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Design study of an ultra—sensitive biomedical accelerator

mass spectrometer based on a mini cyclotron
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Project Summary

Design study of an ultra-sensitive biomedical accelerator mass

Title of Project spectrometer based on a mini cyclotron

Accelerator Mass Spectrometry (AMS), Biomedical AMS, Cyclotron,

Key Words ) . . .
v Microdosing, Mass separation, Carbon dating

Project Leader Jongwon Kim

Associated Company

Accelerator mass spectrometry (AMS) is an ultra sensitive method for isotope analysis. This
technique can be applied to measure atto to zepto (10%) moles of "C from milligrams of
sample, which means it is capable of detecting on the order of 1000 “C. AMS was originally
developed in the 1970s for radiocarbon dating of archeological artifacts. The application in the
field of biomedicine on the other hand has spread out more recently thanks to the capability of]
shortening the new drug development time with the use in phamaco-Kkinetic analyses.

In this research we have worked on the design of an AMS system based on a cyclotron.
The cyclotron AMS was suggested earlier than the tandem AMS system, which is dominant
in the current market, but its low efficiency was a serious shortcoming. A cyclotron AMS
built at Shanghai was operated until early 2000, but stopped operation due to the Ilow
efficiency and poor reliability. From the analyses on the design and operation of the previous
two cyclotron AMS systems built by the LBL and Shanghai groups, we thought the increase
of transmission efficiency and higher reliability are achievable. It was estimated that a factor
of roughly 50 times of improvement in transmission efficiency compared to that of the
Shanghai AMS will make the system practical. The buncher in the beam line and a
flat-topping rf system are the key components.

For the injection beam line we chose a simple configuration while meeting the beam
formation requirements with a buncher and triple focusing magnets. A prototype injection line
will be actually constructed in an experimental room of Seoul National University as a PhD
thesis project, which is aimed to test the phase space matching capability of the beam line.
The beam optics for the cyclotron has been studied to optimize the system, but it still needs
additional efforts to be satisfactory. We have also continued to work on the design of the
cyclotron magnet to trim the shape and particularly to optimize it for the radial injection.

The detection technique for isotope ions in low-counts separated by the AMS cyclotron is a
critical part in the system design. We have considered detecting the ions inside of the
cyclotron, which would simplify the system. However, the effect of the noise induced by the rf]
system on the detector needs to be analyzed. A silicon surface barrier detector and a
multi—channel plates detector were tested using isotope sources located inside a test vacuum
chamber. We in fact have to consider the choice of final beam energy in selecting the type of
detector. It is still needed to further optimize the cyclotron AMS system for high mass
resolution and for compactness along with testings of the detection system in view of

suppressing noise susceptibility.
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Overview of AMS applications in the seven domains of the environment

Domain Area of application®

Atmosphere Cosmogenic and anthropogenic radionuclides in the atmosphere (CH ¢, =12.3 ), 3H, "Be (53 d), 1°Be (1.5 x10°a),'*C (5730 a), '“C
26 A1 (7.1 X107 a), 32Si (140 ), °C1 (3.01 x10° a), °C1, 3 Ar (269 a), $'Kr (2.3 x10° a), $Kr (10.8 a), 1 (1.7 x107 a), 121
Study of trace gases: CO,, CO, OH, Oz, CHy (14C)
Transport and origin of carbonacous aerosols (14C, 14C) and loess ('Be)
Exchange of stratospheric and tropospheric air ("Be, '°Be)

Biosphere Dating in archaeology and otherfields ('*C, *'Ca (1.04 k103 a))
Calibration with tree rings, corals, lake and ocean sediments, spaleothems (4C)
Studies in forensic medicine through bomb-peak dating (**C)
In vivo tracer studies in plants, animals, and humans (**C, 2°Al, #'Ca, 7°Se (3.0 x107 a), *Tc (2.11 k107 a), '2°])

Hydrosphere Dating of groundwater ('*C, 3°Cl, * Ar, $'Kr, 12°T)
Global ocean circulation pattern (14C, 14C ¥ Ar, 9T, 12°1)
Paleoclimatic studies in lake and ocean sediments (14C)

Cryosphere Paleoclimatic studies in ice cores from glaciers and polar ice sheets (\°Be, 14C, 20Al, 32Si, 3°Cl, 3% Ar, 81Kr)
Variation of cosmic-ray intensity with time ('Be, '#C, 3°Cl)
Bomb-peak identification (*°Cl, 4! Ca, '2°1)

