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Proceedings of the 13th Meeting for Tandem Accelerators and Related Techniques
Marine Research Laboratory

Department of Facilities
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(Received November 16, 2000)

The 13th Meeting for Tandem Accelerators and Related Techniques was held on June 8-9, 2000
at Mutsu, Aomori Prefecture, under the auspices of Marine Research Laboratory, Mutsu Establishment, the
Japan Atomic Energy Research Institute. About 60 people participated in the meeting from 27

universities and organizations, many of which have a tandem accelerator or an electrostatic accelerator.

The objectives of the meeting are to exchange information on tandem accelerates or electrostatic
accelerators by making a presentation on related research and topics, and also to enhance mutual friendship
of participants, resulting in the contribution to associated R&D. The meeting mainly consisted of
presentations by participants and corresponding Q&A; the present situation on facilities of accelerator
mass spectrometers (AMS), operations of and research on tandem accelerators or electrostatic accelerators,

applications of AMS, related techniques and applications using accelerators, and so on.

This report summarizes the contents of presentations made in the meeting,.

Keywords: Tandem Accelerator, Electrostatic Accelerator, Accelerator Mass Spectrometer (AMS)
Application of AMS
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3.0

Modification of
{ lon Source Geometry
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**ECA: Electrostatic Cylindrical Analyzer
* IBMM : Internal Beam Monitor Method ** H.SSD: Havar foil + SSD
*8IM: Sequential Injection Method **GC: Gas Counter, AE-E
** TOF ; Time Of Flight + SSD
*» GFM : Gas Filled Magnet
* IPIXE: Inverse PIXE (projectile X-ray)
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&3, AYOF—5 Y NTENDEFHEDIAD, A T 2B S5 10 R LdEkE L T3l %
HTZ RN T&, SEOBAIE, RMOY —7 v MIERLEE Fe,0; DK ZFEDAAT,
OO AL ERITE =Sy NOFWMDAA AU BRFICHEI SN, Fe A 4 U033 &
9, FeO A4 A L O A AL DBIRE S, Low energy magnet TH~ O A 4 &
', FeO A %> ® Mass spectrum % Figure (2773, —F—flinHRMEOBEDEA A
DRI, TORERMEIZISEOEA A L ORERMBEL Y 1R Y KE M1,

—HroInbusit REAFCBEEZERLUT, —EO~Y VAEA AU 2K
EE 1OMV ¥ TIETE 3, O ZAxy FRIMERIZ, ERDOEF L L 0 /NEIIcT
B/, BEEZ£L D3y 7707 MR EMNEE # R EE L /~HVE ERHE—5
BThHs, LHLEOI R MEMIC, F—VICX2EE Y 7BEDERSE, WL
ONPOBBELEL T3,
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Low Energy Magnet Current [A]

Figure: Mass Spectrum of Negative Jon Beam

Iron oxide powder Fe,O, was put into a copper target
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JURE  EFREEC. RIS, TEEM. mEER.
FIMER, HEERE. B, BREZ. HERT. FEFK.

FEEED 8—10 BIZDNI T, 7 T LINESE Y — I FIVEADH X - 2 b /=D D Hi32%Thi
720 DA RN yX—=FFEIH—FRY - MY 9= EHF LTS, HAERAICESF LROT L
25— - RUTMMERINI, E— Ll d 2ImE - BoRil & A58IGRIER ARV URL b+ —C- &
—LDY T LTOEBENIDHZ « A MY 9w —DEFERICEIDELLEEINI,

KEYERITET 5 4He (12C,160) RIHEEOREX KX BRI ET 3 RYFEEHTEHINT
LEFEVE - LEROTED SN /Ny 775 2 RGO - (BROVEA TS, KEDC E—L%E
Bl DA F ARELTT ST - 2%y 7Y U ITRIDSHIEA A ARHEA I, A4 E—LA
%5 T LIRSS AS DO FEIIL - T B,

TRICEFNSHFF 6 BETDRBNG 7 LB AT AR - A MY o/ -DEROfiF. £
DFEDEZE N5 T IVDIHIZEIAEIDKIENRE U T 5,

NPT

6007

4001

CE RS
04 J ﬂ:ﬂ mm 4
0

1121(314[1516]7 9 1041112
W19994 [1671106: 0 |39|61[207)28§ 0 ] 0 1296354
020004 [7340832642(731274

CIIHERICBAE-LRFELTIEEE L Tp, dl 7L 12C RS 160 AR ENT, B
A F o APINIE { DEFHEERD G Zhiion R PHTRE BT R VF—TD 4 He (12C.
160) WEHEDBIE. AMS ¥ A7 LOFKFEDHFHILHASII. BLDT YV - 4 LIEPINIS

INE - FoRIZ L AIET RINF—C E— LOFEBER LD HIZT T LBEEAIYTHNIBRIT. 5 A
ICE DA SOETUERISRRE SN, JIEREOEIEOHMIEEI N, £RUILD . 77— I FIELE
7 — AFDEIUEIZHI 2 IS - 1o BB ORDIZ L D FERE T « — VORFEAVE 10mEN S
5—~6m, sec NHERTAEDREENED . Fr— VEFPKBIIE 7. JHUILD, Fo— B
DOEFE. 7 TLEEDOLE. F x— OEEFENBOSNTI S,

Inverse PIXE &MLz 36C1 @ AMS BIFE. ¥ — I F/VERED GVM FIEDEFLED S,
T RUTIERIIER A E S L2 AMS V2T LORENED SN TS, ZASITDNTIZENIEDF
FETHREINT,

RR=VPTFICAHZ « A DY 93— ERMEHBATRICOVWTOREX X LHTHET 5,
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KORHRAZ MY v N—DERE - H8%

HL X REERGEBRD=DICAEREDED RN F— (3-10 MeV) REE—LEMET IHEERF>T
W3, BECAKEEOMEREREFRSREBBL, E—LAT 2L 7Y U %K1 0EMINL = BILAT
EHRELE. ERIOMERREERSRIBEMRARCHESRTEALY —IFNVEEEZRETHDIC
175EDF z—VEBREETE. COZ LR E—LAEFHEMATEEEZRENLTE S, LORRAIIRD.
BEINAEERE, REEEIN) v S—0FEB, E—-20TR)NVF—Edh, AEENDTH o=,
EEIZI—IFNVIMVENMEINEERRE—AE T 1 %BEOIXIVF LD D EFL, BRICES
TEBZF5RE—LBIZ V0 BELREL SN,

ZFITCROFHZRZR N wS—2MEBEELTY VTLAREELE. E—L0@8B2HITFRVEDIC
OF12mm, BRI S0m & KOREHREIILE. INETORKREBEZ M) v)\—-DAZED 10 mm
THoEDPS, E—LOBRRIINETEEDORVWETHD. REBHRARZ M) w)S—hREIZREX
DHEER N w/S—2EREL, AR/ EEHAARY UE (TREE) .

MBI ICR L HRZFHLIADEDPTHD. KOREHMULIIHREALADICE > TBWEH
THD. TDOLICHBREICHEER M) w/S—2BNEOT)SA Z7OEENSE > THRE UADIIEH
ISHICRMBI Lo, COBRFICHATZEDIZ, REAFHARE 2EDY —RaFH U7 (TMP)
EAWD 2 BBEZHHISAERALE (TRSH) .

W AAARITEEERDOHTRY =Ty P CEBALEARTHS. ULPLAZRR MY wIS—TIEHR
IZHMA-SFROBBEBICHD D, REAAARIIBRIRZESRHOER 5-10% BEOFE LRV
CEDHBILE. 2BEETHHS AR THRED 2x102TonH 5 HOD1.5x105Ton ETEZEE 2 M LI ¥,
BILA AR 7 TCHLKLTY U FAMEBILORITE. SREZEAZREZAVTWS. RESOH R
BEREAL, A4 YRV TIIRNWHEEE,POSEHRTD. IATH lpgem2OHZAX MY wIN—DBTE
7. E—AQIZF—EMBDIE+2ITNE <R IIEE—LD 80-90% P EEATEEL Rz, £2A
2EFLLTE—LBEEERBSE DL O RBERIGERIZE DTERERAVY M TH 2.

BTOMESEREY 221082 TMP (REKRKBLE) ERORETHD. HEY —)V Faaft,
FEMEEAREEER L TVWABREERERIZEE> TRV, TMPOEMBERICESIIG L TIEY
EEHEETE (K) KBEOARIIBRHLET.

—— beam

i

lon pump lon pump

TMP T™MP
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RBZE B S BEID background BREFEND T X b
204 4He B0+ RIGEREMNEHTT

ARRICBNT, RARBSEORFUEEBET/ 0z b2 TV, 5700
g, WEEEERAL, 0° ABICEPL THRIBEIN 2 RISERKE —KE — A& 2R
TAHIELILOEHRTORMELRRS Y, —RIBD TNSWRERBRICHHEBEZ SHE
TRELLDIETHHDTH S, REBRIEPC+iHe =100+ OBREBRHEEZE—DEIR
ELUTHERAEZEDTVD.

