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1. #5
RHARRERAE ) B IR EESE—
JEF- 71588 (FDNPP) Hi2 L 0. FHKTHHN D
O AR AT BRI S . SR RE L
7oA b R S & (BiCs, BTCs) DS —
MEEEEM I LB LN L, BEENED [HH
RRKESRNAR D KEBEFEY O MRS (v A5 —
7T )] Tk, KEBREW O ORI %
WHEOHEMEZ > TV T EARENTEDY Y,
BEHEM) % MR $ 2 & THE U B HRTH & A K DAL
IZEEGREE S, BRIEEI. BEEMICE
FND I 2 A 9REEAHY 8000 Bq kg ! A
LREHIKIEE 2 v MEfLE . B RGN R T
Bk k L. 8000 Bq kg! LT OBEHIK I FRA
WAHEZR TG T AL EEDTNSE 2, 20
7o, BEHEY 2T AR AR L 0 RV BESE
Wi, B OBEFEY) L FIRRIZBER LS5 %
CEMNTE, BRI AR R AT AL T HE T A AL
P HEARALBR R B IS & o TEREE IS
PIHLL WL ) ICEE SN TW D, 5 idtic
Fo 7= FEEBEFEY) O W) 2> DO Rh R 7 LEL R OY
WLAr AT HZIE. — BB BEAIERE CRET S
BEHIK O > 7 208 & Z oIk % fER S
HZEPANRTH Do

2011 4F 8 HICERBE A 0535 L 72 16 IR o —
5 B BE W e 7% V2 BT B BESEIIK O s & >
v AEEERERS RS Y I R, etk
v AR, BEHEIFEIK T 10 ~ 50000 Bq kg,
HIIRIK T 10 ~ 100000 Bq kg! TH - 720 #bii &
FBEHNK L BEFNFRE CTH D BEFNFIK & SFEES:
BETHESNLBEARIKIZHES L, ZhET
2L O DGHHEI S 5 FDNPP Hig LRI
PRI S 7HRTH S ABEEIKIZ DWW TIE, KT Y
oy b /I X R O Y R
SYEAZARIAANT % 1T > 72028 7 25 ShTw b,
FDNPP F#r DI Tld, BRI S ¥ A5, X #IEHE
TS > A% EE Y A BEHREICD
WO R ATV, BRI DGR A2 BT 5
a5 LT\ b BEEWOMTFEICET 54
MDIENC, EHRELHA NI T 26 1
HHENTEY ., # ZABEHIK O FEALIZBE 3 2 BF
LWL I NTVWE H2

BEEIFRIK P > 7 & DALFIRE 2 HUR S

HZ T, MOV THOENN ST 7 A
DY) A7 25T A2 EDTHETH D, IR
FTIEYIaLl—varyBW R gELY YL
UL 7o B R 1519 % s 22 BRI ARK
BHEY o A OALFIEEIC B A F9E DS T b T
X7z KGES 2 (F [ MU BETS YL BE 2 My LB i
RORIEHTHICET A28 IcBWwW T, ML
AL DBE I OHIIZ . AL 3N o T
LI AOEMRNLRE= YY) VI X AEF O
BOWETH L E L TWBD, BEHRIK 2 FE3k
& LTttt o 2 DALEFTERE AT &2 4T - 72T
ZENTE L 2R S T 7 2022 BEHIFRIK 0
RIRESCHAH AT 272012, 728057
TL T L0RMZIEEY S 7 20 ) A
7 RFHIT A 720120 BEHEL T T A ofbFE’
REICBHT ARIEEETH 5,

AW TlE, EHLGE TR RE RS
8000 Bq kg LLF DBEHITRIK (2 DWT, B
RE13 5 (B 13%5) 3B L Tessier 5%
ERLBRMEEY ootk #EAT 5
LRy, BEERIK B Y T A0 L R
Mz bR HEE L 72,

2. EB
2.1. #Bm Z ABERIFR IR E ¥

AEHE, BB E PO —EBEEEY B T
2013 4F 1 B ISR S 40T A EBHT 5 2
X DB NLBHRIKE 7z 2 oREHE
T S ADOBEINRF I FAE LT A AR E D
FUSEERIE LTNT 74 V7 —THELZLD
T 5o #l TARBEEARIK % . H2/EH% 105°C. 24
W RZMER L 72 b o & RO RE & L7z, K
WME DI A BEHIRIK K CBEHIRIK & 42 L
KR AF L VARV (USHER; X : 68
mm., W 56 mm. BISEAL) ICTEE L7 y i
e A OB H % Fig. 1 12R T

2.2, &

Hh & ABEHIRIK R O y SRS L, A
Ge F-E kMt 28 (HPGe; PGT, Inc. # IGC-10200
NPR ) 12X V) 528 L7z, HPGe OaEE 1T, 8 -
100 mm. HEFEFEH 5 mm. 727 V) IUH 5 mm
W&o TEANWL TNy 7 75 F



B 8 34 %

2016, pp. 1-11

(b)

Fig.1 Photos of raw fly ash sampled at a municipal waste incinerator in Fukushima(a) and fly ash
packed in a U-8 container for gamma-ray spectrometry (b).

