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Proceedings of the 20th Meeting for Tandem Accelerators and their Associated Technologies

(Ed.) Makoto MATSUDA

Department of Research Reactor and Tandem Accelerator
Nuclear Science Research Institute
Tokai Research and Development Center, Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 24, 2008)

The 20th Meeting of Tandem Accelerators and their Associated Technologies was held from July 12
through 13, 2007 at Tokai-mura, Ibaraki-ken, under the auspices of the Nuclear Science Research Institute
of Japan Atomic Energy Agency (JAEA). About one hundred and ten people participated in the meeting
from thirty-three organizations; universities, research institutes and industries, which have a tandem
accelerator or an electrostatic accelerator.

The objective of the meeting is to contribute to research and development of accelerator technology by
exchanging information on their accelerators each other.

The meeting consisted of oral and poster sessions. Forty-seven presentations about present status and
technical development on tandem accelerators or electrostatic accelerators and applications using these
accelerators were discussed during the two days.

This report summarizes the forty-seven presentations including posters in the meeting.

Keywords: Tandem Accelerator, Electrostatic Accelerator, Present Status, Research and Development,

Application
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HD, FT2Z OIEPITEER S HT(NRA: Nuclear Reaction Analysis) SR 7R X #RHT

(PIXE: Particle Induced X-ray Emission)’2 & D5 A7 A BB I TV D,

2005 4 4 H OUGE T MALT OptR T 25 1 I a & v 7 — 3R FhE L7 R RHR
FHEBEEHEI L Ie o7, UV, MALT (5UD Pelletron(NEC), Van de Graaf type,
50MV) & HIE -G v & — L3RS B M o RAPID (Tandetron
411HC(HVEE), Cockeroft-Walton type, 1.7MV) 1X[FE UATE & 720 . BIEZ D 2 &5 DNNEz
ah T IMALT] EMEATWS, 7238, RAPID I3BUFRIZHEIENIRE > T 5,

A Clx MALT (5UD Pelletron) 22\ Cilk%,

2. IEHARL
112 MALT ONEZSRBHE R OHER 2 x5, LFRFIHBLE S 2001 4 £ THEE O
R BB IR W 28 B & 20 5, INsE ZR BB e ] O P/ 1, s es O PERELE D 7= 9 DIEZE,
FlollE & F ORI 2B N2 Sz kD, HlIR. 1997 4FE XIS OF T 74 A
VERERARARNY oR—F ¥ F VOB EDIEENH -7, 1999 FEIX S2 4 4V R%E
Alphatros 7>%5 MC-SNICS ~EARZH LTz, FT- AR A 4 BE—2OEERI RN H 7=, 2001
R IINEE O HE 2R
EWN ) HRENA U, JE[FE]
RSB E TICIZIE 3 & 8,000 - 00,000
H%E L7z, 2002 £ ) 7000 |
DITRE el s 72 <
ERE T L TR 72 I g 6,000 |
BRF 2 BEr L C & 72,
2006 FECER 18 4
YD MALT OR#EE
1% 7075.5 B[] <, IZITR
L BTz 2004
FRE. 2005 FEED 6,248
FER. 6,234 ¥ % 800 2,000 |
PRIl B bz 72 b D & T 1 10,000
T, F I IEERE |
RN 55,711 Wf & 0 0
2o TWND, 723, 2007 L g 5 2 2 Q35
£ 7 A 10 H BLTE X =22 228K
57,100 B & 72 > TV 2, FE

I ER R B RE ] 25 4 % 7 BT —
BER L LT, e EF Y WA @R OHER

7,076
1 50,000

1 40,000
5000 | € —_—
4,202 4,362 '

3,792 3521 30,565 1 30,000

SRR EFE(h)
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2Y
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3,222

3,000 [
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2003
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MotEhndFons (F 158K , KECHS T va=rr77ar T AOBRSEEN
D, ZOTaT T NI AR —ZINERFREERTC R Y A Z BT DARES R S,
AVT AT A=V SRS RMBERES NG 2L Lot UL, wY U H A AR A
NCary T 4 va =y ZIC a2 WBUR BN TN D Z LI D D T2,
2006 F-EED MALT OFIHKN A 2 12777, AMS BN2IRD 67%% HHTW\W5, ED7¢
3T 1UC-AMS 28 26% Td 0 . NEB@IEM O 1/4 3842 5O TW5, F-HIEICH~, NRA
D 18% L2 THY . PIXE D~ v & A ADMEHIZHEAD LTV 5,

O 10Be

IR ES R B B R m 1201

7075.50%E O14c

O26Al
W 36CI
O Conditioning
W PIXE

ENRA

NRA
18%

PIXE
1%

Conditioning 26Al
15% 12%

X 2 2006 4D MALT OF| R

#2112 2006 4 (2006 4F 4 H~2007 4F 3 A) 128155 14C, 10Be M O 26A] OARFHE!
WEFEE 2 RT, MALT TIZE— A0 2R L, ARHA AU EifERE< L, Kig2R
MERNRDM EZ21T0-> TS, ZOFEE. 2006 4D 14C, 10Be } O 26A1 AENFEHIIE 3
BITFNFR 1,641 3B, 1,113 B KRN 843 RBITH Y . #EF 3,497 H L 2o T WD,

F1 2007 45 (H18 4RI E 3245

“C-AMS 19Be—AMS BAI-AMS
KA LRI ERLE 1,541 {& 1,113 {& 843 &
= 15~20 1 A 4~51 A 200~ 300nA
= MFC02-1,'2C MFC02-2,°Be'°0 MFC02-4.2’AI"
Background "“C/™C < 3X107'° 'Be/°Be < 1X107" BAI/ZTAL <IX1077°

2007 £ 6 AFIH, 2 ADOXLy hF = OND 1 A(Chain#l)DZ — 2 F/L# 12 inch
Sheave X7 U 7 E#E L. Hub ¥ 7 F2HIA L WO FHEENRA L, BE, OO
Chain#2 DA TEMEWLE L.~ ¥ A L& HEL LTV D GERIEZRST - BRI 2 2 H) ,
72k, S HIBHEAET L TETH D,

3. PRST « EEARIRDL
2006 FEFEITNNHZRICE OO DR E REFRITFAEL TV, L L, IEEGRER 13 4
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Zfgim U, IEERB @R S 55,000 Rl 282 2128 LOVNS 72 BT 7LD M L’Cb\é
il 21X, Extractor RO M N IREBRIOBERZIZILH & L THEFR TOMREIZHK T D
AmdNET@&?/\A%V?Z/%%*ﬁ@%7//1&—A/7WAU—F7//X5
DR, A AR 7 VA mEIR 7 O (s OBEFED X 5 83%) | filiE = TMP
DEFM, G=INX—~NVT T 7 7T 4 =Ny TORBERS D, Z A, 2007 4 6
HIZ chain#1 ® % — X F /L 12 inch Sheave X7 U & 723 & W 9 R Zeflmins 784 L
77 ZZTIE. ZORBEL 2006 4 4 HIZFE 0 L7~ Accel- NET @ % 7 )2 O Probe(= 2 -§t)
DI DWW TERMT 5,

3.1 #— 7 Chain#l F ¥ — 2 7 AT LOE

2007 4 4 ABMIA T F A& TH%O 5 H X0 &EFRFIH%B1AT %, Conditioning,
10Be-AMS, NRA, MC-AMS tEHIc~ > A L&{HEE LTz, 6 A 1 H XD 129[-AMS |25
BRIZA DN, Chain#l OHREEMMNZLE LIRWIRREL 72 o 7-, E=4%—L T\ % Strip chart
graph (23T Chain#2 OEEIEDIRAVIED £1%I2%F L T Chain#l 13 £10% & K&\,

F 7z, Chain#l OWEERMEARE A LIk, AT 4 v a = 780N Tidy—I7

JVEIENE WIS | FE RO ER S D :
%E‘Eﬂ‘”é X2z o7,

NigeR & > 7 % BT T2 RO R DAk 1
X 3T, ¥—IF Ay VD
B NBEIZILZ Y = VDRI & RIS E I
RGN ERICHE LTV D (@), F
7= % —3 F/LND, Chain#l @ Support (a)# > 77 NEE (b) Column base plate -
plate (lucite) 5121348 DM E) Y Terminal shell 1% DIFH
RO b ORFES > T b(e), m=RV
F—{l> Column base plate DFKE L
REWDITIIREE 21T &L BB B
AHLTEBY, BXImERE CRWERSKEE
ToH - 7=0)(d),

4 |24 — 3 F)L¥EF O Chain#l
charging system OIRFEZ k9, Pellet (©) Termi llj\] (d ﬁf@ﬁ%% 7

: . J N C ermina 1 >
chain ORI -HECEAAMNFLT o L ma e E
W5, F7z, Pellet chain 7% Inductor (2 S
PEfil L T B @Z)xfimén‘é(a) (b) 1%
Support plate
X UHED L
72 12 inch
Sheave (Z[#E
S Hub &
<7, Hub ™3  (a) Pellet chain & (b) Hub D> % 7 |k & (¢) Hub ke
¥ 7 FMWRT Inductor X7V T
Vo 7k 4 X — 3 F/LED Chain#l charging system IR AE
HI s Tnad
DOPBEIND, (IEXT V7 &R EFRET, X7V I Ao 72X Hub &
EKBHISIUENR TE TIN5, MEDJFRETRT U 7N Hub DY % 7 hZH| VA
Fr. ZFDOFER 12 inch Sheave (24 Ha] (X7 U 7)) ~OH3n3mb 0 BEh L, Hub AA%
HLHID ZATEEEZBND, #— 2 F/LNX Column base plate, Pellet chain #fi 72 & D
Buvysnit, 2 b oy) v #)y<e Pick-off idler pulley 72 &K OEEME T LA DOHIHNTZHDTH b,
Chain#t1 OEFER OEBEA K X2 & CWBITHAD LT 77 RIEEK 4(a) 23 F 225 R/ &
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Ezbh, ¥Frars 4 va s THEORWY — I FVEETOREITZZNSEEMEOY Y
MRK & Ebivd, 2007 4 4 HORBEHEUSE, X7V 27128 % Hub &+ 7 FOHID
AR E VS TBHENZHRICETT LD LBESND,

