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Pelletron™ Tandem Accelerator

Voltage [MV] 1.0~5.0

Maker/Type NEC Pelletron 5UD

Completion 1993

Location Bunkyo-ku, Tokyo, Japan

Management Micro ‘Analy.sis Laboratory, Tant.iem .acceleratcr
The University Museum, The University of Tokyo

Charging system Pellet Chains System

lon souce MC-SNICS

Accelerated ion species H*, 15N%*, C*, Be®, AP, CI%*, I°*

AMS (Accelerator Mass Spectrometry)  ('%Be, '“C, 2°Al, *¢Cl, 129 )
Usage PIXE, RBS, ERDA
NRA (N (p, a) '%C)

Injection Magnet with
Insulated Chamber
(o =450 mm)
ME/q? = 15
MFC02-3 M lon Source S1
Einzel Lens ke ) (MC-SNICS ; 40 Samples)
T Mult-Faraday Cup

lon Sources:
MC-SNICS

_— ES.Analyzer(o =305 mm)

Injection Magnet
(Sequential Injection)

SF, Gas Handling System
X,Y Steerers

Einzel Lens Tandem Pelletron 5UD

Terminal Potential Stabilizer
Sit Feedback E.C.Analyzer
(0= 6000 mm, E/AE = 450)

Ar Gas Stripper

EQ

90° Analyzing Magnet \
(p=1270mm) —
ME/q? = 150

MFCO4-3
Mult-Faraday Cup ~ (E20nd Sipeer

Switching Magnet

O
Gas Counter
Micro Beam System

{0 (1C) Microbeam
mMa

O (1D) PIXE PIXE\thémber Negative lon Cooler
Test bench

NRA Apparatus

(1E) NRA
Ultra High Vacuum Apparatus (Ultra-high Vacuum System)
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Cosmogenic Radio Nuclides

FHIRAE B

Extra-terrestrial materials: Meteorites, Interplanetary dust:--

Atmosphere - - - Meteoric CRN
14C, 10Be, (2BAl), 38Cl, 29|, etc.

Crust - - - in situ CRN
(14C), 19Be, 26A|, 36C|, etc.

Distributed over the earth via
atmospheric circulation and
precipitation

Deep underground -« - - Muo-genic CRN

(14C), '9Be, 26A|, etc.

Anthropogenic Radio Nuclides

AR RZE

Nuclear weapon testing, Power plant = Reprocessing Plant,

Accident

14C, 36Cl, 129 etc.
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160 (n, 4p, 3n) 1°Be

N (n, p)

AT (p, na)3°Cl
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Primary Cosmic-ray (Galactic CR)

4

Solar activity
change

Earth magnetic field |:>

Intensity change

. 8

14C Meteoric nuclides

@ Dome C 7 y, - South Pole
. 3 Bo
\ Vostok /yr\ T o R,
N\, SR Dome Fuji
. Width:Height = 1:100

S REER Cosmic rays
RITE i o0 2 /
(Atmosphere h
() interaction with N
/n+14N—>14C+1H
e production
< deca equilibrium
i y “cr/’c = 1.2x 10
14 N 2 — 4 -
C— "N+ +
“co, o*P
& )
‘ 1~2yr t C exchange (open system)
Biosphere more than 95 percent| of the plant

[ C-3 «— species on earth
Life [Plnat C-4 +— corn, sugarcane, crabgrass, -

Animals Food chain system

equilibrium 'C/'?C ~ atmosphere




M A l ’ Micro Analysis Laboratory, Tandem accelerator C
The University of Tokyo "

[ RS R SR A ]

BEEDRE After plants / animals die (closed system)

14C — decay
N=Ng2"" =Nye*  2=12
A% T,

__Ly(N - N
t[yr]——/{ln(%vo)——8267ln(%vo)
measure

14C/12C \

W

to know time after
it became closed system
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[ #4£RROIEY ? | Onset of “Yayoi era”

Key earthenware

Itazuke II
Itazuke I

JOMON - YAYOlI transition :
300 BC ‘ at least 800 BC
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[ =#x@R | Great ocean conveyer belt

