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Abstract

AMS (accelerator mass spectrometry) is an efficient and accurate way to measure the '*C content of a
sample. In the last ten years, smaller, more user-friendly and less expensive accelerators have been
developed in the field of AMS, as traditional accelerators are huge and need a lot of manpower and money to
operate. Now, the more compact AMS system operating with terminal voltages of <0.50 MV, e.g.
compact-AMS (CAMS) with 0.5 MV, single-stage AMS (SSAMS) with 0.25 MV, and Mini Carbon Dating
System (MICADAS) with 0.20 MV, allows high “C yield and a low background, and "“C-AMS direct
measurements of CQ; gas are coming true for ultra-small samples (several to 100 pgC) without
contamination. Furthermore, automated combustion and graphitization have reduced the work for sample
preparation. This paper describes the outline of recent advances in HC AMS.
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1. EL»iC

B, AP CAMS EEE AT —ALHEI_ERPUTR-oTVD, BRIZBWTHLRITHS, T,
DEZIT, AMS B O/PNREAEBR L2 LICER T52F 2615, ARICEWTIE, AMS D /R
Lo E B EICELD, UC AMS EHOBMEL R, 2B, AMS EEORBEOES LR TOR
BERBICDVWTiE, i (2013) 2B & LT,

2. AMS¥BEo/E4L

AMS EEO/NREORE R OBIEEEEICE 1 icRT,

1977 &iz . B4 Mc Master K238 L TR ¥ [E Rochester KEFICB W T D T “C AMS HIER T8
NThD, RTHEZEERAOL T AN (MEERE 6-10 MV)2%iELE AMS EEIzZE->T ¥C
BIER TS X5zl o 7 (Nelson et al., 1997; Bennett et al., 1977), £ D, 1980 EiZ AD, AMS
BRoNELE 7 BAIERR (IEEE 2-3 MV) OBIREREZ, 1980 fFIZKE Arizona X%, 1981 EIZ4
HERKXFE (FE1568) .| 1982 (24T 4 Toronto K, AFVR Oxford KZICF 1RO AMS EEBEHEA
&h, “CAMS JUERIED o TET, FD%, 1990 FEIZ A B LA 5 D High Voltage Engineering Europe
(HVEE)#Liz &Y YC $l % % F O Recombinator ([ FE AST ) 508 2 7258 2 itV OB HEX BB #7hm
v 3 MV AMS JSEER S, 1992 4Ei24 5% Groningen K3, 1994 {EIZF A Kiel K2, 1996 {fEic4 &
BRFGE 2 58). 1998 F£I288E Soul K2, 2001 LEIZAF VA Oxford KERLITEAIN-, —F.
Recombinator /A7 A&3EIZ Bouncer /A7 A (BR AR R) bl 27z 3 MV AMS 3RE 48 1997 127K
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TeDFEEPFTIZ, Bouncer VAT AIZE T RNV —E —LTA U472 AMS HEEHR 2000 FEITAZIT
Salento (Lecce)X%E, 2004 £EIZA#YU7T Istituto Nazionale di Fisica Nucleare (INFN)IZE A XL TS
(Klein et al., 2004) , BLTEIX Recombinator /A7 Al Bouncer AT AZE->TROLIL, VT NAE—
LT4T MC, "Be, Al P1 O, “'Ca, ¥°U, actinides. *'Cs 72 & ZAZRED BN E B FHEIZRY , 2004 4E
IZHE Xi’an, 2012 24 T4 Ottawa K123 MV AMS EENEAIN TS, IHIZ, MEEE 1 MV
DOERFE A (Klein et al., 2006), 3 MV ERIFEEOHIERFREIZ/2DD D255, Bouncer ¥ AT AD1
MV AMS i, 2005 4FIZAA L Sevilla K%, 2007 RIS K R EHE S EIRAEN AT (KIGAM) |
2010 FfRIZABE, AT % The Netherlands Organization (TNO) Zeist, /L7 =—Norwegian University
of Science and Technology. V277 National Academy of Sciences of Ukraine, /L —<=7" National
Institute of Physics and Nuclear Engineering, A1 Vigo K, BN BERZE, AFVIREITHE A4 L9
BEASNT, 20134 ICT v —ZICEASNZ 1 MV BT, BH#TT7 74, CO TR, H&EDA4
LB TREIR 2 DDAF LV IREED, OB BT 78S Z U AD 120° <=7 Fvh, Ar*He DF a7 )V A
stripper VAT A ELIZHRRKOREIL, B RALX—{f]D Spherical Electrostatic Analyzer (ESA) TDHK
ELAT U ZBRE D0, RHBEORIT 30° <7 XybeFHLIFThry AMS TH% (Klein et al.,
2014) , HEKD 1 MV (2~ Background 2MEL, B ERBEREHIN TS,

