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Production of Radioisotopes for Application Studies at RIKEN RI Beam Factory

Hiromitsu HABA *

Abstract

We are developing production technologies of radioisotopes (RIs) for application studies at RIKEN RI Beam Factory
(RIBF). About 70 Rls produced at the AVF cyclotron have been used in research fields of physics, chemistry, biology,
engineering, medicine, pharmaceutical and environmental sciences. Purified Rls such as %Zn and '*Cd are delivered to
universities and institutes through Japan Radioisotope Association. A gas-jet transport system was installed in the RIKEN
gas-filled recoil ion separator at the heavy-ion linear accelerator as a novel technique for chemical studies of the heaviest
elements. Perspectives of RI productions for application studies at RIBF are briefly introduced.

1. 32U ®IC

IFT7AV =7 RD 1, FL—%—FMK
SR & U CBse, (LaEe Yt o HETSE 7
SRR, B TR SIS EIch I DIRIA
CFIHENTW S, A DWFES V—T7TlE, B
fFRIE—24 7 7 7 b Y — (RI Beam Factory:
RIBF) DA 4 ¥ ks % T, RIBGEEA
DAL & B4 e itE T EPIC B 1 5 RLSHFSE
ZHHEL T3, FAICERA DN E TELEIGT
LCERFERRI EZ2DFEFHRS, Py, #E
WHIH U 72k es & i 2Ot %2 7397, RIBF @
AVF% 4 7nm tuv (AVF) EHHFEA A4 Y
= 7 v 7 (RIKEN Linear ACcelerator: RILAC)
ZRWT, XY UL (Be) 205 107 FILHE AR —
U (*Bh) ICE 2L RIGHEO R 288 L
I—P—IHE LT B ), B v YA
7 u +kua v (RIKEN Ring Cyclotron: RRC) T,
2470 135 MeV IZ#E L 728 2L ¥ —
UN B — 4% "™Ti (nat : RIAFGARFEEL),
“Ag R AU EI IS IR ST U, BRSO R R K
JEIZ & > TEHD Rl Z FRHICBE T 2 2 £ 23T
5 (?VFFL—Y—). 2LFFL—H—0D

BOERN & DI OWTIE, STk, 2) 2w
-7 E 7w KfETIX w4 53 AVE &
RILAC % FH\WCHELEIRH L Tw 3 RO W TR
T 5.

2. AVFHq1 70O >Z2AVWERIEE

21 RIZLEEKE

X112 AVF DE =L T A VIZEKE S 47 RIE
EEEE O X % R 3. AVF T2 F i 14,
24,50 MeV FChE S b1 (p), HS T @),
TLAT7 R (a) 1Z, %) (Ta) AV v
FTOImMmIZEE I, EZX 10 um D Be B
TR EEL, HAY v PHEENF = N N—
NT 6 mm DEEZ 2T TSN ZEZH pm
DEEENEZRATOEKE L. ML 7245
Bl ) 7 A (KCD) ZAIFESHE, ~)v
L (He) 2% v U7 —H AL L TENF = v N—
WCEAT 5. BZOCDREFEEND & SO L 72
RI i He fTEILEd, =7y VclkELl, 7
70 VilE (NE2mm xEX 10m) ##E->T
BD 5 b2 6 ERED R v b 7 Rk
INs (TAYzvy ME). RIZGAZZTRY
Wi, 3 b 7HRD7—=FHNTHIATZ 4 VY —

* LR IE TR I R TE e v Y —
(E-mail: haba@riken.jp)