Great ocean conveyor belt

®)
Cold and salty Arendal UNEe
Mp current GAARHIG DRSKGH : FHLPPE FXADTICE

1991, In C 1995, Impacts, 9
inbargovemmentsl parst on climate change, UNEF and WMO, Cambridgs press university, 1896,
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@ Thermal Neutron Fission Yield of 235U

| Nuclear weapon testing W\
S
| Nuclear Power Plant - Fuel Reprocessing Plant |

@ Neutron Capture

Fission Yield, percent
=]

| Nuclear weapon testing |

3

|14C| |36C|| |41Ca|
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Atmospheric Nuclear Weapons: Fission Yield (in Mt)
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Airborne 129 Releases (G8a)

Airborne 1°| Releases
from Nuclear Fuel Reprocessing

~Grand Total

~Europe

~Former Soviet
United States

195 1950 1955 190 1965 170 1975 1580 1985 1950 1995 2000 2005 2010 2015 2020
vear

Airborne 129
Total Release
(GBa)

Nuclear

Weapons G/
Nuclear Fu‘el 4860
Reprocessing

Chernobyl

Accident &
Fukushima 8
Accident

FHBERKIE
L ANBiREKE
DEEE

Cosmogenic, Meteoric/in situ

Anthropogenic, Fission

[50] (] [a1] [ (76s] [osr] [1] [56s] [=0]
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Biodiversity during the Phanerozoic
All Genera[ ]

Well-Resolved Genera [Jil]
Long-Term Trend —— VE |

The “Big 5" Mass Extinctions 57
Other Extinction Events W

->Cosmogenic/Anthropogenic
nuclides transition

ABEBRZBEDES

#1EE (abundance) TIXFHE
ERKEZFES

Thousands of Genera

400 350 300 250 200 150
Millions of Years Ago

542 500

Quaternary

Holocene Anthropocene

Cosmogenic Nuclides
Anthropogenic Nuclides
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AMS(Accelerator Mass Spectrometry)

iEgR  + BESMN
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ME/Q?

Analyzing
Magnet

|

Detector

5O

Electrostatic \

Deflector

lon source

| mEREEMTLI

AMS(Accelerator Mass Spectrometry)

xR + BHEOMW

BENMTOREBLITITE, R
B - BAESFAAVZERN
I3 EIFARTTRE

-

ME/Q?

E/Q

\\f

Analyzing
Magnet

Detegtor

g const.
0 9

0.

Electrostatic
Deflector

lon source

£ - const.
0 - :

interested ion

M/Q/
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ION CURRENT

Interested Isobar/
nuclide Isobaric molecular
half life |ions
10B¢ 1.36x10%yr | '9B
14N
“C 5730yr
'?CHz, '*CH
26A1 7.05x105yr [25Mg
36C| 3.01x105yr |38s
]29Xe
129 157x107yr
128TeH
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AMS(Accelerator Mass Spectrometry)

sz |+
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(RERHER)

MASS NUMBER

6°L  CAESIUM SPUTTERED
o C~ IONS

‘Molecular break up

o] MAGNETIC ANALYSIS

12 13 14 15
T T

P 1xi0?
[ cH3x10°2

Ben 36
{'%cH; 3x10 |

Schy |
BNH

Sputtering tail

OF

CONTEMPORARY —
18,

19000 YEARS —

2 s m 15
MASS NUMBER
Litherland 1984

Analyzing
Magnet

E/O

\

\\ﬁ

Electrostatic
Deflector \

E/O

lon source

Detector

La g = const.
00 :
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Q = .
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o Multi purpose square chamber built in the beam course 500
HAADVH—HT J L
MD'°Be & 1°BD 7Bt D o
%¥ (I*}lj 5\'—‘\—}5 m,mf%“ ) Plate 1_+180V_Plate 2 [_g ® 400
N [ | I Grid +30V S
ROEW) i 8
5.6um ({ — Aluminium Housing % 300
via ke @
M @ -g
b ade -
£ 200
Delrin” H 1 ﬂ Il ﬂ | H [ ] " Delrin 2
oL 5
P10 Gas outlet L P10 Gas inlet 5
N2 Gas o
1 Tiem i} 100 n 10 X
= & o 10B _ tajl
20 T T
Energy variation in the Gas Counter
0 100 200 300 400 500
15 AE [Channel number] (plate 1)
%. | Cell
2 | |N2: gotor) (P10: 45tom)
3 10 H Plate 1 Plate 2 1 N < _
R HAND 5 —DFIF
|
51 1 o
g +Be - 10Be-AMS: [RE&K'BZ 7B
~__ CBALAMS: DT A AV D EE TS
0% 5 10 15 20 25 - 36CI-AMS, 129-AMSIC & FII

Distance from the entrance foil [cm]
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Isobar suppression factor

