment
surrounding the mask.The lifetime of the pellicle dependency on
dose and position of exposure is studied. The distance between the
adhesive of the pellicle and the exposed area is also varied to see the
direct relationship between the adhesive and the haze. 193 nm
(ArF) excimer laser is used to expose the mask with and without
pellicle. Mask surrounding environment with and without the nitro-
gen purge is also varied. And we compared the haze formation as a
function of accumulated dose.As expected, the crystal growth or
haze formation increases with the accumulated dose. The adhesives
and pellicle material contribute to the haze formation. And nitrogen
purge can reduce the haze formation.

Influence of 32 nm Node Defect in Extreme
Ultra-Violet Lithography 8 &4, A 231, 2 g9, A ®ul,
AF, @ HE, o ¥, ¥ 5%, @ X g SEF
2] 3}3L) SA] A A8k (EUVL: Extreme Ultra-Violet
Lithography) & A+ A (13.5 nm) < 5°~6°E AFY AL A1 A HE
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< P A 3t= whE o]tk EUV maskell Al §9] AFJALZ @A 8= 1
2 &7 (shadow effect) = HE S FAF3t=d T8 940t
ol TR A =Z A3 A A3 (defect) & EFT $IX] o wp2tA
mask®] aerial image”} @2} 5= Qlth o] & Lol S A F&
g4 H E2] Solid-EUV £ ©]-83t4 32 nm F &l A 30
nm 9 I71E ZE 2¥9 Tl t3te] AFsdet 18 2
o RS D AIZIM R FH) F-9-oF AA 2ol 71k vt
T-9 B4, F /A2 A st HEe A 2 91X Wl w2
ol & Lolr gttt & A YXE line AFO), line $], 28 1L
lined] 7FgAIE ol YXe Aoz FxI}ATh olE B3t
EUV =Z A 2 Aloj9] 848 s & = AAT

32 nm F91 A # o] A M= Zo] ©E Iso-Dense
Bias 9 & o 79, Z I, A HE & X, & Fd, 3 A
(Y ey &ED ) WEA A A el HEo] &
o5 HolA 2HERL WMIE o] AE 7)o A HE Y
S XYt 21U, AF F7]0) §FS uHNELHER
ot FRol| FAAME FE] LR RAo| BX] gt o] =7l A
£ g o]A ¥Wl= Zo| wZIso-Dense Bias IDB)2] & &l Baf =
23ttt 45 nm Foll A &l o] A W= Z2] ¢g 4] 0.07 pm ©]3HS
wE ol §S Ho|a, F71F o2 32 nm FAl A9 #lolA W
Z3} DB 99 4# BAE B4y 22338 3o AF
ZH o] 7Magt H oA ME Zg 1z} 3t

Immersion lithography ¢l 4 & 2 9] A] 7] ¢} defect
o B AT HEW, A2, F I, G EY, 208,74
A W3 o] 7o, W FE 2 Y A, A HA, Q2 H2
(g sty SE&E2] )  71EY lithographys= 3] 193
nm 1 ArF laser & AH&3te] f1H-S P43tk Immersion lith-
ography 7]1& 2 7]& AHE3E A=} o] Atold] A o]
1 B} 2 E4& A3t g & FAI7]= 71&olth o] 7]
&2 7]E&9] lithography ol 4] A3l &2¢ £S5 I ZE AL
E317] W oll A|ZET v S-S F ks ¢ Qlthe ZH ol
Atk 2 B2 o] 7l&d tate o AAs] A7 a4l o
t}. wekA] immersion lithography ol A1 €] incoherent 3+ 73-%-} par-
tially coherent 3+ -9~ Z12] 3L coherent 3+ F-$-2] "ol A7 &
AHog Fotral o]of tfste] Ml £ Btk E9h im-
mersion lithography ©l A1 2] defect 3} bubble defect ol o] 3} 42
Hog &olH 3 simulation & ©]-&3Fo] HFRANSS defect ol
st 2371 A8 FHol GrietrE 2 GFE X = A sty
ol gkr}.

Shadow Effect for 22 nm Node Elongated Contact
Holein Extreme Ultra-Violet Lithography # 2%, 3 4, 4 4
Bl EE A HSE 7 R, uk5s ol 3E, 1 39, 2 89
2 uu 2 Ad, o AP ot S&Ee G [ FEXH ]
A HAAAEAYRE) A8 7 2AY glaagy Ve F
EUVL (Extreme Ultra-Violet Lithography, 13.5 nm 38)< 22 nm
0|39 MEE Zhs ¥ieA &5 v F e 7E ot wEtbA
olggt 71&& AEA77] B A7 AP EH I A= FHAH|
YdubE e 2 Contact Hole & A Zt3t= A2 Line and Space £ Al
Zat= 28T H B2 o2& kAl Jlth 53] EUVL A|&H ¢
A Bo] 5°~6° AU A} ol wa} 173} 2 7} (Shadow Effect)

7} 2 3k=H| o] = Contact Hole Al &o] T o2 9] A= o]
F . EUVL | A 22 nm Node Elongated Contact Hole & ¥4 3%
=1 Ao 71 2 EAEJ] A AR E Yol = ATE Y
AT 22 nm 7 &Rl A AF2-5 o] 2 25 nm Contact Hole ] T
3t Aerial Image 9} Resist Profile & ©]-&3}o] &olR it} o] A3}
£ 0] 83} 22 nm Node Contact Hole A|Z+2] & 373 HFE
A A&t LA} e

gaaduxg 2 Ad FBA AEg 23
A4FEAL PARK Joon-Min, YOU Jihye, HONG Joo-Yoo, OH
Hye-Keun(Department of Applied Physics, Hanyang University.) 32
nm °]3} 7 HEYG 71sd A FA FAYAH =B7]E F(extreme
ultra-violet, EUV) ¢} o] ] E]'d (double patterning) ©] o] F % iL
Atk ool Frtete] A5 FE o] &% ABA AEF F (resist
reflow process, RRP) & 53} 32 nm & A <] 7548 & Holx
2} $toh. RRP= @48 vhxl 3A| o o] 2% o3y €&
74, A Y] 55 ol &3t HE Y HAE e ol A7
A= H Y Y&y dEel @<= contact hole (CH)ol AT ©]-&
3 gtou ARALE Sl 533 H Yol A line and space$} 2
< A Y RRPY AEFH S AZT F A Fo2H 208
AE Wl st 71E9] ATl A19] HBA (photoresist, PR)
9] @552 Navier-Stokes g2 & &3 1 2k A4t 1
Ao 1Y HE S RRP AEE A F3}7] a2 X Al
o] I4Fo|t}, o]dl| 7]& 2] governing equationS 7| WO & &t 2
A FA FE A S ALz HE RRP 48 S & T UL
2 3}Atk E3 surface tension S Rl F &3] At ATh
RRP = ol 8l= H"o] o} £27] wfizo] PR 2 F7}8taL
PR ALO] 2 Eo == 71 71231 Wy olth WlZol CH o] &
oo 2y Eisol 7tEE LR o] &HoA st 18
W aerial image 7} 1:1 pitch X2t} 1:3 pitch o] A} 95 3] contrast7}
2 Foll At 1:3 pitch HE F4 ¥ RRP £ &30 1:1 pitch

3T
£ 985 Ye P S ol gut

Random Array Contact Hole Position Shift during
Resist Reflow Process - A, & &5, o] 771, H ¥ &, 3 3| A,
2 (e g §&E28F) 50 nm ©| 3} F Contact Hole
(CH)S ©=+ AL Ht=A 339 7 o8 A F shtelth
a=7] o CHY s48S A7l 48 T s Resist
Reflow Process (RRP) 7} ©] &5 aL 1tk RRP+= @4 278 o]+
FHo] 2& ol 2= & TGt Resist7F F5°8 S 7HAA =
o] 80 2M A¥A o2 AE (Critical Dimension, CD)o] 74
He ZHE o] &3t 34 371 7% (Resolution Enhancement
Technique, RET) ©]t}. ¢] 7|&2 T2 23 % vus) & o 33

2 Zagle] 52 489S 45 4 AUtk 22Y Random
Array CH ol A& A& EolFo] dldd mat ZetA]7] g o]
317171 FEJTE olgs S & 2 2% 2F (Optical
Proximity Correction, OPC) 2. & ¥3] Z3E ZFof CD x}o]E X
Bt 43 AA, 4 CHY L AX7F v o B2 =7t
EAE ATt o]el ZF CHS) CD #vt o}y, CH $1x] H3lE 23
shaLA} 3Tk

Ip-048 Scanning Nano-probe Microscope based on
Optical Tweezers for Biological Applications HA Chungil, PAK
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Hyuk Kyu(Department of physics, Pusan National University, Busan,
609-735, Korea.) We report our current progress in building a new
type of scanning nano-probe microscope for biological applications,
which gets rid of the mechanical damage to soft sample surface of
biological objects by a probe tip of the conventional scanning probe
microscopes. The microscope is based on optical tweezers for trap-
ping and manipulating the probe, which is a dielectric sphere with a
diameter of 1/m. Video-based position detection of the particle
movement programmed using LabView is utilized as a sensitive po-
sition sensor along the optical axis as well as on the sample plane.
Hence a three-dimensional image can be formed by laterally and ax-
ially scanning the trapped dielectric particle across biological
samples.

22nm ¥ ¥ FH & $13 EUV Ao ¢ &4
T AAF e, F N 2w & A, & &2 (¢
o & wpo] 9 e Fea 'k 3w S &E2] ST o 7}
A ZAY 243y 7]E S EUVL (Extreme Ultra-Violet
Lithography, 13.5 nm 3)< 22 nm ©]&}9] AE& Z= W EA|
2AE TE F A= 71E0Ith EUVL Al &8 o A= F-go] 5°~6°
AP AL el whet 28 A} 2 3 (Shadow Effect) 71 &A1 sk Al B Th
TS A NEEE =BT e ola s YA o] Ukt
A& Holi glth ALY F 7t shadow effect 9] S7HE 71HA
< ¥k ol o] & F3l HE A Fo] ofH Y XA He= Pl
H7]1% e} o] Ao A= EUV 99 QAR o] g8 g H
X @ sl Folrgith 7S] &AL e A 5°~6°
7Fohd o] Bt} B I AU Z¢tS ¢ shadow effect ] & I}ol] o
3 GolEal, 32 nm <} 22 nm FE FFol oA HZF < LY
AAtzro] GuilAle] sl Lolr gttt o] AHE S3te] oz
M= o]d EUV =37] AAlo glo] Bd9] HAH Y JAE Al
| EFAS AT Bt

A F oA AN FHolA ¢y Aue #
2338 MY, 447, 2 B A VA, T A, A 94,
U FRFFIAG AT L) FTAAHATAANM FHSA 2
At RS 71EATE Ak 1 KIF o3 A] 2 o] A Al A
< Uk Ee g3k 50| 7t sho] B2 =3 frontend ©]
A Alzglg TSI QT AU A] # oA 9 SE ] 7] #
27F QAR AlRbel] mp} o] o] Wsaly] wtel #ojA dx
9] vpgo] Wy = ol o)A mdd Nd:Glass?] E4< #2217
A At 2 EE SEG oA ufdol ot &9t
AL ool Huf7h HEE 7] flafA] o)A Ex17] A=
" ag S Alofste Aol Aositt & AT AREA L
=90] P8I FXHAR] AV EE Eot v FAH R ol
A w7 e B9 19 xAo] Thedt o)y BAYFA] 17
A BES o183 A& F 29X S APt FolA 9 x
=

o 2o=e
48 A2 S stk

na

al

e
4y 1% Lo

N
i<
ok
o

N

182

UedA Z3A7 E8d 332 2999 A
7% 9 HPEY W A5 3 £7, o] 21 ASLAM, F.,
GRAHAM, D. M.!, BINKS, D. J.!, DAWSON, P.!, PICKETT,
N?, OBRIEN, P(BFHe7]ed L5F7]e A2 'School of
Physics and Astronomy, University of Manchester, UK.. “School of

Chemistry, University of Manchester, UK..) W= A Z-3A 7} A7}
H F2d I8A EHEY gFA7Gel e dFEH 9 W
E I3 A8 LEAS dyed] EFHEC CdSe E=
CdSe/ZnS core/shell Y=J AHE H71sle] A F ATk CdSe Al
ol 97 H7)go] A7EAE o EF M7= AR o
A Td Al o] gof A tha FTbs e HstE B
CdSe/ZnS A 8ol 22 7170 VM AS = ZE 43 93
oA AAHOZ wgo] Zase difo] #SHAY oS
A2 FAq7ldd & FFEC] 5438 A YA AEH? AZ
et e Fgol o dEE 4 o™, 3 ZnS Shellol] 9]
AA A A M ARgo] Zrashs YeRdTh

b4

£

o]F FIHF WIS o] &% A RN
BOCDA A E#H oA & $4, v 3(H& G &2 )
P2 Y& 0]8&3tE= BOTDR(Brillouin Optical Time Domain
Reflectometry) &3} BOTDA(Brillouin Optical Time Domain
Analysis) F2]2 9 540 9 I3t 359 $AE 714
A glon, o) g fAds] A BEZe} T2y 7o) AN LR
#¥4E 0]83 BOCDA(Brillouin Optical Correlation Domain
Analysis) 2] AT B} 2B FFuFE B2
ForZ 1xd A9 A FY 58 AR A&H oz BYgF
o5 9ag e F Ut HE FoFE ASH R 243H
A BERY o5 2HEYHS ZH5H AlE A F AAd AH
224 2B 22 EFY AsE 34T 5 Aok 2
HE 2289 FFoFE AE O v 2 T2 HERE 3
B2 o5 gas Hxg 2289 HxE Fagd g S5
dH 2 & WF oz ZerHA "t o] & o] 83t W
Foe 2Fo] Baglo] XX YA AXTHH R FE
ZZ B o5 ¥IE Y3 o] 7tedtth £ =R A e
4 WzE F9E o] &3 BOCDA 49 Xy 34
148 AHA o2 B0 A ABF NS B 15
etttk A8 BARE O1F AR THR 9S4
A fol L& Mt Exste Z9o thal A B oS R
on, ZZF Z2H9 o5 wale] BRI/} AY B4
¢ Ho] o] ¥ 9 AN S G

N
\

do Ot BN I Ho
_1
_‘

%

o o o

(o o mok
i ok

1 38

FAGEE ol EH Au =g A AT Y
BE A9 4 o] 7 SANJEEV kumar', A g1, #H 5
R A Y 7B Gt FEEN SR Y7 H oFa vrEA LY
E2RE T 7B o YA =Fr]ed) YerE &
ALE 7H xbs AAL 714, 318 vho] @ ok § B2 Fol
A &8 2 7hsAgol Atk Ed YikeHE 2AL S M &3
T U Y BE 7 A2 A & B34 A =
2a#9 & FHY 7= FA37] AHe U= 2719 F2E
T8 5 7] Wiol o2 FXERT Hold RS 7HA 2L 9}
o} o2 Wy F 3hutel] didty] A2 Ao g3t Uk BEe
7H AFoll Au U= A5 /7 ¥ B(dielectrophoresis)ol] 3] 4]
AN B XS GHAZ § Johal R Qo 2
Ao M= 2 5~20nme] 2718 7HAE F20]E Au =Y RS
A=z g2 3719 3(20~50nm)< 7F A= dropping ¥ ¥ &
AY5E AN B A Ato] =9t Y] A7 wE Au Y=Y &
o] FE 7 Bax gl B ATFSATE 4A A /XL E T3
9] F2% g EQl ARE T, ARS 2F B HH3E F
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AYE 38 270 Ak 248 AFHE gap] 7|9 v
A £ F39 U2 gArt 449 AL
A 84" Y =B A& DNAY self assembly©l]
Al EALAE o] 8% W B & Ukiof
o Uil g 0] &3t §&ol 7HsE Aelth

Au JAY FAGES o) &% F Y= F A
A9 A7H 54 243 9 £8& SANJEEV Kumar', A G
A 58, 1 AR (Y 7B i FEENFIR [ F7H )
VA X, A g d T ol Y=g e)ed) b
37 FE9 2AE AFAT oA F2 HAAE i
(Electron Beam Lithography)S AH&-3HA 5= o] D3l= 2ol
HEH & vEE d= £ol3tsmm HE Q] IS HEE HE of
F 27k Zu7t oA "ok a7te ZH flol fAdE
(Dielectrophoresis) 2 &-&3tHd 20nm 2] Ao EAER
ot uto]l & E4 & F Ve YR AAA 7 e E2 9 A7
A 549 A7V 7 Aotk webA, £ Ao A= 20nm TH
A A= Abololl 5~10nme] F Y= YAS £IE e =24
< 3k, 2 E U A DC A E-S A7bske -V
=0 g $59 F2 7 (gap)S WEO B

