The Japanese Geonor phol ogi cal Uni on

W EIIHEE2F GU Transactions, Japanese
115-130 5 (2014) 2 Geomorphological Union
~ 35-2,p.115-130 (2014)

Be-10 B XU Al-26 DONIEIE B
o ozt
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Abstract

In situ CRNs (Cosmogenic RadioNuclides) play a decisive role in the long term
quantifiation of the geomorphological transformation rate, especially the rate of erosion.
Among many kinds of CRNs, '°Be and *°Al are most often used for this application. Both
nuclides have long half lives (1.36x10° yr, 7.05x10° yr, respectively) and are extremely
rarely abundant in the environment. To quantify these nuclides by mass spectrometry,
isobar interferences (e.g. '°B against '’Be, *Mg against 2°Al) must be effectively
eliminated. Among many methods, only AMS (Accelerator Mass Spectrometry) can
achieve this. The fundamental principles for isobar supression in AMS are 1) selectivity
in the negative ion generation and 2) isobar identification by the information of energy
loss in media. The first characteristic derives from the basic AMS configuration, i.e., the
combination of a negative ion source and a tandem type electrostatic accelerator. At the
negative ion source, ion species of “negative electron affinity” cannot be ionized. For this
reason, **Mg jons are eliminated in the 2*AI-AMS. The second feature can be realized by
ion energies in the order of MeV/nucleon. In AMS, ions are accelerated to energies of
several MeVs. In this energy range, the amount of energy loss in matter can be measured
by a gas ionization chamber or a semiconductor detector. Isobars (like °Be and °B)
can be identified by the difference of their energy losses. The overall efficiency for °Be
detection in AMS is the order of 1073, Considering typical production rates of '°Be in the
quartz of the crust (3-30 atoms/g-quartz/yr) and a practical time scale of the application
( > 1000 yr), ca. 100 g quartz is needed for the AMS measurement within several per
cent analytical error. Similarly, in the case of *°Al, the overall detection efficiency (10~ *
order), typical production rates (20-200 atoms/g-quartz/yr), and practical exposure age
(> 1000 yr) also result in ca. 100 g quartz needed for the detection of **Al within several
per cent analytical error.
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1. 3 U & (&

In situ FHEHAFERZFE (In situ Cosmogenic RadioNuclides: in situ CRNs) % F|/H L 72Hf
ZetENE, b ANEERE R M (Acclerator Mass Spectrometry: AMS) Dt HAfFZE D H
TORERLDPY ZRELLDEHTHL. FIBTE~BIFL ) I A L AT —VIZBT
HZMEBORERE Y TEMICFFMECTCE L2 00, BWEEILOER 7 0+ A DRI
KEp&EE % 87 L TR/ (Cockburn and Summerfield, 2004). HFEMIZ F THLET S
IANF—OFVFEHE (FL LT, BLANF—OZREETH) PEYFORETF &
BRIGEER I L TERTABENNENSRE LS. Z07-0, BWERHTOZEDFRMIEW
2L, FAREEEFEY (Thbh, REPHONTE L o T HEDEW) 1T
&, EREEREILE 25, Thbb, HBEHELOECETIE, ZEREIS %
729, WED LTV, I, RPEO LI, BIEORVH#IETIE, REIMEL
% BIEMD D B0, REWICEHEEOSWTF— 328220 HLLD, ZOFE
OFEANPENTE /2. LA L, £4E, AMS OMHfEdm E (Matsuzaki et al., 2004), AL
BEERMromE GEkiZs, 2004), sUEHREGEO TR (RIEIEH, 2007) #EI2& o
T, HEAIZBERO#E~OBAF A3 2 T %72 (Matsushi et al., 2006; &3£(T 2>, 2008;
Matsushi and Matsuzaki, 2010). 412, MTF~EFFEDOY 1 LA —)VIZBIT HHIEE
HOREEEIL, FHBEARREOMBL S EEHIIS LT, o RN e«
THEEZEE LTEEHRINTEY, Insitu CRNs ZFF L7-RIIBREREOHEELESKE
CHEBENTWS (EEHMBAUIFEAIRMBMEREN 2 7H, 2012). Zh5DIEH
BR7eic & SR SN A R%AEIR, "Be (R 1.36 x 10°4E), *°Al (i 7.05 x 10° 47),
BIO®C CEEM 301 x 10°4) TH 505, FTHHEIC "Be & AL, FHMHIZE
LEFRORENLEY (FHEEERCE LTINS O-HEZ ERT 5 05WE) 55 0 (B
) LS (V4K THY, TAOLOATHEINDIAHRE (Si0,) 25, #MEEDEID
BRCEINLEWTHLZ LS, WAEYNS S, BEOERFEL, FHERE (P
FIIv 0 A) \EKET A0, BESLHEICL o TKRELENLTSDY, "Be DHET,
3-30 atoms/g-quartz/yr, Al D4 T, 20-200 atoms/g-quartz/yr F2E CTd %5 (Bierman,
1994). T RMEEIZW 21, 1000 45T, 10°-10° atoms/g DI L 2 5. #EEIX, 100 g
REORERHE - BHT 20T, 10°-10"atoms FBEOENWENR L 2 5. KT,
INTITHEB LR ETRIZ, WHIZ AMS THET 2 2225w T, 3T 5.