1.0E+00

1.0E-01 \

Z1/Z;

1.0E-02

1°Be/1°B 4/5

se LY\ ~
\

s6g/36Cl 16/17

N 4IK/41ca 19720

weo AL N 0
e AT
s L LA

59Co/%°Ni  27/28

1.0E-07

|\ Nac

90Sr/907Zr  38/40

137Cs/137Ba 55/56

\
e LA T Ny
R i

1.0E-09

|
ke \

1.0E-10 +o

N

\ 5MV, 7+ > 40 MeV

20 40 60 80 100

From Suter 1990 Energy [MeV]

120

140

o BMV, 6+ > 35MeV
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36CI-AMS D 8 D
Rl AR E

AAFERERANTIE, A VIEE
BEBREAZRIVRLEBNS, EFD
mER S ITCRETHIZT Z EHNT 5.

ZORDOFIIEBRIE, ZICHKRET B,
36Cl £365 & TlF, THIBRHELS.

CHNICEDA A OFROEBEOEEN
B, 36C| &£36S (FZEMICHEET
%,

365

Plate 2 Channel No.

S
Tt coil
window L gas
36¢]

run03 all

385 peak /:4

<«— 35C| peak

36Cl/Cl=1.0x 1043 ]

Plate 1 Channel No.
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Pelletron Charging System
(Positive configuration shown)

Terminal Shell

Charging Chain--metal
Inductor pellets, nylon links

+ & 4 4 o+ o+ + + 4 o
| ?iiﬁiﬁ?ﬁiiﬁiﬁﬁiﬁﬁiiﬁﬁ 5
Drive pulley

Suppressor
R

(o e e e !gsg!gegege!s!qg g A
Suppressor p
Chargi
50 kV PS Current
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60:/0 0 + oF 3F
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30% S N 7
20%

10% LT N /<
0% =
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HUCAA> DI ZILE— (keV)

(by PSI/ETH)
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o
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13CTH- > 13Ca+ 4 THa+

HC-AMSICEWTIE, FICEELRRA VNI
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REG/RERFAFFTHEHRT2DDTIZyv 7 (L)

| MALTIZ#1551-AMS |

RENREE |RESTH payalllbiit *E
'°Be 1°8 TXRILF—BK HAAI VG —
1N BFHRIN 1A VIR
14C 5 5
1 CH 1 S
2 CHfd\ t 0) \ ANGR == ==
2 ¥ ELHEE
e CERERZ AREREE
26 26 == 7 S )
Al Mg EFHMAH 1A VIR
360 365 B DI ER HRAFERERA
IRIILF—BK HAADY 5 —
129%e BFHEMN BAAVIR
129| -
TeH7% & N .
. ez BLHEE
N nF bay: B RERE
licro Analysis Laboratory, Tandem accelerator
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B1_AMS (5+) STANDARD: Lt ]
S0l 129]/127] = 6.36 x 1011
Target Agl 5.0pA x 200 sec:
r 11783 counts
Typical Current 5pA (MFC02-2, 1271 )
Injection Sequential Injection % .
| 0.4 ms for 2’| E e
cycle sequence 100 ms for 121 5.
Terminal Voltage 3.48 MV § EIS
Stable Isotope Measurements 12715 (MFC04-2) "
Rare Isotope Detection 1295+ (Gas Counter) "
count rate 50 cps (1'% ~ 6 x 10°71)
Background 129127) < 9 y 104 Y s e s 20 s s s w0 s
Typical Precision 12% Plate 1 channel No.
[ Fukushima Soil I || CARRER: Lo ] OLD-IODINE: R —
w0l 1291/127] = .26 x 1011 4 st 1291/127] = 1.7 x 1013 soH 129]/127] = 2.0 x 1014 - 4
5.0pA x 120 sec: 3.0pA x 300 sec: / 2.5pA x 300 sec: /N
st 7021 counts s+ 38 counts i 35 18 counts ‘
|
g 50 ERt \ % sl |
g .l 2, \ \ g, ‘
2 2 2
R 5 &
a o a

20 25 30 35 40

Plate 1 channel No.

0w os s

Plate 1 channel No.

