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Fig. 1. Partial energy-level diagram of #9Th,
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Fig. 2. Strategy for determination of the first
excitation energy of ““Th [10].
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Abstract

Thorium-229 has an excited state (**Th™)
with the energy lower than for any known
nuclide. The most recent value of the excited
energy was reported to be 7.8 eV. Because
of its extremely low energy comparable with
the binding energy of valence electron, ?*Th™
has the potential to become a key material
of a next-generation nuclear clock. However,
there is no clear evidence of the detection of
the decay signal from ?Th™ up to date. In this
paper, measurements of the excitation energy of
2Z9Th™ and attempts to determine its half-life are
described. An on-going study on the detection of
29Th™ is also briefly described.



By % 30% 2014, pp. 7-18

K
\
{54

EH T e e e e e e e e e e e e e e e e e e e

GARIS P# < HITRDILE
New Element Chemistry pioneered by GARIS
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REELS T TFHb O == B EED
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DHEBRIImRD TR B2, 104 FLHE T ¥
A= (BR) 3T/ 4 108 FLHE /v
o a (MHs) 3ET/ HIL Faix 1o
727 EE o, —FIZ 1O FET L A2H
DD e TE R [4], BEIITEOLFIT.
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Pr
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Fig. 1. Periodic table of the elements in August, 2014.
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B - JEFAE AT EIEFR ISR S 0T & 72 OB 45 B
KEXHWIBEITRERISMAEIFEE Z2HEDT
W5 [89], Fig. 212, #HfEA A ) =T v
fiz% (RIKEN Linear ACcelerator: RILAC) (2
ARIE S N7 SR TSR SO 20 B2 1B (GAsHilled
Recoil Ton Separator: GARIS) [10,11] #/R7 .
FOMASZ A BlESE B X, A U — L RN O
LA UG CTHER L - BEM 2 i B O
AEDETE — ARRISUCER 2 5578 L . £
<A 7 afo ) HIERIZE SIS B3
ZENTE D ZORBME D HEREE 2L EBRD
BB E & LRI TEIUE, HWET 41
HILEORI AR Ny 7 7T 2 FORGRET
TILFGITTE Do BA G v E— L D5 HERIC
LoT, TAV v MRz Ak T& 5, £
7o Rk AL RIS R CTOFEBENSREE 72 5,
Table 112, BB HEREE Z A L 728 E
TCFEALFWIZE I B 2 s 2 o 72, 2002 4F
LBNL T, A SebRT CTRARTSIE R OBk 70
WS E  (Berkeley Gas-filled Separator: BGS) (12
HAY v MRAFEE L R L, UERLA A 3
7 4 (19180s50,) FFIH L T HsO, D&M
WEIcmi 72 iRy Az a~ b 75 7 14—
(Cryo-Thermochromatographic Separator; CTS)
ODHFERIToTWw5 [12] 720 74 >
W - Wl H 2 & SISAK (Short-lived Isotopes

RIKEN GAs-filled Recoil lon Separator, GARIS

Differential pumping section

Beam from RILAC

Studied by the AKUFVE-technique) % JHv:7z Rf
(PRE) Oy ABEY 7F VI [13] 1ZRII LT
W5, &512, LBNL Tl Rf OB [A] e 3%
T A Zr AR (5Zr) R° HE [FA7 fA (158162165169 1)
OBEFMN ML [14), Zr E HEDO 7 T »
I—7 )Vl [15] eAFH 704+ a 7257V 7
t b RO KA B [16] 1ISHII LT\ 5,
—7J7. GSI Tld. #r L < SR e AL f kA% 55 ik
2 (TransActinide Separator and Chemistry
Apparatus: TASCA) #Ei%L [8]l. Z0a3 v
A TIIBWT, AV v MMErEEED
f%E. Hs OBELRALZENZEICAT 72 Os (1P1770s)
DOPdENiEENDESEFER, HE R A
A EEREE (Automated Rapid Chemistry
Apparatus: ARCA) # w72 Rf (¥Rf*) @ HF
AL T W FERR AT o CE 2 [17] LT
1Z. Sg & Hs O 5 VR Z JVEHRE B LT, [d]
WEIEE W, Os O VAR = ViR [18184W (CO),
L AINOs(CO)s] DA EMRE Y A2 v~ b
797 4 —#H# (Cryo-Online Multidetector
for Physics And Chemistry of Transactinides:
COMPACT) % Hw 725 b= Bz iz L
Tw3 [18]. & 512, COMPACT # HwTFl
(BBIR]) AR O SALFER Y B L T
[19]c F7F+TdH, 112F~ 1I8FILHEDAEKT
FEED B 5 AR TIER 55 2 1E (Dubna