2. AMS & &

AMS ¥ 25 2%, RSB L2 BARALEESWEI TH A, —OEESITREEE, 125
NBHET— &1k, ZBRMEOHENETIZR L, FEMAELTHL. 72720 AMS THREHR
DiE, YBe % Al 2 Lo HAE (MESREMAE) &, KEBNREME (BEICF
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T BEERMAE, 22T Be R YAl 2 &) L oRMARA, 107°-107" Evw ), &
DTNV ERELZETHD. 2O L) ZEMAEILOEE, BEOEESTOFETIE,
FAEARPFREST A4 v OFHCHREATERV. AMSTIE, 1+ Y 2M&L, EFd
720 MeVEEDOZ AT — (MeV/nucleon) #5252 &L12& 0, ZOREFTH%IE
W5,
2.1. HENHROERER CRF

BEoMErci, FTomafaE 24+ ViETA A IbL, BEMICIELT, 14
YE—=LETE ZDAFTYE=LIIXLT, BEETHAVT7AVY— (BBET1 7L
7y —5%E) LEETRAVITANVE — (OERALRE) zELT, HEOHEHM (£
Bz, B (Q) HVOEER M) - M/Q) i TAZ L), BESMMABOEK
TH5 (Fig. 1).

MEEINIAF VE—LDIZAINF =BT —EBTHAERZEINNE BET74 )
F—I3E®ENDHILbHDH. T2, pHEHMAORDY I, BRAKENERERL HW5

Electrostatic
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Magnet
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E/ Q %4 -—QEL = const.
Analyzing
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intereW
0 M/Q

Fig. 1. Fundamental structure of “mass
spectrometry”. By combination of an electrostatic
deflector (selecting E/@) and an analyzing magnet
(selecting ME/Q?), specific M/Q is selected. Here
M, E, and @ denote energy, mass, and charge,
respectively.
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Badbd s (WEHEICP-MS 2 &), Fig. 1264005 X512, BESENEL, M/Q %
GHTHLDTHL70, FEASL M/QVWELVEEZFTLZLIETER Y. "Be
DA, B L) RERMEIEET S, £/, PAIOHAIE, R LERCAT
H D Mg DEFENFGE L 7 5

2.2, BAALVERER T LIESZDHEAGLEICE S AMS

BEOAMS X, BAAVEESY T AMRGBOMAEDLEVRERTHA. ¥ T A0
e, BEESZO—MET, A)OLHOsEH (KoY 0 F) BT, gl (54—
SFNVEEIND) ICEBESLD>TWAE, ZZTAOAPLEAF VAT AL, IE
DEMEZFFOY —IFNIZAP-THIEEFELN, MESND. F— I FIVENIZIE, Ewv
HAR BRI L L MELEEE (AN vt—) b, IESNLEA Ty Ing
BETLEE, BT 2FEMOENTEA L VBB EINL. EA 4+, 20T FHOKCH
Po THEMEINS (Fig. 2). Thbb, BAF LV EEAFT EZEBEOAT -V ThH
HENBTD, ¥ TLADHEDNT A,

Negative lons E=V -e

pre

__-Insulating gas SF,

|

\
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®
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voltage V' k- (V +V;)e
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Accelerator Tubes
High Energy Side
Pellet Chain
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-
ot

E Positive lons £ = (Vpre +(1+q)V; ) e

c

Fig. 2. Structure of Tandem electrostatic accelerator. Tandem
accelerator accepts negative ions and ejects as positive ions.
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WEEBRBOIEA A L, WAVWALEHENY 2 5. ZOEMIAIL, A MY vs5—
BB LEOEERAF Y OETFETIKET 5. EFH (@ 2LoT, BREOME
DEDLLID, BENEMELIVE— (E) &, 14 VETORMEINEEEY Vi, M
HERy —IFNVEEE V&35 L,