WEEYEAVWCERFREERLTALDORDEELHEEZED1IDELT, —RE—A
ROFIUC R T S background 1L BNREENEHE DR TRIEROMENRET SN 5.
HADEESFSIIH L ERBEEOE —ADBRENEEELL EREE B BEE DR -
BUEZEITY, 2R ELTORRICE-/-. FEENBEE, RREE, 2 80ROERARY
ERAZERBUAENS RS (AR TN, HPTEREZERBUEEEVEL). TORERHFEIL,
2ONERBEATHI LIS D, REBKTRETHE - EXRACBVTHEDRTLD 2B
ND. TNUTED—RE—ARVFIUTERT 3 background DR ¥NFREEN S, T5ITH
MEREIIHVWTER (ERIIEEBREL) OACLDABL . REQEBEDATZS 1 SN
LETRHT 5.

1999 £XL 0, *He(12C,100)y RICDBEEBIEICESEED, —KE—AITERT % background
BREICET AT A NEREZBEBL. 9.6 MeV 1203+ E—LAZAN, EMEL TH—KRE—A
DEREHHSTEBORERICABMLIZRRE DL B8, REFREZR VL. HENHE
DERERTIC RTABRICH S U 202 $ERETE (45 x 8 mm? in area, 300 um thick)
EHREL, HESHBOEBEELEHELT, 7.2 MeV 180 3MMEAU SME —AZNET HENHT
BH &N 5 background particle DT RV F —, fiEF@REREL.

| WARBALTEESITE |

focal
magnetic plane-1 focal
deflector \ plane-2

‘He
target

*C beam

Electric cL i end

deflector / N

_’ magnetic

ESJ p/ a deflector
BC (3+,4+,54+,64) p/q "0 (3+4)
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BONIMB vs. TRNF—2K7 0y bO—FlEEETFIZRT. %0 3@ (ER). 51
(BH) WTFNOREDNHED, HIKD background MR SN 2. ITh ol REERGLD £
MTHRAL 7= background KIFD D SHUEE BV IKT DEEEHBIL 12 DDOHN RAERE
TTHELADOEBRTES. ZORREL T, —RE—LOHEBRBEBEANTOSY U7 M
FICLBRA EE—LNO—KSFD 2 DN AREHEL TET SN D, INSITHT a0 &L
T, £Y, —KRE—LBREAN Y IV EZEBOERFHICAIL TRETH I LITLD, AtgR
background DEBMEFERL 7. 517, BRI 2EEEZMA 5 T &1L D background &
BORALE, E—AND—ORUNKRSNBETHS. £/, TRETOVEEDIT, 9.6
MeV CHBAIIN TSN, ZTHIER - MBRHTHEZREEILER, BRLESREOD
WA BBTHEEEF L —RE —LRFEEZXSND. INSEIRIF—DHEENS
50 AEIZIIBBEEND, HEENKREVWVDREEY —LEZBVWIBICXE LS. BE,
SMBRTRICEEHFRNOREERERTDHIEITKD, EHICIRNVF—EITLLD08Z
TROLISUREED TS,

—EDOTF A MERIIBNT, 7.2 MeV 003+ NUIELITRAIZN /- (EK¥ZHE). blank target
run THEBRICBBISN D ZENS, O F AMEBIILOMEI N 100 E —LHRBITH
Mo TWBIEMNASMER 7. 7.2 MeV 1803 15— I FIVBHTOA A 2 ARITHIE
L, FOBOY —LABZERIIBNTIE 9.6 MeV 12°C3 B — A LIFIZ Bp BREET 57289, C
F—LERBUELEES. 7250, FALEKREANY yN-BHSTIERAENT, E—
'75:5%)?EFBG%TL7’:?&?@?0%%@'61@(’375”3&6 FTORERBIIBFSMNTIIRWA, FRIET
W, AIROAZZAR) o)N—ZFFL 207 E—LAEMETBIEICEDSY—IFI)LE (L
<IRBIRNF—RINNEE) TRETS PO E—LAILENETHELEHLRLBDLZEEZISNS.

%B’fﬁﬂ AZARY/N—ZFERAL ZMERICBNTIE B0 E—LABERIEN TV,
02<, He AAS =07 v FEHEBDBSEIIRRL, ABNDHEREEHBTDITET
55/5.

0¥ (7.2 MeV) IR FERE *0>(7.2 MeV) INEFE R

I:!:[::’_‘

PSD| i

Energy = Energy =——»
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2-10 WIKZY 7 LIESH & DG - BREERIED T

NREEZ, AR, RS NIRE
RN e CREE S

1. ILHIC

B TR FR TR LR oRFREERIFEERIZIT SSDH-HC2 B! 1.7 MV /N Z 7 SRR
DRBEENTVD. 1984 FEITRRNNHEF~DO A - MFHRFTH & U TRRE IS, 1995 45>
HIXT T v G, BERFE2TET —~ & LTHASRTWS. A TRE IR L
EERE PIG(1], X UFSNICS I TH Y, I ENKUE, BERELRA T 2REL TN D. 1997
A2 TOF RIFEEDT-DIT 100 MHz B — L YL 2B RE Sz,

BE, M LEE 1.0~14 MV BEDY — I FVEETEIRINL TS, ®EH% 16 F40 1L
73, BolrdBehiyatlE e < NEFCESE LT\ B, REEEICIEA LT IR & 22 T 7L
1y, EEL—ITAVRNOS— Y — DT ) o T EEEFTAG DS, XLy M= A S
I B S ST RKEDEBIHNY VR LTI Z £ THD. B, Fo—r A F I H—
DRZHR, KOH 7 NEROTERIZ L o> THEREIIERE Lz,

TR TR AR LT T R L A A B ADOMEERER, RO PIXE I L HEE
SEHEIZT B, FOERINHE 131 THD. LATFIZBEORIZEC W TR 5.

2. BAAVE—L-FTSXTHEEER

1) 77 X< ORRI-RERIE
BA T ABHERATIEO—RE LT, I BN A 4 B —AOMEERZ TR0 E5R %
FFoTVWBRIL K 11375 X~ HOMIERED AT R A B8 B HIERE R & 9

BN IRRT RN X—4] DH 5 R L—P—% B L CRAE LT EFRE~10" o, IBE~10eV
DRFEALVF UL (LH) 77X+, H, U, ROEFIITTELERHEL T 5. fJliEciios
NA %AV, TOF &L v
XF—iBRA KDDL, Sl FIREN L L
B LT, BRIEREDSK 2~3 {5 LR LTWD
ZEBSD. L bR —KIFHEIC
HEHTBDE, 777 E—7ICIET 5

8

—r : — 7
" Calculafion .. ) ]
/ L'+ H +2e e

Plasma target

®
?

=10%cm?®,
T.=20eV

o
(@]

E-N
(@]
T T

BHIEBED B ALY ST X< AEHITIE o ]
2 RRD ZEBALHNI ST oL €quivalent ]
DT T K PICBIT B SRR DR I
KD—2i%, FHhFEEE D & LT d% =63 s

Stopping power (MeV/(mg/cm 2)

m/r j-:/@ﬁ’%:{k%ﬁgtéﬂé - &: < Projecﬁle energy (MeV/u)
»5. T TEROBIEERIE & WATL 1 : %0 A A OBUEEEDO AT R F—{KAAE.
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T, TR &R LA A ORI R OB B OMEL 1T > TR Y, B "C &
O 0 A A AL THIRER IS TR O EREZ B L O D, & BIC 2 oG a B
HRZRRAT D721, NI A ORI 5 HEVERE (Autoionization) % 358 L /- fiFdik
RESIAR OB A TH Cd 5.

2) KFETZ X384 R B KRER DD

ANHERHEL TS EFRON T X P07, BT RAE—10 ] OfREL T & L) 28
ENTHB. THERNT LY DU F 0 ARORFFENZ IR L C 7 A e 345 L & -
B, SEREEE GHRE ORI 77 X E0REx AL LT, BilokSEEmonses

_Quter case
v
support

Acrylic outer

Crystal vase

hydrogen_ Crystal forming
cOy cell (copper)
laserks

.Coldhead
285 (4.2K)

o \
Radiation shield Second-stage
{copper) of the oldhead

502« AR OB L KRS,

BARA U7, X 2 [ 0EERETRT. ~U
.L\/ﬁ“{}ﬁ%%@?_(l\ Y /’%Eﬂéj’bﬁ:ﬂﬂ7\j w7 O [XIOH] 2

ETIRE Te(eV)

ET Y YA — APNKFORIE TERL LT, et

e AR LT P BT 5. %3 13 e

BRRONIEIZ LD 75 R BT B IRED |

TAREIRBER R THD. BFHE ~107 b

om?®, IREE 1 ~10eV DKEST v IVELIL oo
TS, AHRITL O REBAEBINES Bisd % a0 a0 o s O
L EBITT T K DEBE 2 RET DI %1 £ (ns)
PRI T OERAETTH 2 L DGECH 5. B3« BTN IR ORI L.