BifE, Chain#l Z#H V4 L. Chain#l H K7 A 7 — X —D[EER & DJGSEAMULE % i L .
Chain#2 OATHE L, ~ %A L%ZHILL TWVW5D, 7238, Chain#2 DA THLEE LT=H
—IFNVEEEFRELTND, BB, INODOEHIZS AICEET 2T ETH D,

3.2 Accel-NET & % 5

BHRTON— R =713, fil=Ec RMLT123®
3 B® PC (Pentium200MHz) . HEH=EIZ 2 BIZH —
ISP =N E T 5 4’%‘/()?% MALT-5 » PC &
1 B0 —IF P — STHER S, 2105 1E 10 base 2
THER STz, BH%IL, main system PC & 2 5
@ satellite PC ' 2 B ® network Hub £720, Zi
51X 100 base T CHEfi ST D, /5L 1L
DIF FRZEIT N — 7 Vv E W T 5, Diagrammatic
display & L T satellite PC 1 & & 32 inch LCD display
By bhahlk, 83 Abol¥—IFLH =113 B4 5 T O
satellite PC & USB to 16 port RS232C adapter 4% 3 & v MIZE X7z, HDD Z oD
main system PC ®Z T, fid satellite PC /X CD boot & 72> TW5, REBY 7 hU =T b
T w7 L — REi, 72 OS 14 Scientific Linux & 72> 72, X 5 |2 F Hit: O HlfEAR & 2 o=
7

3.3 Probe(z v &) DA H

MALT T34 1 18] 4 A2 FE N9 2 NEEES O SR RFIZ Terminal shell TOKEIE 2 #8142
L. Probe (LA TamF$tewnd) OLHIFHO AL L LTE T, INEIRRERNOBEE T
1997 4F 8 A & TX 2000 4 4 H ., 2004
F4HE3 E@&‘?ﬁ&%%ﬁﬁ L7z,
6 12 2007 4F 4 HlZ31F %5 Terminal
shell Lo = o F#tic X5 EEA
R, auFEtE SAEHL TV
23, auaFEREELTEY Z20
BEIR LI o2, £E0kk
BIE B FE & 1372 > TRy, 7 6 Teminal shell F® THEE Lot
\CHFE LTz m g2 omd, A1 1 s
RIIRFEHOLDOTH D,

MALT Tix=rF#te L TREHORROEZEH L T\ b, SHENIER IS < gl 1
HAELIZK WE WS KB AE R > T D, FZMMTHLH 5,

4. &

2006 £, MALT OBBIREH]IZ 7075.5 B¥H T, F 72 RBRFFEIL 55,711 BFH & 72 0 | JEFRIC
BEL b, LaL, 2007 4 6 AlZ Chain#l @ % — X F /L charging system O #Z[EIZ
REEDbNT-, BE, Chain#2 OATH@T 723, 2R THRE LIEMRELZREL T\ D, 72
B, EHEHIZ8 AFIZEMT L2 TETH S,
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e B EEER. M =0 ILEAE. & JBE—. JHEN. A Bl FEH 8.
BF & BHMEX. BAHKE. NEREGHE, K8GKR ILAX, BREER
FEEABETRILF—HREY 5T —

1. [FU&IC

EREIRILF WYY — (WERC) Tld. RIFROMRIIFE, £9F. EEPTE -
BENEMIANDGEERNT, MERBELEZERALTWD, K1 EERSIEEOBMEZRUZ
HDTH5.

1999 EMNSMER. E—AOI vy 3=y 7Lk, 2005 EE (2005 £ 4 B~ 06 £ 3
B) IKiF U TEENDELES L 4400 BREBOEGRRFEZELHL D, FEEE (2006
FE) IEBERIRESSVCBARN VY ADBEICKD, THigEZ 1 v BIfIL LR
niEizsd, Z0HER, W<OMDIY I VT4 LADORIEZRERL TN, BOKEITTWIE
HFEHRIFEZ TES 4340 KETH > Tco

BRAKENZ Y ROERKIGE, FEEDOEINS, NHEEDO—BFS < R2HHD/VT—F
JAILUDERL TZ@h o feht, SEOHEZZ ->MNTE LT, SROTHRROEED
REITHEENEENTE

IERSRERDEIEDOF AR, LY REHIFHZERT LOICARD, ZniICEHR5E
BAELEIILDDH D, UM L. & BHEISHEHSIN I RILF—ARALSE
BlckD, By dI—ICBITIEFERFLEKKRTISZFECTHD, SEROT—VHA., %
nNicEHRS, MROBERIDEELL > T %,

AfETIE, REDIEBOMARR. EYy—2B0EIREBEOZLICOVWTRET %,
BEKENZ Y ZICDOVWTIE. BZEWTELLHRET S (1],

2. 2006 FEEREERIRNT

2006 FEOEHGIFAIFETHREZ 06 F3 A 10 HICK A cRICHB L, 3ANS
BEMABD 6 BETIRRANY Y —AAVENSIERFE—LZSIZEHL, WEZHBRE 1AV
BISDKEKR, N TLAE—LAZBAWERZITS,
6ANS 07T F 1 BETIHFBEZEVUMAZITOINRYD, ANy T —AAVIEHISIFKE/N
JAE—=L%ZS|ZEHT, AEIF 11 BEREFTIThNh, 0% RF k7YX PHEIRIEFOKE
NEEBIN, UEFESNTWEERZHRIEL, NS YVIAPREROEEEZTS>EEDIC,
2~3 BICFEINTWEPEREZFIEIL LU TITo2co BAKRNZ Y AERDERE LT
4
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TISIRXRRINY & —
A F B

200 keV
<A o 0K
A xR

EI%W¥—
Y. FRES
EfEI—X g

5MV & 7 ABNEeR
I TIVE

AF 5
PIXE,.RBS,.ERDA,

TOF,EXB Z4J)L%—

200 MeV
yrookar
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£YEE, KR PIXE

M1 BEEIRLE—WRtEY Y —IESES

EHREZRZE, 2BRLD. RRE-LABAERZRBL .

K 2Ic 2006 FEDY > T LEGREDOANRZR T, IERE—LBETRILF—HI. £
BT—YAlICEKDRUTH D, BRI 4340 FETH > foo

VT LINRERZE ZDRSIVREBE 5 MV TET 255(E. Y7 ONOYADAGER
EUTOFBMNRETH D GEEFFEID 57 %Z LHd, S5IC.ZD 6 EFEERREFRTHD,
Yr/OMOVHARER. RERR. EYRHEI

2ERDEHFOY VT LE—LZA Y ZBWLEERTIE, y—IFILEE25 MVETT
DOFANRZHZ LHD, RBS., FvrRIU VT PIXEREDA A > E—LRTLFMIES
DYIal—yarviRENMTLNTWVWS, &<, Y—IFILEEDGYM 7 1+ —R/\v T
DTV W2 MV T TOEEAEML TETWD, BAREIRBORIREBEROL
it (AVRFA) IC&D. GYM 7« — RN\ 7 OREFREEGZNEBNEZEL TITAD K DIC
BoTHD, ZDLSBREBEEGERIE GYM 7 1 — R/\y Z1E4T> TLRL,

3. BRAKEKRSGESARNZ Y ADKE

YT LINREDOINREERIEEKEEZ D AT — REREFTER, FBELLTATWS,
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BIE - TRIF—FLERRRE (MERRR43408R)
Hlconditoning TV REERRE (HEERRE434085RH)

Econditioning
WEXR
OE#&1—-RBER
OE#pse
W u-beam/PIXE
EPIXE in Air
28.9% M channeling/RBS
CIERDA
L Eexeai b
WA AViEA HHiRs
Ostides
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HRELR
| o=l =pg t
BN
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W H+ 3MeV
OH+ 3.4Mev 5.7%
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injection

K 200 6FEY YT LABEEERRHE
EERIERE S 4340 KB TH o fco LIFIMEKE, TXILF—RllcEeHicbD. AIFFBET—IElcFE Dk
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TH o

SAREEIE. b, YVYTLEAY VIV ESRAKEMTEMRINIFERER L UVUERE
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SEBOTHBRETIE. BREEN VY ADBAEICLZREZEML. FEABRTIE. 7L—
RERNELETHD I EHETHERECMEZ TS Z & & LT,

4., BFREIXILF—MHMRAELYI—Z2EDHEIARRDOE

2005 F. BHEN 'TRILF—FRARCHEERTE, 2 T5HT, 2OH T, 2009 F
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ETHD, SBRECDT—TIEFHIFLL D, BELBIMFELYI2L—yavyFEDOH
HZT>TWK ZEREERT Y THDEEZ S,

MUt ICBBUL T, IRE. &Y. BEEPBTOINAN b > b ZDEMICHEL, £,
BHIARICEWTHRBLEN O DHH D, YV TLhE—LPIy7O0MOAYE—LZAL
Y. BEMRRIZOEDDT—NICHED S %,

—H T, XERZEDN 2007 FE L DED DR FHEIPABBEOEMIAMERT7OTZ LD
EHEEICEESINTED., HERZFE S CRSEEBHEZE L. EMPHRIHIREE. EFY
BrosEmICbERIRDET I EER>TWS,

UIFs<iE, BHEBEXESBRWRANREZ D TIEH DM, FlcxT—YHA. Thics
525 MERORELVRBELRE S,

5. ¥&&

T LIRBNSDE—LZBW A AV E—LDH, BEYIalL—Yay, FEE
BYAYBHEAREDZDICY Y IONAYAE—LZAHT 2R E, 7T LINERDER
BFIEFAICITON T\, BRAERIRROBEICELD., —8ARAOF v /L. EHRED
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[11 %EH et al, somewhere in these proceedings.
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1-5 4 # BRF AMS “C BIE OBLIR L i (2007)

keI BRI DT, MBS, TERRE—RR, KRR, A HL
MR, KHACT-. THHERDSE
AR RFEARRER G 2 —  IndEs AR
(*e-mail:nakamura@nendai .nagoya-u.ac.jp, Tel:052-789-3082,Fax:052-789-3092)