Gas-jet Transport System

Evaporation Residues Mylar window
(ERs) . Focal plane L k=] ~100 kPa
‘ Beam dump Gas inlet e M o
N , =
SNE S
Rotating AN e e . f>/.—.r'=-=-—,|j:i1 apparatus
target [ [~ NN Tt u%]
I “lks,
L I ~ e
Elastic scattering D1 Q1 Q2 D2
beam monitor D' Dinole maanet e
-Uip 9 0 om 0 100 mm

Q: Quadrupole magnet

Fig. 2. RIKEN GAsfilled Recoil Ion Separator (GARIS) and the gas-jet transport system at the focal

plane of GARIS.
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Year Separators Nuclear reactions Experiments Referenses
2002 BGS"” “&”OSn( Fe,3-50)'" "0 Gas-phase chemistry of OsO4 with CTS” [12]
2002 BGS Pb( Tl,u )257Rf HDBP” extraction with SISAK® [13]
nat 18 85
Ge( O,xn Zr; Se 0,a3n) Zr . . .
2005 BGS 2.1 16(’]20,]24 ) S0 ](58,162,165‘1)69 Production of Zr and Hf isotopes for Rf chemistry [14]
Sn(" Ti,xn) Hf
nat 18 85
Ge(' O, z
2006 BGS o O.xm) Zr Extraction with DB18C6"”, DC18C6", and DC24CS” [15]
Sn( °Ti ,Sn)  Hf
769 70
2007 GARIS” 208;)((:(2 ;’;Z;z 4655; Development of recoil transfer chamber [22,23]
2008 GARIS 2 8U(22Ne,5n)255N0 Development of recoil transfer chamber [24]
nat -, 18 85, 74, 18 85
Ge( O,xn) "Zr, Se( O,a3n) Zr . .
2009 BGS - 6( 12‘)"”“5) o )l(ﬁmimH)f Gas-phase chemistry with hfa” [16]
2009 GARIS 248Cm( 0,5n )261Rf’ Development of recoil transfer chamber [25]
2010 DGFRS’ pu*cazn) Rl Gas-phase chemistry with COLD’ [21]
152, ;40 192-x
nat Gdgo Arxn ?7 57177P b Development of recoil transfer chamber
2011 ) Ce(" Ar,xn) Os 17
TASCA nat 40 175177 o . [ ]
Ce(" Ar,xn) Os Electrodeposition on Pd and Ni
pyPNe,5n) " RE* Anion-exchange in HF with ARCA™
2011 GARIS 248Cm( 0,5 n)szfb Production and decay studies for Rf chemistry [26]
2012 GARIS 248Cm( Ne Sn)ZGSSg Production and decay studies for Sg chemistry [28]
Srn( ‘Mg d-50) "W A . »
2012 TASCA Gd( Mes-6m' ™0 CO-gas chemistry with COMPACT [18]
2014 TASCA pu( $Ca3-4n )288 28p Gas-phase chemistry with COMPACT [19]
2014 GARIS Cm( F,5 11) Db Production and decay studies for Db chemistry [27]

“BGS: Berkeley Gas-filled Separator

")GARIS: GAs-filled Recoil Ton Separator

“DGFRS: Dubna Gas-Filled Recoil Separator

“TASCA: TransActinide Separator and Chemistry Apparatus
ICTS: Cryo-Thermochromatographic Separator

"HDBP: dibutyl-phosphoric acid

YSISAK: Short-lived Isotopes Studied by the AKUFVE-technique
"DB18C6: dibenzo-18-crown-6