E:(Vpre+(1+q)VT)' e (1)

B (e IBREZEETHAH). T2, #i42 "BeAMS O X 512, MEBICIEFFA 4
v (BEM) TAETALOD, ¥—3IFLVTORELRCENEE (M) OEFA 4+
v ERBEEITIE,

E=(V

pre

+Vp ) (M, /M) +qVy ) e (2)

L%k,

ERROTOL RGEA F V ABDNE R 2D, 7T ANERIZ L 5 AMS T, A
F VIEIENTEAFVIBEER DL A FVIFEE LTI, Cs A8y ¥ —BIEMERA F 2 FED
REHTHL. BT OERICIE, BFOEFENN (BAF 0~ )23 &) 28
KELSEETL, 02 lid HAEbEIZL-oTit, AEFDFICKECEBRT 5.
Bl 2 TS EERBECHY SN S RE 140 AMS (MCAMS) TiE, REIZEFHM
F1%51.26 eV/atom TH B DR LT, TORAEAE 2 2%E MN) OBFIHMIIL,
—0.07 eV/atom T 5 (Middleton, 1990). TabbHE A+ VBIZBWTIE, KEEA A
AMEENDDPERIIAF SR, ZOBRBTTTIZRER "N PR L CHY BRhh
TWAZEiZ%hbh, Lizh->T, “CAMS 2B A15E1x, PCH* “CH & L ORI ES
FAF WAL N, INBIE, ¥ T LAMBREBOMELEREI (A MY v/8—) TO
HAELEDBERIZL Y FHREIN, BRROEESHARATHYErANE, ZokHic, A1+
BE s T AIERROEAE DL, "CAMSIZE > TREER M AR s TWE 7
B, AMS DERIZE o072 V2 5,

2.3. RIGHBICLIRERDEE

REEA 4, AFVEPOHANEZThE, BEOWRTIIENEEA 4+ LFH
UNSA%#Bb7-0, RFEMNGEETHETS. L2HLI T, 13 25 MeV/nucleon 72
BEOIANF—ZFHoTVEEHEICE, WEEAF Y EOMBEEAOERYEY T2 &
WTEL, FlIziX, A4 22 TAFEL L, TAGF (FHHAOEEIIEF) #1414+~
tL, BHIEZANF—%2EKoTn (ZINEZZALVF—BELEWVD). ZOB, Lo/
IANF B L HOBETIFERTHDOT, TOBFEDT, BRESL LCTEH
T, AF DL FINF-BEREFUET LI ENTESL, FAZOBEFTOL AL
F—HBRIE, A FObOEMIMKET S, 1+ 1, AMS THoTWA IR L F—4F
BT, TXRTCOEBFPEEMONTZT VAN Y TIRETIIEL, HOWICER LD
KRET, oA GFEOMEMERICL > T, ZOBRMHDIEISTS. 20720, SHO
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A F v OBMIREL [EMOM] 2F0obTHEH, 20FY, ThbEFYERIT,
14 v OEAEHOETFE (ThbbEFES) IMEFETE. LehoT, BEfrEFroR
R HRERBM T AV —BEROBTIRELRL, COERZMYT I EICL->T, BHE
L b REAZEENREAMVAEISSTET LI EDNTE L. BIZRT “Beloxtd 5 B
DEHIZ, HroSFLRFAERTEIHAHEI12E, TAAT =0 L) IR L
DEFGZEETE LRIV ES THLH. —FT, "CoLHriz, &EmEETIZRER
DI EDP NS ERBRESRL S 2 —RITODZANVF AR PV TS, BY
BHEOKH ST HETH 5.

2.4. ZERNMAEDAEIE

AMS i3, FEELZEET LD THLH 5, BT TR, MEBRRFEAME
LIEICAS L, RUEREOLORELEHE - KT A2Z LAEENL. @, (4
VIENSHTA I, AFREBEBAIC L > TREDEZRSERSIN/-R, INELF AL
T4, Lo T, ZOFFEFTIE, RE2BEEBROAF Y 2NRGFICAFTHILIITE
v, FIT, UTOL) BT ERPZENTWS,

I¥, ANBHANOLY —L20585 57 MEFEIHOE L7 b EESWICHEEL, Z
WIHBEOBEZ TS, T5L, ZOETT@EBTLHE, A4+ TEEITECTMES
NBHZEWhD, —HT, AFREBAOHSGIAETHIL, A+ BZ2ZxIEL L #@E
TLLEDICLERESEIIEDLO V. ZOKE, »PITIERRETCELRLIEAERDA F
YENERICAS T A I ENHREL D, T, MEFEY 7 MIBEEZ 2T TR WIRET,
BEBM (A F VETORBEIEEES V,. £55) OA 4 Y DSIEEFIZAF 5 X912,
AHBHAEOHE N RE>TVEELL). Z0LE HEEM (KM DAL rEMN
BEFIZASTT 572012, V= (M/M'-1) OFMBIEEZ »THTRWZ E03955702 5.

