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Abstract [Background] Accelerator Mass Spectrometry (AMS) is a powerful technique for ultra-trace analysis of
long-lived radionuclides whilst the performance is the mean concern for practical application. [Purpose] This study
aims to evaluate the performance of a 300 kV multi-isotope low-energy accelerator mass spectrometry (MILEA)

system installed at the China Institute for Radiation Protection (CIRP) for measuring '“C, ', and actinide nuclides.
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[Methods] The system was systematically tested through on-site acceptance and tuning measurements. Firstly, the

transmission efficiency from the low-energy end to the high-energy end and current intensity were measured for

stable isotopes. Then, the ratios of rare radionuclides to stable nuclides and abundance sensitivity were determined

using blank samples. Finally, the measurement precision was evaluated by analyzing multiple standard samples.

[Results] Measurement results show that the '“C/C blank ratio achieved is (1.3£0.1)x10™". The '*I/"*'I blank ratio in

Woodward iodine is (3.76+0.2)x10™"*. For actinide measurements, the abundance sensitivity of **Pu/**U is (1.5~2.7)x

107", and the detection limits for Pu isotopes, *’Np, and **Cm reached the 10" g level. [Conclusions] Evaluation

results of this study demonstrate that the CIRP-AMS system achieves excellent performance competitive with larger

AMS facilities, making it suitable for ultra-sensitive analysis of "“C, "I, and actinide nuclides in various applications.
Key words Accelerator Mass Spectrometry (AMS), '“C, "I, Actinide nuclides
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Fig.1 Schematic diagram of the 300 kV multi-nuclide low-energy accelerator mass spectrometer MILEA system
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#1 CIRP-AMS M EEMIXBIATEM R K = B & E
Table 1 List of reference materials and blank samples tested by CIRP-AMS

R (LAt ¥R/ Frife/ = A U AR/ b/ RIYSE R
Nuclide S Standard / Blank Ratio / Contents Source and number
(Ratio) Target materials and
conductive materials
e fi 5% Graphite / Pt OX-11 “C: 134.07 pMC NIST SRM 4990 C
Fe Standard oxalic acid -1I (percent modern carbon)
P OX-1 “C: 103.98 pMC NIST SRM 4990 B
Standard oxalic acid -1
7 [ PhA (RB2K — IR D) &7 (reagent) : Sigma-Aldrich 320064
Blank PhA (Phthalic
Anhydride)
21 Agl/ FrifE C2_3-9 21/7=3.952x 10" ETH P bk
Ag Standard C2_3-9 ETH in-house standard ¥
A WWI
Woodward lodine
PUBU, UKD FrifE VKKU BUIU= B YN K F VERA SL50 % Y 3 b
»ursu U oxide / Standard VKkU (6.98+0.32)x10™" University of Vienna VERA Laboratory
Nb in-house standard !'"!
bk ZUTRI By AY= ETH P &b it
Standard ZUTRI (4.05+0.10)x10”° ETH in-house standard "
236U/238U=
(3.32+0.08)x10°*
*"Np MR Z R A “"Np FrEE R — NPL R21-04
WA *"Np standard solution
Pu [ 2 Actinide nuclides 2Py FRUE VAR — NIST 43341
Puisotopes  hydroxide / Nb **Pu standard solution
PPu bR HEVE R — NIST 4330C
**Pu standard solution
HPubFAET TR — IRMM-083
*py standard solution
Am [FJfLE 5 Am BRAE T — NIST 4332E
Am isotopes ** Am standard solution
A BRAEE T — NIST 4322C
*' Am standard solution
*Cm HCm AR — NIST 4320B

**Cm standard solution

B PR JE I B AR CHH A A TR AR 2R —
PR IF 28 30 A SR 4K ) &) BEAE (=T, 3R B A
JEE C/C B EUABAE (1.1~1.3)x 107 VE il , 55 [ br Hoth
AMS R IE 7K — . I W & NIST Ox1(n=7) Ml
NIST OXII kg #E ¥E 5 (n=7) , IS 5E FE#E 0.096%~
0.11%, MEAEE ] 0.2%. 45 L% AMS B & &
Wil I B B % R M o 58 AR AR R “C IIRE /. CIRP-
AMS & C I EE S B MR R R 2.
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S R R LTS S AT W) AE (N 1.5%
1072 219, fF N8 HIAZ 3 2h Cn RS R R0 1% R
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107" ~107°FT 107°~107 K220 st 4% 5 130 M
—BERS I IR BE 21T LB VS A R B,
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Table 2 The parameters and results of “C using CIRP-AMS