‘peisce: dicyclohexano-18-crown-6

IDC24cs: dicyclohexano-24-crown-8

hfa: hexafluoroacetylacetonate

"COLD: Cryo-OnLine Detector

™ARCA: Automated Rapid Chemistry Apparatus

"COMPACT: Cryo-Online Multidetector for Physics And Chemistry of Transactinides

Gas-Filled Recoil Separator: DGFRS) [20] #
FHA L, KimA4 > 714 Bité: (Cryo-OnLine
Detector: COLD) #H w7z Fl (*Fl) O# A~
O~ 7774 —FBRIZEFL TS [21]
FEHESOMGE IV — T T B RIE—27 7
7 b1 — (RIBF) 2BV Tk oBETHEL
e R A 2 & HEEIZ, GARIS Tk
ENBEILEERY PIRICEIEHT OO0
HAT 2y MrEV AT LD HED TE /2

10

[22-28]. #eit. fLFFEBRICHHATE 5 EHFGO
BIRE, 22Dh 72 & N2 °Sg # AR L. GARIS (2
LoTHHE, Ry NIRFTHEMTZ LI
L7z AF3Tld. GARISH AV v bV AT 4
DOERE & PIRf, 22D 7 & N2 5Sg D AR & 1
ZTHFMEICBE 9 A B OFFZEIC D W TR T 5o &
72. GARIS 28¥h < BEITCELFMEDOREIZD
WTHBAT L 72\,
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3.GARIS HiXY 1y N AT LA
3.1. GARIS i XY = v MEEDR%
GARISIZHE A LA AT = v Ml E O]
&M% Fig. 212”9, £9. RILAC TS L
TREA L VR OBRE G & > THRE
ERER SN 5, GARIS ®HIE, 50 Paf&E D
BN T LT 72 STV Ao FEAY S Rk
SEESNIBEICHEA 4 ik AN T AR LA
ZLRMBYBRE L. ZOEMIREILD 5 FHEEMN L
R LTHMT 5. €Dk, GARISD 450D
B4 D1-Q1-Q2-D2 (D: AR T-EHif ; Q: WUE
WEBA) 12X > TE— AR BUSE R A 5
SEES L, EHHICPOES ¥ o N5, it TE
SlumBEOYAF7— (R)FLrTL 7%
L— 1) OFRZEREL@EBL, TAY vy b F¥
UON=NTAY T A H AR ZHE, ALY
A (KC) oz 7ay ik b boFr 70 i (N
££20 mmx £210 m) 2o TP TEHY b
TR E SN S,
GARISHAY = v M AT AOBRFIE. H X
Yy MIHAE L2 EEERGE S o/ SE O E 2 E
MANON (Measurement system for Alpha-
particle and spontaneous fissioN events ON
line) [29] ##MH L (Fig. 3&M]), #hZh
9T m (“°Ar,3n)%°Fr, 2%Pb(*°Ar,3n)*°Fm.
287 (2Ne 5n) B No. “8Cm (180,5n0)%'Rf. 2%Cm
(YF.5n) Db, **Cm (*Ne,5n)*Sg K12 & > T
AR $ 5 PFr [22]. 2PFm [22]. ®No [24].

Fig. 3. Photo of the rotating wheel apparatus MANON
for o¢ and spontaneous fission spectrometry

coupled to the GARIS gas-jet system.

PIRf [25,26].%92Db [28].%°Sg [27] % H\TAT»
T&7,

3.2. "Tm (40Ar,311) 206py & 208py, (40Ar,3n)
25pm RSIC & B 148 5T

GARIS DEMEIZH A Y = v M Fx ¥ N— (A
60 mmx £ &30 mm) =D A, B
925% DN H L7 )y RTHFEELLE~YA T
(JE£& 35 um) %MWl % H8-7:, RILAC
THE L 72 YA ¥ — 24 (169.7 MeV. 2 puA)
7 19Tm [\l#RIEE (JEX 120 ug cm™) SIS L.
19T m (Ar,3n)2Fr B2 & > T ®Fr 2 &8 L
72 [22]0 *Fm 1. “YAr?* ¥ — 24 (1986 MeV,
2 puA) % 2%®Pb [AERIZE R (420 ug cm™) (ZBESTL .
28Ph (“Ar,3n)*Fm FUSIZ & - THEK L7z [22]0
9Tm & Bph iR IL, TN ENhoO&E % KER
(30 ug cm™) ZHEZEZEAE L. HAE 300 mm O]
BRI & L7 BRASH . BRI HEI O 728 3000
rpm T[A[#E & 72,