I 3
>

o

Solid-state laser mode-locking near 1.25 pm using
single-walled carbon nanotube saturable absorber 2 AY, %
v, Q1 FE, ¢k G, o] £, A 71E, Y =, o] AR(o}FT
ot o XA 2R TopFE s ARFFSE) B AT
Ae oYY B2AULERES 7ve R 3307 dFel A E
o] &fA FERE Fg 4 L F de TIFFA
(single-walled carbon nanotube saturable absorber : SWCNT SA)E
A ZtaL, o] & &34 1.2-1.4 um Wl 9 9] Cr:forsterite LA & ©]
AN Hx2 FFHJ] BE 7 84S A A SWCNT
SAE A&7 Y3+ HiPco SWCNTE DCB(dichlorobenzene)
o EAAA %S5} Ea(ultrasonication) I8 S £t SWCNT
&S et oBA AAE &S PMMA(Polymethyl meth-
acrylate) L&A st EFAE A&ty ©]F Spin
g YHE B3 quartz plate Holl g 9t FE o Ty
ShEFAR AR et 3 FFAA Y A=
3 EIFTAR JHE AP, SWNCT 557} A2 vhE
7HA e EohFsAE AFSA Al&E SWCONT SAS
IR WE £4s Hasly] g3t BRAH Zo= Cn
forsterite # o]A] Wl AR As LXH FFHA B
E g d4& I3 Ao: Crforsterite 3%17] W] 24
BAES f8iA ZEE A Yt RAEX 59 Sxd
25 FEA A I EHE (1%, 3.3%, 5%, 7%, 1L
10%)°14 ARE& i3t HEHe B2Y 54 9 A9E
H L £A3Re 24 5% &Y Fo M ZX171E A H g ATk 5% &
HAEE A7 AHEEAE | o 265 W BE T
Aol A 190 mWelR L, AAFHAE ol &ste] FHH FLZE
& Sech’ B2z 7HRLS 1 175 K2H, AZH 2262 5
3l A9 fourier transform limit® F2& A& 5= AAUch

ot 4 KU

Qust WA 8% U=gd
2254 B4 P, o #8, 4 %

HAAZF R Bl i 3 MY BEAS B

WO 7]E9 zscan A AGX 7} HlwF bt = B ekaL
E2 BEUEE 4& 7 9lon vjdo] ZE 3 NI ES
HAEgFATY 59 2718 BF 38T + e ZH& 7
Aa Jok 2 Y AVEES 2= ST oA Y B A H
= gQado] o3 GEA a2 Gl Z(thermal lens) #4Ho] oF7]
=L, ool whe} 27 F 34k v AP g ghol ol xpol7 B R

gt 3x HAFFELY S AdAIIE 847 HA
ATH 2 AFNAE B4 199930 HE Al=H A7 ulA
(thermally-managed) z-scan 7|"8 & =%, 7143} aL o] & o] &3}
ARHEE 9] FAoA of7|HE G537 adUt uiAE F34 1
Fgto] 7RIt UER 9 34 vl 1B A5 Z4 k150
fs¢] HAZ3} 80 MHz 9] ¥HE-E S ZH= Tissapphire & ©] A ol A
o= YA S choppers &HAIA wj@ el YA, 205
H ZF XA mjd & B BAE L 23] E(closed aperture)
S AY FHE7E B3t o723 o) AL V|EFAE
2 Z 431 CS, Al A 7 fX| el A 9 Alzhol] 23X Bl F
I TH& Aoz a7 wiA| zscan A FX Y A HH S
golzlgon ol EY R BAUrFHE FEHEULERELD 5
I 22 Y EZ A A9 Azt @& z.scan FHEE SH AL
71E9] zscan H o2 S E 73 vl wsto] EuFe] o v A
E4T AR EY & HHAE 5SS EAATE

W

A2 Y7 $48 o] §¥ F oy wo]a =z
Yb:YAG #l0] A9 HAEY A7 FA I9, o F3, 47, A
I, T AR, B S (dFLAG A7 Y HEH G} GAAS
gty F9hg 339 2 @713 Yb; YAG 8l 01 A = Nd;YAG &l
oA E UAT 1 &9 # o)A mA ot Yb:YAGE #Z& £}
o A% F 9717 Do) el AFUl el A HAs s 4
zgA o AAGA FEAol W F23TE 800um FAY
YO = 20% =3¢ nlo] 22 H Yb:YAG 8l o) A S 2] B3} Alg}
o]o] & o] &3 FZF W7 YA o2 F of7)she] TRA)7| AL &
o|A &R EAS AT AT o7] FY LS ZE 940nm fiber cou-
pled LD(Core=600pmNA=0.22)5 A}&-3} 9 3L, ¥3}2 0] F &7)
£ 9319 110 ym 2712 9 A F3te] 71 A ek &7 o) A
9 AN 7NE7] L2 16% 2 ZFHAJYL, EHF22WG7] A
A& o 200 mW 7F 78 HAoh FEF P4 A FEjF] Be
I Yb:YAG WiZ 9 EF 5T & F 9 viles oA HMFE
A3} A171E 22 FEIZ 50W o9 & Yb:YAG ¥ o] A
9] ko] 7hs Aol

30 B 2} E € ElE AbEto]o] # o] A Al&H” A

4} (Development of a 30-TW Ti:sapphire Laser System at KAERI)
o] &%, 2 &3, o] 7|°, & AT, o] &F, G I, 2 BUI($HF
YR A7) B A7l A= Chirped pulse amplification(CPA)
e v o= 3o 30 H 2 E HERE Atgto]o] oA Al
S Nt Ak o] #olA A" 7]E9 10 Hl 2L E HEHE
Atgtolo] g o] A A|AHlE 7]Hte 2 3t A A= RERY WY

£ AHE S P E X HEhg Atgholo] Z317), ¥hALE B3HAI TS AL
£ 2 g7], T F s AHge 319 7], 283
T 70 AAE AFE S E2 AET|E ST B oA R
€ 1.5J% 2079 AAE 7= F o ¢ Qswitched Nd:YAG
oA & AHEE AT HF EolA B2 A= H& G5V +
of 1Jolglon, 3d BAZL227HEXZE 30 TW o149 &




o) B4 ek A7) o] A oA A2F S Mgl FFAR
AF 2N AL PYA HEAAR FHA BBLY 5 5930

ek,

VHE-E 10 kHz A4 Fo]A 9 A 2 235} LA
oA BBOS} LBO9] 234 2 UV H & E4u|m 4 A, &
AW 3 FE A EE &3 AR gAY P YTy
g o] g QRlF A ) T1-203 ¢HE 59 Y4 A A28
ol A AFEE = A UV F o] A= MEE 10 kHzol A 523 3
TdEH) FIOWFLZE B2 98 9 7% B3 E 594
2 FZE A A 44 W3 o)A FEFLS xHFoR
317193t Tt B3 A& AMSt) meta] B4 UV ) o)A
£ Y 2 A5 22 W AE FR3Feof gt 40~70
WH &8 A o)A & 7| B9z A3 7] wZof A2 =
slu} wj 2ol Wt FQA Al 9 9 2o EFolgar B 4
To| A= BBO% LBOE AH&-3te] Higta & 10%8 =9 H2 UV
S HA 3= F ol vl o] 2 ¥ F 54 & v w sl A} sk

100 TW Tizsapphire #] ©] A 9] contrast ratio &
A AT BT, FHE LAY, H L L EF, o] BFWFEHF
Herleg TEF7EHTA) 100 TW F Tisapphire d 014
£ o) &3t FgA ¥ AR 7 A A # oA 9 pre-pulse F
ASE contrast ratio= W% 83 840|t} o] =R =AF5FH
7NEATFa A &8 5 100 TWH Tisapphire 3 ©]A €] con-
trast ratio 53¢l W3] =9 gtk 53], HE g o] A W 7} seed W
o] AIZF A 28] 3 ultra fast Pockel’s cellol]l 2]3tF pre-pulse =
ASE contrast ratio 232 H.o]1, o]Z E3} contrast ratiod] 714
Wkl tf 3f) =<9ttt

Feasibility of three-dimensional rewrite-able opti-
cal memory using a femtosecond laser and a CO; laser in gold and
silver ion-doped glasses A1 £33, & 34, ¢ 715, & & o] £
A(FHdgn 7' 15 §7)e 78 ' FEY R o ¢
ZEeF) I & ol2o] A7t A FEU T A ZF a8
o|A Y FA FFE ol &t tFTXY HIE FHZE color
center & /33t o] FStEAH o] A & o] &9 X R FE 7
E3 A& A=A 2 o]2o] HUHE AMEE B EXH
Ao 9 71 EF FEE 405 nm 7] B & FBEFEE HE
T AN o] 3E A F oA TR A& F UNLH AR E
ZH oA R FRIES R F ATk vHdo| Fol&o] H7t
H AR ZS A EH ol Aol 9 F/dHcolor centers & o]t}
B F oA & 200 °CE EXE| g & 405nm 7| Fo2 FHE
Aem F717H9E A 5 AT 22 AL oAl HE 2 F o] A
2RSS

% oA ZHE o] ¥ dETFZ EF
ARAZ F AN AN 23 A AN, A ANF B LB (FRT
#, Ba] g7 dA g g elFela) Bz o9 Zen e
Az3T 2HIA AEZxH 0| A ) GBFAZFE o] &3tal 33
W2 G Edo 2N BHRE A Z3 AT 405 nm o 7] ol )3
HFS B Zalv A 5o DEXH)HNE ZAFO 2N &
FE AARCZA FRE AF AL g o)A A=) B2 BA
H HEQ 79 A s-FeHE 2P Zame 2H e

71% v Es) vlm 2AsA 309 FRAY H5A

2 99 DT Y E ol 83T,

B I dv|F A2 FAT FHE

%, A AE(EH g, E2]5F)
T dgH A XY JA FF
WY SFF ol A2 =
w31 9]t} CLSM(Confocal Laser Scanning Microscope)
o] £ Y St mWEY] fFol] e AEST £
o 71 dd] o] &Ha glom FTAn AT AAd
Hol Ad 2 S Bt Al o] 50] &R & oy 7t
A ZFA7A BAEAL e @A AdE 7B e dnEes
Fean g vla] 231 A =7t 9] e 23 & Hlold
FEE AAL = oA AP B 52 S A&+ 3
ot 2 Qo= AP u|& o2 9-80] 632.8 nm<Q] He-Ne @l
o] A & AHE3FAL NA=0.6°]™ B &0] 40X HEA=E AHE3}
o] CLSM-& 7 3} 21 PMT(Photo Multiplier Tube) S £3o] Al &
EH 7)8sks o o $t R E FojLab view program 22
olmx) 3} Atk 3% Lab view program®] &&= 3391, 4%
A F&s FEsY) S8 BgE dgolth

NOE
=
2= = 2

Design of TCSPC(time correlated single photon
counting) System using Confocal Microscope. ©] <3, 4 =& 7

QA KAIST, B2 8p 'S efn, Bl o) B 3xH 4@
A2 248 FHIA Ee T2 FFS AAR A 712 &
ol AR AE adHo R FFANSE BHY F e
BHNE A BE, T Fobll A g AMSEHIL Utk 1 %
DNA 52 @i d o P& EA & 294 1 548 24384

E7}F Qo) ke fluorescenceE ©]-&3t anisotropy, RET(resonant
energy transfer), FCS(fluorescence correlation spectroscopy),
quenching 59 W22 DNAY @@ 59 conformational
change, distribution, mobility ¥4 &©] ZA o]t} 3] Tk o] 23k
EAEL2 E5F ensemble averageE ©]-83%+ A ©] AL single molecule
ZA| 9] dynamicsE £493F# W single molecule detection ] <}
fluorescence ] lifetimeS %78 4= 2A+= time resolutions 2 &
X7t a7Eth £ AFlANE FF I3 ArBE e
TCSPC (time correlated single-photon counting) 22 T4 3+
t}. TCSPC X & 440 nm, 40 MHz pulsed laser, APD, photon
counter2 T4 = o] 9] 3L, timing resolution®] ¥ 40 ps(FWHM) 3

=7} 5§19 single DNA &2 single @92 2] dynamics £4°] 715
3} t}, Beam spot A0l =& 500 nm ©]3}Z =3 confocal micro-
scopeE AFHE-314] 100 pm "8 =& scan 3}, single moleculeS de-
tection 3}, single moleculeol] F-%¥ ¥ B4 5 & pulsed laserZ
excite A7), dichroic mirror®} bandpass filterS ©]-&3| 4 ex-
citation 3Hg-2 A A3} 2 emission g2 WS APDE Hhols
o 4] photon counting 3+t}. Count® Al &= USBE E3}o] PCE
A% 53 PCA A Visual C++ 213 S 0] &3] A correlation %
H & o] &3] 4] single molecule?] dynamicsE 24 3},

Temperature charateristics of human biophoton
o] S(F 3t o} A4 g7sFH T4 El) We executed a con-
comitant measurement of biophoton emission rate and skin temper-
ature from 4 human subjects by employing dual photomultiplier
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tubes and thermocouples. In this experiment, we found that the
emission rate seems to have a daily variation. The rate is highest at
midnight and lower in the afternoon. By comparing the results of
temperature measurements. we found that there seems to be a con-
siderable correlation between two quantities. The change of bio-
photon rate and that of the skin temperature shows nearly same
trend in a daily time course. But absolute values of the rate and the

temperature do not reveal any correlation. This result could explain
why previous studies have not show temperature dependence of the
emission rate.As body temperature has a circadian rhythm, bio-
photon emission rate also might do. Our results imply the im-
portance of employing circadian rhythm to understand the behavior
of human biophoton and its mechanism. and these vital signs was
highly desirable for clarifying this issue.
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B2y 9P FHFESE/A AINA
2, 0 gz ol £8, A 9g, o) 27, Y AL, i g, 0
QKAIST, 2] 2} S HF A T4, T EFER) B3
o|(light shift) & A AstA FaF FFEE NA317] 93] B2%F
393 349 2HEZNA ANAE AT Ak BT
g o] A g3 dA st FHol= AAA Y FFES FE =
otzta] 71 o] 24 29 F shuolth wd At F v
o) ZRF944(2F 6.8 GHz)oll #'at mhol a2 st s 2 get
= 3¢ FEE HolABE H|FA god FHo| aHEAA T
4 9tk FPozE FuEAAE DI Mol st
795 nm?) distributed feedback (DFB) Tho] @ =] o] A & A}-&-3} %
o} FHF 7144 & uted e e 292 AIE 77171 9
3 o2 AAE WHIIAE AFES R, S0 255 4
A 60=Z QHY 3l 3tAth S7]1 Aol v F= HolAFS Fodd
Z7)& o] &3te] H2WMZE 33 3L, vlo] A2 9 4l 5= RF 29
AE olg3te] BAFH ATk BAEo] 2 msQ) o)=L
25 7HAES o), AlAIA o)A 3t BHH(Rabi)Al 9 HkX]
Z O k470 HzE =3 HATH

of ogt

ff

a

Theoretical and Experimental Study on
Polarization Spectroscopy of Rubidium Atoms Al A2 & 2 =
EF(HY E2/¢}7) We present experimental and theoretical
study on polarization spectroscopy (PS) of rubidium. The laser-in-
duced birefringence is observed by using linearly polarized probe
beam and circularly polarized pump beam. We also develop a theo-
retical calculation of PS spectral based on the rate equation model.
All the populations of the magnetic sublevels are calculated from
the rate equations, and used in the calculation of the polarization
spectra. Using this model, we generate theoretical line shapes to
make predictions about the general form of the polarization spectral
of the D2 transitions in Rubidium. By comparing theoretical and
experiment spectra, we see the high agreement in our calculations
and experiment data.

Analytic solutions for the populations of an opti-
cally-pumped multilevel atom = 3 & 2 A NZ(JYd &
2]3}7) We report on analytic calculation of the populations of
the magnetic sublevels of 87Rb atom.Under the use of a circularly
polarized laser beam, the population of each magneticsublevel is ob-
tained analytically from the rate equations as afunction of elapsed
time and laser detuning. The analyticsolutions were compared with
numerical results using thedensity-matrix approach, and good
agreement between them wasachieved. The obtained analytic forms
of the population can beused in calculating the various spectro-
scopic signals analytically.

ZEtes o533 L ol 8¥ £F ¥ ¢,

F AR gn E2st) Y23 (radio frequency)<t

2

FE o)gsta] FHF YAANA ZYen o|FFE
(optical-rf double spectroscopy)S S 3t Atk £ Ao =
g YA ol & ZE Aol #olAE 1Fstal #hy
g9 A Aol & Zhe AolAel gt vt FuE A}
3te, B 2wt Fuk Hale] b o|FFEgel o3 EF
EYE 4& F Utk 0|5 3E S HET] 93 87Rb WA F=2
— F=1 Ao 4 & o] &3l T4 T 795nmut=A] & o] A & AL
3t F 7] Al71 A, B e uks B A7) 7] Y3 g DTS
AHE3LATh 87Rb ARl 4% o o vE vt AEER =
A (Helmholtz coi)Z #7182 2715 M3A|7]HA 87Rb 9] A
Tk 53 9](Zeeman sublevel) 78] o A #] HA & 24 & Ak oo
87Rb ¥At9] FFS FASHAM 1 H Frjevd tfgH= 1t
A At 25 Do) AN A7IE 2ARIA L

fo o Az
gy o

219 (paraffin)o] ¥ ¥ 87Rb Y& 57] A
A QA ASS 53 F I, o] @FR(H S F2l )
AR ALE EH(atomic coherence spectroscopy)oll 11A 22
ER Y AEZL2 utgEg] Atolof] Exf3t= AAEY F(life time)
I ARG FA oen 7] A 25 U F 7hA9] 5, 18]
i FZgo e GA59 AZS g3 el YA 2P Enk
£ AT A E olEgt 84F F getHo] LY H8TRb AR F7]
Ao A Hanle 2¥ER S A1, AHERH ] P o} HEZS B4 G
o250 F7] A9 54& ZARIE AT-E Fd3Ah oA Y
A7), AR 27134 W) g a Ao 2] Wle] mE HE 9
Wsl g A ER Y HokS EAGATE AR X2 FH G0
RbgA1¢] D1 Aol o -§3t= 4 3 0]795nme] €7 Z313F
Z=A oA E o] &3tHom 87TRbE A F=2 — F'=1 HAo|HE
Aol 9] A vk B2 2 KB Hanle ~2H EHS 273 319 th

AFEFHINE o] &3t Fo5 g3 Y LEH
EF Fdo), o ¥ A FE(ATuwd o g2 wgdt) £
5ol ¥ Fabry-Perotd 33171014 EAst= A5 E & oAl
AR HH 3ty # oA FH5+E FF17] Aolof kg3l stk
ZR7)1E FAE ALL780nmol A YHAFE 99.8% & A & o]
FSR2 0.77GHz, Finesse 500 o|th. Fx17] Aol & WA w
2 g olA Y FaTE Ao HMxT F 9o ozt WY
S 5 Fu)E A9 D2 Aojx& AN £ itk A¥ A1
GHz ©1%9] F3 9ol t3te P H oz Ho|A Fa5 A
X7t Vst e D2 Fold e 2EFFREF A EE AU

All optical Offset locking with Electromagnetically
Induced Transparency KIM Jangmyun(korea university.) The
Offset locking or phase locking in the laser technology area need an
expensive electronics and the experiment setup will be complicated.
And then We have demonstrated all optical offset locking with elec-
tromagnetically induced transparency. The frequency difference be-
tween Master and Slave laser was very high stabilized.