3. PIXE oHnEIZ & DIBERIE

I) ﬁ?%?%léﬁ%ﬂﬂ@j(%lﬁ? e \//l/*ﬁjf'é?—ct 5(5?&5:}%:?0)@&‘5
A B A IHETTEN I 2 e bR KGR D— 0 Th . L7 0y WAL L BB
T ZORERETRADT0IZ, SRR D B0 2 BRifE ClRIBEAN BT 1 2470 U CIesdoti L,
LT )RS DL AR TR
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20 ¥ T T T

N1
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[¢] 1 [RET I ) PSS S R obi o by v boen s
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0 PR R U TN WU A SO S TS T 8 O-IIII'IllIlllll-
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5
o ®
0 AT WS ST S SUR S ST
0 500 1000 1500

BRART SR D O FREE (m)

(€4 : I NEFIBEOREERENE. XA, OB & AN C SOREERT.

T 0 VOB IERERR 7 SHROE RS (AR, FIHD 1200 m HICAET D R
TEIERMILF ¥ 72N (C ), ROZRBOFRIAET AR B A ThHa. TR
VR 1L AE 8 AND 11 AR, 11:00~12:00 @ 1 BEHEATV, FREGE~HEIL 63 HTHD. L
28 pum RUN04 pm D=2 VIRT 7 4 MA— % EENHERE L, SREREEAT o7z,

[ 4 |ZA0 ISREFAC B AIEERS (BDSERIR 7 580 bIIER A — B— CIZih o TR &%)
DOFEEBNORFERERZ T3, RTOEAIOWT, HifEE & bloe 7 a ) WREEDSRD S H 2 &
B35y oln. ERUI TN~ BETMANZ L DBIIERO Y 2 L—2 a VEEFRERTH Y, 54494
IR LIE C HUECORE R Ny 7 75070 RE LTS, B CIIZEAIROSAE H RISy
ik UC, AR IR ASnED5A O— B URFCBIT 2 FIIES) 25 S 30m FECHME LT
W N 2 50y ROFHE, TN NTTAORBERICRRIITS 55, vIal—a L
P B R LR L B LV A, DORERIC LY, EMREREIC RV C H BT
TROEHESDY] BN R HID OIEERE) H K 300 m ECOMPTHD Z &vm o7

2) JE ERG% JTIV 2 PIXE TR OBRSE

ANEERHEER I3V I, PIXE % VBB & U CHE E TCORE =T o VR DORE,
R T L K DBUESS 24T - C& T, 08, BRNINTILG 7 )V - A 38 ST iy
HIChY, F— 2 IR S Chodz, WEE LD U8, B EORIEEIT I 2D, &
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v MEIOVERGE K OV DINGE « 7 X T D
BRFE 2 BRAG LTz,

RO ARMEE MRS D7z, sl — 0
i UERCNT 7o, BORIET 5. X5 itk
D7 LR 28, ROTEE LRSS
Ly NERT

6 W TARAYRIIERS A ey, NI A
BLaKIC 0 20 SRS, 100 um Oz
WU, 2 tonem® DS TRy MESh-.
ADEZA AL Si, K, Ca, Ti, Fe il BIS : BUBHEIH LAk B0 &
BERDEEINIRL ST B oy | o B
LRSI WA, JBWE—7 s R Rvi-ig

By AN TR - B A DT R X IR L,
FXBOHCERbEZ 5. BE, Zhbd
BB LU CIRE ERT BT DO 71 7
LEFREPTHBD.

10!

Ho N F e RIL
>

4. BFhHYlz

10°

XX — [keV]

HULRE 7 LIHEAR IR 16 42z, &

D& ZHFEME R T TN DD, K BUG : IO PIXE 222 Pob.
EIRCZERRIEEOZFHLIC L5 N7 7Vh %k

BENTCND. IR GFELHIRSIVTERY, WOk CElEA 7T CX A7) D CRHEE
IRRAETH D,

WPRUE LT H AR SO B FERBAIEBIC I L C, b idXehmaifBI T Ssed T V-
W, Gk & IR X — DR T R R BB 5 T Ch 5.

SE3
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3 BIEFM - ISAME (1)
3—1 PEERALATELEIZRIT D ANC D55 AR E N ATCIRERSED B

O Feshesh (FRfE o), MEEE—, MRS QGEHERERED
NSRS (R AMHREERBHED , ABAEZ, SUIREE (FWe-)

EPEALATRE T, KEDTERISH AT S TANBRIFEO ~ bR, £ TSN DI
VEBAI T R BI IR TAL, JERTIRERIRASET TS EDOHED D (Tsunogai et al. 1993 fh). #EkD
VRTEERRETh oD O, —OHBADBIRES IO 5 L TEELFEN — P — LU TOREEL .
X5, 734E Broecker et al. (1995) 4 L~ T SN PORZEERURTO A "CIEO BEIEZ AV U,
EER% FI40ERNC IR T IEZA TN KD R UR R BAHEE T 22N TR 2. £ THADI,
T ATERE 313D AMCONTRE LN L, JAIREPBAIC R AT A TR "C R
EL, FOEEEHOMNITHIEEIR RIS

Hik

FAEERF B KHI1-5 AR O KHI3-2 AT 165°E 1Zii-72 0°~48°N @ 6 BIAIR DiZdks\
T, R 20 BFYE CHEKSRE} 500ml 24 T AL ATERIRE, SF/KERARAHIIL, DIEEIZRFHIRT-.
3EHT Aramald et al. Q00O BE S, TRTF MY RES Y ~ B UIRFEA AL L ThiEL, KEHTAERNTI 77
FAMTBIELT-12, AMS (IHEETE BOYER, HVEE 4130-AMS) Tkl MC/2CHAFHRIL . AMC
RO & PO, HHL7- TR LR A% —TI45HIL, Finnigan DELTAPS % i T PC/ CHA7t
BH-AZEMNLEHL. 703, AVCIHOBITERIENL 1 0 TH4%LA T Th-o7-.

EREROER

21213, SHERD SR AVCIEDHEL
(LA FBUT-. 2 CHliko-, HEE 264
0 o1 3/KI%E 300m BREOKEATE, 27.20
12K 1000m LIROTERE K LEHURGES 5.
STOBEREICHBT, FRBBRUE 40 £ ‘ : +
(HEAEN . F7- bk 48 [ETIE, RIEFhED
KRB A RN, 22, Lk 10 BEFH o o+
ST TOEOBE, FRBBHIZL> GETN: N |4 Geosecsaem) - ..
TERADIRS (KAVCK) DEETHHIEN :
MDA ORI SIS LTS, e Y

3T, 1973 T AU ERED LR
S TERH & 72 GEOSECS Th A''Cliik
L7, FRBROPRE(26.8 0 ) TIIANT Longitude
(1990 4E4X) ASEV Milia RUT=78, TRIE T

200N - ®

Latitude
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50 s0
6.4 \ -]0- l”Ou.l;hls worll
\ N~ 19703, GEOSECS j
’ 26.60y \ »—___‘,/A\ 0 @ 1~ AN
- 26.80, \ /‘ " \ /’\/ \
) I/ e S N
g ¥ [26.809
1% 00, < e \\ /Y/“\
27.204 -\ \ }/4»’——-'0‘. Ng—"1
e \\ 150 K\u [27:2%]
%
— ™\ RS N
.zoo.l;—~ o 10 20 30 © o 200 N e
Latitude, °N .10 ° 10 20 30 40 %0
Latitude, °N
(2 FEHEE 51D A "CORE (43 GEOSKECS Lot

[EHEE Tdro7=. Thid, T 20 FRIT 1950 FRE D OIEE ST FEFGEIRD "'C (V'Chomb) HAFE K
OB THRIML -2 &, 51T 1000m 283801, TOREBHEEL T VRN EERL TN, £2TC
EHOIE, ""Chomb 2 BIHKEE "Lz ERANC RAELY, TOBENEAARTL/-.

Broecker et al. (1995) 1, #ATNIIBIES D7 A B (Si) S FBRURTOMEA D AVC (A" 'Cpre) DRFIZIK
ROBEBEHESH AR (K4 28).

AYC, %

AYCpre (%0) = -70 + Si (umol/kg) 30 200 -0 0 10 200
EEHOIL, HKPON T4 CH) OBEEDRIERR S O DARASES AR AR AR
TRDIRME (z) % M'Cbomb OB NFEHREL T, Rl—Ht @S’S-45°N)  Aldcpoy
BTHELNT, BKROEE26.20 4, 2640 4, 2660 ,, o va=§::;‘_—“' ]
2680 , RUBANFEEIZRITH7 (FERES LU 6.6 —»+ .

