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1. FUHIZ

1995-19964 12 44 1 B A 4R GHIE B RS > 7 — I8 A SN2 s 4F
CHIE I A5 L (Carbon Dating System, Model 4130-AMS, A4 T3 2 ALY
TR ERERN)EFEAER—DI AT LN, 5250570 —2 2K
¥, RAVOIVIRAT 472 - 7T L bMKRE @HREIFIVKE) TRES
NTHEY, BICAKNSERIDBEGBIN TS (Andrews et al. 1995; van der Plicht
ctal. 1995; Nadeau etal. 1996). L HRRKFZTHREGABNE SR BIBEEIN, &5
BITIIN—T 4 > OBEBZRET A2 TETHS.

T, B2 T RO OREEE 1 RS T o2 LR LU TH
N2z, BL2HARY LT RO OEMOB D HITDODNWTIHRRS,

2. Fo2MARAY T O AMSS AT A

2. 1. IEEEENED D

MRS E B HTIEORBEORN OIS E X 1 1ZRY. 1977412, Y7o ko
N ES DIREED S WE EFHIRIERZFH L T, 10BeSMCOHEIENEHE S 1
72 (Muller, 1977) . F/ZFRIFEIC, NFFYDOITIITAY—REBLIORKEOD

F T AT —KEDY > T AIEE Z R W= ILESE B iEIC & D ¥ T4CH|
% (Nelson et al., 1977; Bennett et al., 1977) M7 HN/=. FOBRLKITERIZHE->
T, BEYHZOERTEICHOWSNTWEEEFEOIRAY > F AMNHEE (hnE
BES~IZMV) Ze0E U TINESREESTICHIAT S 2 & T, BRIt R T30
L Z HER TR E E T FIHIGEE o TWa., ZHLEMECY > F
LHNERER OYGE S VIRNT, ALY 5 AhnEREs (INEREFE2~3MV) ZFun7=m
MR E B MEHO AT A (27 b0V NESEEDHEE) AU K E General
IonexthiZ X > TWBE RS BIFR I N, 1981~1983F (W T THE, HA, HhF
Y, 1FIVRA, 75 AICEAINE (R1) . HAHBKRFEOY T O o
FEFD 1B THSD (Nakamura et al., 1985 : 4 R KFENLHEEBIZE Y >

A —, 1991~1995 ; fikf, 1995) . ZOMHELRBEOMITOHEHEIIZDOO TEE
L7ZiEZR L, NS OB TEMRONMESEENMITICX 2 14CHIE T —%
O LA L TNEES-> TBSTIE RN, 512, 191FBIE, Bk
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Table 2

Tandetron AMS system in the world

1st Generation Tandetron

HRICBIT B Y > F b O RS E RO HTET DR E AR

No Installa- Organization Nuclides Manufac-
" ltion measured |tured by

Univ of Arizona, .

1st|1980 USAO ' o G.IC.

ond|1981-g2 |Nagovalniv., e G.IC.
JAPAN
Oxford Univ., 14

3rd {1982 C G.I.C.
ENGLAND
Univ. of Toronto, .

4th {1982 CANADA “C,(°AD, ™I |G.I.C.

5th [1983 S;;S;EYVGHQ’ "“Be,"“C°Al |G.I.C.

2nd Generation Tandetron

No Installa- Oraanization Nuclides Manufac-

" |tion J Measured |tured by

Woods Hole Insti., |"*C,("’Be,

1st {1991 (26 US-AMS
USA Al)

2 nd |1993 Univ.of Groningen, "o HVEE
Holland

ard 1995  |OMiv-of Kiel, e HVEE
Germany

4th |1996 T:g:}l'\la Univ, e HVEE

5th 1997 JAERI, JAPAN “c, "l HVEE
Seoul Nati. Univ., .

6th |1998 ul Nati. Univ., . HVEE

Korea




CEFWRROY T hOVoHEt EFRBEOKREITHDN, BRFOIEa—
5 —, BR - BEHEEHORMERD AN-SHEOHIY > F o L aEt G
21y o) MNEFEINTNS. :

FRBOIIRE, KEY v XR—IVIBEZERT (Redenetal, 1994) |, 4524
DTOA—= K% (Mous etal, 1994) , RAYVDOF—IVKRZFICRESINTSH
D, 196F3AKICIIZHRRFZICRESNDEFBICEL D ARAEHANEN
W (1, 5H1) .