Jp-008 ) @3 REWe WnAN Y 4714, 447
(leto o 22 95) o B 9o ol E4 v nag A%
A Zots BA(EE EIR)E e RE Mo Bgso] Fog
F STk 99, B BE Wol & 28 gt AY4S 4 B
© o] 2k S M AHO|th ©F BE W AT A
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=

th ko] - H(partial trace) S FHote] P& T BE Yoj| dopd
€ HAge d989 S ABAA AL 59, B2
& P oz opy|H e vl HE FFH oz Vet
o, 1 fade ASote thFd S AT

5%

78 AN 4B7EF o] FH, o] ¥,
A FE(eFudd g EFeuS7) MOT(Magneto-Optical
Trap)oll &3] JZd FH|F YAE o] &3t 439 =FH(4-wave
mixing)Al & ARUth BZ4E GRS o] & AP ME £E A
ol 9% =E8] AZEUE FAE £ 93 7| AR o &
& AT YATEL YAOR 7] B Az AL A
Al gtk B ARG A oln] YA Alg dx F7] A
ool A 439} EFH(4-wave mixing) A F 2 39} vl &}7] 9 3he] =
HE 928 D13 D2 Foj A 9] thedket Aol dell A Ad & 9%
o]t}

Generation of the macroscopic entangled state and
its properties ©] 53], 7 A ¢, PODOSHVEDOV Sergey'((%:%
ol < 8}, B2] ) &7 5L, ARG, A E
Flele] A{FFFSFL)  We show that macroscopic entangled states
can be generated by using system consisting of coupled spontaneous
parametric down-converters with type-I phase matching (SPDCI)
pumped by optical fields in coherent state and a beam splitter. We
calculate entropies of the states, as a measure quantifying of the
amount of entanglement stored in the generated states.

=32 ¥ MgO:PPLN¥} 1156 nm DFB ¥ ©] A
£ o8& 5784 nm A| 2x} 233t FY o] W&, o] FW, F
R & Az ety Eeete) b 9449 'S, - 'y FA
AolA & 71FE ABAR AMEste FEA AAE Fds7] A3
e o] Holdg #Z337] 5784 nm T8 H oA 7t Do
stet o] g 9] H oA = e M g o] A7 YA g aLvtol i &
ol ZQ F2HES AV AET B =RolAe ©d B9
I, F95 Fdol 43, & MHz MZ& Z+= 1156 nm DFB(dis-
tributed feedback) @ ©] A £} MgO:PPLN(magnesium-oxide-dopped
periodically poled lithium niobate) H]AE AE & o] g3to] 9+
FR7NE AHESEA] A F2 A& 5784 nm A| 23+ 23} T}vt
A= ol it =9AtMgO:PPLNS & 94 3%
(quasi-phase-matching) ¢ ol 2J3] ¥]AE wjdo] F7|Hoz &
= Wb E o] 9lojA AurAQl Bl Ay mA R} A 2% 23}
HE g go] . Al A3 MgO:PPLNS] Z o]+ 20 mm,
Z230mm, 5015 0.5mmel 271E 7AW, T2 T2 6,
m, ¥°]& 3 umo|th. 18 I 1156 nm 3 2= FA 9 &= 94
AR AL NS EE BT ubd g v Ay mi2d 9 F7171 747
m=Z AZ=H AT J&H o)A US43 MgO:PPLNY] =3t
2o 48T 5 JEE FU3 33 2 0| A S A&tk £
MgO:PPLNo] #2350 Ql& 9 Bo] 22 718 A o)A & A&
sto] ok JPE = Y JALE -8 T F UARSE AT
2] 3L 1156 nm DFB ¥F=A| & o] A& T5-317] 91341 200 mA
74A) H o)A thol B0 HPH AFE TFE F Je AF AE
E890.002°CY 2EQPEE 2= 2= AEEHE UETH
AR AL&3 © B2 MgO:PPLNY £EE 25 °Coll 4] 200 °C7h
2] W3A A $ 9t} o] MgO:PPLN| A 2+ 1156 nm 7] & 39]

A AT 2= HF60 °CE LA Utk &3]0 A& 1156 nm
DFB ¥t=4] g o] A ¢ MgO:PPLNS ©]-&3} 578.4 nm A 23 &
slul whAl o] Mgk g g tiet A AHE B E Aol

Single Photon Addition And Subtraction By Beam
Splitter And Atom-Cavity Interaction JTYONG Park, SU-YONG
Lee, SE WAN lJie, HAI-'WOONG Lee(KAIST, Dept. of Physics.)
We study the characteristics of single photon addition and sub-
traction by means of beam splitting and atom-cavity interaction.
Generally speaking, the output state obtained by adding
(subtracting) a single photon experimentally is different from that
resulting from application of the photon creation(annihilation) oper-
ator, but they are almost identical under certain conditions. We in-
vestigate this phenomenon with various input states: number state,
thermal state, and coherent state.

cavity ged & ©] &% 94 52 fieldE9) €13 &
B Y o Ak " AL, o] AHl, o] #g, H KHOSA
Ashfaq (KAIST E2] 317} 'Centre for Quantum Physics, COMSATS
Institute of Information Technology, Islamabad, Pakistan.) $-2]= cav-
ity qed & ©l&3te PAE Atold] HE HEHE AP PHES
A st} ek o] W 2 AR} cavity fieldd] HE 8-S &
3ol gxte] Al S 3 = flip operationS 7]¥FS. 2 Fir), o]
W2 GHZ, W, cluster state 5 o271 A EHE W5 9o =
g 1)) AR} el tiE A A gol Thestth s DAL} cavity
fieldd] 9&& A Z vl cavity field®] 98 FEHE 9= A
T3 7bstth

Incompatibility theorem for singlet state in Leggett
type nonlocal hidden variable theory LEE Kahngho, KANG
Kicheon(Chonnam National University, Dept. of Physics.) Any local
hidden variable theory is abandoned by the violation of Bell
inequality. However, we don't know which assumption, either lo-
cality or reality or even both of them, should be discarded in local
hidden variable theory. Recently proposed Incompatibility theorem
for Leggett-type nonlocal hidden variable theory provides some
progress to address this question. We propose a very simple in-
compatibility theorem by inspecting the properties of singlet state in
Leggett type nonlocal hidden variable theory and discuss the origin
of incompatibility.

The Role of Complementarity in Nonlocality
LIM James, RYU Junghee, LEE Jinhyoung(Department of Physics,
Hanyang University.) We investigate and understand non-
locality in terms of complementarity as well as entanglement.
Complementarity of local observables and maximal entanglement
of quantum state are sufficient conditions for which CHSH inequal-
ites are maximally violated in two-dimensional bipartite systems.
High-dimensional systems (qudits) have also been shown to violate
the Bell's inequalities that have recently been proposed. Contrary to
CHSH inequality, such inequalites for qudits do not satisfy the con-
dition of local observables being mutually unbiased when they are
maximally violated. In this work, we propose a Bell inequality sat-
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isfying the criteria of complementarity and entanglement for
three-dimensional bipartite systems.

A comparative experimental-theoretical study on
elastic electron scattering by methane = &, MACHADO L.,
LEE MT.!, IGA I', BRESCANSIN LA(ZYt. 'UFSCar, Brazil.
2 UNICAMP, Brazil.) Absolute differential cross sections for elastic
electron scattering by methane have been measured at six incident
electron energies between 5 and 100 eV and over scattering angles
between 10° and 180°, using a crossed-beam electron spectrometer
combined with a magnetic angle-changing device to extend the
measurements to backward angles (125°—180¢). Differential, integral
and momentum-transfer cross sections are also calculated and re-
ported for these energies. A complex optical potential was used to
represent the electron—molecule interaction dynamics. The iterative
Schwinger variational method combined with the distorted-wave
approximation was used to solve the scattering equations. The com-
parison between our calculated and measured results, as well as
with other experimental and theoretical data available in the liter-
ature, is encouraging.

Improved photoionization spectra considering dif-
ferent initial admixture of configurations for a singly charged alumi-
numion 7 4, 2 = (F71F Y Fe-v] =27 E ] o}
2 E2]387) The experimental absolute cross sections for photo-
ionization with photon energy ranging from 20 to 26 eV for a singly
charged aluminum ion have been obtained by J. B. West [1] in
2001. The main shape of these cross sections has been calculated by
D.-S. Kim and Y. S. Kim [2] in 2007, and compared with the ex-
periments; the theoretical predictions with the admixture of 2p63s2
'S and 2p63s3p *P configurations have displayed a rough overall es-
timate for the experimental spectra, though not with culminating
accuracy. In the present work, we expand the earlier calculations
with the admixture of 21)6352 'S, 2p°3s3p °p, 2p63p2 'S, °p, 'D, and
2p°3s4s '’S initial configurations, resulting in significantly im-
proved agreement of the main background and autoionizing reso-
nance structures when compared with the experimental spectra.
However, several intense peaks revealed in the experiment seem to
have originated from transitions involving inner shell excitations
such as 2p63s2 's > 2p5352nd 'P, which are to be considered in our
next work. [1] J. B. West and et al, Phys. Rev. A 63, 052719 (2001).
[2] D.-S. Kim and Y. S. Kim, J. Phys. Soc. Japan, 76, 014302
(2007).

CH, #4119 Fo|23 i dHxy &3 3 &,
3 FH(EEdgz E23F) CH #2449 5993 S
Double Ton Chamber(DIC)E ©]-&3t¢] 30 nm(41.3 eV) 7§ o]
FHEE o 1] 98.32 nm(12.61 eV)7HA] 2334 T) o] 23HEE
U X FE 200 nm(6.2 eV)7HA] = attenuation 'WH 2 FFFd@A
A& 39 th FE5 9 E Z Time of Flight(TOF) Technique&
0] &3] T3t branching ratioZ o]} F& GHA S T3

o} YL ¥FU1& 794 3B1 NIM beam line9] resolution
0.06 nm?! FALE-E ©]-&3 Tk

A A g9 o-AA A9 Fol23 dHF
W 39 o] Wy, H 9™ TANNER Gregor' (&2 Z7 o] 3}
"Nottingham Univ.) @27¢] o] A# AF5AA9] Fol 3 &
WAL PAFEY 2FFEoZ YFo] ALtEolE 4 itk
Hyper-spherical Z3E ¥ 3HS o] &3 Z2FH g Jo=2 33 7
A FH A HHFEH 28] 85 FE2 A IFez 4
Fol W A E ALt =S 2 73=1, Log-derivative ' & ©
L3t HEHY7 bl AR ot GG7A R ALtol Ths
stohal & & ok 28y AdE 1Y A2 ATt E7E
(R>3000) F-2tet AN AL & o= 3t o] Fol 23l gH
Aol a3t IS AFtete 247 Hok xHo] s Esle 9
G (Ruax)7HA] Al F Ryl A BHIAZ Yl AAIZAE 4
E3lH HwF 1S vt G F A ARE A& ¢ YA 3
A5k ol A4k AlAt FG 9 FF o2 AR 9} | Afolrt F
T Atk 15 RG] 93l Roax BTHE G0l dHafjA = Zrl4F
W7t AL gleuz g Aol FAl € § vk 71 & A
ok g Aol FAIEE, 82 4 goldAH d3t= 99
(R~100000)7FA] P3| & 4= 2t o] AT = A ZAES FA|
St Yol TFEHAS o Fol2d dHA oAH FEFS FE=A
L=Reb 3=

0:

—_

Isotope Selective Photo-ionization of an Odd
Isotope Zn-67 by using the Polarization Selection Rule 3. 3%,
74, AN = A, G B, v @n, X S (AT H A
) Zn A= AAAA o A ¥Zn(48.6%), “Zn(27.9%), ' Zn(4.1%),
BZn(11.8%), °Zn(0.6%) T Q22 TH =) T7Zno) 299
2 A7H7E90% o) o2 FE Zne X EE TAM] 9L
& YCud] YNPEE AFGHT B =R e “Zng BH9E
ARHE Fol7] S 5 HEHAE S o] & A9 A Fo]
23 ol tste] =93tk Zn YDA 7hed TZn BHLAE
9] & ~¥(nuclear spin)°] [=5/2 0|3, T} 2 &Y L4 A AH 2
0 °|RE AFHAEES o] &3 WY H&o| 7tettt o233}
TE2 457 'Sy — 4sdp Py — 4s5d °Dy — Zn" + e S AEA, &
4 E9] 92 (even isotope) 2] o] 2312 Akt “zn B9 At
S AYF o2 o] 23 S Utk HE A g% FHDa A
93 o) 23 AT} s £33 53¢ o 3t xStk

Rotating micro-particles by an optical tweezer for a
micropump 7 =2, 3 G, F NF, 2 &4, 2 AKFA
ol Bojety, 'PAY G E2l gy, Yegey, ‘g
71 &8, }=F37) We have demonstrated the rotation of
microparticles using an optical tweezer. Sevral microbeads of 1 um
diameter are collected and trapped in water by Nd-Yag laser fo-
cused by an objective lens of high numerical aperture. By off-focus-
ing the laser light, the trapped particles start to rotate and spin
continuously. We designed and fabricated micro-channels and
chambers which contain microbeads and water. By rotating mi-
crobeads inside the microchamber, a micro-pump can be realised.
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A Search for X’(214) at Belle Experiment 7 &
< a3y, 7 BF a9, 7 B3 @ 2, 2 A0 u A
AIF B FY, 2949, 929, W ¥ Y. Unno', 3 9,
vt %, 3 $3FEY. Mg, A, me . ‘e g,y
#&H. °Z3t) The hyperCP experiment at Fermilab observed
the rarest baryon decay ever,\Sigma™+ \to p \mu"+ \mu”-. This
observation may interpreted as two-body decay,X"0 \to \mu’+
\mu”- followed by \Sigma“+ \to p X0 with the X*0 massof
~214.3 MeV called X(214). There are intriguing suggestions
forX(214); a pseudo-scalar (sgoldstino) with parity-conserving inter-
action in GMSB model and a light Higgs boson in NMSSM model.
‘We report on our progress for a search on X"0(214) using current
highluminosity data at Belle experiment in KEK B-factory.

Particle Physics at KISTI = 71€, 2 4%, & 9
B(KISTL, §-8<771%4.) High Energy Physics group at KISTI
started in 2007. We will report the current status and plan of par-
ticle phyiscs at KISTT which incudes cyberinfrastrucutere, e-Science
and physics. We will also report the components of e-Science: data
production, data processing and data analysis.

Study of Cosmic Ray Induced Background at
RENO experiment & 9%, 3 3, 2 53", 2 99", AH7d
2t A 24 old ¥ 7 et=d o) w1 wF y=’ of
A2t ol A A 8, B Ak e vk G Al AP, o]
e’ F A F 94 Ao 1530 a0 w520 5
AR H 8% H 9L B e, B Iy, 1 AF A eF 1
A4 2 AL, F 48 9 98, F A%° 3 948 N
Danilov’, Y. Krylov’, G. Novikova’, E. Yanovich’( X 3-&7}tf &}
. gy o, 2 ) o, Al T S, e o, A 2 o)
gl ‘Ha@ddda AEta. *dygisa °INR/IPCE)
RENOAZE 2 4% 9AE AL A FEH = SYHAE o] &
3to] SR AFHEIGFE ZG37] oty AE7E A3t
o] Axgtct S n| ARG ol o gt vl FALA 2 A, 5] &
vhS St A ANkg o2 A= FHAY AL AR
£ Fluka A &) o] =2 A3t oh T3 9-F4 0] ot
Aot & 749 AR EELG HAL FAe 22 YA A
I AR B EE A A o)

¢
33

ox Mo M
of
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Study of Liquid Scintillator Properties at RENO
u g, A 8, A d, v A, Al F3 o) Mg, A A3, &
44, 2 09, 2 59, 2 99, e AR, A 24, 2
ot=glol, 7hopg! kol @’ whwEd ok g2t o] aA A oI
2B, 049 0 520 AW, A £8°, 4 9L, &7
2 Qe v 3F A 25, AW, A AE, F 4, 9,
F AL A A4’ o 9= DANILOV N°, KRYLOV Yo',
NOVIKOVA G’, YANOVICH E’(A]-&tf 3}, ' 4 5-of 3}, * 7 3
ek, P o e, Rk o Y7o o Al ) oL

TH gy 3FaL S 37} 7] 14 *INR/IPCE)  We present the re-
sult of the study of liquid scintillator properties at RENO (Reactor
Experiment for Neutrino Oscillation). The Gadolinium loaded lig-
uid scintillator samples are made based on LAB (Linear Alkyl
Benzene) with PPO and bis-MSB as fluor and wave length shifter,
respectively. We optimized the composition of contents by measur-
ing the light yield and absorption length of the samples. A special
dark box was made to measure the light yield. We measured the ra-
dioactive concentration in the liquid scintillator using ICP-MS. We
have been studying the long term stability of the liquid scintillator

property.