2 5 Kk BE & L7z PFr & 2PFm %
GARISIZ X > THBEL [~V 7 LT AJE - 88 Pa.
1 & Wl Y Bp (*Fr)= 164 Tm, Bp(**Fm) =
201 Tm]. #AT 2y b F v Y /N=TAY Y
LA (90 kPa) IZHE, KClm 7o vk
EBLIZMANON IZ5l& L7z, 22T, =710
VNVEIES 07 um O~ A 7 —HICHE L. M
WAL CE T AIMICEE L7 S PIN 74 b5 A
I — Fi2: (Hamamatsu S3204-09) % v T
o AT b AN —%4T5 72, MANON O[]
ATy 7k, Fri2xk LT 30 sv PFm %)
LT2sICRREL DFroH AT = v MMk
FEE, 7OV NVEERMBEDRE (Tky =
515-640TC) = Ar ¥ — 2 58 (0.025-2 puA)
WL CRMIICHE L72e AT 2y Ty
YON—IZAET B P6Fr & 2OFm o JE S H,

12CH PSD) %L CEm L7z,

MANON CTHUH L 72 a A X 27 b+ V2,
W52060TRy & Z O IEFEFE O o MK & L7z
WEr DAY = v ML, Tye & & BITHK
L. 620CTI% #2720 PFr ODHF AT = v
MRhE A B — ATREEDO B L LT Fig. 4 127”7,
C— AR HAY 2y b Fx v N—Nax#@#Hs 5
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PERATAY = v MigEx W TEE L7 9Hf o%)
KE Fig. 4 128 L 720 9Hf (ZBHF AVE 9 A
70 b YIS BT, " Ge (10, xn) HS I
ol XY BE L 72, 9Hf oghERIE, BTk
TITARRD- DY — AEEOB KL & 12
2L T Do LA LSRIGARIS A Y = v
F AT LI K o TR L 72 2Fr (X, 1 puA %
B2 5HRBETH 80% 22 HEHVEENIES
NTwb,

100
=2
T ey
& 80 [-o-1e9¢
c
[}
S
£ 6ol
)=
o
3
@ 40|
g
2 20l
n
©
O
0 3 ‘2 I1 I0
10° 10° 10° 10

Beam intensity / puA

Fig. 4. Variation of the gas-jet transport efficiency
of ?Fr and Hf as a function of the beam
intensity. The isotope *“Fr was produced
in the '"Tm(*Ar,3n)?Fr reaction and
transported by the gas-jet method to the
rotating wheel apparatus MANON after
the GARIS separation [22], while 'Hf was
produced in the "Gd (**0, xn)'%Hf reaction at
the RIKEN AVEF Cyclotron and transported to
MANON with the conventional gas-jet system
without GARIS.

Fig. 512, **Fm & FEBRTH7- MANON O «
ARY vy B [30] D a T AV F—
(E, = 815 = 002 MeV) &l (T, = 42
£ 13s) 75 *Fm % HE L7z, ®Pb 2> 5% T
%ﬁ}iﬁﬁb: Lo Tkic:ﬂiﬁij—% 2B§ (T1/2 =
214 min, E, = 6623, 6278 MeV) % 2'Pg™ (T,
=252 s, E, = 7275, 7995, 8305, 8883 MeV),
22po™ (T, = 451 s, E, = 8520, 9.080, 11.650
MeV) 7 o [31] 13, GARISIZX o T5%
ElZRE SN (rEfRE 100 Plk) . 72,
HAY = FRIEFRIE, 83 £ 9% Th -7z,

%305 2014
50_....I....I....I....I....I....I....I....I....I....I....I....
404 2
3 E :
4 = ﬁ E
Q 304 0 2
[ 3 ©
@ 3 3
Q E F
@0 204 -
2 E
3 - ~
(@] ] E
O 10 F
0 ,",".'!,r.".-.!',-..,.#.JL]..,,',',,'!,,..'..,.'...,.'...,....,'..,,,,,,,'
6 7 8 9 10 11 12
a energy / MeV
Fig. 5 Sum of a-particle spectra measured with the

12

seven top detectors of the rotating wheel
apparatus MANON for 14 s after the 2-s
aerosol collection [22]. The 2-s aerosol
collection was repeated 7289 times. The beam
integral of 9.76 x 10" was accumulated.