EBEDOAMS TiX, 7 MINIIT2BEAY 73 VB4 -5 —OFATH YRS 2
il oT, B 2EERORMALIZIZFEE ALELRETIERICAST LI L8
T&5. I, RERMEO ASRHOEEL T4/ UL, TEEFICAS T 5 %)
BRENECHZLZENTE, MEBRNOBEHEL/NELTHIENTEL. ZOTER,
HIRAST (Sequential injection) T 721, ¥ ¥ Y ¥ 7 (Jumping) LIFIENTW5.

A LTHEERORL L B & ZERMA T BRGICIRE G L2HE, ME
BOSHERATIE, BEERISLT, HHR228ELY 5. HWEESPLHLES
WD LIRS ERELTBITE, RERMEO#EL, P LOHEPLTNDLD, 54T
BREARIZ, FLOE—LT—=2AR6T L LSBTy 77—y 7aREL, INTE
ERAEZIRZ 5. BERMEFENEEL VBV (EeK/hEv) BEILE, 77
FF—Hy FRE—LFA CORNBNCEE SN, €9 Trwigld, IMlICRESNS.
AMS TiE, SFEERBEHNIGT A0, Bl “F6LE" 7777y TE
BTLIENEL, TNEINF T 7570y TEFATNS.
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2.5, ZHEHM

A E CORETHE LT, /BonsRAELIE, —#Kici:, EOFRMAL & IERKED
WZFNTWD, BERS, 44 VBIZBIT S A 4 VLR IR EE R % 3:8%
DWESM (Fx—TV 757 ar) B ANEHMTELZS2LTHDL. SHIT, Wik
FfRIL, A 32074 07T, RERMKZT7 7770y 7T, Lw)IHl
BEFENRER L7720, WERHERTFA VERLICFELLTHILIETER Y, LirL,
AMS Y A7 LB THREIERDZ LA TENDL, BE I NERAMAL EBEORMALL &
DTN () B—FLARTIENTEL. Z0OHE, FMELFEENTH HIZEAR %
HWEL, BETESNIFAMAKL (measured ratio) & BEHIDFE A& (known ratio) &
Dt (m/kk) #&oT, ZOY AT LOHELFARE (normalization factor) %K 5 Z
EMUREE 2 5. KARBOBEDOFEMARLIL, BIEMEEY ZOR¥THRTALZILIZEST,
KoOLND, LEDOXHIZ, AMS TREFEEFHBOWUEIMO TEETHSH. Lo TEHE
AEHCIE, BRI a ey AOBOLNTW R HBEOLDEFANL Z EDEE LW,

3. "“Be-AMS

3.1. 2=4% vy bERIEHLIA >

AMS Ti, 14 VRICEETIHAME Y -7y P ERR -7y P EIZ, Be
AMS DA, BILX) )74 (BeO) ICNb ZBEALZIOPHABEINSL. Ny
2 (Be) BFIE, BELIEAFTVERELZENTER V. 2070, 414 ViEILIT,
SFAF Y BeO™) L LTHIEHENS. A F VIETOAL F E3h=IE, 1% BETH
% (Middleton, 1990; Horiuchi, private communication). BeO™ 1 4 &, ¥ ¥ 7 AWN#EE
DY —IFNVTTREEL, Be" 442 L 0" M+ LIZH8ET 5.

3.2. ARE—LE=-42—%

“Beld, “Be®0 & LT, EEH26 TMHEBRICAN TS, LERMAEBe B LT
X, Dot bBELRAFVIE, HEH2 D B0 ) 2Ltk s, RALEZHEE
T 2570121, BER L 26 TERAFET G, MEERD B 2w VF 77557 —
By TTHETAZEDEZLNS. LHL, “BedFdE, ¥—4 v MEFBIZHRIZ
HINHLREOBERMNE (T0) 2FHALLL ) =205 R FESELET S, 20
BE 26 @ °Be''071F, FUEEHZHFD "Be'0™ L FEHZINEEIC A THZ L2 5,
—IFNVTREELZBe”" 1 300" A+ V%, BAGBEERETICIVF T 7 5
F=Hy FICTHET DI ENTEL, A F VIETEEL "Be’®0™ & *Be'® 0" D I
5 —4 v b Be/*Be & KB L, AR *Be’O” & *Be'®0” D IHIZ KR DEEE R
BHAETLERRTIENTESL. LoT, BAISNIBABEMDL) D "Be™ 4+ &
YO A v EDHIE, UTFDE A2y —4 v b °Be/*Be It & BIERICH 2 = & 258
FEns
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[“)Be‘“} [1°Be160’]xffe