AL T A "Cpre & Bl o7, =T, FIBOm) D o
A"'Cpre 13, -50 %ol ARELT- (B44 BH). & 1000 . ]
RiELHN- AVCpre LBIRIXNT- AVCEDEN I § P M= 0ITUBN=Z (m) |

EBFCIFED AV'C(A'Cbomb) £72Y, KO~z m T

7> AV 'Chomb ORESEA V'Chomb OFFER (1 bomb) & 1500 pre— ]
7’;5 . (30 00N 165 O0E) 1
. v ]

ABIFFE (1990 44X) K U GEOSECS (1970 4E{%) T
LN AVCHLREEL G [ bomb ZRITRLIZ. #
Y, R EE o ,<266), TB26.2<0 ,>
27.2) RUTEB (0 , > 2T I CEEL-. BT 44 Broecker et al. (1995%ZJ:5 A M'Cpre DOFER L
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# "'Cbomb OTFER (AMFEL GEOSECS DE#R)

1990s

Latitude(°N) 0 10 20 30 41 48 |average
1.8 4.0 12.7 158 2.8 1.0 7.4
09<26.6 84.8 78.4 90.1 84.5 383 312 67.9
1.4 1.1 14 2.9 37 1.9 2.1
26.6< 79g<272 59 21.6 9.9 155 507 594 | 287
o 0.0 0.0 0.0 0.0 0.8 0.3 0.2
6>27.2 0.0 0.0 0.0 0.0 11.0 9.4 3.4
total 9.2 5.1 14.1 18.7 1.3 3.2 9.7
ota 100.0 100.0 100.0 100.0 100.0 100.0 | 100.0

1970s

Latitude(°N) 0 13 25 305 35 40 average
5.2 8.6 10.6 105 143 36 8.8
79<26.6 94.5 98.9 95.5 86.8 929 48.0 87.1
0.3 0.1 05 15 11 37 1.2
26.6< 09272 g5 1.1 45 124 7.1 493 11.9
B 0.0 0.0 00 01 00 0.2 0.1
6>127.2 0.0 0.0 0.0 08 00 27 1.0
total 55 8.7 1.1 121 154 75 10.1
100.0 100.0 100.0 100.0 100.0 100.0 100.0

FBy .14 Chomb FIERX 10° atoms/cm?)

TEB : #18 (%)

20%BENIL TANBZENhD. FRECAAE 40 LTI, WoBIMERCSHD. BEIRDE, 20 20
HERIT VChomb AAHBANBATL TWBIENDH D, ZOMMNE, bk 40 BELUL OSBRI CHETh
%. ZHUT, R 3V TR T AKICIATHAALS "Chomb ASTBE R TL TUVAZEARIRL T
V5. Tsunogal et al. (19931, [R—H#HEIZ 11D RIRBERODINE AR VT, JLREEREAD KRS
D NBALE 2 S B8R —F LR FERORMURE U CORERE O rTREMA R L=, ABIFE I Z O RIAE A
IR AEEDIT, AHREER CIRTEFBAIZIAFIAAT Chomb ( “EE{LERH) 5322042 T
PRSI EE N QOB RS,

BEI

Aramaki, T., T. Mizushima, Y. Mizutani, T. Yamamoto, O. Togawa, S. Kabuto, T. Kuji, A. Gottdang, M. Klein and
DJ.W. Mous, Nuclear Instruments and Methods in Physics Research (2000) In press.

Broecker, W.S,, S. Sutherland, W. Smethie and T.-H. Peng T-H., Global Biogeochemical Cycles 9:263-288 (1995)

Tsunogai, S., T. Ono and S. Watanabe, Journal of Oceanography 49:305-315 (1993)
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3=2 SmM¥¥v’FYV—HRIZu<wrs77 (PCGC) YATALEMAWE
HHEY P ENABLE D OBHERBERRE

WHES (1 LEERT. WAk 2, kB B, AR, BP %
BEHEIES 9 f5A%R. FREB

ESCIREN, (V) WBEREHNT . 2 KRR, O RERE

1. LI

BEPICEET D HEERE UC 1T, EEEMUANIREN2 1 RERE LT, FHAERD
TIRPHEFIC LD KRRT TOEMRNS & RET NCRERRICE ARV EOTFHEICH-T-EE X
bhd, REF CTOREB/ERIL. EMIZLLAKEE L HRICKIS\BHHE W mmBoY A
2 Nh BARERICE b7 9 BHEFE~2000 FFREDOY A 70, S LITITBEHEFY OB AL
&k A, W RKERILAREI~OEL E /BRI & Vo T2 HE PR R 7 — AV TORR
B DA RBERIA T — LD DORHY . FNENORB R r—/WIIE U TR HEREZFFORK
FHKE 2 REERR, ZEROOHEE> THIER~RKRIRFDORFZET—VICREY . BRIH IHh T,
RIS > T, ZOBHRD UC 44 702, AMAREOLFREHIERT S UC 2 E VR
FORERE., YOILRFHFARCKRBEBEERIZLS “C OAREV D | IR MEF
D2HO>DANAHARPEIEERE LTB X HI2R-sTE -, BEMEOSFICETIE, 29
L#z MC OBREREEICET2EMEED ., BETORERER. WEEROWERAANZEED
BOEDOM—P—L LTHATEE L BIZ, FRAEOBEHELE FNEE UTREE LD X
VMBI OHESBEME LT, WCHELBED LN TV,

B, BAERICLVATINIRZOFHLRER, BENRLRLZ L. (LEMEICRERR
DEFEFRONABNREEBORBMOINFTLRRLZEREEZEZERTLH L. BEPOKRL RMEEHE
5D 1“C fIE (Compound-specific 1C analysis) OEBRBPEERBAFE L L TEND ER-TL 5,
EBREFEH CIX. FOROORIEFEOHEMNZBE LT, 2RI A7~ 757 (GC)
CINERERESITE (AMS) ##4 L7z GC-AMS v 27 LOBREE TR O EENLIHEDTNS,
TITIE, BIEMBEE LTERLIEA 7 T4 VREHAE, ST AT LAOMEBE L2 OISHA, I
o GC & AMS 24 T4 TRET I EDDOFERETOBRIZOVWTHET S,

2. ¥y YV —HAI7u~<bs357 (PCGC)

LemED “CRIEY AT LAOBRBIZBW T, 2% 2507 = —XIZ5T . i TERD
7577 A Mb—AMS BIEEROFH %R L U7 ERER - AT E BT O 2 N GC
L AMS DA v H—T =AM OFEE R LR ELED %¥TGC-AMS A2 71 3 A
FADHELIEZBIRELTWA, ERBOEKR Ry 7Y o 7 A4 F U RTHEREDO NN KT L5y
FOEDICHTE 1 mgREOKEENLETHD, —FH., @nfEOF ¥y 7 Y —GC T1EII
SBEFRERREIBIIE A B~/ 70/ 7 LRETHY, HERREM THLIREXEITOREL
EMOm g LRVOSBERERIIBO TREETH S, £/, TNLTOELHERT L 7-DITITLE
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ETORVIOREBIELHEA, TORMCALEEELREL 0D, 2T, BRINERDOBEEA
A PRI L DHMERABHREDTZDOEEMLRFT L. 100 v 1 7 0 /T 5FE TONLBEERZ
WESL L, IR/ SRLEDEENCH KT D RIGLIE LD BT OB ONZ #F DR IEEIC DWW TRE L

o FEFIC, BELEMORKEDEE, BREZBWE LRI YTV —HRo7aw IS5
/ZTA%m$L . BRHEREH X ABREMHE OB 2 ED =Y,

SRITBF YTV —HAR7u~ b F 713 HP RIEIIT VL2 ) #8l 6890GC2 & &
a s ho—VEEE, WONZ Gerstel O KBFREA V2V X —+F— 7T — 2T GC
MArE—7z—R PFC (BEE) 72645, 1REBE2RITBDOT A v v I570
MICREZERTHHNIND P T v 7THB3H Y| HEOHHRHICH TS AN T E2HETE S,
BEINTEPTZ2RCBOTR 70~ N5 7 ZEBASNTELILEA DLEMIHBEEN S,
HTEEIT I8 (I%EE) PREHSBTE=4—&., BVIE8HFLTERTLT v
THLHEMOT T AEIZEp, £ 2 THERE SR> T\ D, KHEIBORBER
Xz L THRTE, 1 AT TRKE 0FE TRICE S OB - LR+~ EE 8 TR
VIRTENTE, 100 A7 27 LA —F—DORELEMOLEE - BROLFRES 25, 2B,
REFR O HBR E 2R O4EE - BRIZIZ 1 B GC EHEEBPFO)SITTHLL 3 THY . LU
ToHTE2HITEAD GCIZA v P27 ¥ —%FZBL THEALE,

