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Development of the 6 MV Tandem Accelerator Mass Spectrometry
System for Ultrasensitive Detection of Trace Radionuclides

A, BR %, 8 7R 8F X &S BX KK EHhGHEXF)
rp T (FRKF)

Kimikazu Sasa, Tsutomu Takahashi, Seiji Hosoya, Kenta Takano, Yuuta Ochiai,
Keisuke Sueki (Univ. of Tsukuba), Tetsuya Matsunaka (Kanazawa Univ.)

201748 A3HALBEKXRE F14EBERMERFS



Outline

1. Introduction
- IEREEFTEAMS) &
- KR DO BB

2. MV T LAIMESREENITEEDRETERAF

-6 MVAV T LNRIFZEE S TEE DKE
- CsZ/\J’S‘ﬁ'fﬁ'/ﬁ CcO jJX/ B ﬁil\'fj b BIALF R

- B EZERE ST

3. BHERTERZEOAMSIZLSR T

- ZiERHFEDREFE
- C-14 AI5E : CO,H RAL AV iRERAW-C-14E#AI%E
-B-10 E@J&L'C

4. Summary
avaa%;a?a
' \ @§ ﬁ {Bi; 2{‘(14_"?




NEFREESITERAMS) &

AMS: Accelerator Mass Spectrometry
BEQHEEAH  |CP-MSTOR LA ~10°
A7 2R TES & A

MEBEEM = MEBICLIRABHRE

e INESR AT e

BATVR [ qgza%—) | | (MeVIRILE—) | | BEIRLF)

IR LE:1019~1015 (ppt LRIL)DRE Fik



IEEREEDITAMS)DIER

Negative lon Source

Pre-acceleration Momentum Analysis

Mass : M E =10 to 100 kV ME/Q2
Charge : Q = -1
L B8 Tandem
AE-E Rt l Accelerator
A/\ ‘/\ / Q = -1 \
First Acceleration
igw | T — ——— — (MV)
. e-. ¢ L
o eoe®® ."'.’.
| RESFA(74>
-100V N iR
(" BetheD =k ) 12CH,, °CH, "Li,§
d eB2Y* Vv Winas
_d_z = 47TNare2meC2p§F [%ln (Zm . ylzv % )_BZI Q= +q
Second Acceleration
HENFOEMESHLYOIRLF—BEEARL (MV)
" R, \_
IRILF—EBRIIAFHNFORFES:
z MD2FE(ZLL
E.Hﬁf*ﬂ'. Detect E /Velocit
101015 etector nergy/velocity Momentum Analysis 2
10&&‘ 10 (ion Identification) Analysis ME/Q?2 Y oroEuki
D M, Z E/Q. E/M

-l




AHZED H Y

6MV(600ARILE) IERBEEDTTEEDFF

BIRILE—1CE—L(25 MeV)

SHNERBIEAEA~DER

Z 1% BAMS HI E DB

CRHUCEREAENERE

. 14C(T,, = 5,730 yr), 1°Be(1.36 X 108 yr), 26A] (7.17 X 105 yr), 36C|
(3.01x105yr), 41Ca (1.03x 105 yr), 29 (1.57 x 107 yr), 9OSr

T=7E A FE CO,TANLDHUCINRZFE EFRBITEEDRF

o ‘"Ar(p, n 0)’°Cl

K&EITHE(N, O, Ar) EDIEEEH
- 160(n, 4p 3n)1'Be

PR
178

N
Z
A
=
=
N’

=
®

o4 14C/12C~1.2 X 1012

13 "\ j“:‘ %% ﬁ %ﬁ j( %

University of Tsukuba




2. MVAUT LIMERBEENTEEDRITEAR
- 6 MVAU T LIRSREESITEE DK
- CSRN\YREAFA 2R CO2H R/BEFENAT )y BAF R
- B ERERE ST




6 MV IEREEDTAMS) S XT L

ENRRKOEESTEREE

55° bending
magnet

WERER

(5 anodes type)