3.3. 2°'Rf DA R & BT

N— (N££100 mmx £ & 40 mm) % %iE L
(Fig. 6 ). GARIS & OEZ2EEE 21X B 15
84% DN=H KT v FTHFEL7E S 05 um
D<A T —=FEr iz, BIRE(T,, = 68 s) 1,
RILAC THhl# L 72 B0 £ o+ » (955 MeV, 6
puA) % “8Cm,05 Y (280 ug cm™) |ZHRGS L,
#Cm (10,5n) ®'RE* JUGIZ & o THEB L7 [25],
MCm,05 ML, F% i (090 mg cm™) kI
S EARICL o TEE L, EE 100 mm O[]
AER & L7z (Fig. 720), IhaeKiE L2
By — A& L. BEETH 1000 rpm TR & &

Fig. 6 Photo of the gas-jet transport system on the
focal plane of GARIS.
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Fig. 7 Photo of the rotating ?*Cm,0; target. The
target was prepared by electrodeposition onto
a 2um Ti backing foil. The eight arc-shaped
targets were mounted on a rotating wheel of
100-mm diameter, and the wheel was rotated
during the irradiation at 1000 rpm.

720 PIRf 1E, GARISIC X o THBESIL (ANY
NHAE 33 Pa, Bp =173 Tm), # AV v b
F v YN—NTAY 74 (49 kPa) I2Hi%E, KCl
I7aNVEELIIHHD) BIZARY M TRIZ
& E N7z, MANON @ 7 %f® Si PIN 7 % &
54 F— FBig2 W TSR O o BEZ KR L
726 MANON @ [u#z 25 v 7% 305 s & L, i
BT 7 2 IVOFE L a KT O SF i ok
HE17- 72,

MANON T#72 #IRf* o o A% b V% Fig. 8
2R o BIRE (T, = 68 s, E, =828 MeV) &

60_|u|||n|||n|||||||l||||ln|||l|||||||||I||||I||||I||||I||||

3 o E

E zZ E

50 g 3

3 3 2 3
X 404 F @ 3
o 40 Ew :
R SR :
Q 304 © o 3
(7)) = F
-~ E o E
5 20 g ;
8 1 ~ 3
103 3 3

3 ~ 3
0‘"----.-"---."-"-"v"-"v'Jlmm-"."--"--."----.----".----.----.----.----'

6 7 8 9 10 11 12

a energy / MeV

Fig. 8 Sum of a-particle spectra measured with the
seven top detectors of the rotating wheel
apparatus MANON in the ##Cm (*%0,5n)%'Rf*
experiment [25]. The O beam integral of 6.3
x 10" was accumulated.
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Z DKL 5 No (T, = 245 s, E, = 8222, 8323
MeV) O afixi&/Ny 7 757 KO F CTEH
T X7, 7687 MeVDOY — 271, KAFIZEF
N B RIRIGH AL HE 22Rn @ R 5% HE 24Po T,
MANON O~ A1 7 —i&EFHEZ KM 5 L X112
HERIE L2 DTH S, BENITHBHBEESE N
% Pb MM 6 BT BATIUBI & o THERER T
% Po. At. Rn. Fr. Ra. Ac. Th ®[Rffk [32]
1 GARIS |12 & o TEAICKRFEE N, DRI D
HAY z v MEEFIL, 6 puA OKIRE L —
LEBFITH 52 + 12% TH o720 4D BIRE? D
EFERIE, Ry PIFRIZBWTIERY2 08
NEFTHo7oe REMEABEREEZFIH L2
bbb (FERhEE 78 = 1.7%) KR ¥ —
AIEHFOFEIU L > THERT AT = v MEEHW
72356 [2329] 12V A AR Z#E K L T b,