1. XIL®IZ

A BRFFEARRER ST o Z—I2, 1997 43 HIZEX{E S 72 High Voltage Engineering Europe ft:
# Tandetron (Model4130-AMS)i %, FEHMEIRFERIEHHD Y A7 LT 5, Cs A3y ZAA AR (Model
864B) . U a b x—X —RIRFAA AU AR, IMV R—ADHZ 7 MR, 110 ER L 0N90 £
HITAEOEBESITERA 26, BEMTAEOHET 7L 757, BLOS VT X U TAEZHWHE
BEFERHAR D 70 5. RERBE S AT AT, FrZ, Varex—4—T A7 L2 H0TEY, &
3 1C, B, "C DFIFFHAEMNTTRETH v | C/C, O/ C AR 2 ks S I CIIE T & 5 Z L VR CTh 5,
19994F:1 A 12 0/, BC/C HIE ORI A #4 T L 2000 4EEE 7 B 22N 4R 4 BRAE L7~ (Nakamura et al. 2000,
2004) . ZZTIE, 2006 46 H DRRDING 2007 4 5 AR E TO 1 R OER 72 £ JEiRORI A F
L5, Fiz, MCRIEDEBREM SIS OWTHET 5,

2. 2006/06-2007/05 0D FE] D iBHER IR L DA

2006 FEDRPHEE, MCHIE S AT AOFIRITETNETNHEIT L=, LivL, %o 6 A 10 BIhmE
PRDOEEI TR A EANEL, S OIIRRBSRES N U2 ihdgs % > 7 A —7 L, #
MOBRMER AT > T2, ZOBNZ, Z—I TR TEREIROESE S EM L. LU b, Il
BOEEBTITZERET, BBIED A S—7 IR L=, ZO/, BEUKIEBRRD A TS0
MEE L, FUKENED U THHRE DI N T2 HEARAE L. o7, HiFEY LIZmEK S
AT DO—EREAHLTZ. 9 AL, BEEOKEICLY, BEERERDE A 4 — RO & HHEL 7
STz, 10 IR Z > 7 # FHER &, @SETIAEMORSTF S E T, REEOHD XA 4
— RN 150 fEICIE L7, HEHIER S 5 EASHA L7z, 2006 4E 6 HIRDH 5 2007 45 AR ETO 52 BD H
H 17 B EEE TS 2 ENTE -, BELZY—7y MU fETHs (X1, 2) .

o O

1 FRORER & B E R

HH s —o v~ (f#H) BERFE] (RFHD)

F A1H A | B A1H H¥)
199 330 28 330 352 29
2000 1430 119 1,760 2234 186
2001 2077 173 3837 3161 263
2002 1003 &4 4,840 1545 129
2003 1979 165 63819 3219 268
2004 1679 140 8498 2837 239
2005 1771 143 10269 3456 288
2006 1115 159 11384 1586 264
2007(5 AR ) 449 90 11,833 840 168
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2006 4= 06 HAEDHN5 2007 4205 A RETOX 7 b 2 SHOEIROME 43K 212 F L O TUR
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1) NHEESEEEDORKEIZ LDV AT AOREE,

2) WHUKOBHRENRRIZ L AT r X =B aEREO BEE IR LD h T 7L,
Thotz, 1) IZOWTIE, 2006 4F10 H 4 H—[AH 12 B ORIThLEsgs & > 7 2B T, mErEEAe
EREEOEEE N T oA, XA A—R, il zifmlz, LhL, TORLEELEDA I~
DMERE L. 20064510 A 31 H725 200747 H 7 H £ T8 # H RN 30 [HIDEEE A/ S— 7 34 LT,
30 [B]H DA/ R—7 T, NEESSEEENREZE o702, FHE, sy o7 2B Tt 5 2
EMRAIR ETp oty ZOMDOEEEAR—ZI2L Y, EEFEaY ha— L HOHIER— K3 2 [F],
FloEELEHT) T AT p——OWiE R £ BRI OMHRIC L DR EAEDRE LT,

2) 1ZOWTUX, WAVK A T O, IAVKORURER KOV P—r—& o 7 OPEH % 2006 4F-9
H. 2007 43 H. 2007 47 @ 3[ERTV, ZOFFEE S 12 "CHRIEN SR D IRREICEIE LT D,
AR R 2T D MEN DD, ZIUTOWTIL, B RFEOTE SR S 7 PedAI B
HIEREHE TR, ARIEHT A2 TETH D,

I = .

‘HHE 1 sSHLLUT=Z A F— N 154 ff] HE2 EEEDANSR—=ZICE BT T
Witk L7=mE e o R
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LM

GH3  HFEREER= > b GHA SFERAER =y FORAIK
AT, SIZER b OFA SATOREEY

#£2 HFRRIEEERRHEO AR EAORM (2006—2007/05)

2006 4
2/14 - IERRE R A N—2  (BEEE PCB AR— ) (1[81H)
6/20 « HV conditioning Ok CHERHR L1 AN
NGRS o 7 F—T, D sk
6/26 © H— X FIVR Y TEREN R A B S AT
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Beam-Line Layout of KUTL AMS System

(180kV)
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4-2 Recent Developments and
New Applications of
NEC lon Beam Systems

G.A. Norton
National Electrostatics Corp.
Middleton, Wisconsin U.S.A.

Last year a multi year development to improve the beam quality of the multi
cathode SNICS source was completed by a group lead by Dr. John Southon at
the University of California-Irvine. This is one of several new developments
related to Accelerator Mass Spectrometry systems. This talk will discuss new
technical developments of the NEC AMS systems and other ion beam
systems. Also, new applications in the area of pharmaceutical development
will be presented.

The market for new Pelletron accelerator systems continues to be very strong. There are now
NEC ion beam systems in 29 countries for a wide variety of applications. In addition, 27 of the
older tandem accelerator models, EN, FN, MP, and ESTU, are now using the Pelletron charging
system.

To meet these demands, there have been significant developments in NEC ion beam systems
for Accelerator Mass Spectrometry (AMS), new developments in the NEC Multi Cathode
Source of Negative lons by Cesium Sputtering (MC-SNICS), and new developments related to
material analysis.

AMS Systems - At the present time, the largest demand for accelerator systems is in the area
of Accelerator Mass Spectrometry (AMS). This is illustrated by the fact that NEC has now
shipped more than 500,000 cathode holders for AMS samples. These cathode holders are in
use for sixty MC-SNICS sources throughout the world. There are about 14 general purpose
Pelletron systems being used for AMS for a significant amount of the beam time available. In
addition, NEC has built 27 dedicated AMS systems. All of this is in addition to AMS systems by
other manufacturers. Clearly, AMS is a very strong field.

A significant number of these systems, about 18, are dedicated to carbon AMS only for the
measurement of "*C/'?C. These systems are based both on the standard tandem configuration
and the new Single Stage configuration (1,2). Figure 1 shows a typical compact carbon AMS
system based on a 500 kV tandem Pelletron. There are now 10 of these systems in operation
throughout the world. Figure 2 shows a typical, dual ion source Single Stage AMS system
during construction. This system is very similar to the tandem configuration except that there is
no acceleration after the negative ion stripper. The stripper, high energy analysis, and detector
system are all located on a 250 kV open air deck. There are now six of these systems in
operation and an additional two in manufacture for shipment in late 2007 and early 2008.
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Fig. 1. Compact, carbon AMS system
based on the 500 kV tandem
Pelletron equipped with the 40
sample MC-SNICS followed by 90°
magnet with a biased chamber for
sequential injection. The high energy
analysis magnet has a wide exit pole
to allow the measurement of '*C and
Cc.  The ™C beam is further
analyzed by the 90° electrostatic
sSpherical analyzer before the solid
state detector.

Fig. 2. Single Stage carbon AMS system with
dual 134 sample MC-SNICS (A) followed the
+45° electrostatic spherical analyzer (B) before
the 90° magnet (C) with a biased chamber for
sequential injection into the acceleration tube
(D) to the stripper (E) on the 250 kV deck. The
high energy 90° analysis magnet (F) is
immediately after the stripper and is followed
by the off-set Faraday cups (G) for ?C and "*C
beam current measurement. The "C beam is
analyzed by the 90° electrostatic spherical
detector (H) before the solid state detector (I).

The performance of these systems is as good or better than the older higher voltage AMS
systems. The precision has been measured to much better than 3 per mil. Backgrounds are
routinely better than 55,000 years. In addition, the group at University of California - Irvine (3)
has demonstrated a background of better than 75,000 years by using specially prepared Ceylon
graphite in their compact tandem AMS system. The same experiment has not been done for
the Single Stage AMS system.

AMS Pharmaceutical Application - There are a large number of applications for AMS. One of
the fastest growing is in the area of pharmaceutical research. About seven of the carbon AMS
systems that NEC has shipped are being used entirely for biological applications.

Specifically, AMS is being used in the field of pharmacokinetics which is the study of the life
cycle of a drug or nutrient in the body. In this application, *C is added to the drug or nutrient to
be studied, which is given orally or injected into a human volunteer. Then, the amount of '*C
present in the blood plasma, urine and feces is precisely measured. AMS is far more sensitive
and precise than any other isotopic analysis technique. This provides some of the most basic
information required for drug development. No other technique can provide information
concerning the time a drug or nutrient resides in the body to the same sensitivity as AMS. In
addition, AMS can identify metabolites formed by the body from the nutrient or drug that are not
observable by any other technique.
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This application requires rapid throughput of AMS samples. During on-site acceptance tests,
NEC analyzed 2000 modern carbon samples to within 2% precision within 5 days on a tandem
Pelletron AMS system equipped with a 134 sample MC-SNICS.

AMS MC-SNICS Development - A group comprised of personnel from the University of
California at Irvine, Woods Hole Oceanographic Institute, and The University of Arizona,
headed by Dr. John Southon has investigated and performed improvements to the NEC MC-
SNICS source (3,4). NEC has been working with this group to improve the standard design and
to provide an upgrade program for existing MC-SNICS in the field.

The single most important change to the source is replacement of the conical ionizer with a
spherical ionizer and the removal of the cesium focus lens which is replaced by an immersion
lens. In addition, the heated cesium feedline has been replaced by a vacuum insulated feedline.
Power supplies for Cs focus and the Cs line heater have been eliminated. There are many
other smaller changes such as a redesign to the extractor lens assembly to increase vacuum
conductance and a new support system using rails to make routine ion source service much
easier (figure 3).

Fig. 3. Forty (40) sample
multi-cathode source of
negative ions by Cs sputtering
(40 MC-SNICS). A. Cs oven
with vacuum insulated feed
line. B. Isolation valve for fast
cathode wheel change. C.
Pneumatic cathode indexing
system D. Extractor - gap lens
assembly.