DGR AL L TV 5o MR, BAR
TA YV b—=THEE 401 5 4 7 P Eu fEAERRJR & |
WALy U A e (R 99.9%. FOBAISE) oo
VR @ y#IC X VIR L 720 JCERGHTITIEFHERS
G777 A<EN T EE  (ICP-AES; Thermo
Fisher Scientific # iCAP 6500 Duo) % Hi\v>72
ICP-AES OHlI5ES:M: % Table 1 1277, HlEN&E
(Z1% Na: 589.5 nm, Al: 308.2 nm, Si: 288.1 nm, S:
180.2 nm, K: 769.8 nm, Ca: 422.6 nm % H\ 7z, #&
sa A D ATIZIE, kT X #if it 4F D/teX
Ultra250 % fii 2. 72 X #2372 (XRD; V) A 7 4
SmartLab) #= W 7zo X#EERIZIE Cu (40 kV,
50 mA). HIEHPH (26) 135 ~90°, ¥ 7Y
Y 7RI 0.01°, AF v ¥ A ¥ — FiZ0.5° min?!
&L, #BHE 120 rpm THER SHHEZ L7z il
BRI, HERE O/ (7 FANry Ty 73
TBK602DA) Jt UL e (H 7% Himac CT
4i) & F 720 FlH AL IR 7% o A ORI B2 (v
< M B3 Drying Oven DVS402) Tzl L 72,
BHEE L CoMkix A2 39 R 7 E Milli-Q
integral 5 |2 X ) FR#L L 721 F > 58k x w7z,

Table 1 Instrumental conditions of ICP-AES
Apparatus Thermo Fisher Scientific iCAP 6500 Duo

RF Power / W 1150
Coolant Ar flow / L min? 12
Auxiliary Ar flow / L min™! 0.5
Nebulizer Ar flow / L min™ 0.7
Substituted flow quantity / rpm 100
Analysis flow quantity / rpm 50

2.3. HE

WAL~ 7 A o (—fh, MIEALS) . mER (FF
. MIEALF) . Hibe FoX o v7 vy 2= A
(FEfl, FOGHEE) . BEER 7 =7 & (B,
FeridE) 2 FNFNAMKTEML 1 mol L1, 0.02
mol LY, 0.04 mol LY, 3.2 mol L1 12 F # L 7=,
1 mol L' BEf&#E & (pH 5) 1 3EERR S + 1) w7 & (B
M. MIE L) EWERE (R, MIEfLE) &K
AR UL 7o BERAL AR R AKX IR E 30%
I (FFf, AiIE L) 2 L7

2.4. REEETE 13 53R

FEEBRTEY & TN L ELBEORE TED—
DTH BB 13532 AT T ABEEIRIK
W L7z. 2 Ofls % Fig. 2 127890 BEEIRIK
5 g IZHiK 50 mL Z Mz . 6 FEIAKFEIRE 5 (5
DIE4~5cm. 5200 [0]) L7z. WK E 5%
RO BERE T 3000 rpm. 20 43 Caa Lo BE L
720 BHWEIE A T AMiHE 7 4 Vv % — (Whatman
# GF/F R 712 0.7 um . 47 mm %) TH#E L,
U-8 a2 FI L 720 SUFHE. HPGe T 6 K y
HRHIE L, ¥Cs. ¥Cs KUK ZERE L 72,

2.5. ZERiMHEHR

Tessier 5% % L 725 0ahtiE: 2 %4611 &4
BEFIARIRK B U720 OB KImmEIE, 3
OWEEB/ICHE %, A+ U 3cHfe (IE). RMBIE
F& (CB). Fe, Mn 1L iE (OX). AW - it
{LE (OB). #EWEE (Res.) DHDODXGIZ
ST SR CTH b IR 1T LB ITHENIKE
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Fig. 2 Extraction procedure for the fly ash sampled at a municipal waste incinerator in
Fukushima with the notice No. 13 test of Ministry of the Environment, Japan.

HALEME L THETAXSTHY . TORXGD
SlETtF IR T S AKRPICESIEHT S,
7. CBIIREEA #+ v LA L TCWw b ERILaw
THIMRICHEET HIXCTh D . KR & CHRES
W A TTREE A S 50 OX 1k Fe, Mn B L)
WZHLD SAE N BIZTHEAE L. Fe, Mn B O
TEDEN L R ITHFZHS THEM T 50 OB I3 H
GELHEELTWAERXGTH Y., ALFEWNIZEE
PEDRALFB A TR A ICEM T 26 TH %0

Fly ash sample (5 g)

Y
The residue of IE

buffer soln. (pH 5.0
v (p )

The residue of CB

‘l'(_ 100 mL 0f0.04 mol L1
NH,OH-HCl soln.

The residue of OX

<—1)40 mL of 30 % H,0,
15 mL 0f0.02 mol L't HNO;
< 2)25 mL of3.2 mol L!

NH,OAc soln. (HNO; 25 vol%)

20 mL of pure water

The residue of OB

<~ 40 mL of 1 mol L' MgCl, soln. )

40 mL of 1 mol L NaOAc-HOAc )
< ——)

)|  0X

essssss————)| Res.

