Study of the heaviest elements at RIKEN,
status and perspective

Kosuke Morita
Superheavy Element Laboratory,
RIKEN Nishina Center, RIKEN

4t International Conference on the Chemistry and Physics of the Transactinide Elements
TAN’11 Sochi, Russia, 6 — 11 September 2011



RIKEN facilities for SHE research program

RILAC, GARIS, GARIS-II, and Nuclear Chemistry Laboratory (NCL)
AVF Cyclotron, Hot Laboratory (HL), and AVF Hot Laboratory (AVF HL)
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New injector RILAC-II for SRC, installation completed
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» RILAC became a dedicated machine for SHE program!!

2012/1/25 FDHES2010 at LBNL 3



GARIS-Il installation completed
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Motivation of development of GARIS-II

Transmission of GARIS-I
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GARIS GARIS-I

Configuration Q,DQ,Q,D

Bending angle [deq] 45 + 10

Acceptance (X) [mrad]

Acceptance (Y) [mrad]

Solid angle [msr]
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Reactions studied at RIKEN-GARIS
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209Bj + 79Zn — 278113 + n

15t chain

23-July-2004 18:55 (JST)
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Summary of 2°°Bi + 79Zn experiment

period
Beam Energy

Total Dose
Target Thickness

e _GARIS
c(2-ev.)

Irradiation time
Beam Intensity

2003/9/5 ~ 2011/5/22
5.03 AMeV
348 MeV at target half depth

1.00x10%°

1.3x10*® /cm? (0.45 mg/cm?)
0.8

2.3x10738 cm?

2330 _fb

10375 Hours (432 Days)
3.0x10*2 /s (0.5 p-pA)

J. Phys. Soc. Jpn., Vol. 73, No. 10, p.2593(2004)
J. Phys. Soc. Jpn., Vol. 76, No. 4, p.045001(2007)



DOSE (79Zn)
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/=113

year start stop hours dose/sum c error+ error-
/days [x 1019] [fb]
2003 9/5 12/29 | 1389/57.9 | 1.24/1.24 75.3(upper limit)
2004 7/8 8/2 526/21.9 0.51/1.75 95 130 45
2005 1/20 1/23 72/3.0 0.07/1.82 52 120 43
3/23 422 650/27.1 | 0.71/2.53 75 100 49
5/19 5/21 48/2.0 0.05/2.58 74 98 48
8/7 8/25 386/16.1 | 0.45/3.03 63 83 40
of7 10/20 | 937/39.0 | 1.17/4.20 45 59 29
11/25 | 12/15 | 469/19.5 | 0.63/4.83 39 51 25
2006 3/14 5/15 1300/54.2 | 1.37/6.20 31 40 20
2008 1/9 3/31 1701/70.9 | 2.28/8.48 23 30 15
2010 o7 10/18 | 742/30.9 | 0.52/9.00 21 28 14
2011 1/22 5/22 2156/ 2.01/10.0 17 22 11
Total 10375/432 2 events
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ZGGBh
Ref.1 9.29
Ref.2 8.989
Ref.2 9.071
Ref.2 8.959
Ref.2 9.106

\_/
2012/1/25

209Bj + 79Zn - 278113 + n
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P. A. Wilk et al., PRL85, 2697 (2000)
249Bk(22Ne,5n)25Bh

Z. Qin et al., Nucl. Phys. Rev. 23, 400 (2006)
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Experimental condition 2%Pb(’°Zn, n)?77112

period 2004/4/2 ~ 2004/5/24
Beam Energy 346 MeV at target half depth

Total Dose 4.4x1018
Target Thickness 450 pg/cm?

number of events

c 0.44+039 ., pb
Irradiation time 693 Hours (28.9 Days)
Beam Intensity 1 12 /s (0.3 p-pA)
Counting rate ~1 cps

— _—

J. Phys. Soc. Jpn., Vol. 76, No. 4, p.043201(2007)
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Observed events at RIKEN
in 298Pp + 79Zn reaction