The result has been a significant increase in negative ion beam current with much better
emittance. Dr. Southon reports injecting 150 pA of C-. For modern carbon, he reports the
measurement of 40 samples within 2 to 3 per mil within 24 hours (3). Dr. Baoxi Han has
reported a calculated emittance of 40 pi mm mr at 55 keV (5).

This new source configuration is now the standard for all new MC-SNICS. The first system
equipped with this configuration is the Single Stage AMS system presently in use at the
Australian National University. During on-site tests, precisions of better than 2 per mil were
measured using an injected beam current of about 40 yA. The time to reach this precision
using the standard, OXI, was about 70 minutes. The time to reach 5 per mil precision is about
12 minutes. The background was measured at 57,800 years using Alfa Aesar graphite.

RBS Development - There is still strong interest in basic materials analysis systems. There
are now almost 40 Pelletron systems equipped with RBS analysis end stations. The most
recent system to be accepted on-site is at the State University of New York at Geneseo in the
U.S. This model RC43 analysis end station is equipped with a quadrupole quadruplet (6) to
provide ion beams from 2 mm to 20 microns in diameter (figure 4).
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Fig. 4. Model RC43 analysis end station Fig. 5. High resolution microchannel
equipped with the electrostatic quadrupole plate detector on the RC43 analysis end
quadruplet lens in the collimator position. station.

Primary application is micro RBS with 20
micron diameter He" beams.

NEC is also developing a high resolution RBS system. This system is presently in manufacture.
It will be equipped with a 90° magnet on one port of the model RC43 analysis end station. Itis
equipped with a micro channel plate. This high resolution detector system is designed to be
used with relatively low energy ion beams, 0.5 to 1 MeV He* beams. The first measurements
are expected to be performed before the end of 2007 (figure 5).

ECR Source in 3 MV Single Ended Pelletron - The group at the JAEA 20UR tandem has
shown that an ECR source can be successfully installed in the terminal of an electrostatic
accelerator. NEC has built a 3 MV Single ended Pelletron with an ECR source in the terminal.
This system is presently onsite at Commissariat A L'Energie Atomique (CEA) in Saclay, France.
This system is designed to produce high charge states for argon, neon, krypton, xeon, and
metallic ions such as iron and nickel. This is a four chain system with three turbo molecular
pumps on a Nanogan source (7) in the high voltage terminal. On site at CEA, preliminary beam
testing obtained 70uA of He**, 2.0pA of O*®, 0.10pA of Ar'"", 0.25pA of Fe*"", 0.27pA of Ni*®,
and 2.75pA of Xe*"°.

Other Projects - At the present time, a 5 MV tandem Pelletron is presently in manufacture.
This is a highly versatile system that initially will be equipped for materials analysis. It is to be
installed at the National Centre for Physics at Quad-i-Azam University in Islamabad, Pakistan.

An open air 400 kV ion implantation system was recently shipped to the Michigan lon Beam
Laboratory at the University of Michigan in the U.S. Itis equipped with the Danfysik 921A
source. Although capable of very high currents, this system has a specification limited to about
100 pA. For Ar*, 440 pA were produced at 400 keV.

Another open air deck was recently shipped to the Oak Ridge National Laboratory for use in
their High Power Target Laboratory (8). This deck is rated at 250 kV and is about 6 m by 4 m.

It is equipped with two 50 kVA generators. This is the instrumenation deck and is the third of
three decks. The first two, shipped earlier, are for the ion source and the beamline. This is part
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of the ORNL radioactive ion beam ion source research project.

Conclusion - Inquiries for Pelletron systems for a wide variety of applications continue to be
strong. It is clear that AMS will continue to be the dominant application for accelerator use for
some time. However, it is also clear that new applications will continue to develop that will
require MeV ion beams.
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BEICCR— 3 9BEINTWVWDIDOT AEDIANY M6 CR—3 IfEMRHZERIC L DN A
MHE Y MRE—=VEIARKDS pm ¢ NHRELS voOby hRF—2, PO —1131 0
KR 5>TND,MTEBBZBDOLEDIZT R—=F v DE  pm/ BETHDH, HES0 umOMIFHEE
BOLOMEICHET 550 umo DMERLI . 021 50 pmETRENTNS, 3
ZIUICRELEGSICRD EMHOF O v ML MidALEZBZROZ L&,

2, 1, 1, 1&£7-oTn5, MTRZS LI ITHK
MOMIZIZAT > 7 1 DORAEDE v S BEIRIC

A TN EEZEXTHLFEITRV T 7L

bty MEEICHEBEIIRNEEZ 2 6N 5,

HJ

o
i
e et . 7

I

4 AR R O B3

MEE— AT A OIARP72FRENIFIZER ST
XD T, T LU CHaRIN R OMRGT A ED TE 72, &
ENIORAESI G

E— NI IS EmEIcH T b (BEMEEIZES T

ErBR5),

AxREHR > (Pt LW TAFEZETRS) .

IS EZHY (4 0 OFERREDERTR D),
Th b,
BEBMAT — RN VWO TETIZFHIRAT—D%
b HWTH QAR O MK 7 2 N2 BB T 5T
EThD, BHELTNDE—AT A AR ises
2 7ITRT,

HE p — 2 fifaOMifattz ~% A h33258TH
&L T L7l 2 8 12T, X7 ©—AT7A BRSO
72 B ARBAGR OB N AT LTV D08, Hlfa R
T CTRESROBE NS MLETH D, L THEMBE
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FERE LT E2T 500N REERETH D,

i

X8 HE p— 2fiuoiiuts s
~FZARF33258TYMAELT,
8 G s AN ]

23 3K

[1]

[2]

[3]

[4]

[5]

[6]
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5-4 XA VO —LZRAWCERREXBRAAXA—IVITEBEORRE

FORUTLERY: R LA
RO w0, 58 %, WH —&, N Bz

Fo®»IC

XEFREHICB W TEM RO KR T 2L X =X D b IIE eI 2L F—2 b OHO X2
JFELTHVZ L, SEEANCHIRMIC X2 RINS 2 2 ENTE, kXD bEavy b7 A i
ORI R %, 7, BOXBRIEFICEFS L AWRTREERSZEE W £ o, Y
DIIEL SIRDBICHZ 22 ENTEZ, N6 DD S, KBS EHiE R £ 68560 5 Hif
Xz HuBME 2 EoEa Y 7 2 MEEABEI IO TV A[1-3], —7, A IZEGTRRE
XERoEwEAarticEEH L, fEA 4 VIESS I X 3 RAaXBoRE L 22 AV EGary 7 A
MG ONBIEGE IR Z i E Tfro CTEX[4]. L TIE, 7MeV DB TH-% LafEICIHE L, 37
FOKWIUGHE D T2V X =D TDICHEVERABOXBEZREL, T2 VX -V T 77> avik
EOFHT 22 ET, 77 F ANOBRINAEICHREIN I vEGEFAIOFEI VY F 7 2 MEEICRY
L 7 [5].

BHMIMEZ LDt I 70 v ZNUTOY A4 ZOWERDEEICEB VL TIX, HROY A XH[ME
E%, PR X E e ohd, HEY A ZZBTFE—LDARYy b4 A CTHlkE S
b, EOREEEZICEA 7 =0 2HOELENRD 5, HLBZHFED YA 7 0 — L%
ZRALT, SOMEE - Sy b7 2 b XBEEOFMIGEFEBRZ TV, w4 7 =00 E
MTHDHIERRLIM4.

WA, PET M EICH T SNZNEE100nm DX Y E 7Y —IZ X DT 2L ¥ — (~keV) DH%AfiA
F VDR THIREI NG Z EHREINTVLAB[6]. E— LM L Tx v €7 ) —ilidsiE 72 R E
THEWHOBRSBONE D5, ZOEXRICEMWELZF v ET Y —NEBEELHELICL S
HA PR EL TwE EEZONTVWS, —J, MeV 77 ADIFIILF—FHIEKIZEWTY,
R AE I 7u v oY 7 I 2 a VIl IAXF Y ET ) —IC X DA A Vv RERINLELD
32 EDBREI I X DI N7, FxlZ, KZilicar s vl 7unE—nERAEE LT,
HIAXFYET) =Lk AVEREZRAL, IhzI7urd A4 2o EROEHa Y 7 A
WEHIODHT 2 2 L2 HE L CHRENREZ{T>Tw 5,

XA X =2 v 7 TlE, B2 EL T5720I XEBREIZ L 2R RKEVHBEL, X%
FRIEA 70— 20BHRBICHMT L6, FYEFY —DAHEFHRELFYE T Y —H
TODA XV DEIENFE L WORELSTELPPEREE LS, K, WBXESIRIXFyEZ Y —OH O,
EX, BRICKET2EEZZONED, TNLHICOVTIRELEZRNET—IBIEFLEAEHE N TY
W, EF, MeVZ 9ADEIZRNF—AF DX Y ET ) —th TOWEA =X LIZDONWTH, BE
HTONBEI KN THE EEZEZS5NTWED, HFLWILIEFEFFHOSLIIR > TWR2R,

ARG T, F9, HLKY vV TFANESRERICHZICEEI N A 70 E— L EEFIZOW
THAMAL, E— LR LT — Y WBD - DIffo HIEIC O W TR S, w4 7 alht
E— L2 W ERAXBOFE L, 2020l KiRERBICOWTO MG T 2, mElc, 4 X
=PV —=r 2T A 70— AWHEDOEE 78 7 7 4 L&KM L 72 L Df5H IO

VC %ﬁ% j— % . Video camera Actuator

y [
VA0 —LREREE
LICH T RS ¥ 7 Lk g e 1 i‘ ﬁ ] AT
ﬂiﬁgﬁbﬁ’_?/{ 7 H E_L\%EE%IE@TEE Beam monitor 02 Slit _J_ﬁ
B %R, PIFE 0.8 mm, A 2 mm L I |

D H '7%@?2717““77\0)%111%5% 7I—F — |z Protonbeam/ i
X5l EMIXL, Jehmtt%z 10-60 um (<
o 7B 50 um BEED F— S—iRA |

S
FAXYET Y —EM{ELL. Ihk L] MWfT Plunger oo
= 1 S AR = > v v monitor Micro glass capillary
AT f LA = ?) d‘ v y i< ?&%o l: ’ = Turbo-molecular pump (00.8 mm —> ¢10-60 pm)
—LIAVICHREL, ¥YETY—

K1 : <4270 — 25805 E g,
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ALY —D EfilZ OV vy /T2 AMEE L, 222 NICHALY—D Fiffilz/ N D7 7 F 2
—%—TET, FAIRENPTIEICED, E—2lcNT 23X 2 Y7 ) —filoE & 2 @i L 7.
T7F 2= —DMEROKEEIZ 0.0l um TH D, TIUIMEIZT S L8 03 mrad ITHYT 3,

¥ v E7 Y —FLY—IF O EZRERS EEBRNICEINTED, AVY—HEZ 77777
vy 7ELTHVWEZET, FYETZY—~AARWTIE—L2EREZMNET LI EBTES, KLY —
EHNZIE 02 mm D7 8—F ¥ =2 ELN TV 5, FHETIE, VY —THRININSE—LERIRA
W2k EMOE — LA NER 2L L 72T, ST I7F22—F =2k F ¥ ESY —DfE
SMEEREZ NS, v A4 70— LEBIRPBRKICKE S X5 ICHMHEE{To 7.