Res. (BB K - ILES N D W REME D A D
BN EE R S DTH b,

B OBENE % Fig. 3 1R $ . FolE L7248
FIFEIK 5 g 12 1 mol LT D3 b~ 7 4 ¥ 7 KB
40mLZMNMZ, YT AF v 27 A% —5—T1HE
M= CTHEELZ (IE). IE MEEr Lok
OBEHFIKIZ pH 5 (255 L 72 1 mol Lt OFEREHE
B AO ML ZNZ, ¥~ 7 AF v 2 AY—F—T
6 =M T L7z (CB)o TDE. FEDWE

IE Water
soluble

CB

> Non-water
soluble

=)| OB

J

Fig.3 Extraction procedure for the fly ash sampled at a municipal waste incinerator in
Fukushima with the sequential extraction test of the Tessier method.
IE: Exchangeable, CB: Bound to carbonates, OX: Bound to Fe-Mn oxides
OB: Bound to organic or sulfide compound and Res.: Residue.
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=7 AW AE 100 mL 2Nz, £ 96°C T 6 FEf
IMBEFE L 72 (0X)o OX i #1E%E L 725K D
BEHIFEKIZ 0.02 mol LT O fEEE 15 mL & 30% Bk
b7k FEK 25 mL 2l z . # 85°C T 3 gl hn#idix
L., 20 3.2mol LT OFEEE 7 » =7 AR
25mL. #i7Kk 20 mL. 0.02 mol L' O 15 mL %
WA EIRT3EMHEELZ (OB). miKmIZiE-
7255 % Res. itk & L. 85°C T 24 Wizt L
720 FAMBNEIZTRIR L, VA & FRE % 0w Lo B
F%C 3000 rpm. 20 73 T LBl L 7o ARIETE
OBERFENTZ, 22N U-8 HEFIZFHE L HPGe
T 6 B y BIE 21T o 720 2B KO IR
(& ICP-AES 12 & D StE AT b 1T - 72

3. BREER
3.1. #B C AREENFRIK P OF L IES
T & ABEHITRIK D y #EA T MV % Fig. 412
9o 2011 4F 3 A 12584 L 72 FDNPP FH i3k
EEZ SN BTG > A b RS EEAGAET
H 5 YK A S 7z IGE H & 2R R IE
AT o 72 34Cs 12113 882 + 17 Bq kgl. ¥Cs )&
1% 4470 + 43 Bq kg! T - 72 % H DR+
U AOEFHS e E (B1Cs + B7Cs) 14 5352
+ 46 Bq kg! L7 1) . BRELL 72 BEHIRIK IS, B
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RIS B (CHT L TE BB DTH - 72 2%,
FDNPP FifgkE o> 2011 4F 3 7 11 H % B 1285
FHIET 5 &, BCs 1L 4741 + 92 Bq kgt. ¥Cs
MEFE 1L 5015 + 48 Bq kg? TdH 5, BEHIRIK P D
K JBEEIL (2.54+0.13)x 10° Bgkg! TH o720 JU
N AL ER o> B I 43 T 5% D BEFNTRIK Fh o> YK i R
&, 445 ~ 2600 Bq kg! TH ) . RIRFBSEALZAE
T 5 YK O gTREEEE L~V 1L FDNPP S8
% Td 5 2006 ~ 2011 4F & HH it o 2012 4T
BETH 722 EPMEENTVE P, SHEO
AT H LR EEBEHITIK T O VK I TN T
FHEN20DEFBETH -2,

IRBEETRE 13 5HRICL KB
Y LADEE

A 13 512 L 2B O 45 3 % Table 2 12
R BCs KU Cs DFEERIT E N E I 64.3%
£ 65.2% ThH Y, BEEIRIKFIZE T 5 gt
T LD 6 EL EATKBEALE WIS, F21E
KBEWALEME LTHEEL TS EEZ BN,
JIS K0058-1 A LRI X 2 — ik BEFEY e AN
RIKDEHRERORERT L 60 ~ 70% FLEE O s
Pt ADHAKTHER L EOHEDSDH L P,
F72. WK% EOHRRERKYEE L, pH 255
BVt (pH = 5.2) (ZF% L 72k Tl itER %2 17 -
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Fig.4 Gamma-ray spectrum of the raw fly ash sampled at a municipal waste
incinerator in Fukushima in Jan., 2013.
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Table 2 Elution rate of radiocesium in fly ash by Notice No. 13 test of

Ministry of the Environment, Japan

Activity / Bq

Before test

Elution rate, %

After test

BiCs 431 = 0.06 2.7
B7Cs 230 =+ 0.2 15.0

0.13 643 + 3.2
0.3 65.2 = 14

72612 T b, SROBE 13 53R L TIZR
DIERTH o 72 BEHHRIK P OB EL > 7 A1,
ZOF FHETIUL, ARRLH T K E Vo 72885
IKHZEE - YRS A TREEARIB S N D .
BRAE 13 5 BRI 1% O B EN K 2 G S AH 24T K
PN FEofr L7z 2 A, imHEABRICL D, HEA
WA+ v E2ETibaY GRILKEILT VS T A
(CaCIOH). ¥ V34 k (KCD), /7 4 b (NaCl))
ORI E STz,