“C ¥ Parameters for “C

ZHUE/ MR ZE S Parameter actual value / Measured value

4K Source cathode potential voltage / kV

5|t HLE Source ion potential / kV

Cs if# )% Temperature of cesium reservoir / °C
Tk #5 LU Accelerator potential / kV

F 77 4% Ton charge state

R 171 L) Size of detector window / mmxmm
2C'rfig LAt HE-"C current / pA

PCALHH R ZE D Transmission of °C / %

“C/C & H AR “C/7C blank ratio

Fr A FE b= 1] “C/PC K £ Overall sample scatter of “C/*C / %

-8.2
-31.278

142

192.38

1+

10x6
25.1~27.3
46.6~47.0
<1.49x107"
0.2

T 1D ARSI RS - AR BERL S VAR S A B R RERARE 1 THVERL S 2 18] (23
Note: 1) Transmission: the efficiency from the Faraday cup after the low-energy (LE) magnet to the Faraday cup after the high-energy (HE) magnet 1

TE i HELE DN 256.49 KV (133 2% iy N -4 He <
HEANEH G HATIE . FE T mg LR
B b, 1 e v R S5 AR I & TR FLIR > 1 pAL (KRR
Uity y2: 17 SRR 5 i R i R LB AR ) ) AR R AR
>50%. JRE M PTHE L — N m e P 2 1
SRS/ AT CElg) AV BEREER (Emig?) W T35 70 85, o]
SEHLPLMT BB AR E 107 RE S A AR BRI &
MILEA Il & "1 1) 3£ B S0 K Mgl 5 L3R 3.

R R WWI(=9) , 3k 15
() 2121 f) B AR N (2.20~3.76) 107, 5 [ B Ho A f)
AMS #IEK-— 2. 5347 ETH N bR W) it C2_
3-9(n=9) , 1/ f{J LAl N (3.93~3.97) %1072, L EE
it PR R B 5E TN 0.40%~0.55% . I B RS B Ny
0.41%. 55 R, AMS H 2% =k I 2 3058 I Hb
JRFE R T RE

%3 CIRP-AMSIIZ *IMEESHEMAER
Table 3 The parameters and results of I using CIRP-AMS

2T Z¥ Parameters for "1

ZHUE/IRSE B Parameter actual value / Measured value

4 HL [ Source cathode potential / kV

5]t L Source ion potential / kV

Cs if# /¥ Temperature of cesium reservoir / °C
Tk # LU Accelerator potential / kV

77 4% Ton charge state

PR 171 L) Size of detector window / mmxmm
PP e LY HE-""1 current / pA

AL ER D Transmission of 1/ %

P17 A HE 17T blank ratio

B FE I = 1) 1/ TUREFE Overall sample scatter of '1/'1 / %

-8.2

-31.2

120

259.49

2+

10x6

>1

>50.9
(2.20~3.76)x107"
0.41

T s ARSI  MRBEREER G 7245 55 AR 2 i REWABR 15 TV S0 28 AR 2 18] AR
Note: 1) Transmission: the efficiency from the Faraday cup after the low-energy (LE) magnet to the Faraday cup after high-energy

(HE) magnet 1
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HE-ESA Z ¥ fifi U 21|18 GIC Il & , £ T U R i
A EE H AR A AZ 2O B T BRI B R K (5~
60 s) o H ZANE A2 B E BE P A UM, Bk

FEPUCOVEN , R BT A 1 1 A& 3 1 E R U
o B 2 B, il U B3 GIC I8, 36T 2°U A%
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I 25U/250, e 292U C0 N, BB N 2% A1 Y
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HENOS RN ONY DI TER 3 Nciob/ ==k i

W, I ORI B B FE N 10 nA, BRI I & B A
<1 ms. MILEA & U [F 47 % 1) 3 2 S 50U 0K
SR WK 4,

FE SR RE Y An 75 5 7R B Cs Ik 5 L AnO”
BT 7 S FE R A 260 KV R INSEE 28 i I 5
He SR B 4MNZH T, EF A T E . X T8
10 pg U ) ZUTRI by #EFE &, =5 B8 I 125 58 A8
B2U I H IR KT 0.5 nA, *U~U 1 L AE A~ (2.97~
3.03) 107, BLANFF & I & ) A B 2 N 0.85%~
0.92%, M FAEFE N 0.77%. (KAEHR RN M5 = f
Uiy V2 R B AR 2 R] 1)U AR B R >36%. U Il
T EERE U, BT EAET>UMU
ok, AR 20U e E ((69.8+3.2) x1072) [f] The
Vienna KkU-standard material (VKKU) i i ] & = R
T 238 Joft i A e X TR FE A 239 IR sZ A, [) EHE D
R Z RGN &P A% R F T R EER . &
)2 Pu/™U 3 REBE A (1.5~2.7)x107", 5 E4fiE
1 4x107 " FE— IR