(70| B0 [xay o7 3
ZIT, R ¥ =3I FVTOMBLEERED Be” OMESE (EKLZEA D) B
q+ DEIE), IZFE L O DHEDR, a1 13EKRD T0/0THE. ZORIPS T —
7y b0 °Be/*Be Ik IEREI kD 2 720101, R Y £ B X0 ayope % IEHELS
MALENRDL. LoL, BiddLH12 (Be/ Be W BEAID) E#ME L DHE b -
TH =4y h® ""Be/’Be b & KD 5D THIUL, HBRBIZN G IZIEE AT LR
TEAHDT, TNHOWEIEIFy bV ENSL. ZOFHEE WHE—LAET=F —F L
5 (Kobayashi et al., 2000). HEKF ¥ > F LR e ME MALT Tix, O hHE
FRAVWTBY, F—3IFVEERELIMVIZBWVT, “Be® & "OTHHIEL TV D,
3.3. "Be mf&H

“Be DMHIZIZFig. 3D X ) BT AA T v ¥ —%HVE. ZOXIBRTANT v F —
HTiE, “Be & FORIEMRBOTANF—HBEOMTIE, Fig 40X )RR L. OF
D, MEMAX "Bi3"Be £ ) ETEHEFVRE L, AR TOIRVF IS L) AE W
HHRTIEE DRV, EoT, HAHI YT ¥ —KEOAY LN 2V EHKT, F2
T'BOIANE -2 WEELBRVIBEEEHBT, PAAY YT —I12TBed v 7 F L
wHlo Tw5b (Matsuzaki et al., 2004). 7272L, Fig. 4 \Z/R L7z 32 V¥ —21ki%, FH
BRdoTHY), EBEIE, ZAVF—RA T 7Y 7E0HBRIZED, xRV F—
BEETHINST, ZAVE—DHIZIENBONFEL L. "BO—#OA F ik, TRV
F—%HIVELFTICHAT Y —DEEHTITANREL. Z070, EBIZESNDS AR
7 FIVTIE, Fig. 50 &9, "BOBIAVF—AZTFANVDBRONLEEDHH (FI
MEBTHS B 2% TRIEIDOFANVIRITZEAER SN W),

Fig. 5128\ T, "Be DELICRZTWAY 7 F VI, HAA 72 & — A OO (h—
IN—=T 5 4)) EEIZBWT, “B (p, a) Be G TH L/ Be ThH5H. T/, TOK
ICFE L CTER L7zaliFIZ L B 7 Fuhs, AT MVOETFTIZENTWS EEZ S
N5, BeRahFDY 7 FVIE, BiLETBe # T0RBET LI ENTEIULARS b
VEIZERSZ EiERw. L L, BRI E o T, BEINT5 272912, BOEA%
HLTLEIBEENHL. FOHE Beld, AZ MV ETHBICERAICHERL, #
D—RH 'Be DFEBIZ AL I ETHED Ny 7 75y ¥ bR (B S4TLED.
ZOBZ, Be DB oM FOBBPOY I F IV EHZ, FHUCETWT Be OIS
BALZBen'® (TabbNv s 75y FOR) ##ETAHEDLH 5 (Matsushi,
private communication) %%, HIEHROBEMEII TS D 2B\,

3.4. "°Be f2#HH

YBe-AMS 12 B\ Tid, KE NIST %2t L T\ 5 iZ#a st (SRM4325) &, AV 7 *

V=7 KHN— 2 L —8K O K. Nishiizumi 75 2001 £ 12 B - BEA L T A REFE (L
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Vacuum duct (Beam duct)

:JJ Main chamber (Aluminum) lL

0]
Cell \ Plate 1 +180 Plate2 [
yam

Grid +30V

. . Delrin
Beam direction g giil
Havar Foil(j =™ Polypropylene 3.0um

5.6um Cathode
Ground
® @
1N 0
1 i N

Delrin” [ ] [ ] L [ ]~ Delrin

} 11 Uy 4 (Insulator)

4 P10 Gas outlet P10 Gas inlet

Nitrogen Gas ~ _ —
1cm

Fig. 3. A gas ionization detector for ""Be-AMS. An entrance cell is set prior to the main gas
chamber to eliminate the isobar '’B. This is currently used at MALT, The University of Tokyo.

