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Accelerator mass spectrometry(AMS)

/ Decay Counting

Ultra sensitivity:10-15(isotopic ratio)
Long-lived isotopes(102-107years)

Negative ion source :decreasing background \Efeememiie.

Accelerator: high ion energy

Stripper: molecule destruction , charge change
Analyzing system: remove background
Detector: 1on identification

Beam transport system: transport efficiency

Environment
Geoscience
Archeology
Physics ...

Applications
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_ - HI-13 tandem accelerator .
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The first AMS system in China established in 1989
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Ef@é&ﬁti{%&ﬁ‘% Updated HI-13 AMS system

Acceleration Tube  Stripper  Acceleration Tube

A new injection system with HI-13 Tandem Accelerstor
high mass resolution

: - Three Dipole magnets
o s 650,650,250
Radius:100mm
KX Doublet
RIRIE e High momentum resolution
b Trim Lens
— 0O Steerer
AE-Q3D

Isobar separation ' Q3D magnetic spectrometry

A Q3D beam lines
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= 900 Spherical electrostatic
deflector (p=75cm)

= 1129 double focusing magnet

(p=80cm)
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20% beam time for AMS

¥

Q3D magnetic
spectrometer

‘IOBe’ 41C8, 7986,129|, 236U
26A| 328, 36Cl, 53Mn, 5N, 6%F e
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HI-13 AMS performance

nuclide | Target Injection | Terminal Detection method sensitivity

ion voltage
10Be BeO+Nb BeO- 7.5MV Absorb+AE-E 10Be¢/PBe~1x10-14
26A1 ALO;+Ag | AlO- 9.0MV AE-Q3D+AE-E 6A1/27AI=2% 10713
32Si S10,+Fe St 10.5MV AE-Q3D+AE-E 32Si1/Si<5x10-15
36CI AgCl+Ag | CI 10.5MV AE-Q3D+AE-E 36C1/Cl<1x10-15
HCa CaF,+Ag | CaF; 8.0MV AE-E HCa/Ca=2x10-1
3Mn MnF,+Ag | MnF- 11.5MV AE-Q3D+AE-E S3Mn/Mn=1x10-13
Ni NiO+Ag Ni- 11.5MV AE-Q3D+AE-E PNi/Ni=8x10-14
%0Fe Fe,O;+Ag | FeO- 11TMV AE-Q3D+AE-E 0Fe/Fe~1x101°
129] Agl+Ag I 7.8MV E 291/1271=2x 1013
236U UO,+Nb UuoO- 7.8MV E 236U/U=1x10-1




§3 tRa M EAEIE Applications

MM E CHINA INSTITUTE OF ATOMIC ENERGY

= (1) Nuclear physics

nuclear reaction cross section and half life of
radioisotopes measurement

238U(n,3n)?3%U;(PRC87(2013)
60Ni(n,2n)5Ni;(NIMB294(2015)
14N (160,4He)26Al(NIMB240(2005)

Stable isotope

Short lived radioisotope

128](1n, y)129] (129]/127]); 127)(n,y)128(n,y) 12l
Fe(n,y)®°Fe (5°Fe/%8Fe) *°Fe(n,y)>(n,y)*°Fe

Ay .
.= N2 A ~ N -
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half life measurement with AMS

/ar=Nz—

dN/dt: liquid scintillation detector

N: AMS

79Se  [NIMB194(2002)]
151Sm  [PRC84(2011)]
32Gi  [NIMB294(2013)]
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(2) Geology

geological exposing age and erosion rate (3¢Cl)
the age of underground water (s°Cl)
The growth rate of ocean sedlment(mBe)
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= (3) Environment
1291 and 3Cl distribution (soil, tree, river,
aerosole ) near nuclear facility

= (4) Biology
Calcium absorptivity ,bone resorption

behavior and calcium kinematics using
41Ca tracer



1.2 Single stage AMS J

1. 11. Cc  __ ... —
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High Voltage Power
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Transmission efficiency and background are the
key points for AMS measurement

= The structure of gas stripper, the type of stripped
gas, the thickness of stripped gas are strongly
related to the transmission efficiency and

background , especially in low-energy AMS
systems
Transmission efficiency
Stripper gas
12C+ 12C2+
Ar 15% 2.5%
N, 20% 3.2%
He 42% 6.8%
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The structure of gas stripper 2 BRI
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For improving the stability of the stripper gas pressure

(improving accuracy) and the vacuum of outside the stripper

(decreasing scattering background),

(1) Stripper gas canal is located inside a differentially pumped
housing.