AR D 28Ph("Zn.n)?’Cn [3334] K " #¥Cm
(%Mgbn)*Hs [3536] FEERIZ BT, PRI
W 68 s @ IR DAIZHY 3 s DAE BAEAK
BIRP AT BT EAVRIBENTE 2, LA L,
1970 4F @ 28Cm (80 5n) OR{? K 12 & 2 2IRf?
DI, [32] Dok, PR 2 EHEFBIZ L - TH
FEICELI L 726013 2 v FH 513, MANON ©
iz A7 7% 305 s 5 20 s ICEH L, HHF
D BRE DYER AT 572 [26], ZOHESE, P
AF 2 s T PNo O o HEZE | HRIAHRE S 5 E, =
852 = 005 MeV @ o ki T-% 6 @& L. 2R
REETSHI LI L, & 512 PR @ SF
RO L, SF 04k LT bhgyr = 073 +
006 %18720 o & SF OWIEZ A5 BIRE” 08,
B T,=19 = 04 s %P5 L7z Cm(*0,5n)
VIR R O Wi A% 12, o = 11 *= 2 nb (951
MeV) T. ®Rf? (6 =12 += 3 nb [26,29]) &I
BETHLZEL o7,

3.4. >°Db OER & EL M

VRt ¢+ > (1031 MeV % 72 1% 974 MeV.
4 puA) % *Cm,04 1= Yy (230 F 72 13 330 ug
cm™®) IZHE L. 22Cm (F,5n)%2Db U2 & -
T®Db %4 L7 [28]. GARIS (He # AJE :
32 Pa, Bp = 1.73-204 Tm) X > THHEL -
%2Db ARy M I ARIZFIEH L. MANON % v
Ta/SFAXZ O A N —=%1To 720 RIF5E
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TlE, Db IR E E N5 o—a 72 B 12 o-SF #
MFER2 2273, 2FREI L 720 %°Db D
o LANVF—L LT, Bk [3037] D FE, = 845
MeV (4t I, = 75%) . 853 MeV (16%) . 867
MeV (9%) ®9 H E, = 853 MeV ZHEil$ 5 2
LIZTEY, E, =846 = 004 MeV (70 = 5%)
L E, =868 * 003 MeV (30 = 5%) %#EL
720 X2Db O o HEZE 0 SR 72, Ty, =
338" 55 s T CHkAE [30] (T, =34 = 4s)
WZ—F L7z 612, KBFETIE, #ABFH 1233
% SF 8 2 B L 72 B MAED 2 B i
WL o T NEHEMRS ORI (T, =
302 = 6.1 s) . Db DFEIZ X < —3 L.
%2Db @ SF 43kt & L C ber = 052 = 004 %
E L7z (BEE : ber ~ 033 [38])0 — 7. U
BLr DEELEF—5 & LT, Typ = 35404 o0 s,
bgc = 0026 = 0018 % % 7= (BE#RMH : T =
39%94 125 [30]. bpe < 005 [39])o AWFZE T/
%2Dp & PLr OEEAKK E Fig. 91IR T 4 W
D ®2Dh 72 & W PBLr DA T — % % AW,
Kk H S [2940] 12 X % #Cm(¥F,50)%°Db Kt
OWiERE (6 = 15 = 04 nb) ZHEFMHL. 103
MeV To =21 = 07 nb 215720 72, #7z1C
947 MeV IZ BT 2 WiHifE (o = 023918, nb)

a(b,= 48%)
8.46 MeV (/= 70%)
8.68 MeV (/= 30%)

SF

EC
(bsr = 52%)

(bec = 2.6%)

a(b,= 97.4%)
8.565 MeV (/= 20%)
8.595 MeV (/.= 46%)
8.621 MeV (/= 25%)
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Fig. 9 Observed decay patterns for the chain Db
— BLr — (®No —) [28]. The a-particle
energies and intensities (/) of ®Lr and all
decay data of ®*No are taken from Ref. [30].
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Fig. 11 Maximal cross sections of the bn evaporation

channel in the complete fusion reactions of
#3Cm target with different projectiles as a
function of the compound nucleus atomic
number. The present cross sections for the
28Cm (180 5n) PR [26], 28Cm (9F 51)22Db
[28], and #Cm (**Ne,5n)?°Sg*? [27] reactions
are compared with the literature data for
248Cm(12C,5n)255No [471 248Cm(13C,5n)256No
[471, #Cm (N 5n)%°Lr [39], *Cm (**Na,5n)
%6Bh [48], and #*Cm (*Mg5n)*°Hs [36]. The
dashed line is an exponential fit to data points.
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Abstract

