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Outline

o 23Am+48Ca, November 15, 2010 - February 27, 2012
a-decay properties (fine structure ?)

excitation function

289115 from 2n reaction channel - “cross bombardment” for 293117

249Bk+48Ca, from April 231, 2012 till ~ November 2012 (???)

- a-decay properties, in particular of 2°#117 chain (only 1 event detected earlier)
- excitation function

- 5n reaction channel 22117 - “cross bombardment” for 268115

- 2n reaction channel - heaviest nucleus 2117

New digital detection system for Super Heavy Nuclei
« Summary ST
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New studies of super heavy nuclei
Dubna, Nov. 2010- Feb. 2012, beam dose 3.3*10%°

249K + 48cg PRL 2010

243 48 4n 3n
Am + Ca 293 294
117 117
237Np +48c4 4n 3n 2n /11.038)MeV  / 10.81(10) MeV
287 288 289 289 | 14 ms 290 | 78 ms
I 115} 115 115 115 115
3n / 10.59(6) MeV / 10.33-10.58MeV  / 10.27-10.38 MeV  / 10.31(9) MeV / 9.95(40) MeV
282 283 |32ms 284 [ 170 ms 285 | 520 ms 285 | 220 ms 286 | 16 ms
113 113 113 113 113 113
/ 10.63(8) MeV / 10.12(9) MeV / 9.97(5) MeV 9.60-10.18 MeV 9.74(8) MeV / 9.63(10) MeV
278 | 73 ms 279 | 0.1s 280 |9.81(7) MeV 45s 281 |9.48(11) MeV [282 | 20s
Rg Rg Rg[0.97s RE| 558 Rg
/' 10.69(8) MeV / 10.38(16) MeV / 9.09-9.87 MeV 1s 26s / 9.00(10) MeV
274 | 4.2ms 275 | 0.17s 276 |3.6s 4 5 278 | 0.51s
Mt Mt Mt Mt
/ 10.0(1.1) MeV / 10.35(6) MeV / 9.17-9.95 MeV cross-bombardment / 9.55(19) MeV
270 | 9.76(10) MeV  [271 | 125 272 |0.545/65s _ 274 | 7.7
Bh| 440ms Bh Bh 115- 117 Bh
8.93(8) MeV 9.35(16) MeV 8.73-9.15 MeV 8.80(10) MeV
61s 267 | 1.2 268 | 12s 535
22 min 1.8h ‘7 6 h 3 h
2 2 <— 3 from 2003 and 28 new 1
(1+1)

“mass production” (of 2%119 granddaughter)

total number of observed decay chains (2003+new) is listed at the end of the chain
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Oganessian et al., PRL 108, 022502, 2012 and submitted to PRC 2122l IELLE
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“Cross bombardment”
243 Am+48Ca and ?4°Bk+48Ca reactions

249BK(48Ca,41)293117 v
117/292 117/293 | 117294
5n 14 ms | 80 ms
243Am(48Ca 2n)2891 15 P 1103] [1081]
b
115/288 | 115/289 | 115/290
87 ms|220 ms| 16 ms
1046] [1031] [9.95
113/284 | 113/285 | 113/286
048s | 55s | 20s
1000/ |974 | [963 ]

Vit 276
0:72's

9.71

Bh272
98s

9.02

Db 268
29h

Bh274
50s

8.80

Db 270
23h
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Excitation function for 48Ca+243Am (2n, 3n, 4n)
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O3, at E*~ 36(2) MeV=8.5 (+6.4, -3.7) pb for 288(115)
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New studies of super heavy nuclei

with Z=97 4Bk and Z=98 24°Cf target materials

Dubna 2012 (ongoing exp)

five (8) new events of 293(117)

#9 #23 #12 #25 #7
991 MeV 13.23 MeV 11.76 MeV 11.00 MeV 9.36 MeV
293 | 10.90106 MeV @ 11.14265 MeV 11.11459 MeV 2 10.91463 MeV 10.59849 MeV
1171 7.525 ms 3.305 ms 153.948 ms 10.547 ms 109.878 ms
1
289 [ 10.3726 MeVP 10.31065 MeV  missing o 10.19868 MeV 10.21749 MeV
115| 0.2665 s 0.1719s 1.4348 s 0.1510 s
1
285 |9.85740MeV missinga  9.631s7MeV  9.3630 MeV® 9.68349 MeV
113| 1.5155 s 19.0456 5 1.31563 s 18.3997 s
204 0MeVC 2220MeVE 2128MeVCc 162.9 MeV® 150.8 MeV
9.4192s 7.4538 s 1.4809 s 103.406 s 421349 s

Z=97 **Bk — Z=98 249Cf
T,,,=330 days

E*(297118) ~ 31 MeV

249cf + *8ca

294
118
L
290
Lv

28

0.8

7.1

0.8

11.656 MeV

+1.07

10.84g MeV

37 ms

10.196 MeV
129%59 ms

+0.30

294
118
I
290

Lv

#23
11.63 MeV

11.67965 MeV
0.135 ms

10.84865 MeV
29,437 ms

219.3 MeV ¢
3.486 ms

two (3)new events of 294(117)