3.3. EXHMEHRICLZ2HHEED T LDEE
e R

B BRI B 2 5 O O v 1A
N7 MV% Fig. 5 128 T o BUMHRAERIC X 5 4%
TEREDIMHIE D y AT M s, gttt v
T AL YK OY =7 R Sz, gL
LA DEHE%E Fig. 6 128, KIEUEDOETH %
[E TOBEMEDE < B 13 7l & 13ITRSE
DREREPES N, CslERM LT VA &ETH
LRKERMUZBEZEDLEEZEZLNTHBY, EE
S X BEEIFIK DR v A3 L v
TADE D BIEALWREEL L THEELTWAE I &%
AL T2, K OFiE R 2 S8 bt >
LIIFEFR T & B dp o 7275, 3.2, B D& S A 5T K
O8R5 13 53k L IE TORSMEE Y 7 A 0BEH
RNEETH - 7289 5 BEEIRIKH I L7
D AHHEAE L, B ) 7 AL DR % & B
Tty AbElbts AL LTHEET S S
22T X B,
KBEWEDILRETH 5 IE DAL srid, k=
RSO BRI & LT E T A TR
FEAEZWEEZ TV, BEHIKE OB
Wik, AR E 23T E A CHAEL
W 728 CB. OX }U° OB THAET 5 st
sy 2DLEMEHET HI21EE 5 %50

WD TH Do BRIMHAEED Res. 205 b K
Yt o ADHER X 72, Res. D XRD A7
MV % Fig. 727" $ 6 Res. iZAHTE, TN A b
(NaAlSi;0g). 7" — L F+ A1 b (CaALSIO;) 7%= & D
TABILEYMO Y — 7 S sz, 8512, JE
SEHRONT = DR SN KT S 2 138
HIFIKH o Al Si U8 Cs OZEE) & AT L. i
VERECHEIET A CsIET VI /2 ) r— s
LTWwh, 50 EH 7 AREEEDO< M) v o
AWZEY A F N TV B REME A RIE L 72, 4IA
?D XRD A7 MV KO 27 A O
DOFERD S BEHRIKP OB EE > 7 2137 v
IV = bEEAELTWD, HHIZIELE
DO M)y 7 A AEFNTVEEEZ LN
5o

A& L 7R S ABEEIRIK I LT 7 B %
UAMHAER 2 AT o 7R AT EIIE S D & 134
< BAEIZBUT D MEEE Y Y ADBEHED
RME R 1L 6.4 ~ 143% TH V. FHMEIETR
HTHho72,

3.4. BRARIKPORKEME LD 7 LOES)
BB O &5\ O, BR i 13 5RO
B O ¥Cs & YCs O T REIEE O B4R &
Fig. 8 IZ/R T KE MW O 3Cs & BCs D
BIAEIREE X 2011 4E 3 A 11 HIZ I EM IE 217>
TWwh, XMoo s 3Cs & ¥Cs ot aE Lt
MN1ERDLEMTH D, P1Cs/Cs HUSTREILIZ,
FDNPP Hil2 X » THu &7z Cs & ¥Cs @
WHEZIREE L, Zolgfkizs 21 &%
%%, FNEROLFERED ¥Cs K U B7Cs @
Hi3% 1 TH»H . FDNPP FigH ottt >
T AR L ST Sz BEHIKF O
SR BEEI L TV B ET S A OFEEE, SRR
I, SHICHET ZADMPLc LW R sk
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Fig.5 Gamma-ray spectra of the extracted fraction with a sequential extraction procedure from
the fly ash sampled at a municipal waste incinerator in Fukushima in Jan., 2013.
ANN: Annihilation gamma-ray.
(A): IE fraction; (B): CB fraction; (C): OX fraction; (D): OB fraction; (E): Res.
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Fig. 6 Activity distributions of **Cs and "Cs in the extracted fraction with a sequential extraction

procedure from the fly ash sampled at a municipal waste incinerator in Fukushima in Jan., 2013.
: IE fraction; Bl : CB fraction; [l : OX fraction; 51: OB fraction; B : Res.
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Fig. 7 Xwray diffraction pattern of Res. obtained from a sequential extraction procedure of the Tessier
method for the fly ash sampled at a municipal waste incinerator in Fukushima in Jan., 2013.
Al: Albite (NaAlSisOs), Cr: Cristobalite (SiO2), Ge: Gehlenite (Ca2AL:SiO7) , He: Hematite (Fe203),
Ma: Magnetite (Fes04), Or: Orthoclase (KAISisOs) , Pe: Periclase (MgO), Qu; Quartz(a-SiO2) and
Ru: Rutile (TiO2)
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Fig. 8 Relationships between activities* of *Cs and
Cs in the extracted fraction with extraction
tests for the fly ash sampled at a municipal waste
incinerator in Fukushima in Jan., 2013.

*: Activities of "Cs and *'Cs were calculated
after decay correction on 11 March 2011
Broken line: orthogonal-regression line
("Cs/™Cs =1), inclination (@=1), intercept (b=0)
: IE fraction; Bl : CB fraction ; [l : OX fraction
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Abstract

Fly ash produced from Municipal Waste
Incinerators often contains radiocesium
originating from the Fukushima Daiichi Nuclear
Power Plant accident. It is important to estimate
speciation of radiocesium in the incinerator fly
ash because of the appropriate and efficient
management of fly ash generated from the
disaster-related waste. Fly ash collected at a waste
incineration facility in Fukushima prefecture was
treated with two extraction tests; Notice No. 13
test of Ministry of the Environment, Japan and the
sequential extraction test. From each extraction
test, it was found that the solubility behavior
of radiocesium is similar to that of potassium
chloride, and about 65% of radiocesium is included
as water-soluble chloride compounds in the raw
fly ash sample. Aluminosilicate and amorphous
phases were detected as main components in the
residue after sequential extraction tests. This
result suggests that radiocesium contained in the
residue would be bonded to aluminosilicate or
captured with amorphous phase.
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SAFTIEE B 1 + > 5 BEEE GARIS-II
Gas-filled Recoil Ion Separator GARIS-II
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T 351-0198 Fi £ EAETH AR 21