7=, ZEHNFBEOY > F AINEIRIZBNTD, 1991~19934F 2T THE K

FICRE SN > T LINELS TR, RIWEESNME2EL2HME L TR -
QW%&T%D 10Be, 14C, 26 AILIAMZ %, 36Cl, 41Ca, 129173 & X & & F /st
BINAOBIENFE IN TS, ZUE, K1IRULAEZHMSY > F AJEZEE
BNt OmIUTMR S/, KR K, 19824FEZAY T A N T T 55—
TSR A R U7 INESSE B Mt DSBHF & , 10Be, 14C, 26 Al #IE /31991
EFTIN—T 4 70N TW . FOE1991~19934 2, UT, ﬂuﬁéﬁ’ 1 SMV
DFRY 2T AT HFT =47z (Kobayashi etal,, 1994) . ZDEIILHD
FIAOIELS TIIH B0, MEREESTEZEZHHBEL TE qu B zhf’
HOTHD, EAXBEHERIIETATETHS. HERERNOZ OMOIIZFEHEIC
DINEIE & ﬁﬁ@ﬁ%@ﬁ@ﬁﬁtbf@,%ﬁk#&ﬁﬂ@%ﬁ%ﬁ%ﬁﬁ
SO ENIERBEIERTIC1I995FE ORITERE &3, 1996FER L2 NS5 E— AR T A b
MPEBEIN TS, T<HEIETIE, HCEEOHIEIZBWNTO.7% DEIENER
INTPHD (EHETEMNSORMEIZKS, 1997) , M —FT40 > OEH
MRS NDTHAD. FEHARFEFHMEMTIE, FHBRKFERAEEDSY
F RO IERE BN ORBEEIOTEICTFELTND. ZOEFEH,, BKKSE
(Nagashima ef al., 1994) , FHEEL K2, WMNKZETHEEDY > F LHEREZ M
thﬁ%E%ﬁmww%ﬁ%ﬁémfﬁn,H$K£Hé%ﬁ%§%ﬁﬁ@ﬂ
Hiasg—BERETIZ O IHFaINS.

3. A Tho 2B

3. 1 =HEEAAE
AFE—LAAREBOA A EIX, 74— IV RICBOWTHERENEFEFE
mﬁﬁwiﬁﬂymcﬁﬁgﬁw,E&UmCéﬁiﬁmEmﬁiﬁﬂ#B%Qé
NET T 774 R =y MZDWT, B TSMENRRFICEE TS 5HEY
DIOLANY I —EBAFTURTH 5. 59{@0)57 7y M E25em e fg A
(= bRA—)) OFELICEEEINS (BEH2) . V97714 Ky —
oy R B12C-A F 2 E1S0 AL DA F & o.ﬁﬁfb‘*ftﬂﬁf%%m 1 H OH
ETIE, IREN S OB EZHE 2 57/2020~30 4 AD12C-FIR5EEN
AusnTnwsg, £z, AER2mmOilE Y —7 v hERET L TL1A >
E—2M, By -7y NEAZEETEZEDIC (—HAETEESBHNTS
& FORICER)LI mmiEEOENWAMNASHN, 14 E—LBRHEIINRKE
W28< 72 567=%) , ABENLET, EA4MIC +hm@%f%ﬁ7 ETHD, &+
OBENII > Ea—4—THHFHEINS. HEDOKIZIE, BEA2mmOMED
A —ry FH ED 8 SEIMBICERE L TeHEMfrhbn 5.

IHOLT, BEOSWKEDAAF L BFIHATESL-0DCOKEEZE L
T1REHZ0OHEFMZ3I0REICERTESDL, EESMEOY—7y b %
Hg LU THIETEZ 5720, BIEOHERNKIEIZN LTS,

3. 2 [RFEREINMAA (12C, 13C, 14C) DA AStZE  (Recombinator)
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HlExN3. Tabb2H808BBMAEZ —MICLT, 2HZHNFICAEL
"recombinator system"ZHW13 (K2) . FT2HEOBROEHNT, 14 E
MHERHENE I A E—LEZEEICE > THEIL, 12C-, 13C-, 14C-% ji| & DH#f,
HIZHT5., BERCOGHEEIIBCOGIEEDIO/ZETHD, 14 HETHERS
NFEIRFBAA L EZTDOEEMHEIF[NTEAT S E, MMESFOEHBEFEALE ITIEE
OEHEBMND, TSNS ORBBEEGENT 5. £2°T, 7
recombinator system” %5 A7 AT, 12C-, 13C-, 4C-OHEN NI T=
HET, HEEMABAY Yy REHNWTRC-OF—ADHEBHSD—DBREIZHD S
Hé#E (beam chopper) Z fH 5.

