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SUMMARY

I . Project Title : High-resolution Nuclear Spectroscopy using a Cyclotron
It. Objective and Importance of the Project

The present proposal has two-fold objectives of producing world-class nuclear data
and establishing the nuclear spectroscopic technology through conducting the
high—resolution nuclear spectroscopic researches based on a cyclotron accelerator which
is currently operated by Korea Cancer Center Hospital (KCCH) for medical purposes. To
do so, we shall complete our on-going work of building a dedicated gamma-ray
beamline at the KCCH cyclotron and perform a world-class gamma-ray spectroscopy
using the high-resolution Compton-suppressed detector. In addition, we plan to develop
a telescopic counter for detecting charged particles such as protons and alpha particles.
It is also of vital importance in the present project to identify the application area using
pulsed beam and delayed spectroscopy as well as to open up a new research
opportunity in the research and development of radioactive nuclear beam within
international cooperation with E-arena of the Japan Hadron Facility project.

In order to optimize utilization of the cyclotron for basic and applied researches,
specific research areas are addressed as follows - nuclear structure research using the
alpha-induced  (a,xny) reactions, hyperfine interaction using isomers, in-beam
magnetism study based on the recoil-implantation by pulsed beam, radiation damage
study of novel semiconductors and solar cells under space environments, and finally
ground calibration of the high—energy particle telescope on board the KITSAT-3 satellite.

As the long-ranged goal, we intend to firmly establish an infrastructure for our own
domestic nuclear physics facility and to bring about world-class research outcome with
creative application area being identified. For the future study, we also plan to initiate a
conceptual design and feasibility study of the next-generation radioactive nuclear beam
physics while broadening the accelerator-based application areas in a close tie with
industries and national laboratories.

_iv.—



ll. Scope and Contents of the Project

The scope and contents of the present project are categorized into four different
reseach areas. First, we shall complete the dedicated gamma-ray beamline as building
up an infrastructure for the high-resolution nuclear spectroscopy researches and
establish a research facility to conduct gamma-gamma coincidence counting experiment.
Second, we plan to improve our operational capability of the cyclotron for the extraction
and acceleration of protons and alphas, and to start a conceptual design work for the
electron cyclotron resonance (ECR) source which becomes increasingly popular a
heavy-ion source for the production of both stable and radioactive species. Third, we
design to faciltate automated operation of the cyclotron through interfacing the
electronic control board. Finally, we develop the 4E—E telescope counter for the
detection of charged particles and conduct the cross section measurements of various
nuclear reactions as well as the ground calibration of proton telescope counter on board
the KITSAT-3 satellite prior to its launch.

IV. Results of the Proposal

The research results obtained during the one year period of the present project are
summarized as follows.

1. The dedicated beamline for the gamma-ray spectroscopy has been completed at
the KCCH cyclotron and several in-beam gamma-ray experiments have been
conducted. The preliminary results were reported at the Korean Physical Society meeting
in April 1998. The title of the submitted paper was “The first in~beam y-ray coincidence
spectroscopy in Korea using by '®'1%12gn(qon 4)1181212T raantions” (Bulletin of the
Korean Physical Society, Vol.16, No.1, p.46, 1998. 4.)

2. We are currently in the process of settting up a high-resolution
Compton-suppressed gamma-ray detection system which is composed of a BGO
Compton suppressor and a high-purity germanium semiconductor detector. This system
will enter into its first operation soon after the associated electronics and support
structure are completed. As a part of the international collaboration research, we
performed high-spin nuclear structure study of nuclei near mass region of 100. A



research result has been published under the title of “Strongly coupled rotational bands
in "°Sb” (Physical Review C, Vol.58, No.3 pp.1833-1836, 1998. 9.). Another result was
reported at International Nuclear Physics Conference 1999, held in France under the title
of "Shape Coexistence at High-spin States in Te Isotopes” (International Nuclear
Physics Conference, INPC'98, Paris, France, p.387, 1998. 8.).

3. For the detection of charged particles emitted from nuclear reactions, a 4E — E
telescope counter was developed, which consists of a thin silicon semiconductor
detector as a 4E counter and a 1-inch Csl(Tl) scintilator as an E counter. We
performed nuclear cross section measurements for various reactions and reported two
resuits in the Korean Physical Society meetings: “The measurements of the outgoing
particle induced by the 50-MeV proton beam at MC-50 cyclotron” (Bulletin of the
Korean Physical Society, Vol.16, No.1, p. 46, 1998. 4.); “Molecular lon Beam Extraction
from KCCH MC-50 Cyclotron” (Bulletin of the Korean Physical Society, Vol.16, No.2,
p.296, 1998. 10.).

4. As an initial step toward the development of radioactive nuclear beam, we have
collaborated with the KEK Tanashi group, also known as JHF E-arena, on the design
of the ECR ion source as a part of the international cooperative reserach for the
development and utilization of radioactive nuclear beam. The research results were
reported at two domestic conferences and at an international conference: “The Compact
ECR lon Source for Charge Breeding” (Bulletin of the Korean Physical Society, Vol.16,
No.2, p.291, 1998. 10.); “Study on the ECR ion source” (AMS Korea ‘98 International
Symposium, Inter-University Center for Natural Science Faciliies, Seoul National
University, 1998. 10.); “Design of a Compact ECR lon Source with Ku Band” (Particle
Accelerator Conference, PAC'99, New York, USA, 1999, 3))

In addition, the (a,xny) nuclear reaction has been applied to the ground calibration

of a high-energy particle telescope onboard KITSAT-3 in liaison with KAIST. Its
research result will be reported in the second half of the year 1999.

...Vi-.



V. Plan for Utilizing the Project Results’

We are planning to fully utilize the dedicated beamline for gamma-ray spectroscopy
and the Compton-suppressed gamma-ray detection system that is being presently
installed at the cyclotron of Korea Cancer Center Hospital. Two maijor research goals
are targeted toward the nuclear structure study of various nuclei near mass region of
150 and the hyperfine interaction study using isomers. Following the first-year research
outcome of having mainly established the infrastructure for gamma-ray spectroscopy, the
world—class nuclear structure study is hoped to carry out in the second year. A portion
of research works proposed by the principle investigator for the Korea-Japan
cooperative reserach (funded by Korea Science and Engineering Foundation, from July
1998 to June 2000) will be also carried out by using this facility.

We also hope to continue the research and development on radioactive nuclear
beam in view of its world-wide popularity in nuclear physics. The preliminary design of
the ECR ion source with the microwave ranging 2 - 10 GHz has been made for the
simulation of its magentic field mapping and future design for the transport of microwave
will be made. Our ECR ion source of volume type has novel property that the transfer
efficiency of microwave is optimized compared to other conventional type.