00 0s wooas 200 28 500 35 40

Plate 1 channel No.
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129 in Fiescherhorn (Alpine) Ice Core
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[~Fan etal. 2016
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Ice core Sample

[ EBA ]

500-1000 ml 4ml
Carrier Img +— 4%NaClo 7.5p
[« Ultrapure water 50pl
Conc.HNO; +— 5MHNO3 500u!
2.0% NaNO,

4~ Internal standard

Solvent extraction (In 500ppb 100u1)

AMS

Ultrapure water
2.0% NaySOs

Dilute to 5 ml

] 129] Spectrum

AMS Target

Back extraction

Injection Magnet with

(Agl/Nb power)

Insulated Chamber Conc. HNO3
(o =450 mm) / B.S.Analyzer (0 = 305 mm) - 1.5% AgNO3
ME/q?= 15 ’ Precipitate (Agl)

MFC02-3
Einzel Lens
X.Y Steerers

Einzel Lens

Terminal Voltage
3.48MV

=

on Source

Multi-Faraday Cup

St
(MC-SNICS ; 40 Samples)

Plate 2 channel No.

E.C.Analyzer
(0=6000 mm, E/ AE = 450)

Plate 1 channel No.

Filled Magnet

2 times

Mixing
Centrifugation

10% HN; aq

Mixing
Centrifugation

|
Cicrvs |

127| concentration

Ultrapure water

Mixing
Centrifugation

X.Y Steerers ——— 15 (1B) AMS 1291/127] rqtio
Dry (70°C,~1day)
|
° A M q
5 : {;%gm :gne ) Microbeam Agl mixed whit Nb powder
M

MEIq2 = 150

MALT

Second Stripper
P (Carbon Foil)

Switching Magnet

O (1D) PIXE

(1E) NRA
Ultra High Vacuum Apparatus
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Press into cathode

1291 concentration
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1291 /127|LL OO RE 56 | 1299/127)[x1012]

Depth [m]

Matsuzaki 2011, 2020.

»129I/127| differs in orders of magnitude with depth
EIICE->THITELR S
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® 1291 /127] (surface seawater) differs in orders of magnitude
depending on the location BRFIc & > THTELE S

@ 1291/127 (seawater) differs in orders of magnitude with depth

RSICE->THITEL D

m) Does 129//127] jn marine organism reflect the seawater?

BEEYMPOIYFRRMELIZ, B0
koA RRLELEERRT B H5 ?

Comparison between

. ~L
fish samples and seawater 3

N e
" lodine ?

"

5
o §

%




M A l ’ Micro Analysis Laboratory, Tandem accelerator C
The University of Tokyo "

[ Sampling location ]
54 B |
= ;VC 7| % NBD
P S

Japan Basig

Yaméto Basin/]

30°N

- SBD

\ \ Al \ . 9 | 7\ ,'J‘ ]
- U \7(/ 5 ] / y

E30°_ E6B] E90; E120° Eigo' s W30° 60" W90" é;i '10' 50" 10N

e B £

o
125'E 130°E 135'E 140°E 145°E 150'E 155'E 160°E 165'E 170°E 175°€ 180"

M A l ' Micro Analysis Laboratory, Tandem accelerator C
The University of Tokyo "

[ Analytical procedure ] Fish sample

Injection Magnet with
(p =450 mm) -
MEIg? = 15

ot
(0= 1270 mm)
MEJg2 = 150

|
B

- Second Strpper |
P (CarbonFol) |

‘Switching Magnet

(16) NRA
Ulra High Vacuum Apparatus.

AMS

Agl
precipitation I
Solvent extraction / Add carrier Pyro hydrolysis 0.1-0.4 g homogenized

back extraction @1000°C sample and V,05 over it
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NBD results ] )
1291 /127] ratio
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SBD results ] )
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1291/127] in fish: Higher than seawater, even higher than surface
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[ Chemical form of iodine in seawater ]

|- Precipitation

lodide (I-) selectively taken by fish? High 1291/127|

lodide (umol I)
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o
[ Speciation analysis ]
T | concentration [nM] | concentration [nM]
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Seawater + Reducing agent > lodide (I") detection——— s Total iodine
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MALT

The University of Tokyo

Micro Analysis Laboratory, Tandem accelerator

[ Speciation analysis for 129]/127] ]