We have developed a gas-jet transport
system at the RIKEN gas-filled recoil ion
separator GARIS as a novel technique for
superheavy element (SHE, atomic number 7
> 104) chemistry. This system is a promising
approach for exploring new frontiers in SHE
chemistry: (i) background radioactivities
originating from unwanted by-products are
strongly suppressed, (ii) an intense primary
heavy-lon beam is absent in a gas-jet chamber
and hence a high gas-jet transport yield is
achieved, and (iii) the beam-free conditions also
make it possible to investigate new chemical
reactions. Recently, useful radioisotopes of
BIRf 262Dh, and 2°Sg for chemical studies were
produced in the reactions of **Cm (**0,5n)
BIRE, 8Cm (F ,5n)*?Db, and **Cm(*Ne,bn)
#5So  respectively, and they were successfully
extracted by the gas-jet method to a chemistry
laboratory. Production and decay properties
of ZIRf, ?2Db, and ?°Sg were investigated in
detail using the rotating wheel apparatus for
o and spontaneous fission (SF) spectrometry.
Perspectives of the SHE chemistry pioneered by
GARIS are presented.
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4th INCC - 4th International Nuclear Chemistry
Congress 2014

HEF : 14 - 19 Sep, 2014

%P © Maresias, SP - Brazil

EXA2014 - International Conference on
Exotic Atoms and Related Topics

HEF : 15 - 19 Sep, 2014

PR - Vienna, Austria

ERA12 - An International Symposium on
Nuclear & Environmental Radiochemical
Analysis

HEF 17 - 19 Sep, 2014

3%FR - Bath, United Kingdom

ANFC - 2™ Asian Nuclear Fuel Conference
HEF : 18 - 19 Sep, 2014
%A - Tohoku University, Sendai, Japan

Joint International Conference on Hyperfine
Interactions and Symposium on Nuclear
Quadrupole Interactions 2014

HEF 21 - 26 Sep, 2014

3% : Canberra, Australia
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Joint ICTP - TIAEA Workshop on Nuclear
Reaction Data for Nuclear Power Applications
HEF © 22 - 26 Sep, 2014
3%FR - ICTP - Trieste, Italy

ICANS XXI - International Collaboration on
Advanced Neutron Sources

HEF : 29 Sep - 3 Oct, 2014

%P - Mito, Ibaraki, Japan

HAWAII 2014 - Fourth Joint Meeting of the
Nuclear Physics Divisions of the American
Physical Society and The Physical Society of
Japan
H A
5ER

:7-11 Oct, 2014
- Waikoloa, Kona Hawaii, USA

MARC X - Methods & Applications of
Radioanalytical Chemistry

HEF 12 - 17 Apr, 2015

%A Keauhou, Kona Hawaii, USA

ICRR 2015 - 15th International Congress of
Radiation Research

HEF : 25 - 29 May, 2015

%A - Kyoto, Japan

TAN 15
on the Chemistry and Physics of the

— 5th International Conference

Transactinide Elements
HEF : 25 - 29 May, 2015
3%FR - Urabandai, Fukushima, Japan

ISRS2015 - 21st International Symposium
on Radiopharmaceutical Sciences

HEF : 26 - 31 May, 2015

%A Missouri, USA

5530 % 2014
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Gordon Research Conference on Nuclear
Chemistry

HEE © 31 May - 5 Jun, 2015

3% - New London, United States

MTAA 14 - the 14th International Conference
on Modern Trends in Activation Analysis

HEF 23 - 28 Aug, 2015

5P © Delft, The Netherlands

Migration 2015 - 14th International Conference
on Chemistry and Migration Behaviour of
Actinides and Fission Products in the
Geosphere

HEBEF : 12 - 18 Sep, 2015

3%Fh - Santa Fe, New Mexico, USA

Pacifichem 2015 - The 2015 International
Chemical Congress of Pacific Basin Societies
HAF : 15 - 20 Dec, 2015
#%Fh © Honolulu, Hawaii, USA

BEHMLFERE S RV & (RERTESTEE):

- Experimental and Theoretical Actinide
Chemistry: From Fundamental Systems to
Practical Applications (#42, Inorganic)
(Organizers: John Gibson,Georg Schreckenbach,
Tsuyoshi Yaita, Jun Li, Ping Yang)