- vii -
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dFeo] HHAE Hod S EAAS Z& A ¢ FHA FY dF YL
7beA she ATV 0dWl B9 EFZCE AzEI . 0B g dFE Folew
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o] AN ZH HFE AAEY A|EREE 7FETA At - Hal
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@ H5UT ojeue) Fhgel JF Az L 2uALEGE AT
@ nAF &y, oled A% $3 DAY AAU A&7 Bste) wa

AR ?J_i]"%’:l" FEAE EH Y YALAIA Spallation FAAL L] A3t g7
Fragmentation 2-& ISOL ®ale] 9o]&te] WAl FHE TAAF = AANAEY w8
o] A Xy Folt}y 40 MeVolA 3 GeVel o]2E YAHAYE o] &3 BfAlsazy)
ATFANALL & [E 2]9) 250 Qi)

[ 2] S HAeHER Alde %

Prim beam zZ2HAET
ag | 2| avas e |
S Al ZAE A]EEZEE V&5
- m] = 2a”gAATA 60 MeV Alo|Z2EE  |"HRIBF” 7}%%
o} 5 o2 T4 A 7t&7) R&D &7
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4 CERN 1 GeV $4#7147| “ISOLDE"7} %
. %9 GSI Ao 2REE N
Rk RAR P GANIL Alo| EREE "SPIRAL"7} 5%
Wl 7] o Louvain AlO| S REE NER
gqe RIKEN PArlo| 2 REE “RIBF"7}5 %
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A3 E edpduss Ug o A
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AA4AWY A FREE JEvll A FU pEA Asdely 4x @
2UQoH, ol olgate] W kA BA] ¥ FAAS 4¥E S
53, Ay Fehd 2R A7 488 IHWE A2sE wFo] AFHYow, 4
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A SAAT AYE A HPATFRA NIAETAY £3 Aust ¥ A U=
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in-beam y-ray coincidence spectroscopy in Korea using by 116'”8'120Sn((1,2n 7)
HBI2012 e reactions” (F+FE 283 3K Voll6, No.l, pd6, 1998. 4) =24 2oz 3
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Hgo] MAHUTY [1F 112 A AAHHY AO|E2EE 71479 Welqle By
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ARG AZF, FAAFE A% AAINZY TR FHAD AAQ o] A7
AgdtE AolE FAF Solvt. EHFL F/4 2 mm, AE 50 mme ¢FnF
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HolA o] e Aoz AAHUY JAFPEE Fdoxzt AA=Eo] gom
Rotary®d HZE A}8315th Roughing X Fo] Aolx® Alo|EFEEE 7147 Wgol
& Adsts WEHE do] nXF 7t FAHEES 39t BE7)% Canberrad) Al
Az ¢k AZvs ZE7]ZA Portabled o)™ AZvtE AA9 mz|:= 3 x 37
olh, Ezbgel Aoz st & HEVE WHel Ul PR sxoz Y
on b HEVIE FHYLE HolE fd FAAZE At EHHI HE) Alo)
o Age 15 cm7t HEE gk YL ARG F4 ("Sn)e oLy,
AZgs 1165-E 1220] ol2& gk ZAHE 71X ot 83 = 4 711
24, AHYE 9 mg/ecm®$} 15 mg/cm’E rollingdte] THE self-supporting & Bl 9k 2
mm FA9 ol & 2 mg/em®e] WHYUEE ZEE Zastd WHEJL. o] A 71X
FA o] AdoHl g ALY ZF 2HEYH S £4389 ¥ AF self-supporting E’i'lﬁ-‘]
o] TG AET HAH ¥ ARG 2HEYS Hojd ol FH3 Ao ¥
&o] E¢Eo] THE ALE FHHA, o duUxEdL 7Hetstd “\“‘17-‘1‘3’457} s
9 mg/em® B8-S AFo] L&A

o

—

2) 3AAe AAZE T3 CAMAC HolE FA A2

y—y FEAATE -r]f{ A3 2ol FAL fast-slow coincidence A& X2 4o
S E Aoln Mg A2 FA4L (a9 2]d JEY A9 AzZey A3 =
g 3" 9quyx /}lif Amplifier2 Y=, Amplifiere] Unipolar &38&
Analog-to-Digital Converter (ADC)Z ¢gHo] duA 2geEge sz ot}
Amplifier®] Bipolar A&+ Timing Single Channel Analyzer (TSCA)Z &5
TSCA 9] Logic 3413+ slow coincidence® €3 A|7H3 A& 2 o) &3t} A=zul
# HE7I2RE EY5HE U& ASE fast AlIZHY A3 2 Timing Filter Amplifier
(TFA)9}t Constant Fraction Discriminator (CFD)E AX eventEd ZAIA = »n
o F+ Time-to-Amplitude Converter (TAC)2.2 YA} F ey A&7z HE &
HEE fast Al A3 e 747 TACH start9)d stop AZE o] EH slow A7HE
AZ e TSCAANA A=, Hau2]& Crossoverg! ¥, fast A|7td AN &= CFD
4 Mg ==dl o] Constant Fractiono] 23 ¥ajo)t} TACY range= 200 nsZ
A3t om, start 21359 stop AZol 28t DA eventES FAIY ZXE 9n
e 83 e ADCY Az 2¥EZOR o]&Ht) WM, d1te event: Al 7l
o word®2 FAHW, olv F U HEVIZFEH A" F A9 ouyA Nz E A
£712t8] FAE BEE HAFE YUY A A3 E o]FoR) TACY ® u&
%4 4139 SCA Logic A1&F fast coincidenced 913 A|7H3 A5 2 o)L= %
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el HE7|28E Mad F 719 slow coincidence logic A& 9} o] fast coincidence
logic 41% 3= Universal Coincidence® ¢ & ¥]o] 3-fold coincidence Z#d o2 &¥ gt}
FHE A3 YT Trigger AE2A ADCE TFA7]E gate 2132 o|Lgt} o
o8] £AH A" CAMACe vlg3dk AAIZE vlojg 7]E% 42l event-by-event X
=24 LeCroy 2249W ADCE ol&38lod F 719 oluix] M5e & 79 A7 A5 &
71Z% . CAMAC Alo]= Crate Controller®} Personal Computer?tS interfacedt:
PC-004 7122 Agdrt, & Ao e £ 29 5% FA eventE 26417+ 29t 712
o, Trigger A3+ FAHLeE 23 35 /M4