COXDICEEORMAEZRFICHEET 2 &3, shEEeRkoZEtoZ
K BENVERLEDEER [ BHETZOICEDLD THEITHAHEEZ NS,
KD AERXTIE, 1FEOFIEHLUEEEZSHICTDEZ S I ET,
12C-, 13C-, 4C-OFEMNFEIFFIZ TII <, KESENEICEDEIV~Ea3I UK
OMBETREICHIESN TS, LML, [EffREZ XD ERICHIET 5121
recombinator system” % i\ 5 B{ZAD[ERFHIEEDBEN TN S.

HIE S NBIRBRENARLLD S B, 1BC1R2CHITEEIY —2 > b DR FRNEKD
BIDONEZMIET 27201, aBlFEIT BT 2 ik RENAED B O R OIREE
BB T A0, I SICHIE S N1HC/12CHITREBIOMUCEMEDOHET D=
WICHWENS.

ZOULT, RIATLTIHIEMERE - KEMEDEWIACHERREMNRIRETH 5.

3. 3 JNEkEEERE

IR DEBEOFRAEF, Ay 7707k DI HORHKEREZERT S
FHRTHbNs. /KL, SBEBEOEHEKERG (40kHz) 2FHEZIHBEDITK
MOBEZEENHNLSNTNED, APATFATIEVY Yy RAF—hAREREST
W5, FITC2MVOIMEEEEZLEL THHTES. 25MVOIIEREFEIZ, N
HWENTEAAFNEIEAF D EEARMBEHITHBNT, 3MDIETF DL
INBDHENRDE . /o T, UCOBRBRENG <, HIERHO BN
T&E5.

SEEOO > FO—)UE, RENSELFTEANTESEEEZEE AT
T4 — RNy 2735 5REH-IT, E—LNEBEORBIONTEZ T 75T 4y
TEITEBRADERBIZEEL T, BCH+E—LDOMBOLEHMN S SEEDLEE,
2R L ENEZESEEOLZENICHHTAEI Ay T4 — RN\ 7 A7 L%k
il T3, ZTHLT, MESENETHOHD TETITHRZND (AV/NV~6x10-4,
Mous et al., 1994) 7=, 14CM2CHHAIE DBBHECREOR ENHGFTE 5.

3. 4 HEAFBUHIER

BHA A BRI, V3 RmEEMBENI LY T I A BRI R
BOMAEOET, RESANANT 21 A2 OEIFRIIF—BRVL I F—18
RBOUENSEETTES. Tabb, RERICANTLZEEIERNY I T
T RAF L MEMUCHAF D EREICKGI LA T2 ENTES. Dk
B, 6FFRIEER DA WERORE ORIE DR RFTE 5.

3. 5 GFrEEH#HIE

IEEBE B, 26803 Fa—49—ICkDEREBE - fiHxhs. &
BEBODFEAZEEIDDZ L3/, 2802 Ea—4—3FnF
N, MEBOLXIBITHMINZEBHFEEE - BHROFE, BZ2EEOHIE, H2e
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JNVT DB, BZEEOE=Y—, BREE - BERETE=Y—, BXUQHEIEH

TEDFKITEIHIE T— & DIEDRENZ DTS, F/z, HIEDOEN - H/1ibzE
K570, AT LAIBEHETAHRL —IDNERL THHMEERNTEDS XL
INT/E->TW5S. HEEEROBRIZIE, §FO1 77—y VEENRITONTSH
D,Kﬁ@$m@%¢bﬁ%A,/ZTA@%?E@%LK@E HENRIZI# 1L
L, ESICEBERFRRETAXR L —F — (Y —EAERI—)VENT B HEERENT
MTEDLDITI-o TS, Z5LT, HEOHENMEERERENEFINS.

PLEICHRREE 2R TFhuooMeaR1ICEED 5.
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RS E ' ATRE (5B 1&&&>?FD>),it,ﬁ%%ﬂﬁmmiéﬁmé
P L TE3ITRT. FO0—Z 2 U KRFICEATNTWSE 2y 5o
ST, IR T OB LTI A CEOH N —HRELS, D
BCOMHZIBRNFE WD, HRO aEholBlIN/zr o771 Ny —F v
RMZDWT, K20 OlE T20 52 2 214CHEHEENS. /- T, H14%

—12-



I U T 20 DOMETFAEIIBR B ITEKRTES.

F/z, A2 Ea2a—F—ICXPRERIEOBIMENLLL TITAS L DITEN
W, FERIB000fEFREE OB OMUCHIEMNAJRETH D EIN TS (Mous et al.,
1994) .