3. BEHEYHRICEENAI N A —D—5FD HUCHE

WBEEHERED P OBFE#D I, 7T b, BT T 7 b UBICAET DRSS, K,
ERP D/ 77 V7 ORBEY, ELEDEBRYE., SO6ICAABERRYE Rl aBEHERO
WE) REBRHD5, BEFEHEDITREOHIKBROZ(LZED ETEELRABTHY . Lv£L
OREE, AREREZGIEHI DT, 25 LE-FRYORFECRESEICME T 55 LV AdgER
Gﬁﬁhéﬁfﬁéollfikﬁﬁ CEDREVEUBBERBEMOSTHERTBET S,
TR NBOKBE DA 5 ZH B TR S N - RBHBEY 2 HEEEE%, Y/oax gy . R
2 ) —iRE m&r%ﬁﬁmm@wbﬁ@fﬁ%m(mmwAﬁmm)k@tt Zh#% 0.5M
KOH 25D &K (%) A¥ /—NVIEETEE L2 A L, Bt BEYEE S 20 BTk, B
HEEAFNTZRATA L, YV ATNATLIuvw NI F7T7 4 —FHNWTE0L I Z0BELTHE
ifgE D %187, Zik PCGC THREDAEMBICHET A NA F~v—"—FO 08, WEx
1Tol. WM SNTIEBESEO A A u~ b 7'T Lk 0 ZHBEORBHEEY S I2IIHEL DIE
BAEEN T\, T0Hhb, TERAS Av—D— 6 BEOSBRERAR, ) LEMIIELE
BT ABREICOWTLUTEECK > TEBESH L L HICEE L TRBEL . AR L2 ZE(LKRE
AR, BE%. /7774 MIBRTLTAMS HIE21T-7-, 728, b DOfEIBEIT GC &
BEDT-DIZAF LT AT MEENTWAE TS, A TFMEIZHWERECH,OMN25E7 77 74
MEAAE LT YCHIEZITV, ZOHEMELTH L OEFBOMRERZEENREZRD TS,
EHHBRHERRELK1ICE L O, ERIIRBHEBY T OLABIREDHHMERFFNR T,
EBIZLD DL TETEMEVI N0 dWERE o7, FIXIXEARERIOME R Y|
RO HVRBEOXEBYZ T TWDLIEBALNTHD, H, WS T 7 bR s 7Y T
DRA Fe— 71—l TH B C 4. iso-,anteiso-C 50 (COTHRUOKEITHRFERE, =
oL DHAEIFEEMES ORAERT) IHITRRIEVERE 52, RBOSHBETREXKTLE
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Hi ERARWERYPIELESF. LOHERBORACER

ATFBELIRWERE R, B, ST OEBRFZETIIRIBEDLEY LR L TN
REERZRETDZET, TOBO LY EMRHEBEREZ RO N D FREMIVRENT,

Zhicxt L, BB ERSEMER L B2 RELR 22 ORMESEHEE (N~ N1H7
FEAMEVIBDTHWVERE G2, BB FOFEED R — 2R T /0~ M7 L0
5H DB TIXC,, BEHBLTEL . AMPL—ROEM Y v 7 AFITIZR LN NWED > T/
H— g o TND, _"AVBRIIRA REFHEMOE TRV v 7 APICEEN TV D, E-RE
ELTHGATIRENTUVEA, ZHUTFEICT ¥ XMFICLBICE TN D Chp OREIFAENIEE (=
NHEE) ZKFETL TEOND, ZOIENRBEHEEY IO SA~VEEY — 7 ORI #BE
ENTEY Y BELEYE T TR EEADORBEDICHRT IEELRFT ILERSH D,
IOEHIT, RREBRBHEMIZH> THWEREEZ DR LI~ VEEO V' — 7 LA RE
R & FEICERTXICL, BEELOHEWHERERB L OMA - HE, do b - EMERIC K
DERORHRERE. S OITRER EABITACIDEVEBOXRE~DOBE ORI L,
SR L REREMEZRFT L TS LERSH S I,

4. HAALF POV AR ZEEMIRFEDOEA & 1C |IE
ESIBEREHOMERERESFHZR I, “BICURETADOEBEEATC A AL 25 &H
BAHAAFAVFERRBEEINTWD Y, GC-AMS 7027 7 LOE%ETIE, ZOHAALF PRI
GC DEEEHHHE % i LIAA THBE SN 7= 2T O S O SR FEMR OBEFHIE % 7T HE
IZFBA LT Y AT ADOREME BiE LT3, GC HBEERLERNLA MS T 3C/'%C th %
EHERICOWTT 5 GC-C-IRMS TSN HINTH Y. ZD AT L LR, GC 7BERA
SAUT_BLRBIRESE DL VAT LEBLTH AL A LFETOBNEIT HOEWKEZE LTV
B, FORBEE LT, ~V UL A2 —ERBR LA O ZBLIRFEN R &L ZRITEARA A
THAAL A RIZEA L, “C/MC hOBIEZERAT, 0.1pg KRBITHYTIED, BLURE LN
ADUC 2 EL _BLIRREANY VAT RV R v FIZLTH A A ARICEA LR,
EWRT0 hUy bao UC AR SR, TERICIIZOBMEREDOT 77T 45 v 7 THIES
hi- 2C OBROFEHELNTEEIN TV D, MCMr2C=1.2x10"2 #RE L THETHEAA VR
(A XN BB 6,000 D UC ARhot=Z LI FD D B 1.2% B RESRE TRV
FHELRD, BRICAELE Ay 7750 FLAULE 20 Y2 FThoohs, ZhIdk
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LEBIIRMOTHBMER L, X0, Ny T30 Ko UC/MC L EAL-RE (B
RFELAL) ITIEVEZRLTWAIZENDL, 2Oy I 7T RIZEICEA L-REH R
RO—EREL T LAFA LS TFHF YOI — FRZ &R ENTZLOEHERA Ny ZY
Y TMEHLTREHLTWDALDEMRTE D, SHBIDAEY —2REZ VNIRRT 208
BATBRR Lo K& 2RE L Bbh b,

5. FLOLASBROBRE
REDOKL 2MEFMEBEOBREREZERZBER L TERIENLED LN TE - GC-

AMS 7a 77 LOBREBRE Lz, FTHHRER @WIABER) OBEERFEL FL—F—

ELTHWOIRERRIIS BB BAIZZ> TV B, (LEMEOKFEREZBFRAED

FELRAWALDZEBRTREIND, £, 29 LIS FEIEEEMFONTFTINET

TONTE ML —Y—FERELHBTIHHDT, GC wBEL AMS #MAGOET-FEIEXEFE

MFHRICHEOETFICHTEDL DL FREINS, ERIIRL VAT LOMMMZBiEL, v

FA L THETE D GC-AMS VA7 LAD5ERHE B L TS HROMELZED L FETH D,

B, APFREO—EIIREEN T E R T HRBBEE 2 b NS FTR B2 55T 78 B

i - TET SN, “

< 3R>

1) kM B, RHEET. Ak B, B K WELER. REBE. REARH L EiEY
TN OBRGFHERBERUEICDT T, MEREEST RO LTFRERE. AARFEIBRE
B SRR SRR SERT 138-143 (1997)

2) M. Uchida, Y. Shibata, M. Yoneda, A. Tanaka, H. Kume, T. Uehiro, and M. Morita :
Preparation for radiocarbon measurement of individual organic compounds using
preparative capillary gas chromatography (PCGC) at NIES-TERRA. Proceedings of
International Workshop on Frontiers in Accelerator Mass Spectrometry, pp. 254-258
(1999). National Institute for Environmental Studies, Japan.

3) M. Uchida, Y. Shibata, K. Kawamura, M. Yoneda, A. Tanaka, T. Uehiro, M. Morita:
Isolation of Individual Fatty Acids from Sediments for Radiocarbon Analysis using Preparative
Capillary Gas Chromatography (PCGC) at NIES-TERRA
Nucl. Instr. and Meth., B, in press.

4) S.G. Wakeham, C. Lee: Organic geochemistry of particulate matter in the ocean: The role
of particles in oceanic sedimentary cycles, Org. Geochem., 14, 83-96, 1989.