(2) Another pump is mounted between the cannel and analyzing
magnet
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13CH, 12HH

1E-10

Transmission and background
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Relationship of
Background with 13C(H)
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Sensitivity

1.4

1.2

1

0.8
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0.2

0

The mean value of blank

samples: 0.48PMC

0

Blank samples

sensitivity: 4C/12C=5.8x10-1°
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External uncertainty 0.38%, internal uncertainty: 0.4%
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the measured values are consistent with their nominal values and
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One month measurement values
ANU mean value: 150.78+0.76

ANU normal value: 150.61 pMC



Experimental conditions and performance of 4C
measurement

Ion energy: 200keV

(extracting:20KV, main accelerator:180KV)
Extracting 1ons: C-

Charge state after stripper: 1+

Gas stripper: Helium

Gas pressure:1.66x102 Pa

Transmission efficiency:36%

Precision : 0.3--0.5% (modern carbon)
Background level : 5.8 X 10-15(14C/12C)
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= lon energy: 200keV

= Extracting ion:H-

= Charge state after stripper: 1+

= (as stripper: Helium

= Gas pressure: 2.6x102pa ( outside the stripper)
= Transmission efficiency:65%

= Background: 3H/H<1x10-1°

1000

100

10

1

3H/H(10-14)

0.1

0.01

o 1S'tzripper gzil1é,7pressur(§'2(10'2pa)2'7 The I’elationship of nominal values

Background as a function of gas pressure of measurement values
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Environment

Determination the source of the aerosol using “C.

Information on the environmental effect from nuclear
facilities(1*C 3H)
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Buddhlst scrlpture from Tibet usi

= Archaeology

Diagnosis diseases of digestive using '“C tracer
Pharmacokinetic study using *C tracer

14C-octanoic breath test (*C-OBT) |

emptying test

 Biomedical

BC-PCD

Radiocarbon delermination (

12

1000 F

800

B00

0 30 60 9 120 150 180 210 240

t/min

4C(0.8758,0.00635)
C 95 4% probability

TTT (1.7%) 793calabD
BO2 (3.8%) 84TcalaD
B55 (88.0%) 104Tcalab

‘F::‘“v

10E&9 (3.2%:) 1122ealaD
1359 (0.8%) 1148calAD

“C-PCD

0

1
[-Te[1] 1000 1200

Collbroted date (calAD)y

Volunteer-YinS.W.
Model ' myexp5 (User) i T T
L Equation y za"xbrexp(-c’x) o 14C E

Reduced 0.08462
Chi-Sqr
Adj. R-Squar 0.98678

Value  Standard Err

a 1.7770 0.3807

14C b 0.4495 0.06868
0.0093 0.00101

T, /2=121 min
GEC=0.57

60 120 180 240 300 360 420 480 540

t/min

600 660



1.3 Small tandem AMS for heavy nuclides

Injection magnet
R=75cm

Analyzing magnet
R=100cm

L
===

T §
Electrostatic
__quadrupole lens

| | L_1] | 1
(78 (0H RSN 1WA LB | K AR T LR
] ] 11} " I n 11

Electrostatic
quadrupole lens

Gas stripper canal

SO — z

electrostatic spherical
Analyzer;R=100cm

/ SOV R GaS detector

electrostatic spherical analyzer SiN(30nm)
R=75cm
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Home-made

Accelerator :Air insulated tandem
Terminal voltage :0.35MV

Interesting nuclei: 2°Al,123], 236U, 239Pu
Charge states:'?9] :2+;Actinide: 3+

Detector: gas detector, 30nm SiN window
Applications:

environment, nuclear safeguard,...
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328Gj, 36Cl, 41Ca, °°Mn,>°Ni,*OFe, %0Sr

14C, 3H

26A|, 129|, 210Pb, 236U,239PU,



82 tBasHit2aE Outline

= 1. Status of AMS at CIAE

1.1 HI-13 AMS system

1.2 Single stage AMS system

1.3 Small tandem AMS for heavy nuclides

= 2. Status of HI-13 tandem Accelerator
2.1 HI-13 tandem accelerator

2.2 EXxperimental terminals

2.3 Beljing rare ion beam facility (BRIF)




2.1 HI-13 tandem accelerator

Lay out the HI-13 tandem accelerator Lab
zﬁﬂOGH

Analyzing magnet
\ ]

lon source and
injection system

'—n—'l
=ty jgteete

accelerator

Q

/ () L70
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L30 L40
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Srowstytar: [ ONSOUCCIN

Three kinds of ion source

Cs sputtering negative ion source
(MC-SNICS)

(Most of the nuclides in the periodic table of elemef™

Duoplasmatron ion source
(H,D) pulse beam

RF Charge Exchange lon Source
(He’)
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= Two Injection system
(a) Common used injection system
(Double focusing magnet R=50cm)

(b)AMS injection system

(Electrostatic spherical analyzer 90°,R=75cm

(Double focusing magnet 112%, R=80cm
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= Tandem accelerator

= Working terminal voltage: 12MV

= Tank length: 25m ; Maximum diameter:5.5m
= Insulating gas: SF4(6.4 X 10°Pa)
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. | ¢ = ’}
- g
= Charging system: Laddertron chain =
Pelletron Charging System i
(Positive configuration showm) Ig
+ . = ]
Charging Chain--metal Terminal hc“ I'Ej
Inductor pellets, nylon imk.s f ) I.ﬁ]
R rindnipdydqdydeiobeleiediglebag . -
Drive pulley Pickoff pu]l eys pull e:y ?]
(oot o i ;-ﬁn;nﬁm;nﬁ-;n;n st