Studies of Radiation Hard Structure of Silicon
Sensor 3 A3, A W, & AH, H FE(YFFHFm) Lol
Uz, 13 G e A E A2V F5d A4 AsrtE
Agths Aol 4FHIL Atk LR FHAY FYA
(hadron)E2 28 & A3 (crystal)f ol AH(defect) S Ao 2
2] sensor U1 F-9] A 7138 JA-& WA A electrode?] 45& A
ol Eg A Ft) 2R, 13 %= F) A WA (radiation
tolerance)©] 2t A Z A&7 /o] BQstA Hed 2 A
TFAAE A& AZ7] electrode?] 722 WAt} WA o]
PARIR = S I

Zero Degree Calorimeter Installation Status In
CMS 3 95, 9 I, & 71, vk 9 7 23! A 342 &
2% #5371 AA% 7 A8’ MURRAY Michael’ (4124 & of
g By, 'AEGGn E ‘ugn Eelt)
University of Kansas.) CERN®I| A Large Hadron Collider(LHC)=
PR} A A A7} 5.5 TeV7HA] 7H5 A1 A Heavy Ton 38 28-S A1
&3 9l th.Compeact Muon Spectrometer(CMS)+ tracking system,
electromagnetic ¥} hadronic calorimeter , muon detector2 -3 =
o] 12 LHCel A proton-proton, proton - nucleus, nucleus -
nucleus =E AT AlY EZZE 7IA2 Atk Zero Degree
Calorimeters(ZDC)+< straight section®l] 4] first beam dipole mag-
nets o} Zol] 4 X =] A1 Interation Point(IP)ll A -5 140M g o]
2 5 o] = QK gix|%ith ZDCe FE3HA &L A&
¥ neutron # photons®] AUAE F& Utk A ZDCx=
EM section®} HAD section© 2 71 2] section®] 3}F1}2] setZ -
= o] 2l o™ A Right EM sectionS Point 59 A X3}t &
U dA ZDC A X @& Bl stz siot

Development of new analysis framework for Belle
experiment LEE Soohyung, WON Eunil, ITOH Ryosukel(Korea
University. 'KEK) Analysis framework in DAQ(Data Acquisition)
system is very important for high energy physics experiments. A
new framework is being developed to advance current analysis
framework. The new framework will support complete object-ori-
ented analysis. And it will also support more powerful and efficient
way to manage parallel processing in SMP (include multi-core pro-
cessors), network clusters and grid computing system. In this pre-
sentation, current development status of new framework will be dis-
cussed especially focused on parallel processing.
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The Polarization Study of $b rightarrow s$
Penguin Transitions at Belle @ 9%, & 94, 4 A &
L) Currently, there are intense interests in $b rightarrow s$ pen-
guin transition of B-meson decays because of its sensitivity to new
physis beyond the Standard Model. It is therefore more exclusive
study on this decay modes. We have performed the study to meas-
ure the helicity amplitudes on $B rightarrow rho K"*(892)$, $B
rightarrow phi K*2*(1430)$ decays .The properties of B meson
have been investigated to estimate the yields of reconstructed B
mesons.

Calibration works using light injectors and LINAC
at Super-Kamiokande Il ¥ W=7, 2 8, 2 A8, 4 99, &
A, A A, 3 JL A ed Gu ARG ' FYy sl
B2 87 278 8w 2] 3}7}) Super-Kamiokande detector,
observing neutrinos and testing grand unified theories in Kamioka
Gifu prefecture of Japan, detects Cherenkov lights generated by
charged particles in water. After the full reconstruction in 2006, sev-
eral calibrations have been being carred out. In this presentation,
out of those calibrations, the latest result of the water transparency
and reflectance calibration on PMTs using a light injector in the
SK-tank and the energy calibration between 4 and 20 MeV using
LINAC are reported.

Photocatalytic activity of CaFeOs;-MgFe; O, nano-
crystals synthesized by the polymerized complex method 7! &,
A=, 80, Z AN, 8 Fat, g AT 2 AL AT
¢ F21E])  Perovskite-type oxide materials based on transition
metals with d(0) electron configuration such as Nb(V), Ta(V), and
Ti(IV) are efficient photocatalysts for overall water splitting with
high quantum yields. However, the large band gaps of these
materials (ca. 3.8-4.0 eV) are not suitable for the visible light
photocatalysis. Very recently we observed that photocatalyst con-
sisting of nanocomposites are efficient in utilization of visible light
photons. Hence we report here a study on the synthesis and applica-
tion of nanocrystalline ternary metal-oxide. Here, we report the new
finding that nanocrystalline CaFe,Os-MgFe;Oy, viz. a p-n type pho-
tocatalysts have activity for the photoreaction of water under visible
light irradiation. We characterized the optical properties of nano-
crystalline CaFe,O4-MgFe;O4 by UV-vis diffuse reflectance spectro-
scopy and X-ray diffraction. We also investigated photocatalytic
and photoelectrochemical performance of these materials for photo-
current generation and CO, production from IPA under visible light
irradiation (A>420nm).

(o3

The current status of CDF Grid 3 913, 7 &%,
=719, 8 58, ¢ 42, 4 24, 2 Ay, B AL, g e,
ofol = Ap] 2 QH, 71 o}l bz maku =, 4 582, o] 47,
A5 A 27 ol 9F, B A, F A, Q FW, F A
S FEAKISTL S& AT 2L, o, Ea] 5§ o] 5 4]
2o, 28 Yz, Feea) A, Fe 2 gF
o, £2]3}17) A component of e-Science for High Energy Physics
is data processing. The data processing jobs of CDF experiment de-

mands parallel computing. The parallel computing is operated on
CDF Analysis Farm (CAF). To deal with more required computing
needs, it is necessary to decentralize available computing resources.
The solutions are DCAF (Decentralized CDF Analysis Farm) and
CDF grid. Thus, we run CDF jobs at a Grid farm in the Pacific
CAF including various farms at KISTI and Academia Sinica. We
indicate general idea and the current status of CDF Grid. We also
overview current implementations and future plan of CDF Grid
Computing Center.

Photocatalytic decompositon of IPA over
Zn,.Fe,TiO; material under visible light irradiation 7 A7, 7 3
2, o] ful, 3 A, B AR, & FD, G AA(FFEFGIA L
o7+ F2XFAEL)  Nanocrystalline ZnyFe,TiO; oxide semi-
conductor with spinel structure was synthesized by the conventional
solid-state reaction (SSR) method and investigated for its phys-
ical and optical properties. The band gap of nanocrystalline
ZnyFe,TiOs determined by UV-DRS was 1.91 eV (647nm). The
photocatalytic activity of Zn, <Fe, TiO4 material for iso-propyl alco-
hol photodegradation under visible light (A>420nm) was much high-
er than that of TiO,.Ny material.

PMT test for the RENO experiment. & 5
A 99, A 27, v 37, 47 2 78, A as, 4 g
BAL A B, o) A, H Az, F 94, T 2 Y
$Q%, 2E| shdk AR, M F4, 74 obd?, 7 gk=g o, vt <l
uh gt kA o) w4, PP, A T, (e W 5

ol

y ‘2

o

S 3 £8°, 0 99, 2 3Y, A AL, F 8%,
g A% A 947, © 9= DANILOV N, KRYLOV Yu",
NOVIKOVA G.", YANOVICH E."(#] &tff g}i. "4 &t] e} ° 3
B S, > 7 Ao S, Al o) S ke S, O ot B o
Ay etn, ‘xygzAgeta ‘IPCE. “INR)  The RENO
(Reactor Experiment for Neutrino Oscillation) experiment will use
Hamamatsu model R7081 10 inch PMTs. And 350 phototubes per
detector will be installed to cover the RENO detectors (near and far
detectors), thus the number of cables should be minimized. For that
purpose, a single cable base for the PMTs has been selected since
only a single HV cable is required between the PMT base and the
signal extraction box. The result of the PMT test with the single ca-
ble base will be reported.

(!

MC Study on the Top Quark Mass by Using Full
Hadronic Channel at the CMS Experiment A] 2|9, ¢k Ael @
Az, 2 A (AFY G ' FEg ) LHCAA BPHEt
tbar AFAO A top A 29 BFS FH 3t YU EMC AR S °
&3t AFATE o] ATl AR MC AFI ¥ Reconstruction
t o] Bl &= CSA0791 A B/d% A tlolE1 & A&t 3L, do]E]
B8 984 CMSSW_1_6_7% SusyAnalyzer (Version Number
v01-02-00) 5 ©]-&3t 2.2, ttbar AFAEF N A 571 <] top H A7}
EF A3 2 B3 5= A d(Full Hadronic Channel) & AH&-3F 3 th
ttbar A}719] W 22 = AbA 2 2= QCD + Dijet B ©]El(30GeV
<Pt <600 GeV)E o] &3}l 2 A7 A top AIAIAS A
L7199 A EAE =9 E3lo)H, o]y HFx2A S o] &3t
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Photocatalytic activity of Cr and Fe co-doped TiO;
nanoparticle 7 A7, & &, o 77, & A7, 3 A, & =2,
v, B Y= 2 F AL A7 FLIE) TiO, is ac-
tive only under ultraviolet (UV) light (A <400nm) due to its wide
band gap of ca. 3.2 eV (for crystalline anatase phase). Since the frac-
tion of UV radiation in solar spectrum is less than 5%, TiO, cannot
exploit efficiently the abundant solar radiation (dominant visible
light) on earth. For a smarter utilization of this dominant part of so-
lar spectrum as well as the indoor applications under weak interior
lighting, the photocatalyst must be able to absorb visible light
photons. Consequently, the search of the visible light-active photo-
catalysts has become a subject of intense research even today. Here,
we report the new findings on Cr and Fe co-doped TiO, nano-
particles prepared by the hydrothermal synthesis method, which
showed a high activity for the photo degradation of organic com-
pounds under visible light irradiation (I >420nm). We studied the
optical structure of doped TiO, nanoparticles and correlated the
physico-chemical properties with photocatalytic behavior.

MC Study on the Cross Section for Top-pair
Production by Using Full Hadronic Channel at the CMS
Experiment <+ Al A A9 ¢ Az A AQ (A, ' FE)
LHCO A 873 == Top A48 9] B EHHEMC A S &
sto] A3 Th o] Aol AH&-E MC A Reconstruction Bl
O]El = CSA074 A AB/d % AHA vlolH & A3t 3L, tlolE &
Ag 9sA CMSSW_1_6_77 SusyAnalyzer (Version Number
v01-02-00)E ©]-&3} 21, ttbar AFAEZF o A F71 <] top A =27}
2% P32 £33 5= ) 'd(Full Hadronic Channel) & AH-&-3+ 2tk
ttbar AFA 2] Wl 18L& AL 2 2= QCD + Dijet Bl ] El(30 GeV
<Pt <600 GeV)E ©]-&3 it} & AT A top AT IS A H
371919 AP EAE =9 AN, ttbar AHA S HH 3= SF
< AL ATk olgld B xAE o]-&3t Top FAH A9
A DA & A Lbst ATk

Physical and optical properties of nanocrystalline
MgFe;0; synthesized by the polymerized complex method 7 &
T, 5 A, & 39 D F3, 0 ful, 1 A, 3 o)
XY AT R EL)  Nanocrystalline MgFe;O4 oxide semi-
conductor with spinel structure was synthesized by polymerized
complex (PC) method and investigated for its physical and optical
properties. The crystallization of MgFe,Os made by PC method
was found to occur in the temperature range of 700-1100°C. The ob-
servation of higly pure phase and such lower crystallization tem-
pearture in MgFe,O4 made by PC method, is in total contrast to
that observed in MgFe,O, prepared by the conventional solid-state
reaction (SSR) method. The activation energy required for the
growth of nanocrystalline MgFe;Oy4 in PC sample was found to be
7.7 kJ/mol. The band gap of nanocrystalline MgFe,O4 determined
by UV-DRS was 1.91 eV (647nm). The photocatalytic activity of
PC materials for iso-propyl alcohol photodegradation under visible
light (A>420nm) was much higher than that of SSR materials.

Remote Control Room at KISTI for CDF
Experiment 7 3¢ A W3 274, 358 a2 A&
AL oA 2 AL, Z 4R ol = Al 2ueH, g opd! o}
zwr g = 7 £87 ol AS, B A A 25 ol 9, &
B A, A TN, F B3R, 2 IR (FFF e PR
7Y SE&AFNLE. ' FET B2 9 oA GRS Ea
o Sy a) Bl g Eeele. g ) ))
As one of three components of e-HEP (High Energy Physics), the
data production is implemented in the form of a remote control
room where Korean CDF members can take experimental shifts
remotely. These remote shifts replace monitoring section of the
CDF control room at Fermilab. KISTI will be the third member of
CDF collaboration to host a remote control room after Italy and
Japan. It will serve more than 30 Korean CDF members. The re-
mote control room at KISTI is almost ready. We will report on the
current status, the configuration and future plan of KISTT remote
control room in detail.

Estimation of Gamma Ray Background from Rock
atRENO 41 32}, 4 5%, 4 @, v g, v g4, o] A%,
A Az 94, 394, 3 5, 3 99 2 vk AR,
A #A! 2ok, 4 ko), u E u g, o P2 of
2 A LW, BB, AL N S, § AW, A 58, 4
QU Z 2T, D G, 7 3F, A 270 B 4, DA, F
A, 9 Qd, & A%, B A, & J=°, DANILOV N,
KRYLOV Yu."’, NOVOKOVA G.", YANOVICH E.“(A]&tf
o, [ FHo o G e s g R e Y
dE ot Al E . T g e, *E gl ol *IPCE.
“INR) RENO is a reactor experiment under construction to meas-
ure the smallest but yet to be measured neutrino mixing angle 613
using anti-neutrinos emitted from the Younggwang nuclear power
plant in Korea. The experimental setup consist of two identical
Gadolinium loaded liquid scintillator detectors located near and
far from the reactor array center and will be constructed at
underground. We have performed Monte Carlo Simulation of
GEANT4 in order to approximate the effect of gamma rays emitted
from radioactive elements (40K, 238U chain, 232Th chain, etc.) in-
cluded in the surrounding rocks. This study is intended to estimate

the single event rate of gamma rays from the rocks.

Search for Wpime Boson Decaying to Electron-
Neutrino Pairs in ppbar Collision at sqrt{s}=1.96TeV 7 #] 2 %
4, 4 53, A 4, F i, F 49, 7ol o= Eatw|
= A5 Aas deF o g9, =39 3 AL w4
B2, 7, 27190 2 89 3 0 F 39, 2 9E(FH
e, Bl g xtR Aoty Eal g (YzA e}
2, 82 87} KISTI, $-&H78. ‘A9t fu, E2] 47 EGF
Zj sfal, E2]8F7) We present status of search for new charged
heavy vector boson, Wprime, decaying to electron-neutrino pairs in
proton-antiproton collisions at 1.96TeV using a data sample corre-
sponding to about 2.7 fb-1 of intergrated luminosity collected by the
CDF 1I detector at Fermilab.
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RPC Study With New Phosphate Glass Material
Using GEANT3 RHEE June-Tak, JANG H.J., PARK S., AHN
SH.',HONG B.!, PARK S.!, SIMK.S.", JAMIL M, HONG S.J.%,
KIM Y.U’, KIM YJ‘ LEE SJ°, NAM SK‘ BAHK
S.Y.7(Konkuk-Um'versity, Department of Physics. 'Korea-Univ., Physics
Department &KODEL. “Seoul National University, Department of
Nuclear Medicine. 3C71ungbuk National University, Department of Physics.
*Cheju National University, Department of Physics. °Seo Nam University,
Department of Medical Technique. 6Gangwon National University,

Department of Physics. " Won Kwang University, Department of Physics.)
As an electrode phosphate glass for the RPC has been studied via
GEANTS3 simulation. Glass material has positive physical charac-
teristics: low bulk resistivity, portable and easy to handle. Thus
Phosphate glass electrodes were considered as replacing Bakelite
electrodes. These types of RPCs in their compact form of all materi-
als are suitable for high rate background environment. We found
that these new types of RPCs show slightly higher response to gam-
ma rays and e+/e- particles, both for single — and double gap RPCs.
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Experimental determination of production cross
section of residual radionuclides by proton-induced reactions
on natural iron KIM Kwangsoo, KHANDAKER Mayeen
Uddin, LEE Manwoo, CHO Young—Sikl, LEE Young-Oukl, KIM
Guinyun(Kyungpook National University. 'Korea  Atomic Energy
Research Insitute.) Objective(s): The study of light ion-induced nu-
clear reactions leading to the production of radionuclides finds in-
creasing importance in various practical applications. The versatile
ion-accelerating machine cyclotrons, especially the medium energy
ones are employed to produce both the diagnostic and the ther-
apeutic radionuclides. In general, two categories of radionuclides
are applied for diagnostic purposes; the pure g-emitters and the
b*-emitters. The gamma emitting radionuclides can be produced by
using both the nuclear reactors and the cyclotrons, but the positron
emitting radionuclides can only be produced by using cyclotron via
charged-particle-induced reactions. On the other hand, the ther-
apeutic radionuclides can also be produced by cyclotron in no car-
rier added (NCA) form. Regardless the production of the diagnostic
or therapeutic radionuclides by using cyclotron, nuclear cross sec-
tion data and/or excitation functions play a crucial role for the opti-
mization of their production condition. Based on the well measured
excitation functions, the optimum production circumstances of the
required radionuclides can be easily calculated. Therefore, the ob-
jective of the present work was to select optimum production con-
ditions of the medical radionuclides from their measured excitation
functions. Method and Material(s): The production cross-sections of
residual radionuclides from "™Fe(p,x) processes were measured be-
low 40 MeV by using a stacked-foil activation technique combined
with high-resolution gamma-ray spectrometry. A high-purity
(>99.99%) Fe foil (100-mm thick) with a natural isotopic composi-
tion was used as the target for irradiation. Monitor foils of copper
(100-mm and 50-mm thick) and aluminum (100-mm thick) with
known cross-sections were also included in the stack. The alumi-
num and the copper foils were used to monitor the beam intensity
and to degrade the beam energy, respectively. The stacked samples
were irradiated for 60 minutes with proton energy of 42 MeV, a di-
ameter of 10 mm, and a beam current of about 100 nA in the ex-
ternal beam line of the MC50 cyclotron at KIRAMS. The activities
of the radioisotopes produced from the targets and monitors were
measured continuously by using a high-purity germanium (HPGe)
gamma-ray spectroscopy. The activation cross-sections for the
"Fe(p, xn) processes were determined in the proton energy below
40 MeV by using the well-known activation formula. The nuclear
data of the produced radioisotopes were taken from the NUDAT
database. The threshold energies were taken from the Los Alamos
National Laboratory, T-2 Nuclear Information Service on the
internet. Result(s): Proton-induced nuclear reactions for generation
of residual radionuclides were investigated with the stacked foil acti-

vation technique on natural iron targets up to E,= 40 MeV. The
measured excitation functions were compared with the available lit-
erature data and fitted with the model code calculations. Optimal
production pathways with minimal contamination for the medically
important radionuclides were determined from the fitted excitation
functions. The thick target integral yields for each radionuclide were
deduced and their practical applications are discussed elaborately.