E— LABEESEDAIE 0.025 ———
E— AR DO X v © 7 ) —EREEZHRS 720

I, X v €7 Y =MD 3em MRIC7 777 —=Ay 7Z2E 5 0021 A
EL, ¥y —HOrsot—2r@EREzMELL, v &
E2 ) —~OASEE L ORRS DI, LToXz2Hw» i% 0.015 - i
7. 5

I, =(S, /Sl)(IFC] +IFC2) ? 0.01F i
T, S BFYETY—RALY—EHHOT A—F v — £
(02 mm) DTS, S, 13 % % 5 U — ALI(60.8 mm) o Wi, 00051 l
o 3RV —TOE—L&EfE, kold¥X v EZ Y —TRO 0 . . . . .
7795 —hy T TOE—LEBERETHS., FrxEIY—Hh 06 04 -02 0 02 04 06
BHZ2E—LERE w2 e ICHELWVWET B E, E—Alf Capillary Angle (degee)
EH &= Lo/l 0i>k:‘cﬁ;(*§+%i’éé‘f %, é: ;;iﬁ@%iﬂig;ziz Y — A fifk

FC2

¢ (SZ /Sl)(IFCl +IFC2)

2MeV DFpFE— L ZMGHE 63 um DF ¥ E 7 ) —~AG L 2B B — Lk ol E S %2 X 2
WCRT, TDEE Lo D3 100nA FRIEIC A2 X ICE— A2 L2, E—2EBHEDLS DX 0
KT 2882 5XNSKT 5701, E—LEHZE 10 PRME L Z2 0 EZ w7z, ©— Ll
BRI E =7 TR 2%THD, FrETV—DANREHITEDH(0.6%)ICHRTE L Z 34 50
WENENRE SN, ZDZ EE, T—S—R¥F Y EFY =12k 3 MeV BT DHiEICE T &0
EABEBFHATHBE I EZRLTVRS, ¥ E7 Y -z, RbHEOERBESNLEGEICHLE
03 LT 2 &, HMITERIZZEICHD T2 N0, ZOZ ErSHERMBIC L B2 A 7
0E—LAEREOHKIEIR SN S DD, keV FHBDEIL XNV X —A F v OEOBEICHNR, 20
BRI DNI BT ERTh - 7,

YA 7OBFE—LDIXILF—ARYT NLOBIE

FrEoV—mMB L G2 R Ve =L T VR (R 10 pm) Z L CRAHICH D HE L,
W 58 12mm FHRTI Y a v PEERHEBICED, ZOZRLXF—ZAXR7 FLZHELL., 2D
LEDOXF XY ETY—OHORIZ 17 pum TH o7, ¥V a v FEEBHSomicix, EXFe L
X 44 um DRFEPRZRG > 72, MIHEIIHETT 0°L 45°CBE L, BTFoZ 2L X —232,25,3 MeV D

T T
< | Incident proton energy SSD: 0° | < | Incident protlon energy ' SSBD: 45°
g N\ 2 MeV, 2.5 MeV 8r .
® L 1 ®
= € | 2 MeV .
(@] o
£ £
2L 1z7T 2.5 MeV i
% 3 MeV 2
s |
= £ 3 MeV
| |
Energy (arb. unit) Energy (arb. unit)

K3 :¥Fx 7Y —lHBDOBTOIRLX =AY ML, £ i 0°, £ Rl 45°.



JAEA-Conf 2008-005

BT ZNFNMEZITo 7. ZOMEZK3ITRT,

B 0CITHLE L 22 Mg Tl, 2 MeV B8 XN 2.5MeV DI WE— 7l I, ZhsD
E— 27 OMEE LRI, RVEE=Z V7V, KR, RKERZEB LIk 20X —
BEEAFN I 7TV T%2EZRE LT TRIM OB E XL Lo, BTrok¥lx, EFEA
FIFNVF—HETEZIEARLSFYET Y —2ERLCELEEZOND, —F, E—7DEMNIK
IRANF—DT—=NABH 29, ZNEBEFBRFrYET ) —HNETOLHEEBIOBELIC L > T 2L ¥ —
RSN, FrEI) —RItHED A7 ARE (~10pum) ZHBLZZ LTk bDEHFEILNS,
IEZLX—%3MeVICEITRE, BIE—IFT 5 L/NEL AR, B 2L X — RIS >
2., X ETY DA T ABEREERITEOBIEEAE I o d R EEZ 5N % (3 MeV
ba vk 7 Bl 7 AT OIRERIEHT 70 um) . BT 45°1CALE L 2RISR TIX, ©E— 27 DIEDIADD,
B2V X —RODE G DA R ko, ZHUE, FvET Y —NECHEBIA S 2
oL zZ I RKREL Z XAV —BER LG TR, 7 RAOMEBEZE@E L -G BT cmti Iz
DTHDIEZRBEL TS,

REVRIC L D E—LBHE IR Y NMEOEIE <
XERB BRI 21T I AN, FrEF7 Y =0 56H7 2 MeV

birE—2bDRARy MEOWMIEZITo 72, XA o

PR O Rb DB Z B E, Y 60 i~ A 7 ulgT

e LRI L7 KEENEE | IR e O A &

52U 7=, IR 66 um D ¥ ¥ E 5 ) — % {li5 784D 2 £ -
v M&ZEM 4R T, PO &L G

LD SRER Z LTV 2 D IFEIRZE Y, Ziud~<A 7
DE—ADRKEL DT ToODRDDSHIRENT V2
ZERRBLTVS, FHERIC 17um, 30um OF ¥ EZ Y

—ZHOTHE L 2 6EE, * v €5 ) — IR e ZIER L

BOAEY FHEROND Z LD yhote, O s, W4EMRLOvA 7o —AREy MR

5 > ) J ¥ v EZ Y —HH 66 um,
XY ESY—HIORZEZLLZETHEREIIA 70 —
LERHFIHCTE S C Lo,

00 pm
—

YA 7 OBFE— LR XEERWIL KR R ER

HI7AF*ETY— (¢25um) Ik DB oA 7l TE—L2ZHOTEBICA A=Y 7D
R E2fTo%, M5ICHBLH)IcF X EFY —HEKEIC Cu DHEIEZALE L 72, H#IEE X 12 2 MeV B 1
DOMFED 2 EREIC R S LK) L7, Cu O EH2 S 2 Xz HoTA A=Y v 7 7L —1 ki
WU 72, 72, CATe RHHBHIC I D BEL A XBOZ 2V F =27 bV E[HEFICE= Y — L7, #
BRIk, SERO 74 7 X PG, KRR 10658 Lz, IEMEZX6ICRT. 747X
FDO= 70 LEROEDK 20um THH, ZOEBIZ- ) LHEERETES Z 006, 20 pm FEE D %R
FERBIIHON T e o7 (R6DMN)., ol i, ¥rEZ Y —HITEEFRREDL
YA ZABBoNTuE I EZRLT05, HEFRTIER G DA X =2 v 712 1 KR E D 2> > T

Micrometer
head

Capillary holder
Acrylic

chamber Thin foil target
( 02 Slit I /ﬁﬂ X-ray
X TS
ya
Tj % Cd-Te
J detector

l Current

monitor

Current Plunger
monitor l Micro glass capillary o “ ~
X6 : GEK7 472y FMEATREE, v —
5 1 XA A =2 v 7 FEERNLE. P8 25 pm, FARFE 10, HREZRERD 1 h.
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W3, BRERNEHFo-OICE, 4 7ur—L0DHE
HEZ2 I SICHECTHREND .

NAV7AE—LABEZO7 71 ILOER

¥rE7Y—HOOK3m FHICIP ZEEL, <A

70 —LDOMEOBE 70 7 7 A VEBHIL 72, 1P
hicids e —2@mE 7 7 7 A V2K 72T,

XrEZY =oAL 7 E—2o0fRAEEZEL,
93m FHTHZDOE—AZEy P4 ZIEH 10 mm F—»
THot-., ZHIAEIZTSE, # 33 mrad IZHHMST 10 mm

2. ¥Y*E7Y— AT v 7Y —hlifiicx L
33mrad DEZFF> TARLZBFIEXFYET Y — K7 : IP FIcii SNt —nREy FOMBEES
(B & 50 mm) 2 5 12, T 55 160 pm 45, % v €5V — IO 25 pm.