Daiya Kaji, Kouji Morimoto
Nishina Center for Accelerator-Based Science, RIKEN
2-1, Hirosawa, Wako, Saitama 351-0198, Japan
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2008 SFN2T 7 F /A Fa iy L7cEA & Y RVE BUS I L7238 L WA R TR SOk A
F v orEdEE GARIS-IT O BAFE & BAAG L. 2009 4F BRI A 4 I MEE i D e2 € — A T A
VI L72o GARISILIE, Q1-D1-Q2-Q3-D2 LW IHBLEN S %5 5 BOEMAN SR NS,
GARIS & IR L TR E kA (182 msr), i S /e R (5.06 m). B\ EEAEITED KBk 1
T KIS (243 Tm), Ny 7 759 ¥ PRI &% i L 720 E It B - 7. 4tk
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SURTCIHIUPCEE A 4 > o3B3, GARISIL, fidds, BEILHE, Hiock

Key words

Gasfilled Recoil Ion Separator, GARIS-II, Accelerator, Superheavy element, New element

1. ERE=R

FRALSEREZE AT IS, AR IR L Cw 5@
FELEGH AT LDO—DTH LR MAEFTHEAE K
Bk A 4 > B E GARIS Wik E X hCw b [1].
2001 4E. AZRFRC AL T R 25 % 2 S FF R
A F VT hNE S i R% RILAC ~O % & 228512,
208ph R0 29Bj F A & L 72 E A o RS DS
(3= NV F72—Tay) vHWBETEER
ANOR Y HAZIE L Oz AFH T L EHOMA
%2z CERTFEFS Z=108, 110, 111, 112 N & A
T TT v T Les, @ER Hs, 2'Ds, 7 ’Rg,
Cn DAY L7z [25]0 JRT-F5 0B
2 & eV E TR R 1 pb (1 pb = 10% cm?) + —
F—FTIRTLTWEREEL &b o725 B
A BN R 3 % A EH S BEFIAE A & HaE S
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2981 ("Zn,n) #8113 KIS 2 & 2 7% 5 113 &
DFTCREERIZ, b oHEBEHiIcE IV T
2003 4EH 5 2012 4E F TD 10 FEM 2D 72 - TH
DHELFE Nz, FEFRE LT, IERo MRS H %576 H
T 3T 13 TSR 3 5 i d 2 Bl L 72
[6-8]c TN 5 —EDRRNFLD H L, 2015 4F 12
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B L WSR TR RO A A > 2B & GARIS-
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ik KIS E N e2 ¥ —A T4 v a— A ICHE
N7z [26]. BEDe3 E— 24T 4 v a— 2|2,
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7 X % Fig. 112773, 18 GHz ECR 1 4 » 5 [27]
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GARIS-Il and GARIS
in experimental hall at RILAC facility

Fig.1 Layout of the RIKEN heavy-ion linear accelerator (RILAC) facility. The GARIS-
II was installed in e2-beam line at the RILAC experimental hall.
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=72k y 77y FRFRATRE M 28) |
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Fig. 2 13 L3720 552 L 72 GARISIL O &k 5 5
THY) ., ZOMEX% Fig. 3 12773 GARISII &
5 0D EMA D BB S, Q1-D1-Q2-Q3-D2 &
WO EBMAREEZ & A, 22T, D& QIFAR
TEMAB I PWEHREMRAO T EERT S, ZOFE
WABCE L, WEICRIIZEE B E L LT

>/
Fig.2 Photograph of GARIS-II. The GARIS-II
consists of five magnets in Q1-D1-Q2-Q3-D2
configuration.
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Focal plane
() Filled gas(He) Gas inlet
0 1[m] J

Beam dump (Ta)
with water cooling

Differential
pumping

Beam envelope of
evaporation resides

Q1

Fig.3 Schematic of a new gas-filled recoil ion separator
GARIS-II [26]. A gas-cooled rotating target
system with differential pumping system
was installed at an upstream of GARIS-II.
Projectiles from accelerator is stopped at water
cooled Ta-beam dump. Filled gas is inlet from
downstream of the separator.
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265

Fig.4 Beam envelope of “°Sg ion calculated by
TRANSPORT [26]. Maximum horizontal and
vertical angular acceptances are 47 and 110
mrad, respectively.

Table 1 Characteristics of dipole magnets [26].

D1 D2
Deflecting angle [deg] 30 7
Maximum field [T] 1.74 0.86
Pole gap 150 200
Radius of central ray [mm] 1440 2850
Entrance angle [deg] 0 7
Exit angle [deg] 30 7
Max. AT/pole [AT] 285600 146160
Number of turns/pole 476 336
Max. current [A] 600 435
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Table 2 Characteristics of quadrupole magnets [26] .