(3) &atiio] o g F&7) A& RA

Aol 83 dgyle duAE 22 MeVolH, o] Alo|EZEE Tyzys
1769 MHzel 93t 0& 2 7}4¥Ev). Quadrupole magnetd] &3t H&w oduiw)
< A& 5 mm ol FAHoE FAR XFE HEAogA dolxE= oA 4] o)
ol Hlgt thah "Ry, & AP AP S8 ALY £ UE Aoz HoR
ot ALOs 7H58 ¢F2 MylarZtel 48 ¢uplle 93t H3sE W CCD Awet
2 REA doe H&ES A=A €9y e AFE Faraday cupolA =5 Qo
m oF 10 nA °|8tE FAAF HEV|Y AuA g 5&E& BAEY] 95t T
Al ®Co, ¥'Cs, ¥Ba EEHAALE 47 9 @07 Uz APEyS sz
o SHEHAT F HEVE A7bAYe]l 47 28 kVe 40 kVE 207} Y2 7
E 582 ofF v AL2E AWHAY. F AEVY AdFH HE: g8L 7AvA
oifzlell e FF=2A Fittingstd o™ 2 A3 [29 3l vehy o

3. 94727
(1) 116.118.1208n(a,2n 7) 118'120’122Te ﬂ] Eﬂ_%g‘ %_/\] 7_1]_/;: _}_\_sglg_%j

o]+ LinuxAolA A85+E RADWARE B4 3= [16]9] GF2 Zz 138 o
|3t YT TAC 29EHA 60 nselfol FAATE eventE S sortdled
AAFANAF AlAe 2 dHoen o] AlZkgtel E£3dd SAFTAASF AldL =9l flat
% JdEe TYH ATEY 60 nsol dMFEHE AHAE Wk olF A do 1
coincidence matrix¥ 4096 x 4096 A9 ZL7]elw, F HE7|Y vz BEAEL
A gtFo] AR YERLE ZHEE AT GF2E FAF ZekA
A8t gateE Ao} & YR Fog FYsto Ak 2HEYE WwEY. o] wf, &
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E el g% uiAAFE AARY [27 4= "Sn(exn)Te kLo st A
AE EE #Avtd FAIAS 2¥9ER, & Total projection spectrume Ko 33 9o
B F2 PTes} PTed] &3 zulio) 7b4 7stA Vebdth E3 beamline 34 o
&% APEE Yol Activity vk GAl Yeldo ™Spole ®5pe) 32.49%,
%Snol 24.3%, °Snol 14.6%7F ol glemz, MTe, PTes}t PTeo] (g2n)el 9
ko] 71g ®ol AAET @99 AN AN (an)H (23n)Q WLTUEHL
(g2n)e] vsted AiH o g oty EF AFFE NAE Te FA9429 AL 4y
Hoz At [1¥ 5l Sn(a2n)Te urgol st M4 P PTe 39| 564, 617,
569, 918 keV Pl & gateR &t dojy 2HMEYo] Ve gl

AFF7} B4 Te YA AFZE Shell o2 M, T e %A
A7V mdsy, AEE ARSI FARAEL vdsy, ven vhne 59 AEE AX3HA @
A 2t AUAEHE JEFHA IF97)el g3 Ao, Tex ATHA o719 w9
AeFo] FEIE YEAY otk wmatA, 47 JUXNZIE FBHA B9
2-phonon’d Bl ¢} F YAHAY @A 7|7t EFE FHZ FE £ vk e,
67 nlgy)? 2(dsyQgrp) T &FT GYUA 7|2 ol o]F A sE =7
2 whofe] 6" e}l 3-phonon FAFS 7] g Aol F& wf, o= F He %
A2 dAA v 4EE EFEC AS AR FAHED, £33 durHA WEA
7F BHE o) E2 Mol &7 vudtd, giad] Fiue A [17]9 A8 (29 6]
de AFF7E FFY Te FALE oA FHASF N @E oux|F9o9)
Systematics& EQ H2E, 479 2%9 JqUAFEHNY W, & EUNEQHY Fol
U8Te, PTe, ®Teo] st Z+zk 199, 207, 209 9& & 4 gt} o e LAE
EA7|o] o3t o|&X|Q 29 A3 ZHE AYS EAd 28y, Ade BE)
S AEd 38 UFAQ7] Aue A7) A4 dAdEHE o|&Ad o stss
4 F ded, Tedo] FAZ JFAEn 7HF37] Brhe vigAdert oi wdyg A
d& = Fu (18], Total Routhian Surfaceo] 93§ ANAINE oj& HARHsn 9
o, oo i AAE Aie T =Eo2 AL dHFo|t}
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(2) FZEAAE Hrtd £37]

BGO FEZEQAE HAAS 1&® AZrty A28 HLsls uiss 2zs
AAE ZAetd E3719 AXFAPol MY Fol Jon, #d AR T 2y
71€ AAs7] 98 FxREol AFEo RUt o Eolz dF ol wE Jxw
o FTFATE T8 FFF 100999 12aH Y72 B ATE Syt AP
A3} “Strongly coupled rotational bands in 'Sbh” (Physical Review C, Vol58,
No3 pp.1833-1836, 1998. 9.) =EAELE AAMHJLH, Zg2o A MAE =A 8
=¥ =3 9o]M “"Shape Coexistence at High-spin States in Te Isotopes”
(International Nuclear Physics Conference, INPC'98, Paris, France, p.387, 1998. 8.)
EEAELRE BRI

FEEAIA g FA ATEE FASE #Arkd ERshe |0 URE 2y
e, ole HAAHQA 7le B AT Y3y HEVE 23 oML A=
dte YR AFAE AEV] FHo E8 Fx A wE ARAzE gy s=
H o WAl Yo RE WEHE ZeAY duAe EAFHOZ 10 keVolA 5
MeVel ol2w o] o] Zupde] diste] Fab Abge] 3 wWiAASE g 104
AE7A Y F AeH & FAATEY 2&¢ 238 v g$y), 2xEia
o olate] ATE A A¥Hoz AFHI wWEY HFY wels Agygdo
2 ZAY F e A HIVE ol &HVIE Bk 80d Y o) F Fo)esl& 9 5
AAA AFEAMZY 712 AR PQdo] A FA9Y 2wy Y1zE w73t
He AER FZEAAY ZArtadd HdE7ie 80dd F9RE Fu] 3o AQYHom
ATFALA Fagct o2l e AR FHoE JEFHQ yaAZzAL
M 2REY Y EA7 Hx2 LAY, 0T AFF Jddi FEE Bk
HF 2L BHo] o] FofH girh EZ, NEF FHAAIEY ) wox] Fo] 27}
718 ol 88 WAITHIT Y WP R 7)€Y FAGYe] FAHT, S BAA
doll thek 715 AAESS ITF7) 2147 o] GatA 18" Ao},

b, S8 7153 s S48 FXEAAY A&7 U 299 A
g o) 8E FAFTETATN WALz J&Esd gt 2, I Medd 22 1
H 2 BGO-Ge FLZEJAY HEVI7F =HHA FYollA] SUsA Aukgo] o3t
Aot 233 YT F e AP DY Al EREEIE I Zrld AL
Ng e doe) g nRdE I+ € Yxg A7V A" Ao, ®
3 AR TYE A FAA FENESATE Yl AXEdTA s a4
YRR FF HEVF 2YE dFo vk 2y, o] Fofe U ARATAH
71Wko] o}A = FHokslw, AlMWHe] lolA MR vlate] diwrs] Gobdk AFgo)n)

A

o

(¢4

..18..