Production cross sections of ™Zr(p,x) “”*Nb,
#%7r and **™Y radionuclides from threshold to 40 MeV
KHANDAKER Mayeen Uddin, KIM Kwangsoo', LEE Manwoo',
CHO Young-Sik, LEE Young-Ouk, KIM Guinyunl(Korea
Atomic Energy Research Institute. IKyungpook National University.)
Obsective(s): There is no established route for the production of *Zr
by using an accelerator. The purpose of this work is to find out suit-
able route for the formation of *Zr using medium energy
accelerators. Material &Method(s): The independent and cumu-
lative cross-sections of the proton-induced reactions on zirconium
were measured as a function of proton energy using a conventional
stacked-foil activation technique. A high-purity (99.98 %) zirco-
nium foil (50 pum thick) with a natural isotopic composition was
used as the target for the irradiation. Two stacks with several groups
of Cu and Zr with a 13 mm in diameter were prepared for separate
irradiations. Monitor foils of copper (100 pum thick) and aluminum
(200 um thick) with known cross-sections were placed in front of
the stack to monitor the beam parameters of the bombarding beam.
The stacked foils were irradiated by a 42 MeV collimated proton
beam with a 10 mm in diameter and about 100 nA for 60 min. in
the external beam line of the MC50 cyclotron at the Korea Institute
of Radiological and Medical Sciences (KIRAMS). The activities of
the radioisotopes produced from the target and the monitors were
measured non-destructively using the high-purity germanium
(HPGe) gamma-ray spectroscopy. The gamma-ray count rates were
converted to decay rates by correcting for the gamma-ray intensities
and the efficiency of the detector by using the well known formula.
The decay data of the radioactive products were taken from the
NUDAT database. Result(s): Independent and cumulative pro-
duction cross sections of *”#Nb, #*¥7r and ***"™5"8Y radionuclides
from the proton bombardment on natural zirconium targets was re-
ported in the energy up to 40 MeV with an overall uncertainty of
about 14%. Our experimental data were critically compared with
the values measured earlier and also with the theoretical data from
TALYS and ALICE-IPPE codes. Conclusion(s): We measured the
excitation functions of **2Nb, *%7r and ***™"8Y radionuclides
produced from the proton bombardment on natural zirconium in
the energy up to 40 MeV with an overall uncertainty of about 14%.
It was possible to select the most reliable datasets for optimization
of production routes. On the basis of the measured excitation func-
tion, the optimum production of ¥7r with minimum radionuclidic
impurity was found over the energy range 30al8 MeV. However,
the measured experimental data could play an important role in im-
proving the models and adjusting input parameters.
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Measurement of the Total Neutron Cross-section
and Resonance Parameters of Niobium Using Pulsed Neutrons
Generated by an Electron Linac WANG Tao Feng, MEAZE A.
K. M. M. H,, RAHMAN M. S., LEE M. W., KIM K. S., KIM
Kwangsoo, KIM Guinyun, OH Young Do', KANG Hengsikl,
CHO Moo-Hyun', KO In Soo', NAMKUNG Won'(Kyungpook
National University. ' Pohang Accelerator Laboratory.) The neutron to-
tal cross-sections of niobium were measured in the neutron energy
region from 0.05eV to 300eV by using the time-of-flight method at
the Pohang Neutron Facility, which consists of an electron linear
accelerator, a water-cooled tantalum target with a water moderator,
and a 12-m long time-of-flight path. A °Li-ZnS(Ag) scintillator with
a diameter of 12.5 cm and a thickness of 1.6 cm was used as a neu-
tron detector, and a high purity natural niobium metallic disc with a
diameter of 8.0 cm and a thickness of 15.0 mm thickness was used
for the neutron transmission measurement. The notch filters com-
posed of Co, In, Cd were used to estimate the background level and
calculate the length of neutron flight path. The present measure-
ment was compared with the existing experimental and the eval-
uvated data. The resonance parameters of "“Nb were obtained from
the transmission ratio by using the SAMMY code, which utilizes
both Doppler and resolution broadening effects and Bayes’ general-
ized least squares technique.

Empirical Formula Applied to the Lowest
Excitation Energy of the Natural Parity Odd Multipole States in
Even-even Nuclei JIN Guanghao, CHA Dongwoo, YOON
Jin-Hee(Inha University, Department of Physics.) We have applied the
recently proposed empirical formula, which was quite successful in
describing the essential trends of the lowest excitation energy of the
natural parity even multipole states, to the lowest excitation energy
of the natural parity odd multipole states in even-even nuclei
throughout the entire periodic table. Even though the systematic be-
havior of the lowest excitation energy of odd multipole states is
quite different from those of even multipole states, we have shown
that the same empirical formula also holds reasonably well for the
odd multipole states with the exception of a few certain instances.

Identical bands in "' Yb ©] 41, o] Z3H &9

o 3l E2]8l7) The U(6/12) dynamical supersymmetry of the
Interacting Boson-Fermion Model which could describe collective
states in odd-A nuclei have been analysed. We have restricted the
SU(3) limit of U(6/12) to describe collective properties of deformed
odd-A nuclei and focused on supersymmetry connected with identi-
cal bands in neighboring even-even and odd-mass deformed nuclei.
E2 transition rates between low-lying states and electric quadrupole
moments are given in closed form in the framework of the U(6/12)
symmetry of the IBFM. The present results are applied to the identi-
cal bands in """ Yb and compared with experimetal data.

Cp-006 Scintillation properties of K,CeCls crystal GUL
Rooh, & &5, 4 85, vt &, = A&, 4 4%, = S5(F 5T

o} E2]8F3.) The aim of this study is to develop new scintilla-

tion crystals for medical imaging, nuclear and high energy physics
experiments. We report on a new scintillation crystal, K,CeCls, for
gamma-ray spectroscopy. Crystal of this scintillator has been grown
by using Czocralski method. The sample was cut and polished in
the dimension of 5x4x3 mm’. The scintillation properties were stud-
ied using various gamma ray sources. The scintillation properties
such as energy resolution, light output, linearity, and decay time are
presented. The emission spectrum of the crystal was measured with
UV excitation.

Time-of-Flight Resolution of A Scintillation
Detector Equipped by Magnetic-Resistant Fine-Mesh Photo-
multipliers for 45-MeV Protons. A. Ni, V. Kuznetsov, A. Kim,
199, % 79, o) 4A, W 52, F B A FRu) o B2
7GR s B2 7]z 7 A PA7E  gAE o)
The Nuclear Physics Group of Kyungpook National University is
to develop a high-resolution central time-of-flight (TOF) system
for the future CLAS12 detector at Thomas Jefferson National
Accelerator Facility (JLAB) VA, USA. The system will operate in-
side the solenidal magnet at high count rate up to 10° pulse/sec.
The design goal is to achieve TOF resolution. We employed a 45
MeV proton beam of the MC50 Cyclotron in Korean Cancer Center
(Seoul), in order to study the performance of a prototype scintillator
counter equipped by two magnetic-resistant fine-mesh Hamamatsu
R7761-70 photomultipliers. Special collimators have been con-
structed for these measurements on the base of Geant4 simulations.
The results have shown that the TOF resolution is as good as 20
psec. Comparison of light production from 45Mev protons and
from cosmic-ray muons has made it possible a direct observation of
Birks’s effect in scintillators. These results will be presented together
with the review of a possible design of the CLASI2 central
time-of-flight system.

The Study of the First Term within the Empirical
Formula in Deformed Nuclei Near the Doubly Mid-Shell Region.
HA Eunja, HONG Seung-Woo(& &t e}a/ E2]l7}) 1t has
recently been shown that the parameters alpha and gamma of the
first term in a simple empirical formula, which can describe the
main trends of the lowest excitation energies of the natural parity
even multipole states, carry the information about the effective mo-
ment of inertia for deformed nuclei near the doubly mid-shell
region. Firstly, we find the two parameters alpha' and gamma',
which are similarly expressed with the alpha and gamma in the em-
pirical formula, determined in terms of the effective moment of in-
ertia by rotational energies in the doubly mid-shell region. And then
they are compared with those fixed by empirical formula.

Multi-channel Data Acquisition and Analysis
System for GEM Detector Based on FPGA and USB2.0
Technology ZHANG Yuxin, HA Sung-Yong, LEE Jung-Doo,
KIM 11-Gon(Changwon National University, Physics.) We designed
the electronics circuits to measure the low-level current signal of
Gas Electron Multiplier (GEM) detector. It is implemented based
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on FPGA, USB2.0 and necessary peripheral circuits. We have used
several modules to make it, such as Charge Sensitive Preamplifier,
Analog-to-Digital Converter, FPGA logic circuit, USB2.0 unit and
RS-485 module. With Nios II processor which operates on FPGA
as a soft processor and USB2.0 unit, the high-speed data processing
and transmitting is possible. The RS-485 transceivers are also used
so that the solution could be satisfied the requirement in field bus
networks. In order to analyze the acquired data on a computer, the
software applications are designed with VC++.

Preliminary results on yp—K’ X reaction in the
energy range from threshold to 3.0 GeV & A& ¢t FZ,
o] #4', HICKS K., NAKANO T.>, LEPS Collaboration’(%
A ot Ee)ele., 'ty 2 AR AL, “Ohio University,
Department of Physics and Astronomy. ’Osaka University, Research Center
for Nuclear Physics. “SPring-8) ~CLAS 189 H< wXg 7t
FBAE ol &9 Kstar B84 A2 oatd A T
o=z wE A= gHAo] Eo} tchannel WSOl F2 ol
S EFt 2uv ¥AE JHEEAE o83t W HdAE
S SRR o] BollA AAUYAR AZHF ] EAY
1T} 9 MEL EFo] Hadur itk B HxAAE
YdE SPring-8 WAME 714719 LEPS 1golAl 14 ~ 296
GevAaE HFE ZuidE 15 cm9 IA|FE BH0 JARE
o yp—oK0* I+ B B WSS o] &% Kstar ¥ M A E
24 A dl =98 Atk

o

A self consistent formalism for in-medium chiral
perturbation theory LEE Hee-Jung, PARK Tae-Sun'(Chungbuk
National University. ISungkyunkwan University.) We apply the stand-
ard chiral perturbation theory to pion in symmetric nuclear medium
and analyze change of properties of pion. In order to do so, we ap-
proximate the nuclear medium to the Fermi gas. Our results, ob-
tained from calculation of the next-to-next leading order, show that
the spatial pion decay constant decreases fast with medium density.
As a result, the in-medium pion velocity could be ill-defined at a
certain medium density. Based on the review of origin of this trou-
ble, we propose a self consistent formalism for in-medium chiral
perturbation theory and discuss its application.

CMS Grid Computing® A2 A1 ¥ 33 Tier2
A S kRl B R, A F4 H A, 2 EE, o] &
g 3 A, A AWNAISA GO 8l E8]8l) &3 7HE oA
]l CMS A&719] dlolH & BA317] ¢3t Kz ESo] T2
= /" AEAEd Y SSCC(Seoul Super Computing
Center)®] Tier2 gH]o] B3 L/fSch A7 22 Yot 23
100 GByte ¢ HlolHE #£A437] 9l# LFH CMS Computing
Grid 7%+ CERN®| Tier0, AlAl 730l 2719 Tierl, TA] 24
g g 713l B FHAAA Ao 2d B2 FTien2E ©]F
o] Atk AeAlP L SSCC Tier2E 120719 Condor Job Slot
(3 455 kSI2ZK)F 170 TB ] dCache diskE HIEH2 2 OSG(Open
Science Grid)E €3} CMS Computing Gridell o &} gtk
Ol 5 S AMES AA tlolH Y EAH T G B IR 234

2wz

AR A& FHA £ S $¥ Fluence
Monitor A3 8AL = 83, 0] $7F, 2 &4, A AU, F 71'd,

ol BF, & AN Ful YA F G, (gt F2 <}
7. 239318 97 ¢)  Fluence monitor(F/M)7]%-& Fu] )

AEE AR 24l FHetd SEAE F3= 7le R AR
Tl A oln] X H F]EolH ZHolE e I7HY AE9
Hashs Aol @datA AP ok ARl A ARE-3h=
F/MAIEE F12F o3& AF&SHAL 3loH, A 59 FHE wire,

disk 9! foil & ThFet Fel 2 A Zske] AH&2taL ek Sl A=
A& FAE Q] HANARO® A wire F ¥ €] Ti, Fe, NiE AH&-3}

o FF3a ot ARFH vty 7|2 ZHR1 3ol HEE
AE Aotk & ATl A A HA =35 AR 9

o Agst Nb A5 F7F3tal, ALEAL 719 & AH3te] =4l

A B == T8A luxE Al4F3ETh * This work was carried
out under the Nuclear R&D program of the Ministry of Science and
Technology, Korea and supported by the iTRS SRC/ERC program
of MOST/KOSEF.

3JUE AFE BT IFE FXE AF doHY
SR DA AN AL A EF, EPF, 0l 2, H g
#' DESAI Shraddha'(3#FgIEA7e FEOjga &2/
7 'FFAEATE) AR e w2 B2 9 T
o A7 HAFR AFE Y3ty dFdAEATELE 1A=
B2 34 7X](High Intensity Powder Diffractometer)S 7] &3}t 2
o} o] FX & 3UZ ST-3 FHZo AXHAon dxdx=dd
ThA A FAAH o2 L 8x9] 1 A A&V AZ
A2 FAAY sHEYEo R 165 HE o R AXH R A
71e 47 8=A Z3t7] el 137102 Ho 128744 4
A 8ESE EEE F AT 1B 2L A GXN = AEV AE
& dolH 54X A&7 & IHE T A ZH A=A
2 9. ZE7) AZEX £ 4% #E7|(Constant Fraction
Discriminator), A1 7F A]17Fx} 27 7] (Time to Digital Converter)
o 2 & A2 FHHTE 1] o] BAIHE HEH O E ALY
F Q% E Linux 719He] SPEC | 22 & o] &3] A& 253}
stgom e B 3d AX7 A Thed e R X EH o
A3 2 AP E AR ALOsY] HIOlEHE 7| F3tHth & X
= 3UE 4= B2 3d FX 9 A&7 volH Y539 F
X Ao} Al =] o ] A7) St

Threshold Anomaly for Loosely bound nuclei &
29, A W (PR o 3, YA S ol Ee
8}7.) Based on the optical model approach, we investigate the
thresholdanomaly in the elastic scattering of the & "Li+*Co systems
at near-Coulomb-barrier energies, by using the $chi*2$analysis. A
folding potential is exploited as the bare potential forthe systems.
We found the threshold anomaly for Li+*Co system. In contrast
to "Li+”Co system, however, *Li+”Co system does not show the
threshold anomaly. Thisdifference is known to stem from the in-
cident nuclei structure. Weconfirmed again a feature of the thresh-
old anomaly due to theincident nuclei from this study.

Talys codeE o] &3 YA FA Aol o *Fed

uke At F G-, A BY, o] IS(FFEAGATE) 9
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Hhe S A 4 gle T2 Q) TalysE 0] €3+4] 0.1~150
MeV AUAE 7M1= QA GRS o 8] Sut-go o)
gtolrgith o] AT 2L 1A Aol T 3 kS FPL o
St A el o] Bolo| A @ T HE PR AEE A Fete
Aotk A2t AT Aukg dwW A 7 BY 32 9 3F HE
gAY gHA 5 dojg = JE RE E9E ¢S ¥t
=3 A= AY volE 9} /)29 By E vt 1 e
S AZI AT YO 2 TalysE o] &3to] FFee]o] T2 &
e N3 FIHNAEES WE 0|2 o] &3 WX ut= A4

tlo
L

A QRPA Study of Neutrino Reactions for the
Nucleosynthesis in Supernova CHEOUN Myung Ki, KIM
Kyungsik'(&/ o 8}i7, 2] 87}, "oty &) ey, L Y7) We
developed the quasi-particle random phase approximation (QRPA)
for the neutrino-induced reaction, which is one of the key reactions
of understanding the nucleosynthesis in the supernova. Our QRPA
has been applied to the neutrino reaction in the *Ni region. This re-
action is the trigger for the successive reactions to produce *Mn and
“Sc. Those nuclei show some deficiencies in astronomical ob-
servations and/or chondrite analysis compared to the supernovae
model available until now.