BAKFRDIATVRENFR (7&105) (29T TEERMUGEE (121/127) 2815 |

" (™ Ssswater Samila 1 127) i
([ samping  J— by 0.45 ym mixed cellulose . Sample, ICP-MS and (C for 21 LLcof 2
ester membrane filter \
Add 0.6 mg '?7| carrier, add Add 0.6 or 1.0 mg 7/l carrier, add 0.03 M
K,S,0, to 10 mg/g of seawater, AgNO, to Ag* concentration up to 100 ma/L
adjust pH < 2 using HNO,,
incubate at 60 °C for 20 h
ineubate @ or 3 Supernatant |
Oxidized seawater Add 0.6 mg “Flcarrer, 0.5 [
ml 2 M Na,SO;, adjust pH < AT a0 3 i 1___ Supern 1}
Add Na,SO, to > 5 mg/g of 2 using HNO;, add 0.03 M . 2,504 10 0.5 miv, )
somweior, aéjus, oH 329 AgNO, to Ag* concentration adjust pH to ~ 4.0 using Add 0.6 or 1.0 mg 17 carrier,
using HNO, ad 0.03 M up to 100 mg/L HNO,, add 0.03 M AgNO, 0.5 ml 2 M Na,SO, adjust pH
AGNO, to Az‘ concentration to Ag* concentration up to <2 using HNO,, add 0.03 M
upto T 00 mg/L 100 mg/L. AAgNO, to Ag* concentration
up to 100 mg/L.
( Agl-AgCI-AgBr-Ag,SO, ]
Wash with 3 M HNO3, H,0, 10% NH,OH
( Agl-AgCl )
Dry at 70 °C for 24 h, grind, add Nb powder with the
Agl:Nb mass ratio of 1:4, press into holder
( Agl-AgCI-Nb ]
[ AMs for T2z | [ AMS for TIoUTI?] | [ Ams for @iy | [ Waste ] (AMS for »10,712710,)
>10L for SPE xidiz: - - -
@ Add K,S,04 to 10 mg/g of seawater, {_Oxidized seawater _} Add Na,SOj, to > 5 mg/g of seawater, Agh-AgCI-AgBr-Ag,50,
adjust pH < 2 using HNO;, incubate adjust pH < 2 using HNO;, add )
at60 °C for20 h sufficient AQNO, Wash with 3M
HNOj, H,0,
Dryat 70 °C for 24 h, grind, add Nb  10% NH,OH
powder with the Agl:Nb mass ratio of
: 5
AMS for DO'/DO"2"| — Agl-AgCI-Nb 14, press into holder Agl-AgCl (1-3 mg)
Qi and Matsuzaki (2022) Analytical Methods
M A l ' Micro Analysis Laboratory, Tandem accelerator C
The University of Tokyo "

[ Speciation analysis for 129]/127] ]

Mirai cruise KH17: Speciation analysis by Y. Qi, et al.
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50°N

40°N
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[ Speciation analysis for 129]/127] ]

lodine (pg/L) 12917127 (10-12)
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[ Speciation analysis for 129]/127] ]

# [20610%)

1
RI— = RA(]- - x) + RB X
_ > |03' .
10 0y >k !
Rio,- =Ray +Rg (1 —y)
1y vy X 1-x
[ S|
R,
B 12.0x1013
X y
1.000 0.0025
0.998 *
04 o o0
0,99 00020
L ] L ]
0.994
L ]
0,992 . 0.0015 -
0,990
)
0.988 ® 0.0010 ®
0.986 ®
0.984 0.0005
[ ]
0,982
0,980 0.0000
0 200 400 600 800 1000 0 200 400 600 800 1000
Depth [m] Depth [m]



licro Analysis Laboratory, Tandem accelerator C
The University of Tokyo "

WEE AVRRMBY RT L (@R |

« OBFEROIVREMEL (120/127) 13 B @E) BLOREICL -
T, K& (H70) BT 2, —fKRICIE, SREERE. KBEAEIEZE. [
UEklidS < R 2MERLH 5,

« EEAY) (BZ) HPEYIAAL I VEORMKLIZ, &£ BEEI O EFES
DOREIAELE L) &L, D2 &k, BFEEYHL., vk 1+> (1) %
TIRMYICEY AA TWB T & THABTE 3,

s ERDOEMIATEDET-HMFFIE. TVERERA AT (105) 2. X
B, Avikma4+r () HFEEL. KR HEW A VERBAIKLL
o3RI, 34 FY () O TEEICERYAEND,

« I EEfI{KRLL Dspeciation analysis ({bFF2 2 & @ 3 7 ZREAIELL D
E) BiTo7-E A BERTIE, 105> FREFEIFTHEL, -2 105
ittt s ENTRBINT,

licro Analysis Laboratory, Tandem accelerator C
The University of Tokyo "

TEEHUNESTIVE LT