TN BEHEICZD, ZUEHEORED 25um £ h 3o

EREWV, ZoZkid, WEETHZRLED 1 BIMLEKELZZ T Tk S T E LB 0304 ) OE4
TV I EERLTVS, —F, E=LARy MEELCRZ2EZ202y PMIBIZY »— 712U
WMo TOAIHETRSD S, £, ARy FNOE —LABESHIE RO ASHEER IS KET %
ZE LT, ol, INH6DT EIE, ¥ x YT —NETR 2 HEL O RIS A 2 W B TS A
JHRE—LADERDICESTVBEIEEZRBLTwS, E—LZREY b EOKMET SSD I & b HlE
LG FOIZFNT—ART FVIFARROZ 2V =% OGN THH, THZ b kil
ZEMTTWS, 1P IE MeV B IS8 L TIERICIREDN G, E— 208 AmE 7 7 7 4 )Lz Bl
THEDICHEL TS, AFKERNEBALERINTRWTT, v E7 Y —HORPLBIRE LI
NI BMET D7 7 ANDEKEERTANL LT, ¥ ETY—NTD MeV BT DIk iz >\ THi 7=
BAIRME N2 DT BV EHIEL TV 3,

FLHESBROERE

WTRY v FLIEBEHRICT— =7 2F Y ET Y —2 il A 70l E— A5 A8Es
BICHREL, ¥ E 79 —9HD MeV b 7Ok o X v 7 ) —HE [EKGES, v~ 70l
FE—LDIFNLXF—ARZ L)L, ARy Mo EEF— Y205 L. 72, v4 70l
E— A% Cu BRI AR L, FELMERAEOXBZHOCTXEA A=y Pilliziio7, 20
A, Fe oV —HORICHY T 2 2280 fREE T OIL RIE e T H 2 23, BCHFE O FifE o 7=
DITZA 7B E =L DI 6L KERMBLEL I ENThot. 51, ©—20 AHEERDR
WA X 2 ABEREOMAKZKD DD, ¥y 7Y —HIOERBIREZZ L0 RENICT—% %
EETHILICKD, ¥y EZ) —FTORFOFERENFEICEDL 2HRZHS 2L, WkREO—
BomEZHIEL TR FPETH 3,
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6. OZERFK: JoH 2
6-1 BRI TAZ—E — LD RBEEIZLDHHE _IRAZ > DRIE

SRHHE, LEF R, DU GRURBET) | RS —, THEZHh, FIEERE, MR E0.
R P (- JOBEAE mlerdF) | iRy —E (1 A Je AT )

[1Z T i)

Wi (R=RAX—) JITRE—AF 0 L WE L DOHAERTIEHE A 4 OBOES
e UTHIEICIR 28 5 O Tide <, EEEL B, &2 WIXEELLT OIERIER 7221 R % 5
2 Do _IRAFERLF B OINESS IR A AU A7 MVORELZ®BL T, @H7 7 AKX
— A AP OB ETIRD 2 E RO HINTH D,

A AN EARTR TR R (TOF) B BT en 2 W TIRE, TV I =T ARy T AL — A I
& HOPG (Highly Oriented Pyrolytic Graphite: BCIAIPEEN R IESR) FERY & OEZE THIH S 11
LIERAD ZIRA T A EEAT > T2 OTHET D,

(=479

AREBRIZHWIZ 7 T 282 — A F % B AR F 5058 8% & = IR = 70 HAF 28T TIARA
D 3MV X2 T DERENRERNHD T %)L ¥ —0.5 MeV/atom (—42keV/u) @ C,"—Cy' A A
0.675MeV/atom (—25keV/n)D Al,"—Al, A 4 > KN 1.67MeV/atom (—8.5keV/u) @ Au'—Au;"
AF L Thbd, RO FTAZ—AF L TEABTZD D RNVX —Z KEHICEZ D Z &N
TEDLHIENEELVDOTH L0, MEHZOH EARFIREZR DT, MEFRE/hI 2 A 2 5
L THAUT VDR =5 EH L LT, 7 T AX—A 4 O —LEE L ERE—
LTHE pA D HEE 10pA ThoTo, Tz, B — LT AL K OB ZLET v L /N — XTI T AL — A ik
R L7 WK 22 (~107 Pa) (272 CUD, TOF AT ML D FHANTA A B — 2
VAL, TAC (BRI @A H#L) & WD 5 EIC 0 Tz, X 112 TOF & &5 A7 A0
Z7~9, TOF 3E T EAA CHHLUEM, KUZhF2—7 (1 50 cm) ., JEER;, MCP (/L FF
¥ LT L —R) B ERD DD, BCRIERINSD " IRAF AT —AITK LT 457 OJFmIiIcg|&
HEniz, /o= —NIRE SN T a3/ S —HEE 2> ThE 100~200 ns, [#6E 8 kHz DL
2 —ADMEBILZ, TAC DAZ—ME S L L T ULVAE — LB 2OV A3 LR D TTLAE 5%

5keV Xe or Ar Beam

Target
‘ < Ccondary lon

4 — Drift Tube ‘
N
N
Pulsed Cluster lon Beam

N Multi- Channel Plate
N

o \ Oscilloscope Constant Fraction
opper \ Discriminator
Cn Cluster lon

Counter Gate & Delay
Generator

Pre-amprifier

I

]

High Voltage
Pow er Supply

Pulse Generator

1l

Gate & Delay Time to Amplitude
Generator Start Converter Stop

Multi-Channel
Analyzer

Personal Computer

1 FRATHRFRIY (TOF) B & etz e ZiRA A HIS AT SO 2L
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W, ARy E B ELT MCP RRHIER CRAELIEAZT DI 5E W=, IRAA DI 51X MCA
(ZNTFF X RV E) I CERESINTZ,

FEREEHZIZ HOPG & 72, HOPG sREHIBIRICHI N3 Z L3 CTEH LW R &2 JEIC
2 5 DO THOFEHT m&ffﬁ%®w%ﬁmﬁw&%iEM5o%n?%W%K%%ﬁﬁ
HENADT, ECRAFTUIFRNELD Ar B — LB LV REDOZ V—= T %{To 7,

[SEBRAE R LB £

BA-472 0 O % /)LX—|% Bohr #E (—25KeV/u) & ZFDORI#ZEZRN, MHIEA KA 4
YOERNE KFEEFRLS) OAF T T A — 1 T 2 KFHEE K L=, Al <° Au 7
TFAH — A F U BREHIR U TR IR A AV EEARY MUVIENIEEEDLT, HFEV K
YA XD 7 T A —A A ATBHI STy, —F, C 77 AX—DEAETIL,
RKERYA XD T AX—=NE, A _IRAAURITBH SN TEY, RFB-IRBEEIZBITD
FeRMENEZOND, K21 C (BEX), Al (F) KON Au 7 T AX—AF 2 (GX) %
HOPG (2 U 7= BRI S 3v7z ZIRA 4> TKEBEZBRWIZEAA A OLINED C,'. Al"
KON Au A A BEHICBIT D EA 4B EICkHT A2 7y LD TH S (CL AL
KON Auy BREHZ BT D IEA ﬂ“/ﬁ&tHOD/}iHX%’E%M%M 1 & L7), EH D Linear relation IZ
IWEMN T T AZ =B L CWDHAETH D,

RNy sV PN _%®AWM%LOwT%%LTﬁ6kzmw%é\EQKW/ww
LT T AL —H A RTREGFETIZE St ET, ADIERIBEEZ R L TWD, —Jf, C Kk
WAl OEEIRT7 T AX—H A XZxt L, 1ZIEFHREMI ﬁML\EG%ﬁﬁiérbfwéo
TXTDOAR T T AL — c_Ob\T\ “A 7J‘/®HX%&&E4’ F 2 DAL HHE10 51272 > T
T, ZOMEMF=RAF—IZBEDLOLTREECTH D, ZOBBIIRTEH LTI,
TIRA A UHHBLGITB O TIL, A A OEED Bohr B DL T ORI TlE, BEHITE 2
NEBHITY T A —A F 2 TIEADIEIEIED ithr@Futwm@Eﬁfiﬁ%
RO 222N AR CIEDIERIEIENEN D Z E NBGHAICH 65N TR Y . A RO ER TILENE
I E R L R U R EZS TV D

108 10° 10

A . .
Negative ion A ) Negative ion

. A y
Negative ion T
9 L 102 / 10" "

10?

L /
Positivie ion / Linear
y / //
e | Positive ion @

Ratio

e

10" 10
%/Linear relation //—// sitive ion

o

A . .
/ Linear relation
/ 0

0 2 4 6 8 10 2 3 4 5 0 1 2 3
Incident cluster ion C(n) Incident cluster ion Al(n) Incident cluster ion Au(n)

2 KBEBREM ZRA A o2U0tE (CF, Al'B LU Au, EHZBWTIEA A4
DENEEZZNEN ] L L)

10°

(2% 3R]
1) Y. Le Beyec, Int. J. Mass Spectrom. Ion Proc. 174 (1998) 101.
2) S. Della-Negra, et al., Nucl. Instrum. Meth. B74 (1993) 453.
3) M. Dobeli et al., Phys. Rev. B 94 (1994) 388.
4) K.Boussofiane-Baudin et al., Int. J. Mass Spectrom. lon Proc. 130 (1994) 73.
5) K.Hirata et al., Appl. Phys. Lett. 83 (2003) 4872.
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6-2 MV Z 7 AN ER &= WA 7T X~ &l

HE B KRR, VIR, NERIETA, THERAAL BRIEDEIL, PEEEDL,
EHZRE, LHD £/ L —7
HARFHARETERAE e A2 5eit

1 [FC®IC

e B P EET TRk OB ME R ELZ B L. MHICk 577 A~ LIADIEETH
DRI~ v HEiE (Large Helical Device : LHD) & L. & DP UiADFHEOMIE %
EDTWD, ITFEOHZEOERIZEY | 77 XA~ WNEBIZ BRI S 1L 5 B &k VES D
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[ 3]Y. Hamada, et al., Rev. Sci. Instrum., 2020, 68 (1997)
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Fig.1 Schematic view of ion sources: (a) Surface ionization type ion source

(b) Forced Electron Beam Induced Arc-Discharge type ion source.
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Fig.2. Release of 136mCg from the target/ion source.
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Table 1 Results of release time and fractional rate.

Isotope half-life/s lon source Release time/s  Fractional rate Reported results

"Rb 2.072 SIS 7 1.1 84% 3.2sF, 8.2 s%,
7,: 10.7 16% 0.8 s$

Bemes 17 SIS 10 1.7 30% 2.5st,21.6 s}
7,0 22.7 70%

"“Ba 43 SIS 7,19 100% 10.3 st, 107 st

"Ey 38 SIS 70 12 100%

7Kr 5.98 FEBIAD 1,:3.1 21% 2.2sF,3.5s]
7,: 46.9 79%

e 39.68 FEBIAD 1,:7 100% 2.5s¥, 8.7 s#

SIS 70 1.7 100% 625,235, 1.6s}
Xe  8.57 FEBIAD 1;: 12 32 st, 11.7 st

T,: very long

SIS operated at 2250°C. FEBIAD-B2 operated at 1550°C
t: OSIRIS@2400°C {:ISOLDE@1900-2000°C $: SOLAR@1600°C #:IRIS@2100°C
Observed release times are mainly attributed to diffusion process tq.