A=Y Jivet-E& Doublesided Silicon Strip
Detector?] 91X £33l 5 & AT =X 34, o] &, d &, °l
FHA(FYd sty 2 5tF) HEZY JH &Y AR Fe5
A& Zudnhs X R s AL s ek Fds A
55 243 S dEAA 7t shvtolt: dvkF o g 2+
b Hhg X R T2 A&V A9 E2F 24 o 23
HA T e 543 A9 Fud wet 284 Z71R0H
EAZFS PR o & AT M e AR HEr12
d A AE710 dafA Frkidol

ASel FEEH= ASE )&

o
R
)
1o
N
2,
H
s
2
o o
N
E
ra,
44

A g AX RS 5S FHA7E ATFE ST
1 mm= J& 8 *Am J Lo A 25 =54 MeV S S
olgste] WL Xe WE FHAFY WilE FF3IoH
weighting filed 71 & ©]-&% A4t A3ke}e) v E B3 A 7o}
Aol o) 3wk X F A 7 g ol o &l 2AS AT

LiF A€ €@43(TL) E2U #7159 g9 o
F 0] ZY, A AE, A5 v 2g o v o] =5 4 7]
S A IR E A7 Gy S 2a] et 7 7%
P TGy e n Bl w4 T2 rsy) iR
(TL) EZ ol A &2 (mother material)ol] 71H = E¢EE2 E
HAEHE FYIAY AZREAE F3td 2L TL E4&
AR = 9gg 9tk a8 EE 53 EER AVt dAvtEe
9] g5 3t ol & MZ 15 @AFAFATLD) 22
S patst=d Qo] Wl Se8lth LiF AY TL 222 2857}
EZoHA FHEF Wl mj FFH EHS Hole EF=
A A 5090l 24 7 g8l AREE TLD &2 ot B} &5
G AL FE BeEo] HUlE LIFAIE TL B2 Aol et A
TF7F A AL FEHEAL Tl HE JIE LiF-Mg Tigk

P A& ME LiF:Mg,Cu,Si B=o|t} 28y

H

LiF AE TL E2 2 714 Bol A7z E4 ® B3t
T AEEY Gl B3 o]l o} ghehA Eatel nek g
o w-go] P ozttt 19799 Nakajima S 93) LiF:Mg,Cu,P
EZ0] &ME o]F oy APALAA & LiFMg,CuP 22 &
sty o] 242 7] & LiF-Mg Ti 2 ol H]3}e] 40u) 04
TEolHA 71E 229 23 FAE Fro 74, AFAE
A gk a2y 240 T o] oz 71g3td WA o di g
A adte GO 3t 3] A E&EA
1tk olel LiF:Mg,Cu,P B39 Z4& BF 7IAHA] o]
A Eegd EAE S5 = MELXLIFAE TL 2 A
sttt A2 o] E B4 02 7y LiF:Mg,Cu,Si 225
=]

i r

Sk 41 oo oy
H—?I-':lo
&O]ILJ

Mo mo R orlo = 10 Mo oY ok R X

P H7FES HAl3t SIOE AV EREA AR o
2T B8 AA3EA ddiFoz By 22 d9EAY 54

Qlth B Ao A & LiF:Mg,Cu,SiZS £33 LiF:Mg,Cu, X%
A9 TLHGA A 2+ A7HE0] 3= TS 3443 TL 2 E

HAF2E, 32 o TL Z5)S 33t BA43to] o] 3t axt
St 2 23 Mg ERENE B8t 98-S otH, Cus A
A FEAJ] L 3t AR BAEHJTE 283 A
WA d7HEQ) Si B P ERENY F2UAZEEAN = F
Fe 79 vHA ZFHIATL 28-S wole JES e A=
EA 5 Atk [1] Nakajima.T., Murayama.Y. and Matsuzaba.T.,
1979, Heath Phys. 36, 79-83[2] Sen, W., Tang, K., Zhu, H. and
Liu, B. 2002, Radiat. Protec. Dosim, 100, 357-360[3] Lee, J. L.,
Yang, J. S., Kim, J. L., Pradhan, A. S., Lee, J. D., Chung, K. S.
and Choe, H. S. 2006, Appl. Phys. Lett., 89, 094110

Excitation functions of residual radionuclides from
"Cd(p,x) processes KHANKAKER Mayeen Uddin, KIM
Kwangsoo', LEE Manwoo', CHO Young-Sik, LEE Young-Ouk,
KIM Guinyun'(Korea Atomic Energy Research Institute. 'Kyungpook
National University.) Obsective(s): The medium energy cyclotrons
are employed to produce both the diagnostic and the therapeutic
radioisotopes. We measured the production cross-sections of re-
sidual radioisotopes from "*Cd(p,x) processes in the energy region
of 3-40 MeV by using a stacked-foil activation technique combined
with high-resolution gamma-ray spectrometry at the MC50 cyclo-
tron of the Korea Institute of Radiological and Medical Sciences
(KIRAMS). Material &Method(s): A high-purity (>99.99% ;50-mm
thick) Cd foil with natural isotopic composition was used as the tar-
get for irradiation. Monitor foils of copper and aluminum (50-mm
and 100-mm thicknesses respectively) with known cross-sections
were also included in the stack. The aluminum and the copper foils
were used to monitor the beam intensity and to degrade the beam
energy, respectively. The stacked samples were irradiated for 45 mi-
nutes with proton energy of 42 MeV, a diameter of 10 mm, and a
beam current of about 100 nA in the external beam line of the
MC50 cyclotron at KIRAMS. The activities of the radioisotopes
produced from the targets and monitors were measured con-
tinuously by using a high-purity germanium (HPGe) gamma-ray
spectroscopy. The activation cross-sections for the natCd(p, xn)
processes were determined in the proton energy range 5-40 MeV by
using the well-known activation formula. The nuclear data of the
produced radioisotopes were taken from the NUDAT database.

- 126 -



The threshold energies were taken from the Los Alamos National
Laboratory, T-2 Nuclear Information Service on the internet.
Result(s): A new experimental independent and cumulative
cross-sections for the production of '%%!®#!10&111g113m 1 14m 1 15m, Lémy,|
HmU%Cq and '%8'%1%mAg radioisotopes from the proton bom-
bardment on natural cadmium target have been reported in the en-
ergy range of 3-40 MeV with an overall uncertainty of about 14%.
Standardisation and validation of the measured data for the
"Cd(p,x) processes were done using the available literature and
theoretical data from model codes (TALYS and ALICE-IPPE) to
select the optimum production conditions. Currently, indium radio-
isotope namely 110In, 111In, 113In and 114mln are widely used as
therapeutic and diagnostic purposes. The production of diagnostic
and therapeutic radioisotope 111In could be optimized from the
measured excitation function. Conclusion(s): We measured cross-
sections for the production of %%&10%11081llali3m, 14m 1i5m ti6mly,
HmU%Cq and '%8'%1%mAg radioisotopes from the proton bom-
bardment on natural cadmium in the energy range of 3-40 MeV
with an overall uncertainty of about 14%. The present measure-
ments were compared with other experimental values and the
calculations.

Measurement of the Neutron Total Cross Sections
of Natural Erbium by Using Pulsed Neutrons at Pohang Neutron
Facility OH Youngdo, KANG Hengsik, CHO Moo-Hyun, KO In
Soo, NAMKUNG Won, WANG Taofeng', RAHMAN Md.
Shakilurl, LEE Manwool, KIM Kyungsookl, KIM Kwangsool,
KIM Guinyun', LEE Youngwookz(Pohang Accelerator Laboratory,
POSTECH. IKyungpook National University. ZKAERI.) The neutron
total cross-sections and resonance parameters of Erbium are meas-
ured in the neutron energy region from 0.01 eV to 400 eV by using
time of flight method at the Pohang Neutron Facility. The Pohang
Neutron Facility consists of an electron linac, a water-cooled tanta-
lum target with a water moderator, and a 12m long time-of-flight
path, and neutron detector using 6Li-ZnS(Ag) scintillator. The
pulsed neutron beam is being produced from 75 MeV electron as
15Hz repetition rate. A natual Erbium metal plates with 5 x 5 cm2
in area and 0.lmm in thickness, are used for the neutron trans-
mission measurement. The background level is determined by using
a notch-filter of Ta, Sm, Co, In, and Cd sheets. The measurements
are compared with other measurements and the evaluated data in
ENDEF/B-VILO0.

(*This work is supported by the Korea Research Foundation Grant
funded by Korea Government(KRF-2006-353-C00014) and the
Long-Term Nuclear R&D program through the Korean Atomic
Energy Research Institute.*)
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Extraction of Response Functions for Exclusive
Neutrino-nucleus Scattering in Quasielastic Region KIM
Kyungsik, CHEOUN Myung Ki', YU Byung Geel( 3= 3-&tj &}
o, RYH 'Sy ela E2]3}7) Within the framework of a
relativistic single particle model for the bound and continuum
states, we calculate exclusive neutral-and charged-current through
neutrino-nucleus scattering process in quasielastic region. The in-
cident neutrino energies are used up to 2.4 GeV as a Jlab type for
the neutrino- and antineutrino-nucleus scattering from '°O target
nucleus. The effects of the strangeness for the knocked-out proton
from outer orbits are studied not only on the cross section but also
on the various response functions. The exclusive reactions explicitly
show the effect on each response functions. The effect of the
strangeness on each response functions appears to be different on
the corresponding cross section.

Search for ® Pentaquark State in the n'p—»KKop
Reaction Close Threshold 7! A%, 2] 83, ¢+ 42, YOON C.J',
IMAI K.'(34H) 3}, E2] 3}7). 'Kyoto University, Department of
Physics)  Search for ® pentaquark baryon has been performed
with a scintillating fiber target using the (7,K) reaction at 1.87
GeV/c. We studied a Kop decay channel of the ®" by reconstructing
K® and p assuming V topology being attributed to K” —nn" decay.
We will report new results with 3.2X10" events of (7, K) reaction.

ALICE software for the Electron separation using
TRD &35, & A, A8, &3, 0l 55 HAH, 2 9
A, F FH I E2]s}F) The ALICE(A Large Ion
Collider Experiment) at CERN LHC is a dedicated heavy-ion de-
tector to explore the unique physics potential of nucleus-nucleus in-
teractions at LHC energies. The main purpose of ALICE is to study
the physics of strongly interacting matter at extreme energy
densities. Simulation and Reconstruction softwares of ALICE are
build on ROOT software. We looked at internal structure of
ALICE software to install and process it in local computing cluster
and GRID system. In addition to showing general features of
ALICE software, some results on Neural network studies on elec-
tron/hadron separation using TRD data.

Cp-026 ) (K KHWHSoNA o]F 7/|EE ALY B 2 &
I AF FH B, 7@ AHF ¢ B2, MIWA K, YOON .C.J%,
IMAI K% E522 all collaborater’(¥#/t} 3t 2] 817} 'Tohoku
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University, Department of Physics. ZKyoto University, Department of
Physics. ’KEK) 1.66 GeV/c K-2 0] &3 (K, K)uhg ol A o]=
71BEE B A& QY-S B ti AEAFAE 2R
ol goloh A B4 E4 9 "CK KHX ¥H& Sl A B} y\Be
9] o] sto] A At 1 & o]F 7| BE Al LH Q] Bt

& @l o] & A7} vl g olth. 3t o] F 7R

T Al2do] BEAE o p,n, A YAE &3 RES] FHH|4

A = =2 oA g o]t

The Study for Optimization of Phenomenological
Optical Model Potential Parameters in highly deformed nuclei
KIM Hyeong I, LEE Young-Ouk(Korea Atomic Energy Research
Institute.) The phenomenological Optical Model Potential (OMP)
is the basis of theoretical calculation of nuclear cross sections which
are used in providing nuclear data for applications. Thus, the rea-
sonable parameterization of OMP is indispensable to obtain the reli-
able nuclear data evaluation. In response to this situation, Korea
Atomic Energy Research Institute (KAERI) developed the
ECISPLOT code, which was an interactive optical model parame-
ter searching tool incorporated with the nuclear reaction code
ECIS-96. However, this code has been mainly used in searching the
OMP parameters of spherical nuclides rather than deformed ones.
In this study, we improved this code in order to be used in searching
the OMP parameters for deformed nuclides as well as spherical
ones. The present ECISPLOT has Graphical User Interface (GUI)
environment for easy comparison with the available experimental
data and built-in Simultaneous Annealing (SA) algorithm to search
the optimized OMP parameters. The details for the procedure of the
parameterization of OMP for highly deformed nuclides, such as
"W and *’Th are presented.

Neutron Energy Spectrum Measurement of
"“Tm(n,g) " Tm Reaction by the Linac Time-of-Flight Method
LEE Samyol, LEE Jae-Hong, YOON Jungran', HORI Jun-IchZ( =3
B8, | Eoltf 81, “Research Reactor Institute, Kyoto University.)
The neutron energy spectrum of Thulium (®Tm) has been meas-
ured in the energy region from 0.003 eV to 100 eV by the neutron
time-of-flight (TOF) method with a 46-MeV electron linear accel-
erator (linac) of the Research Reactor Institute, Kyoto University
(KURRI). An assembly of BisGes3Or2 (BGO) scintillators, which
was composed of 12 pieces of BGO and placed at a distance of
12.740.02 m from the neutron source, was employed as a total en-
ergy absorption detector for the prompt capture g-ray measurement
from the sample. In order to determine the neutron flux impinging
on the capture sample, a plug of 18 powder sample and the "B(n,a
g) standard cross section were used. The existing experimental data
and evaluated data in Mughabghab and JEF-3.1 have been com-
pared with the current measurement.

Calculation of Energy Dependent Neutron
Absorption and Scattering Coefficients of Natural Rhodium in
Energy Region from 0.003 eV to 100 keV by MCNP Code YOON
Jungran, LEE Samyol', RO Tae-Ik(Z o}t 8Fa ' G2 8f) In

the neutron capture experiment and calculation, the neutron absorp-
tion and scattering is very important. Especially these effects are dis-
posed in the resonance energy region and below the thermal energy
region. In the present study, we calculate energy dependent neutron
absorption and scattering coefficients of natural rhodium in energy
region from 0.003 eV to 100 keV by MCNP-4B Code. We calculate
the coefficients for several types of thickness. In the lower energy re-
gion, neutron absorption is larger than higher region, because of
large capture cross-section (1/v). These results are very useful to de-
cide the thickness of sample and shielding materials.

Trigger Efficiency of Quarkonia in Heavy Ion
Collisions for CMS & &%, A &<, &84, 2 94, 14 A4,
uh Qg vk 19 A aF @ g, 1 2 (g gt A
AlG oy 3FaL, 2B 8FL) The Large Hadron Collider (LHC) at
CERN has a plan to make collisions of heavy ions at Vsxy = 5.5
TeV. The heavy-ion collision experiment at LHC is crucial to un-
derstand the relation between the formation of the quark-gluon plas-
ma (QGP) under extreme conditions and the peculiar suppression
pattern of J/y’s observed at the Relativistic Heavy Ion Collider
(RHIC) and the Super Proton Synchrotron (SPS) at much lower
energies. A strongly suppressed J/psi yield in Pb+Pb collisions at
LHC would support the sequential-screening scenario whereas a
strong enhancement would prefer the recombination model due to
the larger density of heavy quarks and antiquarks in the medium. In
addition, the abundant production of the Upsilon (1S, 2S, 3S) states
at LHC energies will open up a unique opportunity to study the
threshold dissociation behavior of the whole bottomonium family.
In this presentation, we discuss about the expected performance of
the CMS trigger for muons originated from the decay of J/'¥ (or Y)
— p +p- in Pb+Pb collisions at 5.5 TeV. Various methods were
tried to reconstruct quarkonia from dimuon pairs. We compare the
results for the trigger efficiency.

Fabrication and Test of an Ion Chamber for
Monitoring High Range Radiation Dose SONG Tae-Yung, KIM
Han Soo, PARK Se-Hwan, HA Jang Ho(Korea Atomic Energy
Research Institute) ~ KAERI (Korea Atomic Energy Research
Institute) has been developing ion chambers which are used for an
area radiation monitoring system. Those ion chambers are mainly
used to measure the dose of gamma rays. Ion chambers usually
have a cylindrical shape cathode with an anode rod at the center.
Such a general shape of an ion chamber is not effective to measure
high dose radiation due to the collection efficiency problem.
KAERI adopted a multiple plates capacitance type ion chamber to
measure high range radiation dose. It was developed to measure 1 —
10" R/h. The cathode and anode plates were made of aluminum.
The ion chamber was filled with air. The operating voltage was 500
V and the leakage current was measured at that operating voltage.
Two 25mCi Am-241 gamma sources were used to check the charac-
teristics of gamma ray detection. *Acknowledgements: This work
has been carried out under the nuclear R&D program of the
Ministry of Science and Technology (MOST) of Korea.
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Evaluation of Kinetics Parameters of RTL Quartz
HONG Duk-Geun, SONG Ki-Woung'(Kangwon National University,
Department of Physics. 'Chungcheoug Cultural Properties Research
Institute.) RTL kinetics parameters (i.e. the activation energy (E),
frequency factor (S), life time (7)) were determined by two methods:
initial rise (IR) method and glow curve fitting (GCF) method. The
activation energy values could be obtained for several temperatures
using IR method, which suggested that RTL glow curve was com-
posed of several peaks. In order to estimate the precise kinetics pa-
rameters, the GCF method was conducted on the basis of the result
of IR method. As a result, the activation energy values estimated
from GCF method were in accordance with the results of IR meth-
od within standard deviation.

Detector Characterization of a Silicon PIN Diode
with a Proton Beam KIM Youngim, KAH Dongha, KANG hee-
dong, KIM hongjoo, KIM hyunok, PARK hwanbae, HYUN
hyojung, KIM kyeryung'(Kyungpook National University. 'PEFP,
KAERI) We designed and fabricated silicon PIN diodes on 5-in.
high resistivity <100> n-type 380 pm-thick silicon wafer and the ac-
tive area of the diode is 1 cm x 1cm. The silicon diode was exposed
to a 45 MeV proton beam from the MC-50 cyclotron at the Korea
Institute of Radiological and Medical Science (KIRAMS) in Seoul.
The leakage currents as a function of the reverse bias voltages were
measured before and after the proton beam irradiation. The sig-
nal-to-noise ratio (SNR) of the PIN diode was also measured with
the proton beam to be 20.8 after corrected for the minimum ioniz-
ing particle. We present the understanding of radiation-included de-
tector deterioration and the SNR of the silicon diode in this present.