20 J. Particle Accelerator Society of Japan, Vol. 12, No. 4, 2015

Nishina Center for Accelerator-Based Science, RIKEN

— 206 —



=1

BHFRIV—275 2 h)—IC

FEJF RIBF -CH#i& S 4 2 I HAFSEH R

RI z Half-life Accelerator Nuclear reaction
Be 4 53.29d AVF "Li(p,xn)
Mg 12 20.91h AVF 7 Al(a,3p)
8y 23 15.9735d AVF "aTj(p,xn); "Ti(d,xn)
“cr 24 21.56 h AVF " Ti(a,xn)
254Mn 25 5.591d,312.3d AVF "Cr(p,xn)
5Cu 29 61.83h AVF Zn(p,a); "°Zn(d,an)
%7n 30 244.26 d AVF "Cu(p,xn); "Cu(d,xn)
5Se 34 119.779.d AVF 5As(p,n); "°As(d,2n)
85gr 38 64.84 d AVF "Rb(p,xn); "'Rb(d,xn)
By 39 106.65 d AVF "'Sr(p,xn); "'Sr(d,xn)
8z¢ 40 7.86 min AVF/RILAC "Ge('*0,xn)
83897, 40 83.4d,78.41h AVF 8y (p,xn); *Y(d,xn)
8omz 40 4.18 min AVF 89y (p,xn); ®Y(d,xn)
86m. 889" 41 7.8 min, 14.5min  AVF/RILAC "2'Ge("°F xn)
DM 4 18.81s AVF "Zr(p,xn)
92m 95N 41 10.15d, 34.975d AVF "Zr(p,X); "*Zr(d,X)
OMo” 42 5.67h AVF/RILAC "'Ge(*Ne,xn)
9B o 42 6.85h AVF  ®Nb(p,n); ®*Nb(d,2n); "Zr(a,xn)
Mo 42 65.94 h AVF %Zr(a,n)
9394T¢ 43 2.75 h, 293 min AVF #Nb(a,xn)
9B 43 61d AVF “Mo(p,n)
10ompy’ 46 4.696 min AVF "pi(d,X)
10amaag” 47 33.5 min, 69.2 min AVF "'Pd(d,X)
109cq 48 462.6d AVF "'Ag(p,xn); "Ag(d,xn)
124 53 4.1760 d AVF '24Te(d,2n)
ce 58 137.640 d AVF " a(p,xn)
ImNg 60 62.0s AVF "“1pr(d,2n)
160" 72 3.24 min AVF/RILAC "Gd("®0,xn)
7S¢ 72 70d AVF "L u(p,xn); ™Lu(d,xn)
073" 73 6.76 min AVF/RILAC "Gd("F xn)
Ta 73 56.56 h AVF "'Hf(p,xn)
178214 73 2.36h AVF "3Hf(d,xn)
7974 73 182y AVF "2Hf(d,xn)
12y, 73 114.43d AVF "2Hf(a,X)
3w 74 7.6 min AVF/RILAC "2'Gd(**Ne,xn)
' 74 135 min AVF "MHf(,X)
7omyy* 74 6.40 min AVF "Ta(d,xn)
By 74 121.2d AVF "Ta(p,xn)
74Re" 75 2.40 min RILAC "2Gd(**Na,xn)
180Re" 75 2.44 min AVF " Ta(a,xn)
BRe 75 70.0d AVF "3y (d,xn)
850s 76 936d AVF "Re(p,xn)
188.189191p 78 10.2d,10.87 h, 2.802d  AVF "#'Os(a,xn)
23pp 82 51.873h AVF "3)(p,xn)
206g; 83 6.243 d AVF "2'pp(p,xn)
21 at 85 7.214h AVF 2%Bj(a,2n)
208" 87 15.9's RILAC %9 Tm(*°Ar,3n)
209, 87 50.0s RILAC *7Au("®0,6n)
24pc 89 82s RILAC 97 Au(**Ne, 5n)
25E " 100 42s RILAC 28pp(*0Ar,3n)
N 102 3.1 min AVF/RILAC  2®y(*Ne,5n); **Cm("?C,5n)
255 103 22s RILAC 29B;(“6ca,2n)
27 103 0.646 s AVF 28Cm("N,5n)
29" 103 6.3s AVF 28Cm("*N,4n)
wlabgy 104 68,26 AVF/RILAC 2®cm("®0,5n)
2pp’ 105 34s AVF/RILAC 2%Ccm("°F,5n)
25abg " 106 85,14.4s RILAC 2%Cm(**Ne,5n)
286p1" 107 10.7 s RILAC 2%°Ccm(*Na,5n)

" Mulfittacer <22 RRC EpceNyy
Multitracer’ <29 RRC "atcu(N,X)
Multitracer <47 RRC "2Ag(*N,X)
Multitracer <72 RRC "2Hf(NLX)
Multitracer” <73 RRC "Ta("N,X)
Multitracer <79 RRC "TAu("*N,X)
Multitracer’ <83 RRC 29BN, X)

* Radioisotopes produced with the gas-jet system
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RIKEN GAs-filled Recoil lon Separator, GARIS

Differential pumping section

Beam from RILAC
Superheavy element
(SHE) ions

Beam dump

Rotating
target

Elastic scattering D1 al Q2

beam monitor D: Dipole magnet

Q: Quadrupole magnet

Gas inlet

Gas-jet Transport System

Mylar window
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18%)
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2480.-"( 1 E’F, 5n}262Db
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a(b, =97.4%)

8.565 MeV (I, = 20%)
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