B SR =R A% 2 B, AN R R R B =
2l b R A% R IEA 5T GIC R e . Sl
AN A A% 2= (A1 U PG A V)48, 3 ARG (Emig?) L
{RFFAENE E LY 1 2 WG AN [ 2 B A% 3R
I#A A B B &2 A H 3 & —FUdEAT 0t . Bk,
2% vy HE-ESA N [F] 25 28 9t 5 AN FIAZ R 1 Elg
e %5 — 3 . *'Np. *Pu. *Pu. *'Pu. **Pu. *'Am.
AmMCHCm W B EES B ARIR IR 5. B
P A MPANT 4k B3R 75 (1) 2 Pu 135 P 40 P 2 s o
PL 1 pg [17*Pu A7 R 75, Wl & 8 450 s, *'Np+ *’Pu.
20pu, *'Pu T EULE 0~2 2 1], HARM PR AE 107 g /K
Fo BLO.2 pg 72 Am Ryos 55, Il & 5 876 s,7*Cm
(1R PR 7E 107 g K~ SR B T & pg [19°PAm
(NIST 4332E) H & H £ 0.1 fg 1> Am 2% i , il
X Am B R TR AL A 1077 g B K F . R Bk 4
X AmM <107 @) IR A K 20 BT I A% 2 16l 7
BRI Am I &

#*4 CIRP-AMSHE U U U RPUNEESHRMINER
Table 4 The parameters and results of U, **U, **U and **U using CIRP-AMS

U [A]37 % 2 Parameters for U isotopes

ZHUE /MR SS B Parameter actual value / Measured value

#E K Source cathode potential

5|t HLE Source ion potential

Cs if# )% Temperature of cesium reservoir / °C

Tk #5 LU Accelerator potential / kV

F 7 4% Ton charge state

FRIME 171 L) Size of detector window / mmxmm
U0 = e LI HE-"*UO current

UL AR Y Transmission of **U / %

puU B R BUE Abundance sensitivity of **Pu/”*U

-8.2

-31.2

135

260

3+

4x4

36.7~38.6
(1.5~2.7)%x107"

BT R 20/~ U RS Overall sample scatter of 2U/”*U/ % 0.9

T 1D ARSI RS - VAR BERL S IVE R S A B S RERARK 1 THIVABL 55 A 2 18] (R 2
Note: 1) Transmission: the efficiency from the Faraday cup after the low-energy (LE) magnet to the Faraday cup after the high-energy (HE) magnet 1

#5 CIRP-AMSIE *'Np\Pu R HE . **Cm &K Am EL R EESH MR L
Table 5 Main parameters and detection limits of *’Np, Pu isotopes, *'Am, **Am and **Cm measured by CIRP-AMS

2N IUikie JIn3E &% HUE HE ESA fii \M& PRIBR

Actinide nuclides Mass Accelerator potential / kV HE ESA actual value Detection limit / fg
*Np 237.048 257.58 29.18 0.005

*Pu 239.052 255.16 28.92 0.005

*Pu 240.054 254.07 28.79 0.002

*Pu 241.057 252.95 28.68 0.003

*Ppu 242.059 251.87 28.56 —

*Am 243.061 250.63 28.43 —

*Am 241.057 252.95 28.68 0.030

*Cm 244.063 249.47 28.31 0.004
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Fig.2 The spectrum of **Pu in the data acquisition program
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w4 S 7 R 9 R TC 1 300 kV 2 A% K
A I 2% 57 B2 {X (CIRP-AMS) , 3 35 6 A 7] 4% 25 )
OO SN RGO A 2 B AR R & 56
W3R 15 1 4C/C A [ B E N (1.3£0.1) <107, il
& 1C/PC LA 9 1077 [ A i, W B RS B2 N 0.2%:
WWI "1/ %% 1 HUAE A (3.76£0.2) <107, Il & 21/
FUAE 9 107" BOFE i, IS4 FE 2 0.41% 5 &0 il %
FME, U/~ 3RS N (1.5~2.7)x1077,
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