Q1 Q2 Q3
Max field gradient [T/m] 12.2 4.70 5.27
Pole length [mm] 330 250 450
Bore radius [mm] 75 150 150
Max. AT/pole [AT] 35640 59070 59070
Number of turns/pole 108 179 179
Max. current [A] 330 330 330

Table 3 Ion optical characteristics of GARIS-II [26].
GARIS GARIS-II
Configuration DQ,Q,D Q,DQ,QD
Ang. Acceptance (X) [mrad] + 61 +47
Ang. Acceptance (Y) [mrad] +57 +110
Solid angle [msr] 12.2 18.5
Total path length [m] 5.76 5.06
Maximum Br [Tm] 2.16 2.43
Dispersion [mm/%] 9.7 19.3
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Fig.5 I(Current)-B(magnetic field) curves for all
magnets [26]. The solid line indicates the
design values calculated by the code OPERA-
3D/TOSCA, and the circles indicate the
measured values.

3. GARIS-II FE0%E DR F

3.1 EEENY X7 L4

GARIS THWH N T W B [AEEEY S 2 F A
[32] & [FKEIC, GARISIIIZBWT L HAEHIR
MR S A7 5 % 3RH L 72 (Fig. 6). GARIS-
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Fig. 6 Gas-cooled rotating target system for GARIS-II.
(a) Top view, (b) side view.
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Fig. 7 Focal plane detector of GARIS-II.
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Fig.8 X-Y scattered plot of a-particles from the *'Am
source measured at the focal plane of GARIS-II
[26].
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Fig9 Two-dimensional of energy measured by DSSD

vs. TOF measured using timing counter [35].
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GARISI [35]. (a) Beam-on condition for both
separators, (b) beam-off for GARIS, (c) beam-
off for GARIS-IIL.
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Abstract:

We designed a new gas-filled recoil ion
separator GARIS-II, which consists of five magnets
arranged in a Q1-D1-Q2-Q3-D2 configuration.
The construction of GARIS-II started in 2008,
and the spectrometer was installed in the RIKEN
linear accelerator facility in 2009. This separator
has been developed for carrying out studies on
actinide-based fusion reactions. It will be used as
a powerful tool for nuclear decay spectroscopy
of superheavy element (SHE) nuclides and SHE
chemistry, and precise mass measurement of SHE
nuclides. The new separator was calibrated using
the standard a-source and evaporation residues
produced via various nuclear reactions. The
performance of GARIS-II well matched the design
value, and are higher than that of GARIS.



B

55345 2016

ﬁg EH T e e e e e e e e e e e e e e e e e e e

LERBREREOMEB7 O XICOVWTDEER
— U MLE—A/ =P &V —

i

HUHR S 5 -4 FE BRI
KPR F AR AR T S ACTE 2 T H

[T ®IC
INBEBOEHERIZ, Wbwd "B A
KRBT TR 722 sk CsnTn
Ho Ll BUWIZE TN TS ERE R 7
MR L IHIWMBEL AL L, GO WVE
D%, KHEIT IV E IO IHHT NI DWW T
. BYLERE 7V — T LI X B EBEH O
ET—FNH). HALREOFMIITETH S
A5, BUEX ) aEDE SN TRKHABIZE S ILTW»
2 LT H O L RIERZ D T ERI S 2 2 5%
T =N eirolz. Iz bD 7 )V — T, Bl
HIF COPBERT R OILTE 2 MG L T2 L BT
VRO %15 T, 2008 SEED 5+ 7 4 137,
75 235, W5 2236 & \o RO HIEIC X
VIKBEBROERE ONd 9 & L7zds) F {A4THh
Loz 1] —hH. KEMOFILERS A (B
WER) o, FBUEORET—F 2 LI2HN
MOREYI2L—2ara2RoThED L)
FEZEAC X T, HiSOF (Hiroshima Study Group
on Re-construction of Local Fallout from A-bomb
in 1945) 2536 EAS) . §FEFIE. FUBER 7O
Y ZDET ML E S REEEIR ZHL T2 L1
ol (2] CEkERNZY, MHEAEIEZIT-
7o) L7AEERREZ [ MVER—A /7 —F] b
) NEERNC F & O TBV 72, HiISOF OiFE) L.
LR T — 5 HHOMEIZ X Y EEdh T, FEEHEOME
*b 2011 F3 HOMBREFKLTHEILF £
Thbdo. O, BHHMLFEOMmERT & ) FEAK
D S - 7R IZ, 2010 SERFETICF L O TH o
ZTUMVE—A /= Z2D8] FT%, 1ZITF
DFEFD TR L L TRMASIETHEL,

* Corresponding author, e-mail: imanaka@rri.kyoto-u.ac.jp

N/ —bED1:EE

I - RIGFEBEORE - M. 4T IEAR
ThHhAN.SFEFSFE R MHEM 2HE->Tn5,
ZOHT, oL bFELLT HErZ57%" U b
JVAR—41HFigl-1 Ths [3],

H»% =7 Ml 5> (HET 1 A7 hE
10.16cm. 25.62kg) T. THHHHEEIY 5 > (Hf
1) >~ 7 k4% 15.9cm. 38.53kg) Td B X AV
T TRV (FALy v 7 AF > TTE2TT7),
W (VN 7 AF—)V) & —KT “BH" STy —
o s AT A, EvT (UME33.0 cm).
Vgibsy v 7 A5 v (JLE 15.6) D% 2 73—"T,
BHER AR 13 A4E 71.1em O A A T — )V 123D
AANZ T 5T\ A,

BER T v ld 64.15kg 127 BAY, F Dk
E. A —2) v DoERSEEZE (Calutron) O
BN ZEwR T, W—CTld oz AAETIE.
HK3 & ZE T, MG 89 % 7% 50kg. 50 % 2%
14kg T [F180%] & LTH <,

