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Status of SHE experiments

48Ca + X, DGFRS
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Reactions and decay chains

R confirmed, at recoil separators
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Agreement with theory

proton number

110

105

a-decay
ol SF T 248Cm+48Ca
EC 9Cf+48Ca

Il B -decay

207pp+64Nj &
D @
s (< 2 )\L

2

| LR 3 ] 1 A SR L S T L I PR R I 7 1 e e B L R R LR B L B T R L

50 155 160 165 170 175 180 185

=
N
(6]
|

120

115

110

[ —
o
ol

|

2480m+48C 3
2450480

208ph+707n

1

BBl R ez G Tl 8 8 By o s

50 155 160 165 170 175 180 185
neutron number

even-even

even-odd




Important results and perspectives
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Outstanding properties of #43Cm tar
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Experiments with 248Cm targets
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Velocity separator SHIP

SHIP:

Separation time: 1-2us
Transmission: 20 -50 %
Background: 10 — 50 Hz

Det. E. resolution: 18 — 25 keV
Det. Pos. resolution: 150 ym
Dead time: 3-25us
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Eight targets of 0.46 mg/cm? 248Cm,0s,

total 10.7 mg, size 36 mm x 8 mm,

on 1.05 mg/cm? Ti backing,

prepared at Institute for Nuclear Chemistry, Mainz

Fig. 1



Target control, a‘s at focal plane of SHIP
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On-line measurement of target
thickness by scattering of 30 keV
electrons.

Here, after irradiation with
1.2x10%8 >4Cr ions

0.41 mg/cm?




Conditioning of the Cm targets (12 hours)
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Short half-lives with digital signal processing
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Experiment SHIP, June 24 — July 26, 2010
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Experiment SHIP, June 24 — July 26, 2010
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Energy distributions
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Time distributions
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Experiment SHIP, June 24 — July 26, 2010

chain 1: assignment tentative
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Energy distributions
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Events
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Calculated quasiparticle energies

S. Cwiok et al., PRL 83, 1108 (1999) B2=0.09
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5/2+ [602]
0 T . eod)
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800 9/2+ [604] 1,
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200 —
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BCa + 248Cm => 296116*, cross-sections
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Q, / MeV
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Qg values: experiment and theory
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Shell correction energies, theory und "experiment"
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Expected decay chains from °*Cr + 248Cm => 302120*

4n => 288120 3n => 289120 2n => 290120

o1 . ol 041 .

204 13.18 MeV 12.92 MeV 13.07 MeV
4.2 ps 28 ps 8 us
oo 118 Oy oy
290 11.65 MeV 201 12.02 MeV 202 12.12 MeV
0.9 ms 0.61 ms 0.16 ms
11 11
O3 6 03 116 o3 6
286 10.84 MeV 287 10.74 MeV 288 10.66 MeV
7 ms 18 ms 18 ms
o 114 Oy 114 o 114
282 " 10.19 MeV 283 10.02 MeV 284 9.94 MeV
0.13s 0.48 s 0.80s
Cn s Cn Cn
TKE=209 MeV TKE=210 MeV
¥ N 0.8 ms 279 9.54 MeV ¥ 0.1s
38s
Ds
Qe
275 9.70 MeV
0.2s
Hs
U7
271 9.30 MeV
0.19s X . .
og | 459 New isotopes: A. Sobiczewski et al., 2011
267 8.54 MeV
1.9 min
Rf
/ \ TKE=240 MeV

1.3h
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Cross-section systematics and extrapolation
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In reactions, E*=10-15 MeV

208pp, 209Bj targets
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10
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3n reactions, E*=35-40 MeV

e 238y X  243Am
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o 2£2Pu ® 2L8Cm
& 24py o 249K
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® 250Cf

e)
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5n reactions, E*=45-55 MeV
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Calculated cross-sections for element 120

50Tj 4 249Cf => 299120*  54Cr + 248Cm => 302120*

N = 175 176 177 178 179 180 181 182 183 184
Eshen /IMeV = -7.25 -6.77 -7.09 -7.02 -7.36 -6.95 -6.92 -6.31 -6.08 -5.37
Bin = 6.82 7.63 6.60 7.81 6.41 7.24 5.83 6.83 5.41 6.53
B:—Bp = 043 -0.86 0.49 -0.79 0.95 -0.29 1.09 -0.52 0.67 -1.16
I'n/ T ~ 154 0.42 1.63 0.45 2.59 0.75 2.97 0.59 1.95 0.3
(Cn / Tf )an ~ 0.80 3.40

% 3655 50Tj + 249gK —» 299419 EVEE 50T + 249GF > 299190 A - 540 + 2480m — 302120 o ~ Fnlrf

S ~ exp(Br)/exp(Bn)

3 4n higher for Cr+Cm

% Ny RV RN R oo 1 entrance channel
§ : 50Tj + 249K —» 299119 § 50Tj + 249¢f —» 2991 29 54Cr + 248cm —> 302120 in TI + Cf
111 I 111 | 111 I 111 :
40 E* (MeV) 50 40 E* (MeV) 50 40 E* (MeV) 50
E I

V. Zagrebaev and W. Greiner, 2011, using P. Moller's fission barriers



Results from first part of >*Cr + 248Cm => 302120*

1st wheel, but

1st wheel 2nd wheel available 2nd wheel
Period: 24.04. - 13.05. 13.05. — 24.05. 26.05.-01.06.
Calendar days: 19 days 11 days 6 days
Beam on target: 17 days 10 days 6 days
Beam dose: 3.4x10" 2.4 x 10" 1.2 % 10"
Maximum current: 450 pnA 650 pnA 450 pnA
Mean current: 370 pnA 450 pnA 390 pnA
Target, ***Cm,0x: 505 pg/cm’ 505 pg/cm’ 411 pg/em’
Total efficiency: 22 % 22 % 27 %
Cross-section limit: 1.20 pb 1.69 pb 3.40 pb
c-lim total: 0.56 pb in 36 days at restricted beam current
Expected: o-lim = 90 fb in 85 days more at 750 pnA mean current




Perspectives

cold fusion
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Transfer at low beam energy
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V. Zagrebaev and W. Greiner, 2007 and 2008




Other experiments

Tranfer-reactions: Proton radioactivity, Subbarrier fusion:
S. Heinz, V. Comas et al. beta-delayed fission, K. Nishio et al. (this conf.)
shape co-existence: \
84Nj + 207Ph, 5.9 MeV/u 10%g
A. Andreyev et al. 1f
TS EE S 2 o
4 ,/r\ f\T s I
£ o0 egt -/ g2 9%
g N i 3 10k
. f\\ oy i ﬁ‘j U ‘ | 2 10
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rotation by 180° « central collision

« rotation by 360° Ecm (MeV)
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E/MeV o e———
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12 —_— eory e:
Boe / omoum Spectroscopy:
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lon-trap mass measurements: (this conference)
M. Block, E.M. Ramirez et al., - wor F.P. HeBberger et al.,
(this conference) e




W. Greiner, 1965-70: Prediction of “Magic Numbers”
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Conclusion:

Sufficient beam time and intensive beams
are needed for further exploration of the
physics of the heaviest nuclel
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