=3 FE1IHMA, E2MHARY T bo LHEEEERIEIC K B CERBIE OIERELEL

Table 3 Comparison of performances on **C dating with the 1st- and 2nd-Generation Tandetron

Item 2nd-Gen. Tandetron 1st-Gen. Tandetron CO2 gas proportional
AMS AMS counter at Isotope
at Nagoya Univ.*  at Nagoya Univ. Association of Japan
Amountof C  0.05~1 mg 0.2~1mg 22g
necessary

Measurable  ca. 60,000 yr BP  ca. 60,000 yr BP  35,000~40,000 yr BP
oldest age

Precision +20~+30yr +60~ +80yr +80 yr
Counting time 20~40 min. 2~4 hr 16~20 hr
(both sample and standard) (sample only)

*) Expected performances of the second-generation Tandetron.

4. F2MRLY - FhOOFEHAE
ARBETHALELDIZ, F2HR45 25 o 22343000 ik D 14CHIE
DREHZE D LTINS T, FNFTOEKORERMOERIIRS 2 & Tl
. B EN AR OV ICIIRETH —EAMEETS. ZOUBEEEIT
FoTBNRNEHIEMBEEL TESNDUCEED D WNITHCHERMENEKRT S
HONAHEMEIZ/2 D, Ut ¥ —1ICBT2HROBBHEBERB IO > /N —
T, EATRE7R sl B BUI B W WERIERETH S . ZERNOF|HEEE T
ERI000fE AR E O BRI T LN D E LT, HDI000fETT, /PR %
< ZEMEBEZALGND. Thbb, 74—V RTERIREINERAEBTIIRL, &
BLEARD KOS T T 7714 87—y NIBE- T, 25406 &1, ok
BN S OHIEKRFEEZ ZITAND ZEDRBFNEINDZZ &Ik 3D. _
L, B1IHAY T RO ORBICBNT, HEMIEE LT, F5OWITHE
BIICBNWTHAB NI T 771 YTy FDHIEEN TS, A E DI
AR HOFEMICDONTIE, RBEFICHBREINTOWAHRIENMNIXZ2WE T4
BR¥ESY T O IEBREE WA OBIR (19964E) L4 > Fho 2 Sk
DOFRE] 2Bz,
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Key words:accelerator mass spectrometry (AMS), tandetron,
high-intensity cesium sputter negative ion source,
simultaneous injection system of isotopes,

recombinator system

We have introduced a second-generation Tandetron (carbon
dating system, Model 4130-AMS) which was manufactured by High
Voltage Engineering Europe (HVEE) BV, the Netherlands. Two sets
of the similar HVEE AMS system have been installed successfully
at University of Groningen, Holland, and at University of
Christian-Albrechts, Kiel, Germany. They have already proved
excellent performances in carbon-isotope-ratio measurements:
reproducibility of C/YC ratio as *0.1%; error and
reproducibility of 'C/Y*C ratio as #0.15-0.22% and #0.3%,
respectively.

Main improvements of the 2nd-generation Tandetron compared
with the old Tandetron are: (1) a high intensity cesium sputter
ion source is equipped with the new system, so that the '*C counting
rate is almost one order higher than that for the old system.
In addition, since up to 59 targets can be loaded at a time,
measurements can be conducted more efficiently. (2) carbon

isotopes *’C”, *C” and '*C” can be injected into a tandem accelerator
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simultaneously, by using a recombinator system, which will

archive high accuracy measurements of the carbon isotope ratio.
(3) the terminal voltage of the accelerator is 2.5 MV, which gives
the maximum yield in producing C** from C” in the charge exchange
process of the tandem accelerator. In addition, a slit feedback
system with a position sensitive Faraday cup tomonitor the energy
of accelerated '’C** ions stabilizes terminal voltage, which

provides us highly stable isotope-ratio measurement. (4) a heavy

ion detector measures E and E of incoming ions, to separate

residual
“c* ions from various background ions. Provided that the
background ions are rejected efficiently, 'C ages older than
60,000 will be measurable with this system. (5) A computer program
is equipped with the system which controls the carbon-
isotope-ratio measurement for multi-samples automatically. This
provides us a high-efficient measurement without any hard works

of operation staff.

As the results of those improvements stated above, the
highest performances in the 'C measurements with the new
Tandetron is: (1) a measurement error of '‘C age can be as small
as %20 years with a measurement time of a few tens of minutes
for a carbon sample of less than 1 mg; (2) a full automatic
measurement can be routinely performed; (3) more than 3,000

samples can be measured annually.

The new system will be used efficiently and speedy by many
domestic researchers as well as by those outside of the
university, if graphite targets are provided to us which are
prepared from raw carbonaceous materials by researchers

themselves.
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