Havar Foil
5.6um
Polypropylene
3.0um
I Energy: variation in the Gas:Counter
L] e e ............... -
— Cell : : 1
> I :
é | (N gotom) (P10:§45torr) : ‘
& A0 Plate i Plate 2~
@ i E g ;’ 1
c A
& _\\
5 A N -
i 1OB
) S SR A S =S
0 5 10 15 20 25

Distance from the entrance foil [cm]

Fig. 4. Energy profiles of '’Be an '°B ion along with the ion passage.
The distance indicated in the figure is corresponding to the
geometry of the gas ionization detector presented in Fig. 3.
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Fig. 5. An example of 2-dimensional spectrum obtained by the gas
jonization detector for ’Be-AMS. In this spectrum °B tail and other
signals are also appeared. They should be vanished if the sample
pre-treatment is complete.

%, KN-standard £ #§ %) ZFHV 2GR AL\, %% L, ICN (ICN Chemical &
Radioisotope Division, Irvine, California, USA) D34t L 7> '"Be D1 #7518 % % %2 FIAL 4
D°Be FMA LI LWL > THMLAZDBDOTH S, (Lo ICNEED “Be i, Mgt
REECHROLNTEY, HEREEN %S L LD ETHS (44, 2003). K. Nishiizumi
X, HEtRER FAAICE T & 212, 440 "Be oML LT, GEHAVLATVE
15 x 10°4E L V) EE FV El_Tw 5 (Nishiizumi, 2003)). 0%, FMAELOHME
MHETBREE (£ 1.1%) TTV, AFEZSEL T3 (Nishiizumi, 2007). % 72tk
£ LI EDTIE, "Be oL (1.36 £ 0.07) x 10°FLFHEINE. FIPIE
75, NIST-SRM4325 & KN-standard & OB I IZMEO T NUAFELET 5 & ORRFE DV H o 72
(Nishiizumi, 2003; Horiuchi et al., 2004). L #*L, KN-standard O AWEDOELEHZIZI1E, A
FRIFFEETHILIIR o7

4. ®AI-AMS

4.1. 2=y hEBIEHLAT >
=4y ML, TV OBREY (ALO;) ZHBHRICEGLTTVALZLOZHW
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L, D=5 " hSERTAEAFVELTIE, BEIZATZHVS. FLIZTL
DEFHEMIL 0441 eV &, ETEHEH, KREL RV, 20120, Cs Ay ¥ —DA
F AEEhEIE, 0.1%FEEIZE £ F 5 (Middleton, 1990, Horiuchi, private communication) .
L LS, BFENANPETHLITT AT TLAFT OEBREIGRITAZLENTES
720, ®Mg OFHE BT LENTE L, EBICE, BtWy -7y broil&isns
A F VERIE, A DHEPHHRERELLDELTELNEY, *MgO DEAZHFLT
LT e, BEBRHBET BEARAERTEINES 2.

4.2, BRAEE

BEH26 (A7) £ 27 FA) TYY VY TERITS. ¥ FAMERTOMERE
AR, DNBRAHBROIVF 775 F—h v 7T, PATTRERBEBTHET 5. %
B, HEKZEMALT T, hEEOS —IFVEEE =43 MV, Effidq=32EA
TW3,

4.3. Al OgH

HAN Y v —%lnd, AFVETOFIEHRLAF Y E LTYAI 2:EIRT 5412
1%, Mg I X AREATHBIZEHEERES. LAL, REREBLEI2IE, A SO RS2
BRHSNDZ LD, REMOEIEICBYTIE, Ny 7759 0 FICEET LW RN
B I N T35 (Horiuchietal, 2007). Fig.61%, #D L) %R AXRT MVO—BITH 5.