—J5, HVEE &b AMS 2BA%% L TE 7K [E ™ National Electrostatic Corporation (NEC)#L1 1990
FERMEETIIZ BRI AOIEBEDEV (25 MV)AMS 2EELTBY, BARIZBWTH 1975 FIZH
BERZ(12 MV; 2011 EOERBAKRKBE Ty MU O, 2014 FiZ 6 MV EEBIZEH) | 1994 4
IZHIR KR (S MV) | 1996 451 [E SCBRBERFZEAT (S MV) LRBF B A F L #— (S MV) KR BSh T
W5, EZAD, 1990 FE# IR DE/NBLIZH ZMIT, A4 A0 ETH (Eidgendssische Technische
Hochschule Ziirich)/PSI R°%:[E Oxford K LFEMBAYIZ L FMF FEEHEREL | 2000 4FIZ A > THIEEE 0.5
MV @ Compact AMS A7 A (CAMS) #FEE L7, 2D CAMS EEIX, /MU TEM THHITHIbb
FLRERD 2-6 MV AMS 3B L FI% D87 4 —< A (Background : "*C/**C =1-6 X 10", Precision:
0.3-0.5%. Transmission: 40-50%) 23 EIHIN TV 72728 (Synal et al., 2000) . AMS FIFIEDEEZED,
R PIIBEREII G R Uiz, BRI, SOIC R BSED DL, HRENS BA2o TV (K 1),

HOH —> l4CJ+ P —— Y l-l(_‘z- _ 14(‘+

5m
10 34m
0 lonplus MICADAS
AMS§% DINE (Mini Carbon Dating System)
& BT LINERRD lonplus
Voltage: 61 0 MV> /F%(j\m ;ig@fj—; Voltage: \O-_?to l\‘/I_—V
Energy: 30-50 MeV \~§_M\,{"4{“H) Energy: 0.04 MV
Length: 40 m 19904 ~ > Length: 20m
Costs: 158 M Costs: 1.8{8M
[RFEMBEFERERAD ‘ ” 8, 20055 tHM D BRI
BT LNNEFEBUE HCRIEIZELTIX
19804 ~ N— 0.5 MVAYERIC

1 C AMS 38 /U,
K DB E X, ETH/PSI (http://www.ams.eth.ch/ams/instruments),
BB NECHD Y = T R—VORZFEH L
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IHETIZHR T T CAMS 28 20 BIEKBREENTEY, 2055 B, 2004 #2303 F8 (#F)
2005 F M ATHFRET (BR) | 2010 i ILTE R, 2013 I E S REFARNIC, 2015 FICHEEX
FRAEMEE 5 AbEDTWS, T, HIT. CAMS B TOLZERERAIEOMRELED LN "Be, *Al
BB AHER XCAMS A= —Y—F 2K GNS BIFERTIC. £ I BIEN T B4 CAMS 43 E Idaho
E S EFTIZEBASI TS,

—77, 0.5 MV ZOLIEWIEEE TO “C JEDORFEA Synal ez al. (2000)D= 27 MebliziThi,
“C REHZHDIMEERE 025 MV D7 ART—F AMS (SSAMS) 2BRB SN, 20 SSAMS i3,
CAMS 12~ THBEIZ 24 4 BB D D (Background : “C/2C=2-4X 10", Precision: 0.3%. Transmission:
35-40%) BB THAHZ L, B THHZL, TR TWNILREND, CAMS (ZH L TR F Iz &L,
2004 #\ZAY 2 —F 2 Lund RZBIZEAZN=ORIILHELT, KRHIZ 8 Bl MEFTICTHRIT 13
BREIN, ARIZBO T, ERKZFREAEEPFFIC 2013 FIZEAINL TV,

Z D, 2007 LRIz, A4 X ETH/PSI AR EBE 0.2 MV O/ “C RIZE A AMS 38 MICADAS
(MIni Carbon DAting System) %P2 7= (Synal et al., 2007; Synal and Wacker, 2010; Synal, 2013) , Z®D
MICADAS 1, /M R THORAL, EEE 1 HESTEETHY, 20, EikfER: gas interface
system (GIS)DS¥ERINTWABI¥, HFRBILE ALK COy REEEZV BB FELTRAEL CO Y,
TI7 7 AMERR L2 Th CO, H AZE# AMS IZEAL T “C RIENTTEETdh D, ETH/PSI DAF b —
LPFEERFAESRET, 2013 4E Tonplus #4325 b, MICADAS # 2R — R RE, KEH, NAF— FA
W ARA R EITTTIC 8§ BEAIN TS, lonplus £LiX, MICADAS Dfticth, BE)I7 777/ MEE
&, HEIRMBE AR 7R, Fe BB EVRWERRY ., “C AMS fIHZEOERITH o/ i3l
mEHAICEVHL TS,