SISIZX > TA A ML I TNV U RITRNIERERE 2 Ff > TWD Z R nb, £
Uzt L, 7 ) HHEEETHHBa T ¥ /A ROBWIIMTUL < B RER A3,
FEBIAD-ISTA A AL L7248 H A TliItKn<t(Xe) TH VD . Z OZEITHE D S OYEERERT K
95 EE 2 6%, SIS, FEBIAD-ISO [ /7 THUHREH 2 JIE L72InTlk, A A JRIRE D
EIWSIS TO HH R 3V, A [E 0 EBRCid, SIS, FEBIADILIZ[R] UAERI R 2 L C
WD, ST2oDA K AE T ORI OE O TIA B OB R IR L TS & 2
bivd,

8 . . . v v
W W
ot @« [] ISOLDE
~ |t
S JL[O /A OSIRIS
Q I
£ U-FEBIAD
> 4
o U-SIS
2 |
O
s | o | A
O+

0 " " " " " "
1400 1600 1800 2000 2200 2400 2600
Target/ion source temperature / °C

Fig.3 Temperature dependence of release
time for In.
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FPREEIE L TV TChH, T LR E L 22 2 DT TR W ENT0n D,
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Fig.4 |ZSISTA 4 1k L 7=Bakitdt

PEIRE (R DU R DR 14 % 77 10¢
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B X DINROEEE K 2R T,
HH R E T B AL 72Bad i
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FL T4 L HERLTWS,

% 1%, JAEA-ISOL% AV CEuk ;
HEFEDRREZI T TNDN, & e=ggexp(-t1In(2)/T112)
SIS 7= Bt Bl e 12 s 15 ..“mi'.nnionnnnﬂxf.‘iboo
AR FFHPIBRETSH > Radioactive half-life/s (T1)
7e%a . WENMNLUL KT 5 2
LERLTNS,

142

Baj

Separation efficiency &(%)

e
.:
p—

Fig.4. Half"life dependence of Separation
efficiency
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F D7 DITITBAEMEH LT 5 PCIRME RN AR BERS R OB RS E T D Z L R LT
W5,

A F PR O IR AR 5 Hik L LTk, OFER « A A RO SR X D BED
HEOEHE, ORI Y 7 BRI OB OBRPE 2 Db, BIE, Kr, In/e EONEEZ1T
72 DFEBIADA A4 RO @EIR(LEHED TV D, ERMIZ O TR, 777 74 Mgik%E
BIE L mBEEOH IR EREET 52 L TRERHNR D Z LAMESNTND, G, &
FEERERTIIEMMNEL 2D ICHALTOIEK T b s ST\ 2D, RO FRIRE
P« R e EOMERR RIS DR TR S LB TH D | AEVEMIEE & O THRET -
BF & D TIT<,
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P-13 Low 8 MB=EANEHEZZIRDOBAR

IRHRL, O)IFRE

FEMEE — L KT DINBORE

ZIIAHE—2

SOETHY | %@@?*ﬁ&b“( Low 3 ﬁ{ﬁ%ﬂDL =31

2. B BT — 22X —L Low B 58 N 227

20MV Z 2T BE AR D 1% B
ENTWA, BEE T — 22— T 40 {EO N

Ze i BAEL | T

(ZIFZAF L DTN —Z GRS D20
22 TSN DV =T v/ TH

3OMV (ZHR S 32, I ZERIL 2 56> 7 O [Eh 1/4 R 22

CHHRJE R T 129.8MHz, it — 4
—ODHTEEND 4~8 A DZE{AZ B D Low B HEA=ENHEZE
SHOW X Z 7T, 2

X 11z

Z Low B HBA=E N 2=
Z(Twin-QWR)C, It

RERBRZAT ST R A 3%,

G T — 2F— % E
RO E X
R %+ (Quarter Wave Resonator)
DI D 10% 3R FHSITND, ZOBIRET — 2
S IE E X DRI AN R L TV,

ZEilE 3 Ko 7D 2 B 1/4 PR 2R IR
AR TR I B0 129.8MHz, Bl E — AJH B 13GED 6% THD, BRI TR

RO =F 7 TTETEY, 4.2K DIRIEANIT LIV EERHSND, SMBIREIT =7 L8213

FEEAL TRAELT2Z Ty RICTTETERY . #l0D @ W BV SR AF) T U CRIBEAI IR R~ D AR
FEETHHISND, PRSI R I L= 7 8- Ay F Tt S LM E L 72> T D,

TRIRADD DA

FEREA )
(AMEHE © 0.67m X 0.24m X 0.26m )

X 1 Low 3 B35 N1 2217 oD Wr i [X]

e

ARG

Low B 2l HURIE T — A5 —
fjZ=M Twin-QWR QWR
Fe i B — L B o 0.06 X Jg3H 0.10 X Y3
IR S [ MHz ] f 129.8 129.8
1R B R R L — Uy/E,” 0.039 0.046
RRFEER [MV/m/(MV/m) ] E,/E.. 4.2 4.6
RFEHES [ mT/(MV/m) ] H,/E,.. 12.3 7.5
ey 7" [ mm ] L, 17.5, 35.0, 17.5 40.0, 40.0
IR [ mm ] L 150 150
INEES (RF AJ74W) [MV/m ] E,. 5.8 4~5
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A JIEME £0=129.34MH2 1.0 | 2gap QWR
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0.8 | f
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3. LowBﬁ{K%bDL 2R D B FE

1 RS 5340 ORI E - FfAT

ZHRDTERE R ET T HIZOICT AI=T LT 1/1 Ar— L OFT IVERZRWEL, B — X7 L ik
EHWCEBMOAMAEZIE L, 2. MAFIA 2RO TERBI A OT 21TV, BT VZERO
HIEMEE LB L CTZER D/ ST A—ZZRIE LT, & 112 Twin-QWR & QWR D FEFE/R /TG A—H %R
I, Fi2. K 2 13—l BB RS (B, =1.0MV/m) T b, MAFIA TEHEIZED RO 72 23R E
WFHOTEMEEIOE 0.5%EE R MEE /27208, BRER AT RS~ L e,

4 3IIAST AL O EET KT D 2RO ME R 2 A I @R K -(h o Py N A LT 7 7 %
—)Th %, Twin-QWR (XA AF L DHEDIEHD 3.3% (5=0.033) LL_ETHIVUIMED AT HE
B e — 2D 6% (B ,,=0.060) L72> T D, TRIAC T 1.1MeV/u( §=0.048) F T
SN — ALK T2 Twin-QWR ORF Py hNIA LT 772 —1% 0.7 L725THY, QWR @ 0.1 &
AT R IINETELZ LN 373D,

.0 SR

3.2 T uhA AT 22O R

BRI o3 AT DORNE - T TN TR TA—Z|T
FEANTT M AT Twin-QWR ZHUEL 7= (X 4),
Twin-QWR [F I HLER SNERIIRIR, =47 77 A
7y hOER TGS AL, EE VSO T2 L7
(CR AR U CEMF B LT o7, L8R4
EBAR AL 80~100u m, =& 7 H Ay ME 40~
60 1 m DO FEMFEEZHEL 7=,

BRI Z L > C=A 7 DK B EA L9720,
BZEELEE CARBE A A BT HRERSH D, b
WKL =T A MZOWTIE 600°C, 1HEER

DEZEBIH ZAT > T, SAEBIRIKIC DW=
T HAD I T RITTE TSI TAIZ 600°C D
BB ZITHI T LI TEAR, 4 BUELT=7 ahZ A~ Twin-QWR

=FTHAR ok

_—

RS DZER
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PRI TlE = A 7 HEOTE G E NI ICHE THY, IIRENRATLHEE T OB R
(T4 — NV FZIya) IZEs TINEER D HIRS LD, 22 CTHARHT 18MQ -cm DK%
TMPa ETHEL CT=47 KM ST DEEMAKTETRZITVO, £DH%KIZ 120°C, 2 HFRED
N—F 7 a T DB — RN I2>TD, X 5 IR EL 7z @ ERUK e B 2R T,

=FT OV TN E AT RREIT T2 b2 A=F T B a~FH B L T DB G0N
BT 5), ZAULAERMED E VAR Z & CIRE AT D7D ICFR BRI EL C=F 7 03
MER LA L Z 3720 CTh D, ZOBIZAKIZIREEN AZ R ESECHHLPIZ 0.04MQ cem £T I
HZETMADNDZEN 30T, WIEMKTF LD =47 B L MR I T 200 R 572
DIZTHDO QWR ZHWTREREZTT o7, OREBKTEE = QBEMAEE = @X—F7 O
NEIZRRBREAT 7282 A, IREBKVES Tl QuEAY 8 X 108 TH 7243, BRI KTEEHZ LT QA
BXI0PETIRFL, N—=F 7% Z L2 EoTQUEDEIE A AHAL (1X16) . HAAKBEARIZLD
=F T OB TREHEPINEINL , X=X 7 Lo TRL SR SN -T2 EE 2615,
FHNLA% O Twin-QWR KL Cldm [ E R EEK EEE 120°C, 2 A0 —F 7 &L 7z,

4. 7T NERERER

TR BRFE 4.2K 128 W T Twin-QWR DA 7 7 A M RERBR 21T o 72, FiRA K TIRT,
A ORERTIE Q=2 X 10°, IHE R E, . .=2.8MV/m (RF A JJ 4W) Th o712, =F 7 H A7 hd
JEDTIRE ERAPBLIIS I ARV E RS Q) [EDIR T AALA-ZEN D, HILER LS
N DHEA ISR A5 T HZENE Z BV, ZEE S fRLT-EZA=AT Ay 3K 0.4mm R
VTBDEML T RN R oTo, =4 7 A7y M HHIT Q, 1E=9X10°, hiiE B R
E.e=5.8MV/m (RF A 4W) ECHEREDIES AL, X BAED 5.0MV/m &8 2 HPERE 2 fER8 L7,