- The Expanding Periodic Table: New Discoveries
and Chemistry of the Heaviest Elements
(#234, Inorganic)

(Organizers: Heino Nitsche, Yuichiro Nagame,
Zhi Qin, Peter Schwerdtfeger, Christoph
Duellmann, Andreas Tuerler)

- Nuclear Probes in Nanoscale Characterization

(#254, Inorganic)
(Organizers: Masashi Takahashi, Anita Hill,
Virender Sharma, Junhu Wang, Kiyoshi
Nomura, Yasuhiro Yamada)

- Isotope Production-Providing Important
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Materials for Research and Applications
(#363, Inorganic)

(Organizers: Dennis Phillips, Katherine
Gagnon, Yuichi Hatsukawa)

- Computational Modeling of d- and f-Block
Chemistry: Challenges and Opportunities
(#130, Physical, Theoretical & Computational)
(Organizers: Angela Wilson, Peter Schwerdtfeger,
Kwang S. Kim, Zhenyang Lin, Tom Cundari)

- Science with Beams of Radioactive Isotopes
(#340, Physical, Theoretical & Computational)
(Organizers: Sherry Yennello, Krzysztof
Starosta, Yuliang Zhao, Hiromitsu Haba)

- Fukushima and Radiological Contaminated
Environments World-wide: The Important
Role of Environmental Chemistry and
Radiochemistry in Remediation and Restoration
(#374, Agrochemistry, Environmental, and
Geochemistry)

(Organizers: Takayuki Sasaki, Heino Nitsche,
Chunli Liu, Zenko Yoshida, Stepan Kalmykov,
Linfeng Rao)

- Radioactive Contaminants and Waste
Management in the Environment (#390,
Agrochemistry, Environmental, and
Geochemistry)

(Organizers: Wooyong Um, Min-Hoon Baik,
Ohnuki Toshihiko, Arokiasamy Francis, Daniel
Kaplan)

- Application of Luminescent Materials for
Radiation Detection (#442, Materials &
Nanoscience)

(Organizers: Keisuke Asai, Jian Zhang,
Takayuki Yanagida, Safa Kasap)

5530 % 2014
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- Chemistry for Development of Theranostic

Radiopharmaceuticals (#11, Bench to Bedside:
Chemistry of Health Care)

(Organizers: D Scott Wilbur, Michael Adam,
Paul Donnelly, Yasushi Arano, Jae Min Jeong,
Xianzhong Zhang)

- Chemistry of Molecular Imaging (#215, Bench

to Bedside: Chemistry of Health Care)
(Organizers: Henry VanBrocklin, Gilles
Tamagnan, Yasuhisa Fujibayashi, Len Luyt,
Andrew Katsifis, Yearn Choe)

- Non-canonical Approaches to ®F-labeling: New

Frontiers in Stable Non-carbon-fluorine Bonds
(#337, Bench to Bedside: Chemistry of Health
Care)

(Organizers: David Perrin, Francois Gabbali,
Fuyou Li)

- Recent Advances in Microfluidics for

Radiochemical Synthesis (#416, Bench to
Bedside: Chemistry of Health Care)
(Organizers: Giancarlo Pascali, Yuji Kuge,
Robert Michael van Dam)

IRPA 14 - International Radiation Protection
Association

HBEE : 9 - 13 May, 2016
&l © Cape Town, South Africa

NRC-9 - 9th International Conference on
Nuclear and Radiochemistry

HEE : 29 Aug - 2 Sep, 2016
5P Helsinki, Finland
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Aliquat 336 & QA Mo, W & EDFEEER
LW ARLIENTELEEZEZ OGNS,

KRG RREX

1. Y. Komori, H. Kikunaga, T. Yoshimura, A.
Shinohara
Applied Radiation and Isotopes 72, 195-199
(2013).

2. Y. Komori, T. Yokokita, Y. Kasamatsu,
H. Haba, A. Toyoshima, K. Toyomura, K.
Nakamura, J. Kanaya, M. Huang, Y. Kudou,
N. Takahashi, A. Shinohara
Journal of Radioanalytical and Nuclear
Chemistry (in press).
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