53], €7 434 14 OdxEriEe B8 2G0T RE A ARG Aol
ool ¥ R AAHAYD VaxHAgEobIMY fapT B D WAMBE S
SEHGNM Y Fort Fo8 HFY Aom AP ol gt AYrwr AL W
FHo2 274 Aotk [2¥ 7dEe FTEAAEL ki BRrle A= Jey
Sed [2% 8lde YU AU/l 528 M3 $9 FEZEQAL Fupd 2
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A2 A BLAZT) AT gRIURF 54

B

1. 18

gF2 Si WME=A HEVE4E, 10A Csl HAFAE EHAEVE = 233y
4E —E S-S BAAZ7E AFse dNgdddy A AFE $£3590 o
FAAS7IE o] &3kl 1999 AL oA T $HE3T YAHE B
& AF719 sud nelA A FE7] HEPDY AAEA A¥L 8389
ool AEE e 2 HIUE AEVIE 2HI FLAEVIEAN AT A7) F
28 e AR, AR, 49 T AYA fluxE A8, o) § 319 AYAE
o ALY HE"F e #2E ZUESA A 4E -E ALY LA =)
o dE A Zled HEe F dTEFGEAM BuE F #He =E “The
measurements of the outgoing particle induced by the 50-MeV proton beam at
MC-50 cyclotron” (3t=5& 2|88 3 x, Voll6, No.l, p. 46, 1998. 4.); “Molecular Ion
Beam Extraction from KCCH MC-50 Cyclotron” (3=&#83] 3 ¥, Voll6, No2
p.296, 1998. 10)& x3t7] wigt™, § BIXNdME F2 nouvx] S A&7
(HEPT)S A4EA A A& W&E uF7 & A,

2. A7 &
(1) 2l YA FEA HE7) (HEPT)

$2d 139 A#HW CPE (Cosmic Particle Experiment)s $JA A WA LET
spectrume A3 ALE ORZREE $F nduyx &4 1HHA Huute o
< 4 o 84 334 gA=E+E HEPTE particle telescopeg A3 QAa}sle
ARt =g 22° E A T3, telescoped FIY ol moUA FAYAE A%
Aoz widd 479 Surface-barrier Silicon Detector(SSD1, SSD2, SSD3 2 SSD4)
& FH}EE AHE 9. o HEVIE vF9 CRRES Al g@aAxo] 2AA
A=A 1 - 100 MeV W] XA4E &H3E Protel [19]3 FAM3 Fejolt), s4AYxt
Eo] SSDI1, SSD2, SSD3 % SSD4 of A@she e o8 Yehe M58 =g
st JALE At FH UAE WEIFEE YT £ U AL FAE
7] #3) 4739 sensorAlelolE 0.3 mFAL &Fv¥E (ADH 0.3 mn, 1.0 mFA < +
2 (Cw%Y BFE AYstd YAalste YAEo| 7 silicon detectore] HEsE oy
A (stopping power)7t +HE F UEF A&t SSDI, SSD2, SSD3 ¥ SSD49)
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= 42 Charge Sensitive Amplifier (CSA)9} discriminator® dZste] Ews 270
e Ao FH AR HHE BEe datad 7 EHEE G Ao}

(2) 4E —E QA BLAZ7)1E o] 43 HEPTY A4 BAAY

AAHP UG A SREE THE7]0A AEHE 35 MeV SRS o] 43t 70
pm TS Mylarg EH Y22 8] HEPTY A4 2APHL £33 9. HEPT:
T MeV9 oy bingtell o1& AU A&UE FHse HE2v|o)mz oy
A 2HEYE & & F e A&V g3td dddez vad gest o 5 o
Tl °l6¥ 4E —ESAYA FLASIE FA 150um Si MEA AEVE sEE
8kl 25 cm x 3 cm CsITD H#AE7E EE 8o 2" Aot} Si = A=
71% EG&G Ortec TB-015-050-150 S92 150 V| A7bate] Aal®, Cs(TI) A
#7%719) PMTE HAMMATSU H3600 924 -1000 V¢ Azbdtel @aidh
Mylar 84 & g9 F28 FAH e Evog § AFdA 7153 g
< "CEX)% HpX)2M, X& a4, vgy, 221 &g il ey £z
FEA, FTEA, HFERA Tol FE BHAE Zu YHPY =2F Mylar EHL W
Ao Fd B4 AFE AT F (window)o2E 451 #nrgA BAHE=
StAAAY] HEL B7] FoA olFo Atk 4 MeVe 78 dAga=e 27
FolA AR Edo] Reon, iz BAHA o &4 1t Mylar Eg 7
271748 A"e 143 cmZ 8H, 4E —-E 343 B9AZ7)9 HEPTE W& o
std 43 A HA 4=, F conjugate angled] X EE gt 243} T3 F
HE71EY dFde TLF AEY ApertureE 7} Collimator® H-23tgeh. [
10]9] 4E —E AR FAAS71E o]4% HEPT BAHAYS Fx Ma=rs e
U Atk

ol

(3) HEPT BEA A8 AAIE FA

4E counter?} trigger®= & eventy BA &g Aolgt 477 wEo RANY
A& EE JE-E BAAEZ7Y AAIFE FAHL slow-slow coincidence setupe A&
3tk HEPT RAAHESY AAZNZ FAHAEE [29 11]d Jeht itk 4E counter?)
100 MHz discriminator®] 4l& el 3% delay time®] FYAHA coincidence gate
signale] A =3, CsI(TI) counterol A9 timing single channel analyzer (TSCA)o
9%t signal’= universal coincidence ¥ ¥ 3 ¥t} universal coincidenced] ¥ 3)A]
7t (resolving time)2 LAZAFIS-ZE F 99 timingg HWA HZFH A7tog g
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Proton Beam ( E, = 35 MeV)

C -1
l'l‘\ ‘
i'\\ Mylar (70 m )
AN
N
' \\\
| 1433 m Al foil (~1 m)
i Si (EG&G ORTEC,
. TB-015-050+150,
! 150 m,Bias 150 V)
! Csl —\
% (25cmX 3cm)
i
v PMT
( HAMMATSU H3690 -03,
_ Bias ~1000 V )
Si (150 m )