N/ —bED2  BRELBERETHOSCNES

) MVAR—=A4 (LUFLB) I2¥mEnTwnizy
5 813 64.15kg TH - 72 & 5. FDRFEIL3.43
)y MV (B 18.7g/cm?®) L7 ), ERIZT 5 &
813 9.36cm THNL —K—VEETH 5, (£
W77y h=rofaid, 7V =74 62kg
Z42em T, TZAR—=L LD B Lo ERKEWV,)

CCZTHRELD 2V oIX, 7T VERDE NG
EAMET L CBER SRS £ ) SR 72 &
x0TI rORES (BEORE) Thi, (=



ML 45 34 %

y

LMNOP

2016, pp. 24-37

QR S T UV W XY Z AABB CC DD EE

/

of
T i a :l
1 == g
=) ]

°l

U

15.125” diameter forged steel nose nut
28.0” diameter forged steel target case
Impact absorbing anvil witSh shim
WC tamper insert base
Polonium-Beryllium initiators (4)

4.0” diameter U-235 target insert discs (6)

Yagi antenna assembly
Target-case to gun-tube adapter
Lift lug

. Safing/arming plugs (3)
6.5” bore gun tube
28 diameter bulkhead plate
Electrical plugs (3)
Baro ports (8)

1.0” diameter rear alignment rod (3)
6.25” diameter U-235 projectile rings (9)
Tail tube forward plate
Projectile WC filler plug

. Projectile steel back

NMXE<CHVREOTOZZNA- - ZOmmUO®p

Mark 15 Mod 1 electric gun primers (3)
AA Trail tube aft plate

15 diameter K-46 steel WC tamper liner sleeve

BB.2.25” long 5/8-18 socket-head tail tube bolts (4)

CC. 15” diameter armored inner tail tube

Front nose elastic locknut attached to 1.0” diameter cadmium-plated draw bolt

13” diameter 3-piece WC tamper linear assembly

0.75” diameter armored tube containing primer wiring (3)

2-pound WM slotted-tube Cordite powder bags (4)
Gun breech with removable inner breech plug and stationary outer bushing

DD. Inner armor plate bolted to 15” diameter armored tube
EE. Rear plate (w/smoke puff tubes) bolted to 17 diameter tail tube

- Numbers in () indicate quantity of identical components.

Fig. 1-1.
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1Ly v 7 AT v REHE 2 D6 OR =% 5H
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25

Cross-section drawing of Little Boy [3].

THOPZEZ KD D L 10.8cm &\ ) A
n7z.

2-1. BOI I HOBERE
HZEHZEPNT VD, BROIKEY T Ok
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DAG(r) + (1 =DZ, ¢(r) =

22T DRI A dECER (LT, ¢:
TR (LT Za~ 7 e Uk AE [L1.n:
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WA PEFL ) OFEFEER. o PSR E
(L],
(2- 1) NAEBOFE 1EE [HETHRO Fa720"]
“C“ ZIE I T o%Ek] Tho,

e (DF VAR B LH &) TlE, HLOK
FHEJ%QTUiJ@D DT

sin BR,

ELT =0 (2-7)

p(R,)=4
L
PIEHN 5. (27) XKL T H720121%. BR,
—on (a REBOBE) & i b B = [“;_”j 7% (24)

XNOFEAMHEE %5, L CTa=1 & LT,

DAg+ (-2, =0 (2-2) i
R, == (2-8)
b, TIT, 1
., (23) & (26) RN - HEHT DL
pr=17Dx (2:3)
D D 1/2
R. = 7{} -0.71- 4, (29)
LB L, n-Dx,
Ag(r)+ B (r) =0 (2-4)

PEOENDL, (24) ROMEEREERATRD S &
(G&E A p179) .

SERERQL ipes2 bl VRINNIN
1

T3%,(1-43,/53)

(2-10)

() = A sin Br (A28 (2:5) 72:0)?\‘@ 5 b:?@“T%ﬂ‘%?#%‘lﬁﬁﬁiﬁ‘%}‘ﬂbf\
(29) RELVERPER ZFIHTLIENTE
X512, E??‘?kﬁ:\ [ 7 > ERkEETD¢(r) %o
X, 22 DART 0.71x4, @EE%’EL& EhME L 72 Table 2-1 12 U-235. U-238 = 7 F 4 [5].

5¢9r)=0<%c%5] L) ERBEEROAR (G&E
K pl67) &M\ 5. A,(=3D) | ;tttﬂli%%au LD
HEBATHET,

R, =R.+0.71- 2, (2:6)

Table 22 IZHOGE O R EE L Ea OFHEHE
#7R¥ o Table 2-2 DA X CHME [6] T. Bl
flEL FFFF—HL T 5, LB DiEfEE 80% O

il L 13 ) 70kg 72 O T, EHMED 2 1T 1LIE LB

Table 2-1 Cross sections of U-235, U-238 and Pu-239 for neutrons of fission energy spectrum, barn [5]

and v value [6].

oy o o, o¢ Ocap v

5[] 7.71 6.36 134 1.238 134 2.6055
"""" 238 7.79 7.39 0.391 0.3085 0.391 2.601
- mopy 7.71 5.85 1.86 1.801 0.053 3.01

Table 2-2 Critical radius and critical mass for enriched uranium of 100, 93.7 and 80 % and Pu-239.