16-April-2004

E (°Zn) = 349.5 MeV
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Observed events at RIKEN Strip #14

. 208 70 :
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GSI RIKEN FLNR
ref. 1 2 3 4 present 5 6
277112 11.45 | 11.17 |11.09+.07|11.32+.04| 11.07
0.28 ms|1.41 ms| 1.10 ms 1.22ms | 0.37 ms
273Ds | 11.08 | 11.20 (11.14+.04({11.15+.07| 11.03 11.35
0.11 ms|0.31 ms| 0.52ms | 0.04ms [0.373 ms| 0.39 ms
269Hs | 9.23 9.18 |9.17*.04 | 9.25+.07 9.14
| 19.7s | 220s 14.2 s 0.27 s 36.01 s
26559 |1 4.60 | 0.20 |8.71+.04[8.70+.04 | 8.66 8.63
/40s | 18.8s 23.0s 79.9s 13.84 s 158 s
261Rf | 8.52 153 197 156 176 8.30*+0.06
470s | 145s | 2.97s 8.30 s 3.73 s 54*8 , s
25’"No | 8.34 8.22 8.24, 8.34
15.0s 384 s 17s
ref.
1 Hofmann S. et al., Z. Phys. A354, 229 (1996) 208pp + 70Zn — 277112 + n
2 Hofmann S. and Miinzenberg G., Rev. Mod. Phys. 72, 733 (2000) 298Pp + 0Zn — 277112 + n
3,4 J.Phys. Soc. Jpn., Vol. 76, No. 4, p.043201(2007) 208pp + 709Zn — 277112 + n
present 208Pp + 70Zn — 277112 + n
5 Lazarev Yu. A. et al., Phys. Rev. C54, 620 (1996) 244py + 348 — 273Ds + 5n
6 Lazarev Yu. A. et al., Phys. Rev. C62, 064307(2000) 244Py + 22Ne — 261Rf + 5n
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4.2. Gas chemistry

Adsorption enthalpy

e |sothermal gas chromatograph column
(Niigata Univ. and JAEA)
e Gas chromatograph column directly coupled

to GARIS (RIKEN)

Chemical reagents without aerosols
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(b) Flow-electrolytic column
Redox potential = Direct information on electronic structure of SHEsS
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Beam time available 7months/year
beam intensities at RILAC (E < 5.8 AMeV)

12,13C 16180 19F 2022Ne 23Ng 40Ar 3-5 puA
58Fe, 64Ni, 79Zn, 86Kr -1 puA
50T, 54Cr, 76Ge not known



Future

Production 248Cm ., + *4Cryy 2 392[120] 4,
Chemistry Sg, Bh, Hs, Mt,

Spectroscopy GARIS+FPD, GARIS+GAS jet
GARIS+RF_ion_Guide
GARIS+RF_ion_Guide+mTOF
New isotope search Ea, T, ,
-7




Collaborators

RIKEN Nishina Center
K. Morita, H. Haba, H. Hasebe, D. Kaji, Y.
Kudou,
K. Morimoto, K. Ozeki, R. Sakai, T. Sumita,
A. Yoneda, A. Yoshida, K. Katori,

Center for Nuclear Science, University of
Tokyo
E. Ideguchi

Niigata University
S. Goto, H. Kudo, M. Murakami

Yamagata University
K. Mayama, M. Takeyama, F. Tokanai,

Japan Atomic Energy Agency
H. Koura, S. Mitsuoka, K. Ooe, N. Sato,
K. Tsukada, Y. Wakabayashi,

Saitama University
R. Sakai, T. Yamaguchi,

University of Tsukuba
A. Ozawa

Tohoku University
H. Kikunaga, T. Suda

Osaka University
Y. Kasamatsu, Y. Komori

Tokyo University of Science
T. Sumita



Thank you for your kind attention!!
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