[0lE=F=== e — =
LR I :

1

Degrader

(Al , Cu)

29 10. 4E —E 38R #UASZ7E o] 88 HEPT RALHY FA ALE
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39 11 HEPT B4 A2 FAHE,

B | Pre-amp Amp Delay Amp || Invert
Time 100 Gate&
Pick I MHz iPelay [ Gate
OFF Disc. | [Gen. . Gen.
Univ
Coinc.
Bipolar
Amp TSCA Veto
|
Unipolar Gate
Gen.
Delay Amp Invert Attenuator

- 26 -

A0
A1
Gate
Cont
ADC roller
Lecroy DSP
22598 6001
CAMAG CRATE




%z 4E counterd] A3¢t E A3E 47 CAMAC A&99] analog-to-digital
converter (ADC)¢] sub-address A0+ Alel AAZch stAYAFel 3 4E triggerd
3.9 CsITD counterdl] YAt ofx} Zeldel 213k E timingA 39 £d ZAALA
(Accidental coincidence events)S 7] 931X E spectrum ¢] threshold level& 10
MeV oj¥eg . F Ax g9 Ed YIH A7E FZ9  event:
event-by-event® 7] &Xo°] DSP-6001 crate controllere]l o&)A g = o]
DSP-PC004 interface card& %3 Personal Computerd]l #AA®t} o] AA systeme
137} slot®] LeCroy mini CAMAC systemo]t}.

3. 4723

AEE AL 30, 50, T0=ANA o] Fged, CpX)9 HpX)e aAukgos A4
AYe TFRYozFE WHEHE Ao FAYRAY duXE ANIHY 79
dE —E AR BhASZ7 Y duA mAE stged, Aage) duz &4 w3
A AT s gdEoA] o]lFo3l ARE EHLE quUA BAY ANIEE 757
A% FHAA FPHALH, HEY EFLFY AdAe g 248 Fusly) 9
Rol7l= 8ttt 4E-E dAAA TdAZV9 57 dEe otdo] vehd ure} Zo]
Bethe formuladl oj3jA AT & Y& o, AFo] M oA energy’t EQ vl
2 JAte] 7 $-¢l Bethe formula: olgig} 2o] & & Yr},

dE _ 2
E de =kMz

o o, k9] gL UA|d Qi ZF W FFO|BE 4E BEAAN ZHS JE/ax
g} CsITD counterel &34 &3 energy loss ES A YAtste bl Ak
M3 AT 28 & F Yo o] g FHA 4AE FHE £ Ut [29 12
de 5 AN 389 Hole FAYAEY E£XJF YeEY Aot SR, FEA,
TSR T & GEF UAE 71 Aol HYAEe & EEHo Ues
2 F drh [2¥ 13]& FAEAS FEAE AUA £ EF 593t dojn d
AHA 2" EHo|th [0 U4l FAATE EZF0 59319 doj dx938Q ~
HEYo g BANTH F4A, & CHXANN X=p FL p'o sHFsts Rolgh, &
de F49 AAZE Eol7] sty FAANY AHERYHS o|&3sle HEPTY RBA
232 EAsgth. HEPTY oluvAl bindl t-&3es $¥A4A duxA F+7¢ 4A359
o] #7F ¢tol] A= YA Ae] CountsE B3] Rty

- 27 -



a8 12, 4E —E 239 Sz 2HEH,
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Counts

Counts

Counts

10k
1k
100

10

1k

100

10

100

10

‘ L I T l T
Target : Mylar ( C,oHgO,

O = 30°

. i

Beam : Proton
Ep :35MeV
| . 1 \
| ' [ }
§ R i , I
' 1 l 11 l

Al
k
Wb
[

10 20 30
Energy [MeV]

a9 13, AR, TR 29ER.

- 20 -

40

RN EIT AR RTIT!

50



100k —

10k 0\4p = 30°

1k 3,

Counts

100 |
10 | 4

800 F ]

600 |-

Counts

400

200 |

200

Counts

100

Energy [MeV]

29 14 B R HRRLY FYA 2HET,
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A3 A BAFHFTHUY AFMLE 93 ECR o249 A7
1. e

1960 =3k Set=ot 3 ATE 93 R. Geller®t H. Postmaol ]3] =)ot
AApo] 22 EEF T (Electron Cyclotron Resonance, ©]3 ECR)S o] £3% ECR o]-&
o] %, B2 FHstEokol A Aol FAHAULH, 3 trlo]Lg wg a&How
A SR 3 A 2 AETY, EUEF, A8FE SoA 22 ug A
AFL U vrte] S WEJUYI] 93 F8F 2AERZE HA9 WAxel &
=, 2glx Eg&vte] 7FE (confinement)AlZF 5o Ut 7189 ECR o] LYok,
Z471W 2] (magnetic mirror)?} EEXAE Y A7 AE Y43z, vlolazvte Fu4
¢t AAe Al EREE FUFrt e ZoA ElYd-dFH Y] ECREo] uSojAT)
o] F, Kt} B2 trlo]2E A7 A o8 71x] Wyo] AEHY gt} aF gz
< (multi-frequency heating)& ©]-§3% o] U & ECRE9 S Z& yiley)
e #E&% WHoer FHol @ w vk [20] ES=Rvid UYEE IHIE wall
coating [21]& ©]A} AAE LAYAA BT B o3& o]F7] ¢sld Az=HY.
Afterglow effect [22]& ©]-83l4 rlo]laentg Hagom FFozy w9 A7
1000 A= ZsAZ o]29d= MEHUG. 28y, o83 =HEqE BFsm, A
Egtznt F vlola 2ot AR FH FAde && A3 FL BEL x589
o &, dAE 23 ECREAAT 7140 =Ho] o]23le FHost: Aotk ©Rol,
ECRE2 Eet&nt A A vl&] vl9 ZolA nlo]azvle] FfE I3 AR Eo A3
Hol Utk Ful E&ZQ dYrtel2e AL M E FARTL B}l & ECRE)
Zag Aotk Altonsol 93 ¢ “AAHY” ECR o] [23,24] ECRES =7]
g 3A sted vis 783 ol o AFIAAA, &= Ar|vHE I
F e &l =g AME3A, EEtRvid FY4Re BHI AUNAS BEI] 99
FE2H return yokeZ7} €017t 29 Al Fg2nkd Yoz wAYstE ARy
& H433%7] A3t NdFeB 9 7-AH4] 12712 o] F X X EWEFe] A7 A4S A

o

o
te wt o

F

.