A New Total Absorption Gamma Detector Array
WANG Taofeng, LEE Manwoo, KIM Kyoungsook, RAHMAN
M. S., KIM Kwangsoo, KIM Guinyun(Kyungpook National
University.) AbstractA new 4ngamma total absorption detector ar-
ray utilized for neutron capture cross sections measurement at
Pohang Neutron Facility (PNF) is building at present, which con-
sists of 12 BGO (BisGe3O1) crystals sized as 5x5X7.5cm. This
g-ray detector array will be matched to a 12 m neutron flight path
and connected with a new data acquisition system (DAQ) utilizing
flash-ADC at PNF. We measured the characteristics of each de-
tection module, such as energy resolution, time resolution and de-
tection efficiency using different reflector material by a series of
standard radiation sources. We simulated the performance of this
detector using GEANT4 Monte Carlo code. The SLiF layers for
scattering neutron absorption, neutron beam pipe, crystal wrapping
material, aluminium holder and gamma/neutron source defined
with GPS were included in the simulation code. Simulated g-ray
spectra were compared to measured data. Good agreement was
achieved. A total detection efficiency and peak-to-total ratio as a
function of g-ray energy were established for mono-energetic gam-
ma rays. Neutron time of flight (TOF) spectra and total emitted
g-rays energy spectra for neutron capture reaction of 7 Au sample
were also simulated.

Investigation of Energy Dependence Isomeric
Cross-section Ratios of '"’Au(gn)®*™*Au by Photoactivation
Method Using Electron Beam Linac RAHMAN M.S., NGUYEN
Van Do', PHAM Duc Khue', KIM Tien Thanh', OH Y.D.?
WANG T.F., KIM G.N.(Kyungpook National University. ' Institute of
Physics and Electronics. “Pohang Accelerator Laboratory.) — Activation
techniques have been used to measure energy dependence isomeric
ratios of '’ Au(g,n)**™#Au by photonuclear reactions with electron
beam accelerator at Pohang Accelerator Laboratory (PAL). The
bremsstrahlung beams are produced by bombarding the accelerated
electrons into a thin W target. The isomeric ratio has been de-
termined from a series of gamma spectra measured with high en-
ergy resolution gamma spectrometric system consisting of HPGe
detector and a multichannel analyzer. Isomeric cross-section ratios
of "Au in the present study are obtained (5.338+0.087)10%
(7.191£0.091)10* and (8.830+0.041)10 at the bremsstrahlung end
point energy of 50MeV, 60MeV and 70MeV respectively. Results
obtained have been discussed and compared with some correspond-
ing values found in the literature.

Fabrication of a Silicon PIN Diode for Radiation
Detection SON Dohhee, HYUN Hyojung, KAH Dongha, KANG
Heedong, KIM Hongjoo, KIM Hyunok, KIM Youngim, PARK
Hwanbae(Department of physics, Kyungpook National University.)
Silicon PIN diodes with an active area of 1 cm X lcm were fab-
ricated on a high resistivity, <100>-oriented, n-type, 380-um thick
and 5-in. silicon wafer. These diodes were manufactured on pur-
pose to monitor strip sensor fabrication processes. We measured the
radiation detection responses of the silicon PIN diodes and ob-
served photopeaks from radioactive sources, Am-241 and Cs-137.
The spectrum of simulations was compared with those of the source
tests to understand the measurement results. We also measured the
signal-to-noise ratio of the diode to be 36.0 by using Sr-90 radio-
active source. We present the energy resolution and the sig-
nal-to-noise ratio of the diode measured by using the radioactive
sources.

External-beam PIXE A8 73X g F 94,
4 % 09 3 =, & FR(sgo g Gn E2
Aeten Z|xH FEI71Y FHAE] AFAE) A
2t 71233} F57171d BT ATAE S 3MeV
Tandetron eletrostatic accelerator®] FH i FEA o] 7153
external-beam PIXE(Proton-Induced X-ray Emission) 231 A
X3t 1 He5S AAF3A T Externalbeam PIXEE AF 5
oAl Fgo] Brtest dAoly EHAE, IA Ee At A
ol giz] A4 EAo] 7testA 3= FF71Eolth o] 719
A FgA Ho] FIFLR JAEHW, E3t AT T
2 BT JoB=E A5 ZAEE FA W AFE At
Aoz 23T & fle Aol AUtk ol¢t 2 TS HE
3t H9] S dR 7] 913l BPM, doublet quadrupole
magnetS X3 th 183 PIXE BA)A Ao Z3o] 7}
St 371 f13 28 FgA W ARFE FG3r] HH
scattering chamber W S A7F 0.0254mme] T4 A
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Xskar |9 2l 9 150° 91X]el] SSB detectors AX|3te] T
A FE3 9 AgEs FHAY] yieldd) JIEHE &
AR AFY HE ZARIGET 29 ERA] W s

o]7] 913l 1& window<} A Alo] FHS A= FXE THE
o|Ze] AF VAE 8 BUFen, 1 A9 ANFQ
IPREE 1/627E SoEs AE FTHIAY EFAIE
3 A I 2Pog FFAE U AES 2F =
4 QA3 Mn B¢ 040ppm7tA] =3 o] 7Msstanh

0,

R (=2 TR

ox,

RICH R&D Status Report : Test Results of a pro-
totype of RICH detector with Gas System at PAL  YI JunGyu,
LEE Hayoung, KIM Junghan, YOO In-Kwon(2}j el E2] g}
71) For test of a prototype of RICH Detector at an energetic elec-
tron beam line of Pohang Accelerator Lab. in Korea, a gas system is
designed and developed. Some results from the test with dry air and
nitrogen gas as cherenkov radiators will be presented and discussed.

ALNAe NP BH 59 A D04, &
s, 4055 a0, 2 s, 2 ¢ EAE A A (FEG
e R olw Eeja ) FRAY ) ¢ AF
A £38 Aoz F 2o A [0K7HA 255 s AL 3
H|E o] &3l Czochralski WHo2 AMEA /NLE BaCL$t
Bag20SrosoCl A F 2EA Y AL 548 ZARIATE A 200 A9
EXN 2AM= F8 92 Q13 thermal noiseE ZY = = 24 o]
At A F 27 E 10K7HA] ¥Z4A171 o 10K A 2702 =
T E ¥W3A) 71 M A Cs-137 gamma ray sourceS AM&3) A F 23
A9 2= W2 A ZFF decay time?] W3S 2F 3 Atk A B
A& 29 ol A3t A AXeta A B 2 S d437] A
FHE F10°~ 10% 9 W3 e 2 w50tk AF 2N b
2 e AxuE B3 PMTE E07 X5 SZ9 A|ade
preamplifierS A4 400MHz FADC®] A4 T A & 3} =] o] PCZ £
Ztt} 253 H o] Bl & root packageS ©]-&3] EA3IATE o] A|
28-S o] &3 PhWO,2] A2 F EHE ARG T

U kg ol

Chemical analysis and aging studies for the CMS
forwmard RPCs 71 §d, o] ZAl, HU Rongjiang, ©] 3HH, 3 &, &
B3, A A, A A F5, Ay, a4, 088

&0 &5, g £ ol HA, o) 2, 2 HF (2 G E
2}, '@ s F2 ol g ow Fa] oy T Fo 8
o B2, ‘g ow B2 ele A g g Ea] e (Al
o) 8t Ea] 8l7 Al ) 8t <] 7 3F) We have performed an
aging study for the forward resistive plate chambers (RPCs) of the
CMS by using a 200 mCi *’Cs source. A strong degradation in the
TDC data of the RPCs was caused by intensive gamma signals
when the rate was higher than 3.0 kHz/cm’. After the completion
of the irradiation test, autopsy and chemical analysis were per-
formed to investigate the degradation phenomena occurred in the

It}

RPCs. The device used for the semi-quantitative chemical analysis
for the RPC electrodes was a X-Ray Fluorescence (XRF) device in
Seoul center of the Korea Basic Science Institute (KBSI). The chem-
ical analysis was also made for the RPCs in the previous aging
study for the comparison. We conclude that the strong degradation
of the TDC data is not directly related with high F concentrations,

but with the high particle rates. We also conclude that a safe oper-
ation of the freon-based RPCs could be ensured with particle rates
less than 2.0 kHz/cm’.

Charge Transport Properties of a CZT Crystal with
Au Contacts CHUN Sung Dae, PARK Se-Hwan, HA Jang-Ho,
KIM Han Soo, KANG Sang Mook, KIM Yong-Kyun', HONG
D11k-Geun2(Korea Atomic Energy Research Institute. IHanyang Univ.,
Dept. of Nuclear Engineering. ZKangwon National Univ., Dept. of
Physics.) A CZT detedtor was fabricated with a spectroscopic grade
crystal, and with the dimensions of 5x5x2 mm’ from eV products.
Peltier coolers were installed below the fabricated CZT detector to
reduce the temperature down to -20 C. The current-voltage charac-
teristics of the CZT detector were measured for biased voltages
from -300 to 300V. The charge transport properties were de-
termined by measuring the energy spectra of the gamma-ray **' Am,
*Co and alpha-particles #¥py. It was evaluated in terms of a tem-
perature variation for the CZT crystal. The differences of the CZT
detector’s performances and the charge transport properties were
compared. The experimental results could be helpful for designing a
next generation CZT radiation detector.

Acknowledgements: This work has been carried out under the nu-
clear R&D program of the Ministry of Science and Technology
(MOST) of Korea. We are also supported by the iTRS Science
Research Center / Engineering Research Center program of MOST
/ Korea Science and Engineering Foundation.

Energy Resolution Improvement in CdZnTe
Detectors by Virtue of the Interaction Depth Determination 3 ¥
&, o] 39 A G, o] (YW G =2/3FF) CdZnTe
(CZT) semiconductor detectors have been prevented from being
used for gamma-ray detection by its poor energy resolution in spite
of its good efficiency and its usability in room temperature. The
poor energy resolution comes from incomplete charge collection in
electrodes due to trapping of charge carrier. The trapping effect de-
pends on a drift length of charge carrier in CZT crystal. Therefore, if
we get a gamma-ray interaction depth in which the charge carriers
are generated, the charge loss would be compensated from the drift
length and then the energy resolution becomes to be more
improved. There are two ways to obtain correlation between the
charge loss and the interaction depth. One is to use the ratio of a
cathode signal to an anode signal and another is to use a risetime of
anode signal. We performed the experimental comparison between
their capabilities to improve the energy resolution by using a CZT
detector with dimensions of 5 X 5 x 5 mm’. The CZT detector had
16 pixellated anodes and a common cathode. In this presentation,
we will report our experimental results and discuss the best way to
improve an energy resolution of CZT detector.

Comparison of the Characteristics of He-3 and
He-4 Proportional Chambers for Neutron Detection ~ LEE Dong
Hoon, KIM Yong Kyun, KIM Jong Kyung, PARK Byeong Hyeon,
KIM Gi Dong', PARK Se Hwan’, HA Jang HoX(Department of
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Nuclear Engineering, Hanyang University, Seoul, 133-791, Korea. 'Korea
Institute of Geoscience and Mineral Resource, Daejeon, 305-350, Korea.
’Korea Atomic Energy Research Institute, Daejeon, 305-600, Korea.)
The helium-filled proportional chambers are widely used in the field
of neutron detection. The He-3 chamber is used mainly for the
detection of thermal neutron by using (n, p) nuclear reaction
and He4 detector is used for fast neutron by using recoil
interaction. The major aim of this paper is to establish the optimum
operating conditions and to compare detector response character-
istics of He-3 and He-4 chambers when they are used for neutron
detection. We used two commercially available cylindrical propor-
tional chambers with a size of 5 cm diameter and 30 cm effective
length for the present study. And we designed and manufactured
polyethylene moderator for He-3 tube. The neutron source used for
this study is Am(241)-Be with activity as 5 Curie. The leakage and
signal currents and gas amplification of these detectors according to
the bias voltage change were measured using high precision
electrometer. To determine the appropriate shaping time for neu-
tron-gamma discrimination, gamma-ray response was measured by
using Co-60, Cs-137, and Co-57 (about 10 micro Curie) sources.
Pulse height distributions were obtained for neutrons, and standard
electronics which consists of a preamplifier, a shaping amplifier,
and a multi-channel analyzer were used. We obtained and com-
pared the pulse height spectra and energy resolution according to
the shaping time. * This work was carried out under the Nuclear
R&D program of the Ministry of Science and Technology (MOST),
Korea, and also supported by the iTRS SRC/ERC program of
MOST/KOSEF.

ZU g SHAE ol &8 IANHBREVY &
AA FEH L NSE & A AF3 T 3A, H Ae(AFES
FAFe) AAFHYTY MC50 Al FEEES] 30 MeV
G2 1S 5 mm FA *Be EH YAAA FU S 47
(white neutron)E Y A|A BC-501A AAHFAZVE =3}
Aok Aepad S92 B PSD B € ol 83 FHA
YR = A7) anode Al ZE TDC A% Alo] S 2 E 29 RF Al
3 TDC ZA Ax= 3t F/44 TOFE &3t 27434

o} ADC 72 YCs Zupd S o] 83t MeVee2 WA 310 H
=233 SR ANyR|o] WE AAPYFHE7 A FEH
= [}

Electron identification by the TRD in ALICE 7}
W, A A, B, B GE, o B8, 8 AN, A IY, 7
(YA 8}z, E2]8}7) The Transition Radiation Detector(TRD)
in ALICE barrel provides necessary hadron rejection to enrich elec-
tron sample. Up to now, a couple of algorithms handling the de-
tector signals have been tried to differentiate electrons from
hadrons. The classical one is the likelihood method on the total de-
posited charge. Further improvements in hadron rejection are ach-
ieved by the Neural-Network (NN) applications. The NN is a pow-
erful tool for pattern recognition. An important limitation is that its
operation mechanism is not known. We overcome the limitation
starting from a simplified simulation and the related physical input

variables. We also transform the output into a new variable follow-
ing Gaussian distribution. To conclude, we developed a NN with
the transparent operation mechanism and output interpretation.
Preliminary hadron rejection factor will be also shown.

g9 AR A&7 e 2 ST o
Za, ol a1, AR, ot B2(Rt gk F2 ek )
AL A7, P A 7F 7] AT AKEK)) A2 G
g AEY Z2IMER g2 A3EF A&V G AR R
AE7E AR A SF4E o) 83M 24 A&7 F 28T
] Aolg Z33 Ak FRAAZ M BN A 75cm DIzl f1x]of
A H2El HBAF AEVY FF247.010.7pe./MeV 0] &
ABAF AE719 BF262.1 £0.5p.e./MeV olth. B2l 3
A AE719 74 2ole254 +dem o) A FAF A&7
7+2] ZolE 157 + 2cm ©]t}. 20073 11€9] Y2 EF o 319
LNS A& o] &3l A B8l A B 7 HE719] vz 23
% 7 Aol ZA ATk AR Bl s 1GeVol A 132 +
0.3% ©] 32 74 Z o] 102 +0.8cm ©| T},

Single-GEM A&7]¢] & 54 48 4 4
2,01 A%, F SE, + eIz &) ) GEM A
18 A A3k, 54 54& A7 3t 3leh Aol o] &< PArdd
O 2EFe55 EALS ALt om, Na72 A9 EH S o] &3}
o] 42719 Cathodest GEM®| ¥t 12] il anodedl] %2 217}
A1A F GEM A&7]= E7 YA S 3mm= A #st L 5
A& Immol| Al 6mm= A2 5t Gl oH, & AT ol A ZpA| A 2
AR 25 St A2g SF 21713, LabViews ©]83tef 4
oJHE FHAUT AH S ool olB AR F A YU &
F A=, T FHol ZojAE £ H= A 7 ST
o o2 Az F A3t AAH O QEZKOR o] FEE &
&S 8 5 AT GEM Fe] A 92 400V~455V7HA] &
A gtgom, o i 0|52 1x10° FEY L A & AU 2
23 EFIGT £ 9 2183 GEM ¥ A9 243
o] GEM9| AAe] S3ol mE Az o] F3t Z To] A9t
SZE WX & Gl o gl AR T

N

AAH) 9% GEM A&719 B3 54 =4
AL, 38 o AT, B SE B AN, F B4, F B
oj stz Ee]ofzk) A A& 7| A A ASE X (GEM)S o] &
3to] AR AT 0.3~2MeV AAES =7 34Tt AL
KAERI®] A& 2 F=3}4=(frequency) 23kHz, bunch width 30ps©]
o, %43l F9=Z 50Hz*670Hz 2 %153} Lissajous figured €l 2
T FU1HoE wEE e AN Y R AEVY A
Z78 EF A E oAz ATT HAA Q) PO
, AR 9 ~2HEF L Lab-Views &3] =73 3tth GEM
2719 ®F(drift), GEM foil, & (induction)d goll 7}3t=
At A A&7 SEgo] DEtAA He, 2 T
A9 dFY FEE BY] YA = 4 GHEE AYAE Fo T
Z 59 W3S g9l &tk V(drift)=300V, V(induction)=200VZ
3173 3k3, V(GEM)S 300Voll A 420V7HA] WA 7|EA 23 3
F3L, GEM foilell 1718t A9 71l WA SE&o] 1A}
71 7kt A £ 5 Atk 2L 4 FE 9 AfAE W)
A7IHA 233 23 =W V(GEM)°] SZgo 2 IS 1)

H, ofN oZ
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X, th& 2 2 V(induction)©] & &
1