Gas ionization detector | __

magnet
Three 90° rotational . . .
Rare particle detection line =i s
Electrostatics Spherical P 40° switching
Analyzers (ESAs) magnet
- ,ﬁ 1SF6 S ?@ ﬁ Triplet

ol

Switching

547]"/5

S

RIE

Sm

AMS injection

CO, gas
SNICS MC-SN
. E|| 1
Alphatros ' MC-SNE

E/q2= 176 amu-MeV

90° analyzer
magnet

AN —
R =1.27m

iR A 742 &TRI(12C
o

. Offset-FCs ==

40 samples sputter |
ion sources

\ O
LN\
90° sequential

injection magnet
Offset-FCs Beam

LE:
ME/q?= 15 amu-MeV

attenuptor

\

Triplet
Q

105° analyzer

Terminal with gas and foil stripper

6 MV Pelletron tandem accelerator

2nd strippeq foil magnet ﬁ—&%c
_ R=127m uba
Electroftatics-Q -




ASFAIOE —LSAUEE

AnBac—Loamat | [REEaide:
Energy 78 keV /’\

Emittance 35 T mm mrad 17 k/

Charge -1 EIRBIALARN) vIS—HhF )L

-EE10 mm. £&950 mm
‘ArtHAE ~10°5Pa (500 L/s TMP2#&)

/s
/)
9/
/ .
g
.
| r
| -
;
:

2

90" sequentiN :

et t
TSRO TS Offset-FCs Beam

. attenuator
= : T TT PZ=_ 15
»beam
|
|| ——F B E_ __— sid *
B A I e S ~ O "W ANty = bt - § S AN NOURY e ] 2 12 =

90
BM E

ESA

300,00 nm(Vertical) Length= £8543.65 mm




CsR/INYEAE AT ViR

70.0kV  -55.0 kV
-77.5 kV (ION:20V) (EXT:-15 kV)
(IML:-7.5 kV)

-78.0 kV
(CAT:-8.0 kV)

2 \‘7 & é; ;\«‘ o oA A TN
W | i
"V”lj‘ = —— m“‘ ”

)N

ﬁﬁﬁﬁ'ﬂﬂﬁ 78 keV -71.(/) kV

(FOC:-1.0 kV)




CstE—LINEL X
A

e S
A—yk

CstE—.L

CsRI\VREAF VIR
2.0 KV Cs'E—LIRNEFLVXDHEB

BA4AVE—L

B K F

University of Tsukuba




for 14C AMS
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CO, HA/BEHERCsRINVER/AF VIR for 1“C AMS

CO, gas handling system - R
.CO, gas lines: 10 CO,MBM12CE—LAERK
-CO, gas flux: 1-2 pl/min 35

"He gas flux: < 130ul/min
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22.5° ESA with a 3.81 m radius
and a resolution of E/AE = 200.
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dE1 deposit energy [MeV]
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C-14 AMS (IAEAfE# C1-C6)

V=5.0MYV, q=4+, E=25.0MeV, 1800 cycle (3min), 1~2 times
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Precision: < 0.2%

Chemical BG (IAEA-C1) : 0.04~0.06 pMC

(MC/"2C: 4.0~6.2 x10-15, Age: 59,140~63,320 yr)
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V=6.0MV, q= 8+ E =54 MeV

dE4+dES energy deposition (MeV)
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Isotopes Be C Al Cl Ca 1
Half-life (yr) 1.36x10° 5,730 7.17x10’ 3.01x10° 1.03x10° 1.57x10’
Stable isotopes Be 26 B¢ 741 3¢l Yel 0, 2Ca, ®Ca, “Ca 127
Isobars 1°p Lip, "CH,, “CH, "N Mg Ar, s K PXe
Chemical form BeO Graphite, CO» ALO; AgCl CaF; Agl
Sample size (mg) 0.5 0.1-1 2 1 10 2
Injected ion BeO Cc Al Ccr CaF; I
Typical ion current (uA) 5 (’Be0) 10-50 (*C) 0.2 (Al 10 (Pan 0.5 (“caFy) 5 (1)
Terminal Voltage (MV) 6.0 5.0 6.0 6.0 6.0 5.0
Detected ion (Stripper) 1053 (gas) 1ot (gas) 265 5 (gas) B foil) 2™ (foil) 1295+ (gas)
Beam Energy (MeV) 20.3 25.0 36.0 54.0 32.5 30.0
Transmission (%) 15 40 25 10 8 10
Measure/Known (%) 80 - 75 70 50 90
Precision (%) 2 0‘2()_(f(rélzii)te) 2 2 3 1
Background (atom ratio) <2x107"” <2x10° (Graphite) <1x107'° <3x107" <3x107" <2x10"

< 5x10"” (COy)
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Summary
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