ol

o

2. ATHE R 2
(D 543 v A%

oyl o], PHAVIEE NMHEE F /9 EHlxols IY (UAE 40 mm,
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/ %

(-

a LD
=

% % |

T

a9 15 “HH¥" ECR o]249 A7A 2" HARE,



HlZ A F 160 mm, F7 50 mm)& AHEETH A7|A2YWE [2F 15]9) 2k 974
AYLHE Eo17] f8) T4 30 mme return yokeE Udla, ZTetzviae] w3
A7 BAE 95t yokeE Motk EE 7|29 “AAY” o] 2 Y} ‘MY o].&
4o ATE HYY F JYEE yokeE AA, BFo] L EE AFF}. Huxr]Ha
Hax7149 8 & mirror ratiots Plo]ZE %7t 14 GHzY W Buax/Bmin = 2.4 °]T},
ol#gA FAHE & ECREL Etzvte] A Qo A3 WA} wlo]a R vlele] Fro]
s, o)H ¥ e hot ALY AL B @e trleld AHE A @
o}, [2® 16]% [2¥ 1712 POISSON code [25]& o] &3 A &ao]de] Aot}

2) AETF A7

EgtzntE AEWFLRE 7177 Ade 7]F9 ECR o|29dA] F4Hoz Alg
s AR e dFAAN 4l ojHele NdFeB 9724 12718 A48t “4)4
' FHEE ok & &8 g2 A9 A7FE gy go] dHr)
B=Bau™! [26] &, AA Y & F/ESFE Br} HYF A7 Fo] dAH) aade,
A Eareke] ECR A Aol 2ok 44 dojd 4 ok A4 L& 12712) NdFeBE o] -&3}1]
Ztz} 7}2 14 mm, A2 30 mmeolth. [29 18]% [2¥ 191 OPERA-3D [27]& o] &
3 32 A7 EXE AEY AT Aot

(3) vlolmz s} Al 2d

oAz gt A EWEFe sute] TEE ol &3ld 645904 14 GHz7HA] 7MHEE
g4tk (o 1712 vlolzgute Fugd e W A7|FL Jed Aot
ojo it FA AL & ZHr)
Oce=eB/m=by ,
fee=2.8Becr (GHz) (Beer & kilogauss©]th.)

3. =9

ECRES 271 A ]‘—C- AL Hrtele] A4S AF vl &3 Wyl
. tEF 3 heating, FFWE Fu [24] 22 “AH YY" ECR o9 o s
XS 95t AgEAE WHEH, ¢ogd AdFE Altong [24]7 Heinens o)
28] d&Hoez 2 HHE 4S5 “AHY” ECR o249 Azg 4T Aoy, o
A ATE o249y MAAY A7 AEUHoRE ST WAFAFTE AL

_33_



12000 T T T y T T

10000 + .

8000 i

B, (Gauss)

4000 .

2000 .

%Y 16. 14 GHz& “A A ¥” ECR o299 %% vg 7%
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(Gauss)

~N

B

14000

12000

10000 +

8000

6000

4000

2000

¥ 17. 645 - 14 GHz& “AA 3" ECR °]24d9
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o8& AT FAFPHATY dFoz WAFHETY e AdA Yo s ECR o
=4 HdAITE ¥E€ KEK Tanashi®a 73 FFoz Fasigon, 239
TR} 139 IAGsLRE &%t “The Compact ECR Ion Source for
Charge Breeding” (3+=&2|83 3|1, Voll6, No.2, p.291, 1998. 10.); “ECR °]& ]
@3 A" (AMS Korea ‘98 International Symposium, A&t 712382 SF%7]7)
9, 1998. 10.); “Design of a Compact ECR Ion Source with Ku Band” (Particle
Accelerator Conference, PAC'99, New York, USA, 1999. 3.)
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M4 AFNY 2F SHE U Ojg J|ofx
AlA AW PEd 2R AT Hn

AAH P AL AL S RER JM&7) o) ki AL M E eFale] ouw)
of 2% AREE FI v AW Avld EFE dFE FAHHC =3 o=y
ek E38 A7 €53 1Eds FZEYAL PAokd 23] Aage g
ol Jdew, & AWyl EFFHQ JHEel EolZ Aot} o= QEly A FFe
g A 2 HAekd £33 SV e FHE ¢ Je ARV HAEE 224 5
AT, |

S A LA T8 EFFHE FEL ¢+ dE YU E /1 448wy
8] MC-50 Alo]E2EES] EEEE Fol|H, o]9 HALW WEA 2D Rzx o]
Aol #F A7V X2 Aotk EA, AEF dEYol=E HFA B T
M2 Y3z A7 oA, Hol&g o)&F FUdMY ATt Fole o &3
A& D " FMe Ao FTRAHA FAHo| glomz FYd A dojx: An:
SAHA &9 ATE H7HE Aol AA, FFHW 79 FMA (Fragment Mass
Analyzer)$} Gammaspherest Z2 Zvld EFFXE o] &8 AFPNA dojA 712
H2 ofAel, HHYG AQMY nEes AvtAd B389 Adsle] s|og Aoz
of e,

3 @ PAEE A¥Y difo] YT AHE o] gttt sl AN Y
vl Sl A HBHAE7S 1eE AZvtE HAEVE AFEE In-beam 7oA 338
ATE IHY AAHA 24 dF2AY AHL HEAINE 247 2 Aot
EFFAE FAE V&7 Agd FE7I7I80 H2 =999 5L A= 3
MV &5 AA7E71E o]§8 EAZHA &g 2 $EAT7/ G48E A HoA o
of helg AFAHY] FHE AFIF FAlojth APe] FHAL ATLAYL FE3
T A FTH HEAAY HAFHA 82 It AFHA A E " Qi)

AR AT vt 23T SRESULSTY JMNBA BFox] AYPsye 9
3 AEHAHA AAH FdaAo A& W, AENAY (Time-resolved) F =} 335
o AF, BAHE ol &3¢ dAY AAEFsto] Alad A FEIH glo] WA
HolAE o] &3 EAATY AU BE SN FYdth 28, oo A9
 B3%7)7] 2 AX717] divse 207 AEY YAS Azr)7] (NIMZ T4 5o
Zdigt A7) FYHEE 278 45 AFHE U8y 2E23 By
1§ TRFTLEN FEHE ATEFHE v&F At Qo] A7 avty Bzx gL

N

-
3

Sl

=

&
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A2 A YA FAAZI ] % dkg A7

ek &3 o, A gugRel o g o3 FAYA HAEA
Tl JoME BEZ DI JHE AFAC. k2 Si =R ASVE4E, 191X
CsITD HIBAE EHEVIZ e 2¥Y 4E -E AU FYAZ7|E o] &3
S UHY FF ATE FYAeH, BMEANNAA, HFEaAY SFHANA
HALAEAAT S 2 35 EAE navR ARFEY duUR, E& Y o
T 5 53 A|FREE 715719 d9 7ldEE X1