5) Y. Shibata, H. Kume, A. Tanaka, M. Yoneda, Y. Kumamoto, T. Uehiro, M. Morita: A
preliminary report on the characteristics of a CO, gas ion source MGF-SNICS at NIES-
TERRA, Nucl. Instr. and Meth., B123, 554-557 (1997)
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EMSBTIE. BL A1 70E-L2BWE, REROHLTA 7 OPXESH AT A
OBV - Y 2TV, FIRAOHRS N —TICESBRLTWS, ZOYAT AR, RIKPIZH
WERBHIR LT, 1o mBECIRLAEBEIRVF—TO M E—L2RHEL, HE0nS5H
AT AREXBERETSIEICLD., B 2 KAE LRI HEWETEDLILDOTHY,
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FREEV NI LTHRAL, EFARFALA, ACAFEEZFELELT, 23225 —2a >
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vESTMEBMZRBICTD & Uk, BBV =3NS 1 mm ¢ DE—ATDHL
DILPVEHNTHWBPIRT, TOFRNY—ICHBERZED AT, 20 LiciB e, 5oy
SHCHEERO T BRIC U /2. BMERBEICIE, 50 mEQYA I—la2IHE LT
Wa, Ny 2752 RXBOFEEMZ B1=017, BEEINY 137 27 VIVEIESTEH 5, 38
o ORPEXRERET S SILD XM EE (ORTEC, SLP10180-S) Id. Y — AT Aith
5140° OAETHEMICBRBEINTND, £/2F MU AL DBNIEHRIT PIXE I8 H
TERW/d, NRA (Nuclear Reacton Analysis) #EEAWTHE PO T v REEFEMFITE
BYUAT LY BRRKFEEEKFTHELE. 2R, °F (p, ar) BORBICL DRET S
YTRMERBOL FL—2a VREBTHRETSZLICLD, 7vyELHOREZHFS HOT,
ERE, SR s olkErTiTa.

X (bL<WEr#) Orx)¥— (E) i, E—LOMEREH (X, Y) SEEST T
TND. ANVMERZ (E, X, Y) DURANTF—FELTPCOARY —ITmE XN, HELL
B, HALEND, FILZT - R@NT T URBRTRESN, EHOT—Y®HY 7 h Tk
D 2RI DRR, LRINF—ART MV ETOE—2 T 4w MNeERTD ZENTETH 5,
DY 7 ME BRN=2 a7y 725 TH0, BECEMIEFA3ED10T 550
AR TH S, Z0TOTI 0T, BT HEIICF TP —N—0 5B ES Y >0— R
THIENAETH B,
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BILENTES,
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IBFMAZICE> T, ARRABICRMZEOND D, MMFERIITELLETRLIMBETHS
ZEMEFELWY, £IT ZOEIRRXY NIV 2FBELESNT VAT LADNEEIND &, ¥
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B, FRTERUNAOIMERER T, TOXIRERY NT—=T VAT LANBHEEIEREL T
W3 EZARRWN, WROMEFMO—DDETFIIN ERBAEEEND 5.

&E W

1) BHEE 51 1685 FANESRUITORDEROMESRER (19984F HR)

2) T. Sakai et. al., Biological Trace Element Research Vols. 71-72 (1999), p77-82

3) BEHEE fM:F 1 0REY TFAMERKRUIEDOEIEROMRSRESE (1997 F2< D)

4) T. Sakai et. al., Nucl. Instr. and Meth.B136-138 (1998) 390

5) M. Nomachiet. al., presented at ICNMTA-2000 Bordeaux, to be published in Nucl. Instr.
and Meth.B
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Figure 1: The overall schematic of the Transient-IBIC data collection system
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Figure 2: Transient-IBIC results collected on a pn junction. Top left shows a photograph of

the device. Images produced from the transient current data are shown in the lower left. The

top right plot shows typical transients extracted from the centre and edge region of the diode.
The bottom plot shows the centre transient behaviour with bias.
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FRTELUTII4S0L/sORERIZLOT T M HADDIRNRT2EEAL., Ny ROY— MULT
BELEL, BIEBOEZFERICIVL /A RBHO T 7514 NNV T 2o, TRGOMERITTN
TRAEPTHEATEDLDICTETNS D, FABRBISZERHWLUEIRIWICHERSBICANTRE
Lize ZN5IE. Y—ROTRITOREAr — 7N OEBREARTFRD, ¥y—R2TFROTOER. 7+
TI3ANNT, O—F)—R_>F, EHRI A Ra—H— (O—FJ—ROTOASEMERBDOE
H=HAEHEROEHZRB) THD, 200V60HzOXHERIIEEERF TREXI N 5400Hz200V3
HWEA N—F—TERLTHBL TS, BER LOY—FRRTFR 73K EL ORBER THE XN
TWT /A RIZHF N, HEIINTZ I —I RIZHEZETHEICKEL .

BE®R YOTLEE T THERRGICEERILE. LML, B I EICRFEHHIERICHENR
Oo i, BEEEZFSTIUTS R, ¥ VE0OMEEITI I EERSTE. SBREFIERZE
330103, RESETHRLABAVNISIGREEOE VI AT AIRTSZ L, BEICBRL TIZESBICY >
ZHMUTEBEE2TRAIENEETHSD, LEXTVD, £2. §ONANOGANZ AW XA F A3t
ELTREERTRRBOT, TEABETIENIIENANOGANOFHI AERN LN L ZATRMELED
SuperNANAGANIZB ZM X 5 FE TH 5. SuperNANOGANM S OIENERTHIX, Fig. 2 ITR>3&
HSHEREAATENSH, DEOMEIRNF—EHENYEEINS, LT, Fig3TR3 L3I
CREHBM)  FHASOEEINLEAA L TRIPINT A —-"OAHFHEFENKIBICHEBINSIX
TTH 5B,
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Charge Stats of lons

Mass Number of lons

Fig. 2. Y > T ABERF COHREBELRICEXB A A E—LOEHRHEL2D DECRT A VR
NANOGAN(10GHz) & SuperNANOGAN(14.5GH2) IZ L D BI EH I N B 1 F > DEAf
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NYUONR—TA M NE2ERTHIERE—LBRERL/5-1/10CRSTIEICRZDT, 1D, D
SuperNANOGANM & D EEAfi1 A > ICH#EZ2 L TWaR, 2DEELL TS T LIRS AL ONEEE
B ETAHHEREDTVDS, YoTFLOINETOERIIY O TFAFENOEFRBEZHETHEILNVE
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25— DB YEIISMV ZHIZH L TWED T, RRTRAHREENEN., SOMEFIREKROEL—F—
S — MIZONECERBMBEETHD. HFLWVWIL T VARIF A M) —ROMEE CEHT HUIm
X v w TENRIMVES 2 —)LH = 0D33N 542178 X 18-20MVOIEEENFTEZ %, Fig.3IT1F
CEERZMEAACEBOBAKEL TRL, AT —A¥—0MEZEROTransit Time FactorZ= 9,
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ZOMEBEEHORIE., T TICRENEA TV T2001ECETTETETHS. RIKFICEESFHR
HAOFZ—RIUNSEHICROER S, ZOHER. bEAAT—RY —DEED DHIEND Tidiz<,
& T LOHERERE - MEDLDTHEIEEED ETHRV., EFEXIH > TR MEED+27
LA R 217> THSRFHKIP THES LT EED D FETH D, EHEERICH > TIIHEICH
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4, BiREAF) =7 v I OHEAGHE

ECRTF VERPRFQUZ7 v VDRZIIE> TEAF L OMER Y > TFLALDBU =Ty IR0 HAY
OhOCOAEMIRNF— - BEREETHE> TW3, ¥ TLADI0EU ELOY —ABERBEFEIN DM,
EHOY > TFLAMERIHREROARSY T LAMERTHD, FOTFLMEREZV Ty V7 ITBERX
LZrlidFaniawn, SHELNBoTWE, &30, KEKHETHREIN-EHFOEMEY T v
ERERY T LACBRTZHELNRERNEINTNAD T, TOHEROEBEZRENT 3.