ZD X5 AMS O/NEUEREH LD, “CreORIENRTERIZ -7 b ThHB, Tk, Mgk
R ZITR2ITDITIE CHR® CH Rl O ELRDZFABESY FEHETHERHY, TODICIIHWIES
ETCAF v E2METBNERHHLENTER, LiziioT, “CAMS #HIEX “c* (I#EEE 5-9MV) . H
AT MO (INEEE 2-3 MV) TITRIORER Th-o720%, UC'OE-A b Stripper gas EOE R TR
ELRBRIES TH#ETIENAERIZARY (e.g., Lee ef al., 1984; Suter et al., 2000) . 1 MV LT AMS ¢
b, BREELR UC RIS EH T aE L oT, dT4E, MEBEEZEIZL ., Stripper gas & Ar 25 He 125
ZEITED, S FEEIRAITAEL, 0.045 MV WA {EVINEEE T “C HlEAEEHEh 2255 (Synal
etal,2013), & 117, /N AMS OHERELLEA R T, /MR AMS Tb, “C Background #3{%< (>50,000 BP) ,
BB E R UC HIEBRHEINTWAIENbNS, HAEORBO T AL, /ML AMS AT *C 24t
OBROERERANEERETHILTHY, HIX I, KE Lawrence Livermore National Laboratory T,
“Be, YAl HIEDORFEEED TS,

# 1 /P AMS $RE DHERELLER

NEC NEC HVEE Ionplus
CAMS SSAMS MICADAS

Voltage 0.5 MV 0.25 MV 1MV 02MV
Type Pelletron Single stage Tandetron Power supply
Insulation SFg Air SFs Vacuum
Stripper gas Ar Ar Ar He
Transmission % =50 35-40 35 47
Background10™"® 2 2.5 3(D* 2
Precision % 03 0.3 0.5(0.3)* 0.3
Isotopes He (%Be, A1, 1#1) B¢ 4C (°Be, *Al) B¢

multi-elements

* FEHLA ODfE L., low backgromnd 24 (DEEEOE
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“C JIB DD ELTBIMBEEEMESR2>T
ElBHE, 1977 FEIZBITS 8.0 MV 2EHELL T, 'E N
B 2 \ORLTc, ERIEEROEIML ~1, R \
NHABE W T —F RIE CER TR~V E
RL T3, Stripper gas & DE R T ELRDFRIESD
FEETILCED 1+, HBVI 2+ THERE “C |
EAIEIC/2>72 2000 4E6H, He stripping 23 EHLL
7= 2010 fEEMELRY, BIMITNEEEIMEL 2>

TWAEFENDD, ZTOEEENERRET L,
2020 EITITBL S~V THIEEE 20 KV BREE,

0.1 b

C+
Suter et al. (1999)
Synal et al. (2000)

0.01

Stripping Energy (normalized)

N—F LAYV THREE 200 KV TO “C JIED He stripping
FEHTHL LN, MIHEEBE 20 KV ThHivE, O or0 1980 1990 2000 2010 2020
MEREFEZT, BBOEESWEHOIIREE

s TVBEEDILS, 2MCHIBICHE L T A MEBEDEE

ERTRIEmMOER, RBTIAE TORE

3. HAAZWOESLABHBDO BB

H AL A PEDEF S Middleton (1984) 21X UH E I
LTThnTETERY, BIEIX, Al ALY —ICE '"‘",}f,’i"’"f.:‘
72 Ti XUy MZ CO ZRESHE Cs AN FYTE g
4% Bronk Ramsey and Hedges (1989)® ‘Hybrid’ 7/ Hipest
A AV FRB’EDR TS (K 3), ZOHTRAA