F72, 6.0MV/m 06 X BEOFEAERL T QuEDBIMRME TR b4, Bl CEI i KO NNE
BEAUL 6.5MV/m Th-olz, Twin-QWR Dl KF S L 12.3mT/ (MV/m) & QWR @ 7.5mT/
(MV/m) J0b 03720 @< e > TD, Eio, AR EE 2 MR T 272D I DB RO TR AFE D
WIE L7325 TRBVEMREDHE TARFNRIEN D, MRS L) Q, IR TSk Z o7 AraedE
NHB Z HID,
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1.0B+09 —Ax T —E— Nb 2% ME il 0.4 [ 2gap QWR
: TAW | —A—NbH A7 oMt | _ —te—3gap Twin-QWR
AN oW =os [
o \ —15.8MV/m @ 4W ﬁ i 2=0.71x AP
£ _&}g oW x 10.6 S| -
2106408 Y e - 2 0.2
ITT.UW N\ B
= r ‘*\E_q S o
o ; SN 32.8W ﬁ r
I 2.8MV/m @ 4 =00 Z1£20.27 X AP
S
10E+O7 1 [ I N 1 [ I N 1 1 L1 fFKOO [N [N TN TN TN N NN N Y N NN Y N NN NN NN [N NN NN NN N NN NN M B |
0 1 2 3 4 5 6 7 8 9 10 0.0 0.1 0.2 0.3 0.4 0.5 0.6
IEBER Euee MV/m] AU AEADOEN AP [kef/cm’]
T AT TA MR B F 8 U ALK IR 25 b

5. JAR B E ORI

Twin-QWR IFBEAFD QWR KOHHHLEIRAS 2 RADIEIEL /25 TNDT28 | B A TREE 2
RSB TE SN E B 2 HIVD, ZD JER AN L E ML TR T DB AER (DT LT
27 —) OJE AL THODEERRRDET 252 THER IS5, Twin-QWR (35158
FEER IR T 272D LDEROT IR ZREE L, RREZFL R LE|ER T THEEL TER
i IR Y SRS N QAN

Twin-QWR O A~UT LAFENTE§ 2R E O Z AR E LTz, fREK 8 1TRT,
Twin-QWR DJE #5228 8hi% 0.71kHz/ (kgf/cm?) THY, ZilE QWR @ 0.27kHz/ (kgf/cm?) &b~
THI 2.6 (FREZVMETH o7, QWREZF U TAL THEMTHBEIE RE 77— DG G EEZTRD /3
N2 AT 52 & T EERN ATREE 725 TD D, Twin-QWR NEAED YD A HEEO [T 1128
A AL CREERD A RENEOD R T DL ENH D,
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[1] S. Takeuchi, et al., “Acceleration of heavy ions by the JAERI tandem superconducting booster”
Nuclear Instruments and Methods in Physics Research A 382 (1996) 153-160

[2] H. Miyatake, et al., “The KEK-JAERI joint RNB project”, Nuclear Instruments and Methods in
Physics Research B 204 (2003) 746-751
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P-17 Diffusion of 8Li short-lived radiotracer in Li ionic conductors
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Abstract Non-destructive and on-line Li diffusion experiments in Li ionic conductors are
conducted using the short-lived o-emitting radiotracer of *Li. The radiotracers produced as an
energetic and pulsed ion beam from TRIAC (Tokai Radioactive Ion Accelerator Complex) are
implanted into a structural defect mediated Li ionic conductor of NaTl-type intermetallic
compounds (B-LiGa and p-Liln). The experimental time spectra of the yields of a-particles
are compared with simulated results and Li diffusion coefficients in the intermetallic
compounds are extracted with an accuracy of +10%. The diffusion coefficients obtained for
B-LiGa with Li content of 43-54 at.% at room temperature are discussed in terms of the
interaction between Li-ion and the structural defects in the specimen, compared with the case
of B-LiAl and B-Liln. The nonlinear Li-content dependency of Li diffusion coefficients for
B-LiGa suggests that the Li diffusion with Li-deficient region is obstructed by the defect

complex composed of vacancies at the Li sites.

Introduction

Although the conventional radiotracer method for diffusion studies in conjunction with a
serial sectioning technique [1] and the conventional non-destructive radiotracer method [2]
has yielded the most accurate diffusion coefficients, radioactive isotopes for some elements
have not yet been used because of no-availability of radiotracers with adequate lifetimes for
the application. Among them, ¥Li, the radioactive isotope of Li with a half-life of 0.84s is of
special interest for practical issues; how well Li ions could move during the charge- and
discharge-processes in the secondary Li ion batteries. Fast Li diffusion is desirable in battery
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materials, i.e. Li ionic conductors for materials of electrodes and solid electrolyte, which are
under development for improving the present capability of the secondary Li ion batteries.
When a proper radiotracer is not available, on the other hand, various electro-chemical
methods are usually adopted for measuring the macroscopic movement of the constituents
of the sample of interest [3]. Depending on the method wused for the measurement, however,
the diffusion coefficients are scattered over several orders of magnitude. Therefore, the
diffusion coefficients measured in different ways, e.g. by using the radiotracer of L4i, is highly
required to settle down such disagreements, and further such an experimental knowledge on
the Li diffusion as developed ingredients for the battery is of importance in the recent general
efforts to design the battery by simulations based on the first principle.

The intermetallic compound B-LiAl, -LiGa and p-Liln belong to the same crystal
structure (Zintl phase) [4] and are the attractive materials for secondary batteries owing to the
high diffusivities of Li [5]. The materials contain the characteristic defect structure which is
dominant for the Li diffusion and depends on the Li content. In this study, the Li diffusions in
B-LiGa and @-Liln are examined and the Li content dependency of diffusion coefficients are

discussed in terms of the structural defects, i.e. vacancies at the Li sites and antisite Li atoms.

Experimental

The polycrystals of intermetallic compounds were grown by the Tammam-stober method
starting from a mixture of lithium and another metal (Al, Ga, In) in the same way reported
previously [6, 7]. The surface of the sample was polished to the roughness less than 1 um
before the experiments.

Li-8 decays through B-emission to *Be with a half lifetime of 0.84s, which immediately
breaks up into two a-particles with energies broadly distributed around 1.6MeV with a full
width at half maximum (FWHM) of 0.6MeV. The ®Li-beam of about 4MeV with an intensity
of about 3000 particles/s was implanted into the implantation-depth of about 7um from the
front surface of the sample at room temperature. The a-particles coming out of the sample
were measured as a function of time by an annular solid-state detector (SSD) installed close to
the front surface of the sample. Based on this relative time-dependency of alpha particle
yields (time dependent ratio), a diffusion coefficient was estimated by comparing with the
simulation where one-dimensional Fickian diffusion was assumed. More details of the

experimental procedure can be found elsewhere [8, 9].

Results and discussion

NaTl-type (Zintl phase) [4] crystal structure is composed of two interpenetrating diamond
sublattices such that each atom has eight nearest neighbors: four like and four unlike atoms, as
shown in Fig. 1. The characteristic defect structure [7, 10] consists of two types of defects at
room temperature, i.e. vacancies in the Li sublattice (Vi;) and Li antistructure atoms in the Ga

sublattice (Liga). The concentrations of the point defects, [Vyi] and [Liga], strongly depends
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on Li compositions; with increasing the Li content from 43 to 54 at.%, [Vyi] decreases from
11.4 to 2.8 at.%, while [Lig,] increases from 0O to 5.1 at.%. Although Vi; is the dominant
defect for Li-deficient compositions, Lig, is the dominant defect for the Li-excess ones.

As shown in Fig. 2, the Li diffusion coefficients of $-LiGa around the Li content of 48
at.% have maximum at room temperature. The feature is quite different from those observed
for B-LiAl and pB-Liln (the Li-content of B-phase: 48-54 at.%) [10] which are iso-structural
with the P-LiGa. In the case of B-LiAl and B-Liln, the Li diffusion coefficients, the
corresponding diffusion constants and activation energies decrease monotonically with
increasing lithium content. Since the vacancy concentration in the Li sublattice decreases with
increasing lithium content, this monotonic behavior could be associated with the vacancy

concentration, i.e. the Li diffusion path is V.

107 T T T T 3
+ @ p-LiGa (this work) ]
—_ J W p-Liln (this work) ]
N{) O p-Liln (Ref. 10) .
g 4 O p-LiAl (Ref. 10) 1
N’
= sl | Em| -
g 10 : o i O n :
3 o [ ] ]
% 4: ) o |
S T o 4 '
g 1O>78:— o ._:
= E E
= °F O ]
A © |
.LI QGa @LiGa C»" VLI 10»8 | | | | |

42 44 46 48 50 52 54

Li content (at.?
Fig. 1. Crystal Structure of NaTl type (Ref. 4) ( A))

containing defects in p-LiGa (Ref. 7). A possible Fig. 2. Li-content dependence of the Li diffusion

example of the defects complex is composed of two coefficients at room temperature for B-LiGa (this
vacancies at the Li sites and an antisite Li atom at the work), p-Liln (a closed square, this work; open
Ga sites in the nearest neighbor. squares, Ref. 10) and B-LiAl (Ref. 10).

What observed in the present measurement for 3-LiGa goes the other way contrary to the
consideration of former paragraph for 3-LiAl and B-Liln, i.e. the Li diffusion coefficients of
B-LiGa monotonically do not depend on the Li content; the Li diffusion around 48 at.% is
faster than at the most Li-excess and Li-deficient compositions. This suggests that the motion
of Li ion for the Li-deficient composition could be quenched by the formation of the defects
complex such as Vi;-Lig,-Vii and/or Vi;-Vii. The reason why is that the concentration of Vi;

defects is much (almost three times) larger in the Li-deficient side as compared to the case of
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B-LiAl and B-Liln; a pair of vacancy is stable energetically than a single vacancy [11],
furthermore, Vi; and Lig, are easy to make the Vi;-Lig,-Vii and/or Vii-Lig, complex [7]
owing to the atomic size effect to relax the lattice strain as mentioned in the case of B-LiAl
[10, 12] because the Li ion radius is a little larger than the Ga ion's. It should be noted that the
number of vacant Li sites in a unit cell volume (8 for Li and 8 for Ga) is about two for the
most Li-deficient $-LiGa [7], whereas there exist about one vacant Li site in every two unit
cells for the most Li-deficient B-LiAl and B-Liln [10] by assuming the random distribution of
the vacancies over the entire volume.

In summary, we measured the Li diffusion coefficients in the intermetallic compound
B-LiGa as a function of the Li content of 43-54 at.%. The Li content dependency of diffusion
coefficients showed a convex shape and a maximum around 48 at.% Li. The feature of the
Li diffusion coefficients suggests that the Li diffusion with Li-deficient region is obstructed

by the defect complex composed of vacancies at the Li sites.
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