BNk 28 OB K #Fig. 4R Y. M#EEHISC (A7 VUy Fa7Fo v V) RFQUZT VT, 1 29 —F4
THN-HEY =7 v o IH-1 RIH-21 5745 (2] . REBKE—LIBECRT A ETERLMEL 7—
AZ—IZAHNTE, RE TIIHEER THRHBRERE LI NS E—LER OFAEO.SpuANHEIZE ST
%, EHEMBEE-LRZY O TFLANSOBTE—LA (2-3pA) ZISOLOY—4 v b Fx N — 2K ZUC,
BREDY—7y FCRBE U EERL A T AL UISOL T EINESE AT TS5 M, BEniEHd
A 7 > &2 T 51213 ASHETTECR charge breeder (78 #{%2%) 2 AWHBRMERNLL (Q/A) %M
EROFAMHL/TUEICT R, E—LBREIIHBENAEORNKETRET 2 &1 X10%/sMlHETE 5,

COFHBEEEDBIZIE. Y OTAMEREOPETFY —F v NBEOHIREEREEDOMELHTIE RS
ATV 7 OUBETENETLET, MERBH2U T v I REORIOBNNLETH D, SHHEIK
FEIZHEFIIBI NS Z Tk, KEK-FEHREOKEER FIMERLS ST EIC kA U TKEK-E HHH
DI ZINFEBEAFENBED &Ik S.
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(1] BEE. TRKE. T, B12EY > TLAMEBZRVEORAIENOMASBWEE. =XH
(1999) ppl113-116
[2] ¥#HEM JAERI-Conf 95-017,
S. Arai et al., Proc. of the 1994 Int. Linac Conf. p689 72 &
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6—2 BEHY L FLAARTA CHOE—LBWEBOREARI L L OHEAFIL A FORRE

1th &
AARTF AR IR EE=E

1. 2B0H®

PEEE A D AS E— ADRENDMN D & B 4 DBEOHEROEMITRITID. bhbhid, Y > 7 LM
FBAKTA VEOE—ABKEBORARI 2To/k. TOEBRMMAZERO 4 DORTOFTE—LDH
A ERAET S, CORBIZED. IEEN KT AR- FTELE—LOMHEEMTORR (T ET5 >
X)%%BﬂuﬁéztﬁmxéoitBﬁ@@EKEmTA%E—AEMﬁ%ﬁbﬁyxﬁ—bf%éﬁﬁ%
R COEREVICHET D OREIZERT D I EMNHES, HROLI vy VAREBEIEDNDE—LA
%%%Em\E~A34>®%%tﬁ£m29®%(XYW&WS)®5B~D®W®E%t&ﬁnomfﬁﬁ

ZREL. Beam Deflectori  Deflector2 Aperturel ApertureQD ect
flil OOV TS ERZN, DED 2 [ 11 I
KRITDUEET BT THHN, REBEIT4

RILEEMTONHEZTDEFAETE S, @ %

2. WEDEAHR

Fig.1 IZHRIN. Fig.2 ICHIEDRERZ LD
T, ZOEET 2 DOREHEESRIZL o THMAZEMOD FTI%1 Constructiondof Beam Diagnostic Device: f
2 = e~ Ty e apertures and the particle detector are retracted the b
22%?23;?% e %é\[ﬂjﬂi gg;ﬁiﬂi tgzd%) coursgwhen a measurgment is not me;derA elracied rom eam
\ It a ° - Z ‘_—

Moyt 2 DODT NF v —CHRINDIY A—% ,/M
Ao bOEINERE NG, MTHRIE-ER T [ 4
BICR AR TORTH SN S, RIELEICHE deflectorl deflector? averture! Detector

BXE3Y—LAORSEIBRKEELRNSR T% aperture?
HETBIEIZE>TIFD. BIEFITAY A—F Fig.2 AEOEE:

0y~ s -7 xSl DODdeflector TUBD L 7 bEHEEDREAZTTLY,
B & YRR L > TRFMIZIT 5. M D 1 72§ L E Y R RS E i 5.
NHEEMOEES 2 EROUEICLE LN TED,
3 LS REOBERTES QAU A—SEATAEEEE L CRAZH LOBESHGEAET S,
&2 DRABICIE—DOHERWIE T 2 DDHME
XY ICE—LAZRATES Y 257 RHEOBERR &
WaAMHT S, DD a7 FRURMERIRERA \
BAREWZEITT 5 2 DOET ERE OB BRI

E—DIZEEDEMTH 5, Fig3 ITmT LT,

A Y —EBE S ERAERIKICEBRL, TOIy

DI EL I EBEEMNTBIEIZL ST, HEDZE

R OHIC BT EARBERMBMESES 2 DEER
HHOBEEREELZENTES, ZOREALFRIL

XY O =D OREA Iz LS ORmEEELZ

WiEs, YEhFRENIZ BRI Z INEEE S AT LD
WESNAFEEICEBTERLDICRD, £OTLE

O TRACHEBEZELS TE. SFEAABED Xdiflection

EBENEHITILS, Ydiflectio

4. KT -

TR 2 KEFRIEMOY -5 v hE 2K T
BEFERETEIA70F % RN TL—bBLY +
BURETFERTHD. BRIKEERESTEL S
B, YA 0F v RN TL— MIEEHITF v > _:5

FIVBEONSHRLO RGN, F-2KEFNTL—
L E - sy 5 ERege s srm 9.3 Shroud Type Deflector
KB 5. WL D RASHEE 10°CPS 2
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HLTW3,

5. EEOTVINTYRX LA

CORBTEIEED 1 R CMEEIVERER) ZTEICHEITANSMMEEMEOEILZED, TORIN DR T%
Y A= BT ESIRMBOBEEFEL. WRBICHREL, HNTEFATS. EEICKEREMEEERET
e, EECETOHMEZVLNCEHTIMNEELRERERD, fiT0ty YORBEELNEEEOT VT
DA LLE IR OFIFRER DO —DTH 5. AERFMDE 2 DORIBRERIIK FREBOFHETH S, E3
DHEERIHERABORABED L) XTI M LTHD, ZHUIDNWTR Y277 RRFEREIZL> T
ERRABEEZNS S TESOMBELSEEMBRTHOLMEZGEONLEBA TS,

6. B Oty S ETITY X LD

SOy b OBRBRENEEEOTINTY ZLOEREERIT HDICHEHEHLRT oI T Taty
Y (DSP) TEMET BT O S LARKED, FHEETo . MELAEZOTIN T XAIZ 2 FET. Typel
BEREOLIvY L ARERTITOILIOAXXEMTHUET 2 EER Y- YERSAIIHEAITEIENIAFRTH
5,
Type2 I X-X-Y-YOZERTHET AN EERMEER TS, £97< (10x10x10x10) EEL. KIZZED
EETRFE2ELIIRBLUEEVORAZEN EET S, FMHICERALAEZT— YR ERIHUORELUT—4 %
HERLUTEBLAE. DSPIZFFY R + 1 A VIV A V40D TMS320C6701 2R LT 2 — IV &M
Uiz ETEEBIIRET A2 9MERETKRIBIZEALT SN, METEZHHENEG SN, BIRAIT Type2 DHl
FETRERMENE £ 10mm. HE+10mrad. P WREDO X5y B lmm. HE Imrad PEEYI—F—
ZHERY AT EDOBEMHMEODEDTH 1 2 TEEL .

7. FLOBEAEIL AL FORE \4»@,
COEBTEREALEY ST REREHBOEE
FEORF*EADE, THOEBEOEM it
HELTHMOBRENICIES R EETFERD
TEMTED, TOEAFTRMEL T TR
BAEML > AR ELEBITHERTE S, Fig.4
IZHEAERL > XOFERT, RBESROEBE.
B LEOBMAHEIIEFITRD LD ICERSEIS
N3N, AEBOBEII—F—%T7— BN
WOPRIZHEL T, BHARy M7 =21 30IZF ,
S TTRBBOEMAHEEX DL DITERT 5, Control voltage+ o~
COHRSEMBEED RO HNFRETH 5. Controloltage- o -
ZORDLVIZHELORENLETH S, BIEIZ un _
BREMHEL B ENS RaANH B, %@oA Fig.4 Shroud Type Qudrupole Electrostatic Lense
EXDENCEVDROKERL > AMTEDZRED Different from defrector in Fig.2, control voltages are fed at

R A B the centers of the dividers and the values of the dividing
o registers are set to make the voltage distributions parabolic
along the dividers.
8. £&%

5T LMEBDOAF T CHOE — LABBERBOEARFHI DWW THE Lz, REtSNEEBIIE-LD
X-X-YYD 4 DOKTDMAHER LOSHEZRETE D, £ MHAZMOEEDTINIY XLEHERDO 7
Oty (DSP) OMRELZFMEL. ERIIWMAZ2bDTHZ I LB L, £o, ZOHBOREHMEL T,
a gy REDOBBENFRTOREETV, BEAEEL D ANOBEREHFRLZ. —H. KFREICDONT
i 2REFERI7O0F v RN TL— MIFETOIAFERDRIMNKEIN TV S,
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6—=3 A AV~ 77— LERNEFEET L 2OBRSRBE
izgoTe
EF W AZERT T305-8568 o< (XrifgRE 1-1-4

§1 IILBHIZ

EEA A~ I m L& AVET B 1 COiEid. 4 M EdT 2B FMBIORE L AFA A4
EOMIFERABETHDIIEFCEDRFERERD, ZOHFEIERRBOREHZGEU)RYE
KT NA ZAORBRLEMAFTITICAIN TS, SEU OEAHBRAMET H-OICHELITTA M~
A7 FA A= FIBRTRNFX A T PAF LHE SN L2BEEROBLZHE L0, ZhbDER
IIILEE D DB — A EAH 100 E/AIZHIE L=, F-IBICHBZHEL, 2 10um O~ a4
A A= FOEBEMBIIE—LERETAHZLEFRE L., ZORIXTIE S Vy o vay - ¥4
— FROHEDIALBRLEREE S1 Uy 7 a - 44— F SOI (silicon-on-insulator device). SiC
Vay hF— A F— RO, ZBEOT AL R —LA% 10pm2 OFFHICEF IS, BEELRE
EEEDOMEDOEIG 2T,