Suppressor

Charging
Current

{30 kv Ps]

= Two Strippers:

3 IR A S0 5. 45T
bR A R T R R B

(a) terminal stripper :Carbon foil and gas
(b) second stripper :Carbon foil(1/3 length of aceeletor tube)
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= Double focus analyzing magnet:
(R=127cm ME/g%=200; a=900)
= Switch magnet: (=70 14 beam lines)

[~
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Magnetic
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2.2 Experimental terminals

= Three experimental halls ,14 beam lines

210009

P P
= l '—U—" J
9909 -
mEET
127 000 I O 427 I I Hall 3
*Q R?Gﬁ G .
Hall 1- //‘\ [~ = | 7 beam lines
.. . L&D
3 beam lines -
L50
()
e 340 ® O 130 140
= 4 10 120
O | SR=FF
=I1Q00 _ (freo% [ roo = QO

» =
Hall 2 usl QOON =

HWEMNE 4 beam lines

@ ki
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Flight length: ~6m
Measuremental angle: -300--1550
o torge pulse beam(FWHM) ~2.5ns
:.;':g pulse frequency fundamental

frequency 6 MHz,
(fractionable)

Neutron energy: 9-40 MeV
Detector size: $»180x100 mm
- $130x50 mm

Detector angle interval: 100

Neutron double differential cross sections
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Detector

777 e /-t -\

neutron
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Online (n,r) prompt-gamma
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Near-barrier Fusion, elastic scattering etc.

F1 Pz

B _ OHER o

e,am | ‘ ‘ T

chamber 5 i
deflector
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RS R [ -3 BEREF (MeV)  4HFF (%) 3R/ (pps) |

°He  “H(Li,°He)*He 35.7 £ 0.5 02 500
Be  'H("Li,Be)n 30.8 £ 1.3 99 900
Li  *H("LiLi)'H 40.0 £ 0.5 88

IDC IH{IDBJIDC]H

11{3 IH{”BJHC]IH

13N EHI[HC,IENJH

15() zH{HN?laD)n

I7R EH{IED_IITF]H

I8 ‘He(160,!5F)'H

YNe  “He('0,"Ne)n

2Na  “He("F,”Na)n
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Nuclear Structure
high spin structure
Lifetime of excited States

band 2
() Fhdd
band 1 I
SLrS 1oﬁpd
et Fece
I ) ) e
e
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g ETT Y 'J e AR
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e . /"}{'T';Lw e
L ey -:1'|} {137 e ars §ay
. l ol Jem -
T qu 4y | '
]

Fig.2 The level scheme of 1"*Pd from the present experi-
ment (“stand for new - transitions)
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Heavy beam from
= |rradiation Effects of __tandem accelerator

Materials

H ion source

Simulating radiation properties
of structural materials
irradiated by high dose
neutron irradiation in nuclear
power plant
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Chamber
Chip inside Quadrupole lens

Spreading C:

2 SM S2 A

Hl ﬂ;r _______________________ ’_' w

Scanning magnet(47Hz)
1 | Expanding beam size R

lon flux density :1X 102 /cm?'s
Beam Size:100 mm X 100mm

avolding the anomalies and
malfunctlons. of some space.crafts ww : '\\ \ﬁ‘" 'W |
induced by single event effects in the - ],1
chip or circuit systems. L
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7777
/ D MULT!

~Three Dipole magnets ..., /
65°,659,25° _220

Radius-100mm Nuclear reaction
Accelerator Mass Spectrometry
Biologic Irradiation Effects

High momentum resolution
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nuclid | Injectio | Detection method | background

10n
10Be BeOr Absorb+AE-E 10Be/*Be~1x1014
26A1 AlO- AE-Q3D+AE-E 26A1/27A1=2x 10713

32Si Si- AE-Q3D+AE-E 32Gi/Si<5x% 1015
36Cl1 Cl- AE-Q3D+AE-E 36C1/CI<1x1015
HCa | CaF; AE-E 4 Ca/Ca=2x10"14
S3Mn | MnF- AE-Q3D+AE-E SMn/Mn=1x10-13
SNi | Nir AE-Q3D+AE-E | ¥Ni/Ni=8x10-14
60Fe |FeO- |AE-Q3D+AE-E |%Fe/Fe~1x1015
1291 I E 129/127]=2%¢1 0-13

26y |UO-  |E 236U/U=1x10-1
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= Nuclear pore membrane
filtration membrane (gas ,liquid)
Anti-counterfeit marking images
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2;3]2.3 Beijing rare ion beam facility (BRIF)

compact proton cyclotron
100 MeV 200 pA

BRIF 1s under constructing

The BR

H 1s composed of a 100 MeV proton cyclotron, an

1sotope separator on line (ISOL) with mass resolution of
20000, and a super-conducting LINAC of 2 MeV/q
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g
=i

super-conducting LINAC

100 Me proton cyclotron
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