Lithosphere Exposure dating and erosion studies of surface rocks ('°Be, 14C, 2°Al, 3°Cl)
Neutron fl-uxmonitor in uranium minerals (U (2.34 x107 a))
Paleoclimatic studies in loess ('*Be)
Tectonic plate subduction studies through volcanic rock measurements ('*Be)
Cosmosphere Cosmogenic radionuclides in meteorites and lunar material ('°Be, '4C,20Al,30C1, 4! Ca, **Ti (60 2), *Ni (7.5 X104 a), Fe (1.5 x10 a)
1291)'
Possible live supernovae remnants on Earth (Fe, 140Sm (1.08 x108 a), 182Hf (8.9 x10° a), 2#4Pu (8.1 X107 a), 27Cm (1.56 x107)
Stable trace isotope ratios in presolar grains (Pt, Os)
Geochemical solar neutrino detection (**Tc, 2%°Pb 1.5 k107 a))
Search for exotic particles (superheavy elements, fractionally charged particles, anomalously heavy isotopes, strange matter, dark matter
Technosphere Releases from nuclear fuel reprocessing (**Kr, Tc, '2°1)
Half-life measurements (32Si, ' Ca, **Ti, ®°Fe, 7°Se, 120Sn)
Temperature measurement of fusion plasma (*° Al)
Neutron -fluxof the Hisoshima bomb (*°Cl, ! Ca, ®*Ni (100 a))
Nuclear safeguards (33U (1.59 k10 ° a), 23°U, 2"Np (2.14 x10¢a), 2°Pu (2.41 x10*a), 2*°Pu (6.56 'x103 a), >*?Pu (3.73 x10°)

24py)

2 Radionuclides measured in the respective area of application are listed in parenthesis. Underlined radionuclides indicate an anthropogenic origin. Half-lives
are also given when theyfirst appear.
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2.1 71& Alo]Z2EE AMS EAA 2 A4

R FVA Al FREE AM v)=+ LBL (Lawrence Berkeley Laboratory) [9] 3} A}3}o] $&
E2dAT4 [10] F FHolA XﬂﬂE]oiE} LBLY A% "v& =2 A2 Cyclotrino A0S Z2E
28 Mz AFEE Gl gstelel 49 SMCAMS (Shanghai Mini Cyclotron AMS)-& A& A}
Ol%iﬁ%% AZech WA LBLY A$ 2973 o] e W Asggw MCEAHE= 4F
st ot Agsl dAR HAEAE EIh

Transmission losses in cyclotron system.

From: To: Loss

Factor
ion source ‘Wien first slit 4%
Wien first shit ‘Wien second slit 5
Wien second slit injection channel 1
injection channel mirTor 2
mirror inner deflector 2
inner deflector extraction radius 10
extraction radius detector 5
phasc discrimination 133
Wicn output extraction radius 40
Wien output detection 103
ion source detection 2x104
* estimated

29 7: LBL Cyclotrino AMSeol A Z @A ¥ A% 38
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Quadrupole bt
triplet

80 cm Detector
RF system
buncher
80 cm
Einzel lens

Negative or

positve ion source
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&) gho] Wavhs ue g Aol

Zmax= 3.00 m Xmax= 5.0 cm Ymax= 5.0 cm
11
Dipole Magnet
Fi1 0.25 m, 90 deg. F2 FF
Pole face
Entrance 26.087 deg.
o Exit 28.569 deg.
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CF 6 ¥ inch

a9 10 of2=d W FES AT R W HAEE 917 Einzel lens oA &9,
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eqlolq #29 Wel oA 20 kVol T Einzel A28 Ae 27} 15 kv 1;1 19 kv otk 1
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2

Up=20022.3, Te=5.0 eV, Ui=5.0 eV, mass=-1.0, Ti=0 &V, Usput=0 V
7.46E-6 A, crossover at R= 1.1, 7=35 mesh units, Debye=0.150 mesh units
C-AMS ion source

1201 LIl e Sl g m
v/ 77 | v
i |
40 Iz" J |
| ; e —
0

Up=20022.3, Te=5.0 eV, Ui=5.0 eV, mass=-1.0, Ti=0 eV, Usput=0 V
1.46E-6 A, crossover at R= 0.3, Z=853 mesh units, Debye=0.150 mesh units
C-AMS ion source
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Up=30022.3; Te=5.0 eV, Ui=5.0 eV, mass=-1.0, Ti=0 eV, Usput=0 V
1.32E-3 A, crossover at R= 0.5, 7I=102 mesh units, Debye=0,150 mesh units
AMS ion source
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VAR e WHe] o] FoAAA ¥es & Utk
=
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& Impedance
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spectrum®l A peake] ®HsA UE= A gldd 9}\‘:} 3tH A97F 403 mmE 1 mm Y
Yol AW 19 2804 EH o] peaks 15t o] Huh #2& FxE KW F7] FolA 5486
MeV alpha 9147} 39.3 mm$} 40.3 mmE ol WS W A= 22 430 keVeF 250 keVA = o]
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3 205486 MeV &3dazt 2F vid e 3 § I odyA (49:MeV)