FHYAE wEste FAASY AA AR Antg dHy Ao ByHo|r)
AEA R R HEVY SHAATYE YHEA 4=, AE7) ATA T HA
3 dAFEoko|7IE 3t ol& T F4 MeVeY ¥AAH dupy] Zo Aol Uzy)
& o] &% Agd HEY $§ ATVt ) AP A

AdAdoel ZFg e 2147 FU O APY ZidF Bkl AW wE
d, HIFELA TY SFEAAMY WAHAEZATY Single Event Upset®}
ZE B ATl ZuHE o] & oA Aot HUYFd A ATzrE wag
FRAE HAEE IdFE W AFATFE AAEHA $8d 358 NFoE 31y
ZAVA JAAE7IE HASE AdE 1Y Fo Aok FAA dj239=T2 A7}
He o] A&7Y oduA EAR E& A A¥L $dd AGY HFAR Ag
g 7ANE  dFNN FIE ¥ XN RALEL 2 9oy} agn &
At}

b}

A3 A WAEHFY A7 ECR o2 AAATF

FAEATY AL ol AT SAYEY A7 & BokRA Y8 KEKETA
gt ECR o|299 HAE TFLE ANFeon, o AFAE Edz dAHA A%
o o7 Aot Al |FREEAA Foj2WE U&de B 7M1 dEHOE o
SHI e ol&do] ECR o|2HolAd, Al XYY UL Ao|EFREE 7}&7]d
E o] o]&de] glen PIG o|2dd % Aol (¥4, &dAzDY A& wte] 7}
ottt WetA F ECR ol 2998 ATF/NEL Ao]EREE J1&7]dA &5 Folay
& dE3te d doAA FLE J2ATFIE E Aot

ECR o] 29L& FholdA fetFoldd o2+ Fud AFsdiel, ndF, o
Tbol &4 El, B ouEAE TR oA ol2HlE AASE ooz M, ¥ 1

A #d AAHIEE7 9 ol&dH wolA%E A{E oSy F HYHolAMe
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AT T4 7I2dTE ¥R, LHF AdALL ol2F Yl A% A
R ONEA 2ANE, PAY FALLNY oj&FQld 9% MY WA A=
T AT S8I T ol 8E Aoy, ofF FUldA AAE 715 59U ECR o] &
2 obz gltt 71€9] ECR o292 99 npolazne] o1ix]7} ECR Edo 9 &
25 & surface-type 22X, ALAA 0 g FAAI|Fo] HFFHNA Hav) HE
g AA¥ min-Be del st HA, A¥E Rely, HZ, wloja g o
ALE &S FuFE & e “HFHY” ECR o9y Aol AGHYe AAH
025 F3] dF AF71BAMT o] HEE AEAIE A& I AEE] A3}
At & ATFAAE “AMAY” ECR o9 HAE Fygsigod, ol FAHQY
Ae71g stuz 2 997t aga & & vk

“AHF" ECR o299 AHL viojazyg B4 4 FZ7)¢7 2ud A7) &0
tFE U= 245 GHztHE ¥& FoFiME 71E9] “WAY ] v o 1000 A
= AAFHE BAE 7 A& A2 FAHHY, volany JE, AR A3r)E,
BRE AAAAAY AL, JEFA, oW IEFAY AL Fo BEFHYA 24v|&S
dag 3, ol oA ddrledS gusie vy dde FE 719 Ao
B, HF o], trlol2 AH A, nE s AZFEE, FAFAEYUY HA B
o] A7zl AFAY APANAN BAH oz aFH 2V E ulu st AA A
2ol ARAH e FA FFF AAVIego FIqof & YaHo] vtz #ed,
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FUdA H2E MeHe iy FEEJAL Auld BEFFATE o9 7
do] AT FYHE A IAY FE9 YR YAH A3z AFd =
7198 & Aotk tFHE7d 9% Zul-#Avt FAAs: BB CAMACS utg
o2 3 AHAAZ HelEESAl2dge FRE AAZ stn k. QoA B4
22 ERa9 ALeE FUY E£3gad AZEFY J&¥EL Eo
o 7198 Aotk AYAE RHEste d23 I HE79 x| ALe A
g S Aoty AFA 4 MEH HEVY EANQATYEE DY A dBF
o], A&7 MLATe HAHF AFEoko|7 = o,

80EH o] F Fol&rt&79 FAYR AFEAT Y EH IR PYPo A
FAGY 2w AFZE FreHE AEE ZXEYQAY Zuld HAE7E 804y
FUEE F0 ZFo] AR AFA HEsgr). olEd AwAE R &
oz JEFIYQ HE2Z2AIZA 2APYY A7l F22 $AHReH, JEs
Ay FHolA FEZ EAAT AT N2E dAo] o|FoA gt =¥, oL
FAT 7| nYR Foj2IEI|E o) & AN EW JPor yEe I
AdHe] &1, 59 EZAAA g 713 IAAEHG A7) 2147 E9
st A A" Aol
HZ, T 47FA7EY FIUS Aguled 42 19489 BGO-Ge HAZH YA
AE717 EAHEY SlelA LA Aytge] o8 ol MERES g 4
AR L] A FEEE 7)o Zubd AEdeee HAde gni o)
TEHs Y72 4 A5 77 AlFE Agolth 3, Ydge FIE =
TR FEUSATE At dAEAT4A FUE AT LAR(R FEo A
E717F =€ Aol

Y, o Fokdl IU AEJATFAEHY 7)wte] oA = FHokainy, AR oA
AR Sol vste] dieds] dobdt AFoltt, 53], #&7] 4AAAA 14 dXdr&
o] #H A7t FRE AY HEF ot} o= I 2L dAHAH s &R}
Mo Fonn st @ PALAHE Fof SL&HFNM Fo7 For A=Y
Aoz AFGEY old i@ AH7IN YL WFHoE a7FF Aotk F Qx A
719 @2A4E AFANZE F Ae 7INAYEI 149 volHE Hye BRI A
Bl & Aabshe Axbabgde] ATt & 4 ok 28y, ojn Fuld 3giy =9
FAATZEY7) (PET)S A7 FZEAAY Fotd HAE7dM AxAdses

k)

> 1o 3o o8
oo
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£93le BGO A3As L AdS & o, drtd A7 ARZAE AdelA
HE7] A 28% AHY Buk) 2H8F AHY HEol Had AHorE 3
c}.