BERWAZEIZED, CO, %777 74 NI T HIREE, Hybrid

I extraction

B — Ao MTEEDHBEREERER$IC C BIENFEEIZ Al holder|=Ti pellet ; [ ens

725, BIBRBROGE, VI77AMEB LR T VB SRE Ty cotary
Dot ST 7 AMEBEOBB CEROE 12C- 1215 pA

WL TRV, CO, WARICEDES: C JIE S
FTHRRIZZRTHY, TAAAVIEERWSBZL 3 ‘Hybrid’ #/ A A F > HROERK

T 4 IR TINC, 10ug L TOREET C

9 N =2kl s g = . .
BEHFIRIIES TN, EO—TCIT774N 32 @y 5774 b L COHAR LS “CHRE

Z—yMZ T Background 3%, B —ARE )7

5001 BE BEL2%RBELRALFELEDL |

FTVD(F 2), LERST, HNEREbOIE e Sole cas
RERIOBIREE C FRIEL S Bl . (Sf’jo“;) o
LTU ‘52:@‘1%7:’_731/ \Zﬁ‘ BaCkground Zﬁ/}\ﬁ %<T Limit of dating detection 50,000 y 40,000 y
MBI, PIZ I, HARPR Typical precision 0.1-0.5 % 0.4-2 %
/X:\‘ITH\/‘/I/f‘ﬁE@%ﬁa*#@@%%ﬁ%@%ﬁ Sample size >100 ugC <100 ugC

IR IZA R THY, ETH/PSI Ry X — ViR

FERFZEFT NOSAM (National Ocean Sciences Accelerator Mass Spectrometry facility) Ti, EA R, Y7
IWVEBZ Ty — L LB RBAERBE AMS ICHHEL . WAAAVRICEOBIRRRED “C JIE (e.g.,
Ruff et al., 2007) REBIIL TS (K 5), MICADAS IZ EA, BEIREEE NV RY 7R, GIS 2L
T AT BE, L EDE 78, ZNETRIK—HOHRE LI TERD -7, BRERFED C WEE—
D AMS I HETHRBRIZL-H D THY, BN — P —LLTHCERWVAFEDOH H 7RI L5 T
W5,
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- L—P—RBENZLD CaCO; RABID BB CO(LEEEE AMS 1286 L T “C HIEEZITHORALRE
T (e.g., Wacker et al., 2013; Daniel et al., 2013) , TAAA L IROBAREBIERIZINTEY, #lxiX
6 127”79 X912, RF microwave IZX> TFTX<F ¥ /N—HNT CO, 2L CC'eL, TD%., =7 %
VYLLK RS T BE#RE T HH EREBIHFEIN TS (Roberts et al., 2013), ZDOXINT, HAAA
VIROBRIZRBER FICHBHEE X, BBAFT U IREFAEOEREE “C MIENEBRIND BHISEWVSL
VAN

1000 E' - qu‘vl Y
100 -
204 \
0.01 - \
Yo T I SN I D S S /e
1960 1970 1980 1990 2000 2010 2020 T Thesis
Year (AD) Matthias Ruff
4MCHIBICHE LT HREHREROEE 5 RERHESUGIEE YNV BEI T I —,
ERRIIA AA A W% AV TRIREZ2REHR EA & W2 AE AT AT A
RE. ABRIIT T 774 bERAVEEAL—F
O MCHIEDOBIC LB RBHRER
CO2 - HZO Gas lon Source Charge Enqhmgc Canal
— co2 E (Magnesium Oven)
=) e Plasma Mg
W‘% i Crepie
' ﬁhﬁ;? l || Positive lons n Negative lons
'lll' na .\ — RF Waveguide ) I W
| e 2.45 GHz & Colle. charge-exchaging
Oxygen _43._‘ Argon To lon Source
CO, + e—> C*(0*,CO*, CO,*, etc.) C*(0*, CO*, CO,*) + 2¢" (Mg)—» C- (O, COM)
Roberts et al. (2013)
[X] 6 RF microwave % V=T AA A PR DOFh R
4. £

AFIZBWTIE, AMS EBORRBOBERZEE O/ N EZENC L CREICELD T LT, BEOKRL
B HC AMS TR DN T HAA A RO #HERBFRARLD BB LW B EED -, 5%, &
HIZ C AMS OBFENER, ZHETEL R, TRIEVIFZES B CH BRI Y — MR BZENEIH TE S,
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AAEHEE

HEEE BT (AMS) 130 UC BELEBE - BREICHE T30 HRFETHSE, =
Z 10 £OEIC, ZNETOER TATLRELOOAMBBICRDY, NRT, FIAFLRFENCIL R
fii7s AMS 2BRZEE ., HAPITIESE KL TE7, HAETIL, 0.50 MV LI T OMEBED/NE AMS &
AT 52, 0.50 MV @ CAMS, 0.25 MV @ SSAMS, 0.20 MV @ MICADAS) iZ&0, {Ev Sy 2 77
TR CEREER “C BIEDBFREL 2> T3, T, WAL RO L ESL, B, B Co, 2%
AMS [ZEALTE-100 2 g DIRFET “C HIERTEEL RS TV, HEIRERNS 2T AOBRLIT
b, REFRRE T AL VIRIC GIS AW THEREL , REFER RS, SELSFEREL TS,
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