BHEEEERNNALEEL LT, 7 F A3 07572 M8 EFZ6N05. WE,
BEBM OB+ V05, IIRSAS S SBRHBEBENAI, M - M L2 b568%
Ez2AhH., —HT, F=IFVOWMELRICLY, BEBEMOSF14+> (MX) 2% &
EEM AL, MX MY otk sds. Z2TH L M/Q 75 M/QIZEWE
Retud, 5FAF 75747 b MPTINRBOERESH R %@ IR CREBE R
ICEHZ LR E,. ZOL) RRELZRIT 572012, MALT K TEBOEEIZH W
ShTw5 PAP 2 iz, M/QE/QFELIZSFAFT Y757 Ay MERZBIRL:
b0, Fig. 7 TH b,

Fiz 7oy b ENTw5 AP0 (M/Q=87) Bz, Bb~XU Y72 (BeO) 4
F iR T 2 70 (M/Q=85) & °Be!t (M/Q=9.0) »HELET LI LWGHh L. Fi-,
ZOBEDOBILN) YT A5TF (PBe''0) ODBEEHMITPAIEELVW2BICRBIEDDS,
MERMEOTHEEIITREZEVIRIT AR ZRHOZEARESNS. T4bb, Fg.
6 DDOL@iE, Zhzh, Be'"BLO VO THLTREMAE . &B, PAl OGS TIE,
Fl—DFEHIT "Be bRBICHITENDE Z L% L, BHEATOL L OHFHIIZBe DF v
VTHEMZSENTWE, LoT, PAIFHHD Y =%y bz, THMED BeO YR
ATAHZ &, FoFEENESL. T2, "I onTiE, BRICZAVF—05BIC X
DOMERAZ BRI ZETHE, PAPTICH LT 2% EEVE/Q 202 LItk b
(Fig. 7). Thid, S#EBREBOEMICKEINTWIHET 1 7L 7 ¥ —DE2 LS
BBIZEON LR L EET S (Matsuzaki et al,, 2000). &5 L7z FAF D7
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Fig. 6. An example of 2-dimensional spectrum obtained by the gas
ionization detector for a long term *Al-AMS measurement. Several
peaks other than °Al are observed.

T AV ME, BHEBHEOHEERENAZRLELLELONE X127 5 (Matsuzaki et
al., 2007b). BFFA A DT T T Ay ME, MEBEBRTOHSHIZLD, T ALVF—IZ/HE
{lpoTwhb, LizhoT, FigbD X)L RTCANRYZ MV TIE, P—F LI R F—
O/NECT (FFIZTHMIZETOAR) (CBIs, L2aL, Fig. 6 Tk, TRV ¥F—
DEVEFIZS, AS20Y7F (B) FEDHLENE. BFIZITMERICT3I+ LY\
IANVF-—RBONDL 4+ OBMEFHOBED B, AP L M/Q L b DIZiE, HE
B34 0 PSR HEEH B OPCIT BT oND (Fig. 7). $hbb, @ik, 2hbl
L5 (B LAEWA) OV TPV THIWNEENIEZONSL. 2721, ZOL)BEN
BREPAFERALBIIRT S A XAV TIE, RHTHA.
4.4, PAE#EF

PALAMS OREH#ESFHE, %13 D, K. Nihiizumi 12 & ) NIST-SRM4229 (I HtstEE 38.79
Bq/g (£ 1.1%)) Z#HZEWEE LT, RERME Al 2z TERS b 0p, S
NTBH, ThzHVLIFERHRETE . RAELTEH T 5BICHW R, 7.05
X 10°yr T& % (Nishiizumi, 2004) .

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

Be-10 $ & UF Al-26 DfHEZE =547 127
12 T T
NE/Q +M/QF const.
1.15 N\ —
+
o1
<C
©o
N
o 105
Ne,
0]
N T p.
®© ; = const.
g 095 =
5 o
c
o
N 0.9
L
0.85 ‘ E 4 ™\
i ; : RN \
08 : e EA R :
08 08 09 095 1 105 11 115 12

M/Q normalized to 26AI3*

Fig. 7. Molecular fragments positioned near ®Al* in E/Q-M/Q space.
0% and "Be'* are possible candidates. In the figure, positions of
stable isotopes *S*, 3S* and *CI* are also plotted, though how
these ions could pass through the injection magnet is not known.

5. bW IC—HKMALT-AMS & in situ CRNs O F|FHE—

MALT T, 19804t & 1, “Be-AMS B £ U ALAMS O B Z 2B D # A T & /2.
1993 FAZH 72 1K E NECHE DR L b1 5UD & ¥ 7 ANEEAEA S, 1998 4E1C
BEDH AN T 2 & —HHBEINTLUER, BT "Be-AMS & AFAMS OV —F
HEXT-oTE&7. MEEEZRIETE A AMS fEikld, HATIEZES (EHEKE MALT ©
ATHo7z. £7/z, FAETinsitu CRNs #FH L7 BAEFIAL, BATEZ0DB
MALT izt T 5. Fig. 8%, R AFMALTOVY —L4 51 »THhb (Matsuzaki et al.,
2007a). AMS 514 > THAHIBa—A%2RE L, ¥ UV FAMEREZIZEAT, Ko rLF¥F—
B (b)) |t F—@ (P Zhenis, BESEE (KH o E.S.Analyzer
B LU E.C.Analyzer) L 5T ERA (X F ® Injection Magnet 3 X UF Analyzing Magnet)
DRHREINTWS Z &40 5. MALT Tit, AMS D4f23, NRA, PIXE, ERDA 7 &
DY — LATHTHEMPEHE - EHIN T (Fig. 8).