Al 2 A H2 ololamdl g o] &Y M ANTAE AF

e

S AFNEe] tdzt A&HeR F2E Ae, H2WF Aefd e g3og g
M2 ERTeR 2rAYIAEE B GIH EA A7 s RAer A
3ict, AlO|FREES H2AHE o] §3 AFAEFE (Delayed spectroscopy) A o]
aAolt} 50 MeV %A 2% 2589 MHze RFe| &8te] 7t&s&d, o= ¢k
40 nanosecond®] WHE-F7]E 717 H2ANE gt AO)FREES] AS HAFYAHQ
YA EL 3 nanosecond OJWOlER, SEF T dE U= ALY E}%E?} & F o A
YA E otolaw AHY £ ZHTLR HF2E wHstE £9, ARV 0F
FAe AEEA - FE&3rh ofojAm e 4 EFE £, AUAIFA
A7IAE IR EJ AT [29] AHEE ofo]lAmEe] BAL 9 é;ﬁ-"—i ol
AZA7] FFAe &A42 d283 2uAtsEE§E e ZEHE Axr]) AEF
(Perturbation field)€ H8E 31 Qe o ARAAAY WHEAZoU wdut
(Non-cubic) AR TZE 7IAE ¥59 A7 Gradient® o]&3tc} [30]. vj5WA
Aepde] ZEEE H2W ARF wa Zo] F71HQ AP E Holmg A
HENHA WHOZE ol #FT 4 Aok ANENFH A F 7B (Time-differential
Perturbed Angular Correlation: TDPAC) [31-33]22 &#A Q= ¢ 7]1€L NMR,
Mossbauer&3 53 tjEo] 2u|AFEZE&Y A77|€=2 de ol&=H1 9t}
LEY 2 A7 @434 JYgHxu e AYAH JFFE V=AY F434 AH2E
g, vAlA ARG "Abe] otolAMEE HHOE e xuAARE SAsE AY
7149 &L EYTE v RS 895 F AHAT HEHE Y Aoz =
o £ 9183 A4 (Amorphous Magnetism) 7ol F2 ol&FHE AA7]|F3
(NMR), Mossbauer&3 59 ATHY 7| vla) (3 £3%, g3 P98 A
g, Skin depth A48 S8 F¢ o7 SHAA A9 FHE 713 7190 ololar
Hg o] 83 AZHEHNA RuAdEEE A7 ¥ 5 AT I d2M, 12xAx
Ao dAAe]l FA HUAE o] EAjste A F A (Magnetic Ordering)?] 742
ZRE dFdsige AA #4539 A4 A7 IYgH"E FA, Ayt TRIUMF 3¢
T4 Umemura%se] 33 F& 23" (Muon Spin Rotation; uSR) 7122 CuO
HAANA Cugt O DA AAZ AA7} "‘Xq°1 AR wrgEEEe s AFdg
Antiferromagnetismo] 2+ AFEE B8 U o] BAL n2xAEAY A4 QF

>~
o

&3

)
ol

¢
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o 9o 7t viEgE d74d7e FuE Hridn 9o F& 293d 7PEE 22
microsecond®] £HE 7IW F&9 EREZ F44 AAs 2u|AAsREE 7]
BA AaEES Foe dYgd 2 ugE T3 Jded, olE ofolianEdE o] &3 A
R 205 ERE 79 71 dEol o] A AYEA FdI Relgt &
T At

A 3 A Volume-type ECR o]2¢9] |23 o] &

ECR oledel W@ o) 71&45e fob718 o)ed A% 71&s WA
9ou), ECR ol&dlo] ALavd adezs: dad Folele] 443 7t o
B A7 WS dojd AelH, AAAYPIN AH 3 PETAS 13 MeV Apol
Z2EE s1&7)e 9Foled, FNEE WA UFel Yatol Absstel, WEA N
9 ARTAFE A7, o2 4z & FYrE S50 AYF)W & glen, o
eqd) A0 2PN ATAE 249 Ao AP

ECR oleds ¥HEE AA, AARools $ASYFY 2Y, 2AFA A2
2e7% (SOLY FUAL, Aed 72Aas 35779204 £98 498w
2ok A7, 181 £ o1871E, WA 7%, AFEY ¢ A7 Fol B4d
Aotk B, slzsstEol Borza, AAU IFn AFR 98 AYZA
(AMS) A71% A%, dx4d 2 ole9) A LAE 59 AW 24 AT AA, 9%
2ok A72A, PALEAAL 027 9B PAA AR UAE FE, 44
9 Al ZRZEE 157]9) RoledoR FEsel i BAUa AUE AT )
9 7o 288 Aotk WA, T3 B $3AF BokRA, 0|27 ¢ % E@)
4 AFsh vholaes wA B FEo] #AR FTsIed Bl sl Aeln

ECR oleds d7/A%e A2 498 & 9 el ada74e Age
2, 359 AFEors] LEH y|e EYN FAYY AT vay Solshl 0%
94 & Qe Ao sUuTh Ed, 5 ATR AEAY J&HS HuHD
M#e oagAdFs (ORNL)S A28 o|58d7a (RIKEN)SHS Z7H<l 4
gUAT A5Foz o Bopl fF AEHA AT o) FQ Row ARV

Im g

T

A4 A vy AFHEY) AL AT

o Agudg, AHdsd, gy dd sUdAe e
=897 (PET)Y &44 7l& 82 19E 1EES 71 BGO

- 44 -



(Bismuth-Germanate-Oxide) H#EHE& o &3 ZAvldEFstolt} o= dxde 7}
ot &R 7S S EYY EAATFIE A= ddid AAHE s1¥ PET A#
o 1 §&88E A8AZ $L& AUE HriEy 3dlE, 1582 7R FFE AP
o] ML oln YE Hitachi Chemicald H|E 3 A o] Xdd ATE 4938
i1 Qe Eokolrl= &t JER (RE)S SiO; 3Igt& 2 T4 ¥ RESIO; (RE = Gd,
Eu, Tb %) A#A = < Hitachi Chemicaldl 23] 7|2 o] PET, 94A 8837
Al &4 So olgd AT o itk B dAFs AH Aoty x&HQ
Agel BAAGYH ol2g AF % JE Foke B dTFdAM AFA A FA=HF
Aggict S3E REAY ARATY EZATY LHEFY VEE 2L $HE
HA 2 AT} HFAE o] &3 In-beam L7 EFIVHE ZUdA FEHom
FR8 L g AFAY A5 AAY AdFYEHE 19E 2EE AAY FFTS
ABAL] o] o] AU ATFIFLE AAHY, ol e d-de dAH ATy wF
2 T AFFAL 2147 AFgeAor & F83% HF F9 svetn B
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