Density %, z, )N A,  CalbyImanaka Literature
gem®  em!  em!  em? em  R,em M kg M, kg
BU100% 187 0364 0063 0059 241 319 858 494 49
2UY3T% 187 0365 0061 0056 238 316 889 550  52.25
WU80% 187 0365 0054 0050 234 311 965 704 68
29py 198 0385 0093 0090 292 322 543 133 10.5
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A Rem OHLT T D FE DD IZEE Tem O
KEHMEDS B B E DR R EZ 5o

HOLER O R PET IR LTk, (24) K&tk
12 (G&E 7 p200) .

Ag.(r)+ B g(r) =0~ Ap.(r) =k (r)=0
(2-11)

WFOD ¢ & riZ HOE (core) & BLGHA (reflector)
- INIPN

(n-DHZ,. )y X,
B,2 — ac . k,‘ — ar - .
‘ DC DC)‘ ‘( % 6
sin B,r

(211) X%EMR L, @.(r)=4 P

sinhk (R+T —r)
r

6.(r)=A (2-12)

PESN D, (212) RIS L. HlE & BOgHER
O [BERECTORET RS [ 2
SAMEHBECD ¢r = 0] &V BERSGMELY 5 2
i, RETOBBANPESLND,

cot BL,R:L l—D" __D cothl
D B.L L,

BR D c c r

(2-13) (7272L L, = 1/k,)
(2113) X% flioT. T (KFRES) 285260
7ol ZoRE (R ZF5HE TE 5, 93.5% A
DI VERICW (v 7 A7) R WC (AL
y AT V) ORGHEE O L E DR E
WiE [6] o720 T, RN SEMHEEY LT
L CTh7zo Table 23 5. REMAR & DA
T, IFLFETETNDEEZTL
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WA, IR 80% CHRBEE A D) MILKR—A
a7 nehs [HRAbEH &l 12kot
EEONEE . WC MK 12cm O AR & T
FHELTHADLE, 108cm & 7o 720 TTOFFIT
9.34cm DT, [HTHIH 1.5cm ANz &2
ATEHRET] LT &l b,

DWTIZ, I 71 9.34cm. WC F4HA 12cm
EWORIRCTEHRE LD YT VO n lizD 5L
L1722 Lol DFEN ZORIKTIE, A0 b
AR~ L 2 WHET O #4513 1/1.72 = 0.58
Thbo EHEES% DT T D n fEIX234 %D
Ty [ VA=A OERIREAREL 2.34x0.58 =
136 Tho7z] LRBELAHT LN TE S,

W/ —bZED 3 HARDE[ X —IL

[/ =+ ZD2] TIX. ) VA= 113 [EEAR
MTFETIZL5em I ZE LN Eho7z]. F/2.
BORPILE o708 2D [FEREERE Ky &
136 Tho7z] LRFED 720 TOAETIX, ¥
BEOEEE A — v EFULERREIZ DO W T T Lo
TBEw,

3-1. BAHOEEATr—IL

EREAELRE IR TFERCHY SN
7T, [Hrt] chEFnhlToBr T
AN T ORI ROFER, [ROMA] TR
oTWbEhIhERLTVDE, 20, EHEER
B, M chsrh, 22 TlEFT.
Tk [ ERE] (S BmT 5,

Mo RE] &, (PHEF#E) + (PR
NOFYHBEITIE) L EZTX v, 2MeV O HE
T O HFE 1L 2x10° cm/sec T, 80% Wi 7 » O
WG E B TR (1/2,) 13 184cm 7= @ T, it
fREF 7 = 9.2x10°% sec (#J 10 nsec) & 72 %, t=0

Table 2-3 Critical radius and critical mass for 93.7 % enriched uranium with W/WC reflector

Reflect W reflector WC reflector
(,3 cctor Cal by Imanaka Literature Cal by Imanaka Literature
thickness
R. cm M. kg M. kg R. cm M. kg M. kg
2.54 cm 7.42 32.0 31.2 7.24 29.7 -
5.08 cm 6.78 24.4 24.1 6.52 21.7 21.3
10.16 cm 6.36 20.1 194 6.00 16.9 16.5
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Fig. 3-1. Total energy release after criticality: (a)log-scale and (b)linear-scale.
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Fig. 4-1. Relation between core temperature and
internal energy.
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Fig. 4-2. Core temperature increase after criticality.
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Fig. 4-3. Photon energy spectrum of black body radiation.
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Air density contour after the explosion of Little Boy shown in DS86 report [11].
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simulation and equation from Krasilov. 1641 K
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An approval of Ra-223 as an alpha particle-emitting radiopharmaceutical for the treatment
of patients with castration-resistant prostate cancer and metastases.
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223Ra
11.43 d

a:5.716 MeV
y: 154.208 keV
vy: 269.463 keV

219Rn
3.96 s
a: 6.819 MeV
v: 271.23 keV
v: 401.81 keV
A\ 4
215Po 211Pg
b/
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211pp  |B71367 kev 99.724%
36.1 mi y: 404.85 keV a: 6.623 MeV
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Study of relationship between deposition of
radioactive materials and radioactive particles
in the difficult-to-return zone caused by the
Fukushima Dai-ichi Nuclear Power Plant
accident
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Benchmark study of density functional theory
by using Mossbauer spectroscopic parameters
and its application to d-, f-block coordination
chemistry
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