HE719ke] A A Al layer Au layer preamp signal peak
(mm) 1r (40.3g/cir) (40.8ug/cr) height(mV) channel
vacuum 5.486 5.462 5.453 711
9.3 4.642 4616 4.606 45 586
19.3 3.599 3.569 3.558 40 455
29.3 2.313 2.276 2.263 26 280
34.3 1.476 1.432 1.417 16 167
37.3 0.863 0.814 0.799 8 65
39.3 0.435 0.385 0.373 6 15
40.3 0.248 0.201 0.192
0.200 0.156 0.148

a3 289 AHEGNA Azl YXo] wWE alpha YA LAY A (F7] FolA9 energy
loss& Wl #h)eb peake] 91x|9te] #AAE AuletH 19 277 U} alpha PRl AR H ] <}
peak®] 9127} Aoz wlg st ydA] gho] 319 keVlul o] 25-F alpha 4#Fe] AR LA
7F #2437 320 keV7F Holok F4o] 7hed Ao ddd & vk

19 29 alpha 4AFe] o U Aol W& peake] 9 X]W sk

Al layer$t Au layerol A1 9] energy loss$t detector®t preampol A9 noise®tS als] AT
T U alphafi Aol oA stetd S F5T 4 Atk Alphafi Aol ol A7k 200 keV wf Al
layer2} Au layerol A 2] energy loss= ¢F 50 keV o]t} olu] preampsS E33F 5 signalol A9
noise level2 1@ 2794 HW 3-4 mV A=olt}. 1 30914 preampE 33 F signale] =
717F noise level X7} HoJof 17l 27 Ao A~HAEHS A& & Qlrh ojuf 17 3000 A
alphad A= F712 AXHA oY A 2F7} broads AothE AHAS 118 84E preampE £33 3
signal®] =717} #HAg 3 mVALE EHojof & Zlojtk. 1§ 3loA HE7|O FF9 oyt
preampES £33} signale] =79+ #AAE EWH preampES EH3 AladE 1 mVel siEstE d
HUA7F 100 keV AEULS & 5 9t wEbA preampES £33 signalel =Z7]17F 3 mV7E Hed
HE7] 55 olUA7F 300 keVARE Hojof 2t} welA Al layer®t Au layerol A 2] energy
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loss®} preampE &3 signal?] noiseE AHIS Wl ST 4 A= alphaP x| oA s}t
Ae g 350 keV € Ao FAEH T}
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N
1
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I3 31: preamp signal®} YAl =] 2] A7

o9 HAEZAI}ZEE SSB detectorE ©o]E3 AT F AdE YA FHihUA=
300-400 keV =2 wergc)
2.5.2 Multi Channel Plates (MCP) AZ&7] HZXE
WA MCPeo 2d& 9t A +HE 2 mm 32 2 Aolo 7 1 mm BH|ZES A&
st Akt MCP =719 Axd EE5S 19 32004 B & i dA7]A< 94L& 19

330l FEAISHA
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19 320 MCP #as fsf AFES H=Z2 3 MCP #d=718 24z Wl 24,

MCP
(2-STAGE)

WL

MCPN [ MCP-OUT

HIGH VOLTAGE =
POWER SUPPLY

19 33 MCP HIZEE 918 7|3 24,

MCPe] #gtoll wE AlEo] AHAdS SAs7I9Iske] Strip currents S 8ko] kel vl #H st
ol Z7tet= A9k ARt FHA=V/R)H X=X E AAsAc - A MCPQ strip A2 2265
MQ (Multimeter S %b). A4S &g @+ F % ol currentZ7b F7FepAIRE, o] Fof =
current’} 254 F7Fstal HV7E smold 5 #<Qto] saturation sl Al7te] At Aol F
7hgtell wet 500V AEbA = AR A AP o FrkeAN ol HStSTbel wel vy e
2 AF7F AXe A% 213 2 29 340 YE AT

F 3 FoAZe mE dF SAG
HV I(uA) HV I(nA) HV I(uA) HV I(uA)
100 4.28 600 26.45 1100 53.24 1600 91.60
200 8.58 700 31.60 1200 59.68 1700 103.6
300 12.95 800 36.48 1300 66.35 1800 114.8
400 17.37 900 42.16 1400 73.52 1900 130.8
500 21.75 1000 46.98 1500 82.89 2000 146.7
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3. 4723 & L 28
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O Biomedical AMS®] 2% 7|9 gel7b&7]12 o] gt WA o S5 gloy g3 o] go
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prompt gamma-rays for detection Journa . 2009; U
of beam range variation in proton aAl IS{organ Physical 55(4):1673 gep | 0910060
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) 9 A stels] =T ww

spectrometer based on a cyclotron C. Yun, |Accelerator Conference

=i A2 Stz 319 A | A AR S
Fol et/ 8 o] g A AT |spri |
< ° ) J. Kim Spring mee‘gng of 2.009 e 0910060
A8 3 Korea Physical Society
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g y J. Kim, |2009 IEEE Particle 9] 0910060
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