B#IC, ®HEKF MALT-AMS O#E (Table 1) #2Z $ TIZBAT 5. “Be-AMS ©
Beald, A4 VIRTOAF ALIENRBLZ 1%, MEREY — I FIVTOERN 3+ DOHE
GEPBLZI0%THD, TNHERAE LR "Be DHZIRIE, BLZF10°2L )
Ell7e B, B1ETTHRA X912, PBe @A ZEIZ, 3-30 atoms/g-quartz/yr TH 505,
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Fig. 8. Beam lines of MALT (Micro Analysis Laboratory, Tandem accelerator), The University
of Tokyo (Matsuzaki et al, 2007a).

Table 1. Summary of AMS performances at MALT (Micro Analysis Laboratory, Tandem accelerator),
The University of Tokyo.
“C-AMS “Be-AMS *A-AMS *CLAMS BLAMS

Target Graphite BeO AlL,O, AgCl Agl
Typical Current 20 A 5pA 500 nA 20 pA 5pA

(MFC02-1,12C ) |(MFC02-2,°Be!0 ™) | (MFC02-3, %Al ") | (MFC02-2,%C17) |(MFC02-2,"%1")
Injection Sequential Injection | Static Sequential Injection | Sequential Injection | Sequential Injection
cycle sequence 0.4 ms for 13C "~ 1 ms for Al ~ 100 ms for *C1~  |0.8 ms for "1~

100 ms for 14C ~ 100 ms for ®Al~  |0.8 ms for "Cl~ 100 ms for "1~
Terminal Voltage [4.8 MV 4.8 MV 4.3 MV 4.7-50 MV 3.48 MV
Charge fraction ~60% (4+) ~10% (3+) ~30% (3+) ~1% (7+) ~3.5% (5+)
Stable Isotope 2Clfrom “CH™~  |"O°* (MFCM4-3) ** |“AP* (MFC04-3) [®CI'* (MFC04-2) [*T°* (MFC04-2)
Measurements (MFC04-1) * SCI " (MFC04-3)

BCtt (MFC04-2)

BC** from PCH -

(MFC04-3) *
Rare Isotope 1C** (Havar + SSD) | “Be** (Gas Counter) | A’ * (Gas Counter) |*Cl' * (Gas filled  |"*F * (Gas Counter)
Detection Magnet + Gas

Counter)

count rate 100 cps (Modern | 200 cps (°Be/*Be |25 cps (PAl/¥Al ~ |1 cps (*Cl/Cl ~ 1x|10 cps (Z1/*1 ~

carbon) ~3x107" 3x107" 10719 1x10™
Background BC/C<3x10™  [“Be/Be<1x 10~ “|®Al/“Al<1x 10~ °|*Cl/Cl<1x10~ " |®I/¥1<2x10" "
Typical Precision  |0.5% 0.5~3% (due to 1~3% (due to 3% 1%

statistics) counting statistics)

Unknown samples |700 /yr 1,000 /yr 250 /yr -/yr 1,700 /yr
measured in 2012

*Be/Cis ** Amount of ‘Be

estimated from is counted out

molecular ion origin by the current of

species accompanied 0% *

(13CH - 13C,

12CH - — IZC)
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1000 SE DREEHER T, 10 atoms/g BREDEE L 42 5. (LZMBOINES E 2 L, %
DEAETHEST 7201213, 100 g BEORENLEL 25> TL 5. FAHIC LT *ALAMS
DIFEIE, A F ALDIEH01%, 3+ DHESEIHK 0% TH 2505, PAl O HEHE
2107 B s 25, PAlDAEREIL, Be L0 & <, 20-200 atoms/g-quartz/yr T 1,
1000 4E D BRSHEMA T, 10° atoms/g BEDEE L 25, LzdoT, 100 gBEORER
FE UL, AR FRHE 1000 7 v M ULEDBIENTTEETH 5.
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