§2 INE#P LOERER

EBRIZAWZ E—AF 2MeV  He+DA AL B — L% Hu, INENEBER G L2 A2 L » TIEK L,
F2um DvAr7aAFrE—LZEVH L. E—ABORAIEICIZY—5 > MI 1000 A v o -
Uy REHW, #—5 v b bFAET D Particle Induced X-ray Emission(PIXE) % Si(Li)detector
THIEL., ThZ2EEFARICETUIDE—LDENRY ML E—LARE RO, HBEFEBRTOE— LR
FEXER SVADNRANT v TEBT DDA A VB HD T4~ T4 VF—%HN, E—LB%
HIH L 1000 Kr7/F>  (0.15C) LITICHIELBH L. FERIZAWEISHEHEOF A4 —FEKR #©
400um OUAINLH0QDF v FXx ¥V 7 —IZWYFITEBRLE, BECERLEZaRs =R
—TNDA L E—F U ZAHFRRIZB0Q TH— L, BRICKo TEA LY TR ERRICEE
HEIEZ(ORTEC142A) %@ L. LHIEEZRORTECSEDIZ L > THEE L=, WKRICT I/ Fo LV Eh
#2(ADC-ORTEC800IIC &L > TTF Y Z AL L, amAiaa TRIE LTe, 735 A0 BIIEOREITIT
Ton beam induced charge collection(IBIC)% FiVy, B —AFEET 7L M EE T 2 RTOBEH,
ZO IBIC B HRMIBAHRE LTz, E—LMIBOREIZIIT A A A — FOBKBIELRES
ZRLHERKNESY 1~207 /pm2fE2EL TEXARVHR/IRE L, BEMEREER. T4 A0
um2OEHICA VA X V=L BB LT, T XML ZAORKBIZLFIEEENO O T
TSN AEFHBELBEIE L, 75 AOBEEISITHIE SN - WIHME O =% B IO K B EIC
LOBEBEFOBEDOEIEEZR T,

§3. EBRER

FL)Sivyrrvar s FA4F—F

EBRICAVE Si Pxr s var s FAF—FRV Y a v EREICTER 20pm (GBRE 1x10 /om™)

ARESHE. BERIZAIESICEY, 50um Oy 7 a v EERLE,  BRIT 254 ¢ O Al EH

CEATF T Hx U 7 —CHe Ui, BlCHeT 2883 Si BAROBHERICAE Lz Al I &0 B

RHL. 9 —FOF v T xv ) 7B LY, SiYyvrZiay s FALA— KO 10pm2icE—
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LAEBR L, Sivyrsiar - A4 —F~OBRNEIT1.0x109/cm2 5 1.1x 101 /em2 DA
Ao BB L, WESNEIHOKELY B, BRELESOBIHEOEEG L~ T, Silavh
F— o AA A= FOBSBRBEORIEEHE 1 KITTT., BTN ELS, fEIITRER2~T,
2.1x101 /cm?2 F TIHRAE LEEMITFASET LTV Y, 7.8x101 & cm2 TRAEFEWNEIT 2%
Liaoo7-.,  3.8x1012/ cm? Tik 5% DE/OA R LN, 1.1x1013//cm? Tix, HHOEWEL Y 16%
WRLTWAZ EERLT,
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B1:50ume¢ Sivavy bhF—- A4 —-FI2MeV ~Y AL F L E—L%
RS L7 b X OREBHOBMEERE T,

32)SOI#HEESI Vy I vay - FA4A4—F

FERIZAWESOIMESI Vv 7 g e Z A A— FixSi ER(5.1x1017 fem3) b (THE DAL (LI 0.12
pm FROAMT, ZOLRICTEE 20 m ZpR SETEREAWEZ, ZOEKREICEBEE 1um 2F
REH, BRE30um DYz y bF— - FAA—FEREL, BERIZIZN0S5um O Al #7E LT,
AL 7 ¥ =130 x 180um DRXEXT 30um¢ DEBO=ZH B TEELL, 30pm¢ DFA
A AD—FEMEIC 2MeV Het ion DA 70t —LbxBH L, Sivay bF—  FAA—FLREL L
HCHEE LT, BESNEMEEORFE A EEIC, BRELESEOREOEIEG LT ~-, SOI #
ESI Uy gy s AAF— K ~OBRET3. 7x1010 /cm2 206 1.9x 108 [em2 2 IE L, B
QINCHIHMEDH S 2 L LSOL#EESIi Uy v 7 va v - 44— FOBBEOE G277, HEMHEH
IX37x100 fem2 B L2 L S BALZEEE 1 &L, ERETBRAEZEL THHREEDET,
20x1012 fem? ORKFETHLIALBREOEITBEN ) o7z, 1.9x 1018 em?2 BEH T 2% DBITE F
V. BURBBEICFERICRWERE R LT,
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M2 30umoSOIESI Py oay « ¥4 F—FKIZ2MeV ~U T A F L —h%
B L7 L & ORABROBREELTT,

3-3)SICvay h¥x— - FAA—F

EECHWE SIC v a v hE— « A4 F— FoakEHT 6H-SiC  p-Type(FEAREE 5.1 x10'7 /cm-3), T~
ERE 5 QB 5.5 x10'5 /em-3) OEMRERWE,  ZORRECEME lim RS E, BEE30u
moyay hF— - FAFA—FERELEZ. Y3y bx— 14— i 2MeV He* ion D~ 71
P AR L, B2 20X A A - RERUI I CBHABLESEORROEEGEZFH N, H3
21.6x 1008, cn2 BE L7 lima E#EL LSICYa v hF— ¥4 4 — FORGHEOHBROEIE &
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§4. f53k

Sivay bh%— e FAA—FOERFERTIIRHNE 1x10° /em2 A6 2.1 x 101 /em?2 THRE O B8
FREBAEL T eholz, BEE1.1x108/cm?2 THRADEWE LY 16%I L TWBZ L E2FLIE,
2MeV He+A A B — LA X A1BERD 0.5um ZERBL TV Y aF~K65u ORBEHEINZDT,
BRIZE S TTFNNAS ZARNFTICHERMBEE- LTV EB2bND, FRHLESIVY S Z2Vay 4
AF—=RFET A REFERLTOWDZEEN 20um THY AFLEE—AZT7 7 RV THEIZLD
REBLEFEZBR L, SOIDSi Vv riay« F44—FTit, BEE 3.7x 100 /cm2 75
3.7x 1012 /em2 TiX, BEEWERIZEMBR LN Lo, ZORETIIT AL ADE X NEL .
Bt Ehi 2MeVHe+A A E—AiZ 2um DB L 0.120m OEOIALEB{VE LB L, 2um O
HNF AL AP TR L AREBEBREZT TCORVWERBREL R LE, ZOMERIEA AL T
Frenkel RMEDFEEMNRA AU REBORIRICEFTTEEEZEXL LN TWADT, 2MeV He+A A B — A
BOALBLEDO FBOERTRESEI > TWEEELOLNS,  LoLEMNI, 1.9x 108 /cm2 O
BEETII2%DBELTRL 2um ODTERBIEELX S X T, SOIDSivyrrvay « F44
— RET R APEND T TNA R MIEDRERBEROBENEL , FHEMOMMANRE
ETHBIENREEDOYEERTELZ L ERLE, SIC Y3y b¥— - A/ 4—FTiX Si % S0I
DREHILERD LHEROART YV ERKE L, BHOBEEZIROTWRERLZ R L., REEHEIIR
SELEIZED L. 1.1x 10108, cm?2 S Tk 9% DA% 2.9x 1012{8 cm?2 e TiT 21 % E 4~
L, ZOXREREEORERIZALNICHEKRD TR, AFLEA A E—AIZL > TF AL 2
BEOKTERLEZFIALNTHD, —BROIZSICIHBTEREN NS WO THFEDEMBELYBZ
THIHRT RN X —DBENE < RGEAZRRENE Sbh TR Y | ERE R IR T 2BMEE R L,
SiC vay b¥— - FAA—FETIL, FEERERTO SIO2SIC REOEmFEE, EFREOEN
ZRETRICRMOMENREL, TROLBERLTWAIEREXLNSH IS DFEROZHIZERY 4
ATIT< DbV TH 5B,

§5. #iEE
BRIZT A DT AL ZADBREZ ZHNIBE £ LIEBRAESH LA T v 7 ORBERICHES BHOBER
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Free Electron Laser Laboratory at Tokai, Advanced Photon Research Center,
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2-4 Shirakata-shirane, Tokai-mura, Naka-gun, Ibaraki-ken, 319-11 JAPAN
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