H X W, V(drift)= 3-8l
A GBLUNA BHERE S5 9

=
T At

Experiment of Performance Characterization of
Optical Fiber Scintillator Detector by Exposing High Electron
Beam ©| 23, A & F 84, EH7, 9 53, F A, #
F(FA D e, Ea] ) g A) Fa, HEF L T LA oF
W, YAMASFE) BT A BA S FARA ] o 4] A ¢l
A 7129 AR AAE v §-2] B = v 8-S Y
Rom, A&7 B0 2A HA HE o] JhestH, Azt
FAIZE Bolgtthe Aol lth 2 A e EH ISR A4t
BEALE o] &3 A8k 2719 B F A BAE AFES BAA
AME AL, AZE AR AA iR 9 AF{FE T2A
S AR & A A A ZE FARA AA Y 5S B sHh

b2k

oy

Gas Flow3 Portal Monitor 4] 72 94, A 3}
d, 3 F2, 0l 919, o] FA(FFIAH ATFY) 71EY 7I7E
H A3t Gas flowd FESHARAIZE AA S AT A= AAE
FELEZAZIE PIO7EEE ALE S HIHASR S AEY)
ALl A WER S SHE = 9lor AERES E
7] Y3t FLAA 27k aE PR 2R 1172 AENE
AMgEATE 4 AEV|E AXSE7]9} JHH, HolHASE R
50 AP REE THIEE BATAL 4 ZEANA FIA
oFx 2 ZHH HolHE AE3e TR TAHS AEVY
e 9 FARST Lo EE Ytk 2FE AFFE PAA
ZFo 7 Hedly] 93 SaYES WG o EFEHGE ALE
3te] ngo) M =2 AAATE B3 SFALE HEE &
Rom 7| E FR3le 2ZAH 234 RS A 5
£ ZFA3E 715E AA0 B3I P e dolHE A5 9
T U EY QEH | AE WA EE 3dth U2 o] FX=
ETFTLCDE 73 = =2 AA A 7129 FFE& 9%
72871 Aol Ul X3ty RE =E3x] FEE
AA Ak

2

Novel Neutron Spectrometer for neutron energy
measurement at various high field regions & ¥=, DESAI
Shraddha, X E7(3F=-¢/x18 ¢J7+¢) Neutron monitoring is im-
portant for the biological safety of manpower around the reactors as
well as civil area for explosive trafficking detection. We discuss the
development of Neutron energy spectroscopy. We have designed
and developed a novel type of instrument for neutron energy
measurement. A 1-dimensional position sensitive detector with vari-
able moderator thickness over the sensitive length of the detector
and the data is recorded with the charge division readout method. A
compact pulse processing and digital division is carried out using
FPGA. Presently two structures of moderator are used with conical
shape: symmetric and non symmetric. Neutron transmission and
moderation data is simulated using GEANT4 code Detector and
shield response for various monooenergitic and white beams is ob-
tained using neutron sources. Presently 14 MeV DT neutron gen-
erator and AmF point sources are used. Measured data is used for
development of energy transport code and neutron response
function. Finally the data needs to be normalized for source known

energy spectra and strength. We present the details of hardware and
software aspects of present neutron spectrometer

Current-Voltage Characteristic of a Semi-insulating
GaAs Radiation Detector at Variable Operating Temperature
KANG, S. M,, HA, J. H,, PARK, S. H,, KIM, H. S., LEE, J. H.,
LEE, N. H, KIM, Y. K.I(Korea Atomic Energy Research Institute,
Daejon, 305-600, Korea. 'Department of Nuclear Engineering, Hanyang
University, Seoul, 133-791, Korea.) In general, the requirement for a
room temperature operation of a semiconducting material for a ra-
diation detection is a large band gap energy such that the thermal
generation of the signal carriers is kept to a minimum. The band
gap of the GaAs is 1.42 eV and it is sufficiently wide to allow for its
use as a radiation detector at room temperature. The properties of
the GaAs wafer are a 7.58x10” ohm-cm resistivity, a 350 um thick-
ness, and a (100)-oriented type. We prepared 10x10 mm’ samples
by using a semiconductor diamond saw. Prior to a metallization
process, the surfaces of the GaAs wafer were etched by H,SO, and
H;O; solutions and rinsed with de-ionized (DI) water, and the re-
moval of an oxidation layer by a HCI solution was performed.
Metal/semiconductor contacts on the surface were fabricated by us-
ing a thermal evaporator in a high vacuum condition. The proto-
type GaAs detector had circular metal contacts of Ni/Au at each
side and the diameter of a circular contact was 5 mm. The cur-
rent-voltage characteristics of the GaAs semiconductor detector
were measured by using HP parameter analyzer with voltage
sources. We measured the leakage currents at different temperature
conditions and analyzed the temperature dependency.

* Acknowledgments: This work was performed under the long-term
nuclear research and development program sponsored by Ministry
of Science and Technology of Korea, and supported by the
Innovative Technology Center for Radiation Safety(iTRS).

Development of neutron detector with high beam
cross section efficiency and zero dead space for single crystal dif-
fractometer DESAI Shraddha, & 8=, ¥ &1f, ©] Z3|(e+=¢
28 A7) Gas filled detectors with single anode cylindrical and
multiwire rectangular geometries are routinely developed by various
laboratories as per the requirement. Use of high pressure *He gas for
improving efficiency and shielding arrangement put constraints on
the sensitive and overall volume of the detector. We have designed
and developed a high efficiency detector for use at single crystal dif-
fractometer and various constraints were considered during design
to suit the instrument requirements. Instrument has the restriction
of axle movement along with the heavy detector shield and space
utilized in horizontal direction should be minimized. Single Crystal
Diffractometer needs a long time to record the diffraction pattern
and the main requirement of properties is high detection efficiency
at shorter wavelength and the maximum neutron beam cross sec-
tion area. The present detector is based on single anode geometry
and with rectangular shaped cathode structure made up of stainless
steel. This structure results in uniform efficiency over the complete
intercepted beam. Optimal dimension and internal assembly is so
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designed to obtain 95% efficiency at 1 A neutron wavelength.
Completely welded detector helps in high temperature outgasing
and increase life of detector. Anode is made up of 20 p W filament
to reduce the anode bias needed. Further details on detector assem-
bly and characterization results will be presented.

VATA Hybrid Board Design and Test for Silicon
Pixel Array Sensors HYUN H.J., BAE J.B,, KAH D.H., KANG
Heedong, KIM H.J., KIM H.O., KIM Y.I., PARK H.(Kyungpook
National University, Department of Physics.) A prototype of X-ray
imaging detector consists of pixel array sensor and front-end elec-
tronics for signal readout. Pixel sensors are fabricated on high re-
sistivity, <100>-oriented, 380 um-thick and n-type silicon wafer.
The pixel array sensor consists of 4 X 128 matrix pixels and pro-
vides two-dimensional position information. A size of each pixel
sensor is 100 yum X 100 um. For sensor signal readout, VAITA_3
ASIC chip from Gamma Medica-Ideas, Norway is used. The
VAITA_3 ASIC chip provides analog outputs of 128 channels and
a wire-OR'ed trigger output for every event. We present progress on
development of the pixel array sensors and the front-end electronics.

Progress on the Development of CZT strip
Detector PARK Se-Hwan, KIM Han Soo, HA Jang Ho, PARK
Hyung Sik(KAERI) CZT(CdZnTe) AE71= YA I,
Homeland security, 378 Alo] § #okoll X &8 5 = A
AE7|2 FEEA ok FAH] QAL A E FE S 5 A& Strip
d CZT A&7 Mo d=dAEg AT A ¥ Fo|th Mask
pattern *§ 3%} Photolithography™ & ©]-&3t™ CZT strip A&7 5
ARGk AZE A&7+ 10 * 10 mm29] G2 1 mm
pitch 729 AF& /A =S AAHJ thid 25X & 9
3o Hybrid chipg ©] &3t A& ZFZ 325 T34 oA
g A5 A S 99 CAMAC A&/ & T3t 429 Strip A
FolA HAF AT E TR AGEES ATk TEE 8 A&
& o] 8% 60keV AR &3 AAE LRIT

* Acknowledgements: This work has been carried out under the nu-
clear R&D program of the Ministry of Science and Technology
(MOST) of Korea. We are also supported by the iTRS Science
Research Center / Engineering Research Center program of MOST
/ Korea Science and Engineering Foundation.

TR B 2AE FAo] AN E o] &3
A2 ztud AL uf AW, o] G, P 83, ALY, ut Sy
o] AW, o] B, o] HF, o] F(FFEEHFI Y ' FEY
olw, E2]el7) X-A 9 gamma-d AEE AT o] AA
(transition edge sensor: TES)S 7|3l At} AT o] AlA =
FA A A 2AEAT 2= FEAS FH 0] B E o] 83todx-Al
9 gamma-X F00 hE 25 HlE ZPgeH, 71E ke A
Z7)e) v ot Bl AEE S BRIt 2 Aol A A
A= SiNk HEH < 9ol Ti/Au o] 5% WS o] &) JA3}
R, grake] FANE AP FHo] LEE AoEATh
AZGE TESE FA LM 712 B4 23393, Fe 9
HMAm AR Y S 0] 88 x4 gamma-d AE AP L FH
At 2 2R E HgoE 215 o] AN JeF NAEES

(]

=9 Aotk
Luminescence properties of CsI(TI) crystals under
proton irradiation & %, & &4 7 3= 8k guj), 7 €& 4 3
5, A AW, = NF(FEGa o FE A ek PR i)
We investigated the luminescence properties of CsI(Tl) crystals by
using the proton beam from the MC-50 Cyclotron at the Korea
Institute of Radiological and Medical Science (KIRAMS). The lu-
minescence emission spectra of CsI(Tl) crystals exited by 30-MeV
proton beam have two peaks around 400, 550 nm, while the emis-
sion spectra excited by 6-MeV x-ray have a peak around 550 nm
only. The decay time of CsI(Tl) exited by the proton beam is com-
posed two components, which the fast and the slow components are
about 0.6 and 2.5 ps, respectively, but the decay time excited by 661
keV y-ray source is approximately 2 ps. And we examined a relation
between the peaks of emission spectra and the decay time
components.
t©7]% TL/OSL &3 & /g & 3, &
, 2 mlo), o] Y, 3 715, F 25, 0] Y, B AF (T
Ea) ey 9 7| x g7 Gy n Eelusd g 7]
A7 CAFYAG A7) MJAATAZ 282 F 9
&3 RER OSL# TLo| #4 7Hs3t 75 TL/OSL &7
S NS & ATl A e TL/OSL 34 X = o
Y ASFE A F JA=F Ao, 2 F
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The Growth and Scintillation Characteristics of
CsL:CO; single Crystals 3l 417, 2 3], 2t &l 11 35, 4 3
¥, = NE, A FE (G g B g R A TR
o8l ‘A w o 3tiL) We present luminescent and scintillation
characteristics of CsI:COjs single crystals. We grew CsI:CO; single
crystals by using the Czochralski method for different concentration
of CO; from 0.01 to 0.1mole%. The luminescent characteristics
were measured with X-ray and electron beam to study the emission
spectra of the CsI:COs crystals. The scintillation properties of the
CsI:CO; crystals for different concentration of COs such as fluo-
rescence decay time, energy resolution, pulse height spectra, pro-
portionality, relative light output were studied by using various
gamma ray source and an alpha source with a photomultiplier tube
(PMT) at room temperature. The absolute light output of these crys-
tals was also measured with avalanche photo-diode (APD). In par-
ticular, the alpha/beta light ratio and possibility of a pulse shape
discrimination between alpha and gamma quanta using an Am-241
alpha source will be presented.

FAA £ 5 2379 ZHHEZ AR
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Design of a PIN-type Radiation Detector by using
a TCAD KIM Han Soo, PARK Se-Hwan, HA Jang Ho, CHO
Seung Yeon', KIM Chan Gi'(Korea Atomic Energy Research Institute.
IDepan‘ment of Environmental Engineering, Yonsei University.)
PIN-type semiconductor radiation detectors with various structures
have been developed to detect charged particles with a high
sensitivity. In this study, a TCAD (Technology Computer Aided
Design) was incorporated to extract proper parameters such as a
breakdown voltage, a quantum efficiency, and a spectral response

with respect to the designs of structures. The basic structure of the
PIN-type semiconductor radiation detector was a square shape of
silicon with an anode extending across the front surface and a cath-
ode across the bottom. It is a uniformly doped N-type at 1.0el4,
with heavily doped P+ and N- regions at the front and back surfaces
respectively. Guard electrode locations and doping concentrations
are the main considerations in this study.

*ACKNOWLEDGMENTS This work has been carried out under
the nuclear R&D program of the Ministry of Science and
Technology (MOST) and under the Eco-technopia 21 project of the
Ministry of Environment (ME) of Korea. And we are also sup-
ported by the BK21 program of Korea Research Foundation (KRF).

GEME o] &3 AL 33 & 7F&3A &7
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Electron Multiplier)& ©]-&3] A 238 ddAld A& &
AZstGeh A A E A3 readout 3|2 I DAQ TEIH L
NS 21 Fe-558 o] &3 A&7 548 AT A&
719} readout 3] 2 Ato]of ARESE AR A7V Al ol 5 g A
EY9 B 5ol v]X&= G AR T 10~133 pF Alo] 9]
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What a physical concept is most important? \
Complex network analysis of the general physics concepts 7
AF, o] A(Fu Y s, 2] 2537) We apply com-
plex network analysis to the general physics concepts to study
the importanceof the physical concepts and the relevance be-
tween the physical concepts. We construct the physical con-
cepts network in which we consider the physical concepts as
nodes and survey the importance of the physical concepts
measuring the degree and the betweenness centrality of the
physical concepts. The relevance between the physical concepts
is studied defining the weight based on the shortest path
length between two physical concepts. Also we measure the
other quantities which describe the topological properties of the
network and survey the scale-free property, small-world prop-
erty, hierarchical structure, and cyclic structure of the physical
concepts network.
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Non-autonomous motions of a wind vane &= =
g, W AWENKAIST, E&]eF7}. 'KAIST, FGA25d74.)
Since a wind vane is designed to indicate the direction of a wind
which generally varies with time, it is necessary to analyze its
non-autonomous motions. Although a real wind may blow in vari-
ous complicated ways, for simplicity in the dynamical analysis we
treat three cases of time-dependent wind: (i) sinusoidal oscillation of
wind speed, (ii) sinusoidal oscillation of wind direction, and (iii)
uniform rotation of wind direction. In order to analyze these cases
analytically, we try to apply the averaging theorem and the two-tim-
ing method used in the nonlinear dynamics. From the analytical
calculations, the existence, stability and bifurcation of periodic sol-
utions are investigated for the first two cases that the speed and the
direction of wind oscillate sinusoidally. Finally, we study the rela-
tionship between the wind vane performance and the wind proper-
ties for the last case of uniformly rotating wind. *This work was
supported by the URP Program of KAIST (2007).
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Aus e I FWel 632.8 nm He-Ne lasers YA
FAREY deg Ayid 9N zuggdos 72 ARIv
As B3t FA HolAE YARZ d 2349 IJEF
H digo] v HA o2 Yeidth JHFY ENS F3oz
st ZHATE etk 28 AHAFE ol &3t oA
AY ZHAEH} AFEE A4S B 2 AT A
59 FR(E, A&, oMAE, JAEdFEYF 20~49%) 9 4
3, 2% 59 HlE AT g EXE A Sk

Measurement of the frequency and temperature de-
pendence of the speed of sound in air by using the Lissajous curves
2 AY, & 23", 2 A, @ A\ (G| 2 E, HFIH 2T
¢, 817323k )  We have designed a simple apparatus to
measure the frequency and the temperature dependence of the
speed of sound in air by using the Lissajous Curve for under-
graduate laboratory. The speed of sound was measured in air by us-
ing the Lissajous curves and the value, 344.3 m/s was good agree-
ment with theory under the condition of temperature, 20.4 C.
There was no frequency dependence between the frequencies, 0.4 ~
2.0 kHz but temperature dependence of the speed of sound in air.
This experimental activity would be a helpful learning materials for
in-depth understanding concepts of superposition and propagation

of sound waves for scientifically gifted students and undergraduate
students.
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Some Open Problems of Higher Dimensional
Black Holes 7 4 (Z<Hf 8L £2]8}7) Recently higher di-
mensional Kerr-(A)dS black holes have been found by Gibbons, Lu,
Page and Pope and Kerr-(A)dS black holes with NUT charges by
Chen, Lu and Pope. The geometry of these spacetimes possesses
many interesting properties such as Killing vectors, Killing-Yano
tensors and conformal Killing-Yano tensors, which are related with
integrability of geodesic motion, Klein-Gordon equation and Dirac
equation. In this poster I present some open problems of higher di-
mensional black holes, which will challenge the next decade or so.

Monte-Carlo Study For Telescope Array
Experiment & %, 8 9%, 2 94, 3 94", 4 48!, &4

2 u A F FW, B, o AA 9 AP 7 55, 7

A3, =g, W a7 2 g 2 AR A 2R = 2384y
Ao 8z, 12k SFa, 2o) spod Apf o ar, O P Spar, { gy o}
22) The Telescope Array (TA) experiment has three fluorescence
telescopes and 576 ground detectors to observe cosmic rays with en-
ergies of 10"19eV or more. We study the air shower production and
detection with Monte-Carlo (MC) simulation in which we consider
the effects of both the surface detectors(SD) and the fluorescence de-
tectors(FD). In this presentation, we will report the current status of
MC study for the TA experiment.

2007 January Flare of Cygnus X-3 KIM
Soon-Wook(Korea Astronomy and Space Science Institute) We pres-
ent flux measurements of a transient X-ray binary Cygnus X-3,
with Very Long Baseline Interferometry Exploration of Radio
Astrometry. The observations were carried out during January
2007. At the time of observations, Cygnus X-3 was on its mid-decay
phase, and revealed possible jet-like features.

22 GHz Observations of Expanding Maser
Features in Star-Forming Region KIM Jeong-Sook, KIM
Soon-Wook(Kyunghee University, Department of Astronomy and Space
Science.) A representative star-forming region W75N was observed
with Japanese VLBI facility. We present the 22 GHz water maser
features observed in 2007. The motions of water maser spots were
isotropic for a half year. We discuss the expanding nature of the
spots.
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