#16 #8
12.64 MeV 13.11 MeV

294 | 10.96070 MeV 10.96773 MeV
117 100.72 ms 3.986 ms

1
290 | 10.2872 MeV 2 9.77573 MeV
115]| 0.3010 s 0.6976 s

, 0.39 s
286 | 9.6111 MeV2 9.75017 MeV 2
113| 5.7895 s 3.6525s

1
282 | 9.1830 MeV P 9.0477 MeV 2

Rg| 145.34 s 29.202 s

|
278 | 9.39670 MeV 9.38273 MeV

Mt| 4.1713 s 7.2154 s

1
274 | 8.79170 MeV 8.6930 MeV P

Bh| 10258 s 55722 s

142.4 MeV 195.9 MeV ¢
37.49h 23.49h

new event of 2°4(118)

Oganessian et al.,, PRL, in press, September 2012
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Total of four 2°4117 decay chains observed so far

2009, E*~ 35 MeV

8.79805 MeV

2012: E*~ 35 MeV

str 1

E*~ 32.6 MeV

12:32 August 08 4B [
(o5}
20715 missing ot 12.327 MeV
35,79t mm
Clo
F's 23,916 mm

286 113

10.23150 MeV
0.388670 s
36,12t mm

ot S str 16 str 8
157 Nov. 22 |5 11T 00:16 July 10 | **#117 01:01 July 11| **117
a o o
10.80805 MeV 10.96079 MeV 10.96773 MeV
290 115| 1194 ms 8.672 MeV 290115) 100.724 ms 12,643 MeV 290115 3.986 ms 13.106 MeV
o 18.97 mm 19.24 mm s 40.10¢ mm 40,131 mm o 41.55tmm 42,11t mm
- y 18.70h mm 19.015 mm = 17.91h mm 17.506 mm
2950403 MeV (1.012+9.450) 10.282;76 MeV (1.265+9.017) - 9.77573 MeV
286 113) 0.02265 2861130l 0.300972 5 286113 0.697552 s
o3 Oz 35.87tmm o3 42,00t mm o3
22,415 mm . 17.795 mm
9.62505 MeV 9.614 706 MeV (3.544+6.070) 9.749 108 MeV (1.14448.605)
2Ry | 2820375 282Rg [l 5789526 252Re I 3.65246 282Rg
Oy 19.51 mm Oy 40.06¢ mm Uy | 35.39t mm Oty
18.92h mm 2538 mm
78 9.00205 MeV o 9.182200 MeV (0.81/2+8.777) o 9.042777 MeV (1.152+7.890) . 9.0015p MeV
Mt | 0.7404s Mt || 145336242 s Mt || 29.202413 s Mt || 166.855342 5
s, 18.97 mm Os Ols 43.31tmm s, 36.13tmm
19.69h mm T 23,665 mm
9.548 95 MeV (1.094+8.454) 9.39679 MeV 9.38273 MeV
248y | 11,0476 s 2T4Bh | 4171254 5 2HBh | 7215355 5 R i
: g, 40.09t mm (e 7% 42.28t mm g,
18.785 mm 17.135mm
8.791 7 MeV 8.693200 MeV (0.81/2+8.288) 8.7325p MeV

39145385 s

23.94H mm

9.65150 MeV
36.450604 s
35.63t mm

' 24 44b mm

76.0998 s 102375015 ¢ 55.722025 s
19.11 mm 39.70t mm 36.32imm
19.245 mm 23,965 mm
195.6 (152.3+43.3) MeV 142.4 MeV 195.9 MeV (179.8+16.1) 221.7 MeV
33.3595h 3749 h 2349 h 1.156372 h
19.93 mm 40.14t mm 41.76t mm 35.63t mm
18.96b mm 17.695 mm 23.90b mm

E*~ 35 MeV denotes the calculated excitation energy E*
297117 compound nucleus ranging from 32.8 MeV to 37.5 MeV
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str2

249k + “Ca

19:11 August 21

117

-l

a,

E*=42 MeV

az

2115

10.96948 MeV
0.043 ms
23.23t mm

12358 MeV
23 50¢ mm

285113

0428077 s
23.76¢ mm
35.75h mm
201.0MeV
15.055073 s

23.64t mm

36.165 mm

Z=111 281Rg

34.32b mm 35815 mm

106935 MeV (0.910/2+10.238)
0.013640 s

P ranl9.6-103MeV, 15}=0.098
P ran9 6-10 5MeV, 0.025}=0.0025

990245 MeV

SF ~

s 1S str 12
1204 August 23 | 23117 17:29 September 1| 22117
oy | ay
11,1834 MeV 1120370 MeV
289115 2553 ms 12.460 MeV 8.173ms 11.450 MeV
s S10limm  S2.@rmm - 25.05tmm  24.73tmm
8.165 mm 6.51b mm » 34.15bmm  35.11b mm
103645 MeV 10,2795 MeV
Z5113) 0957189 s 285113} 0.056529 s
ey 5245: mm a 25,28/ mm
- 6.705 mm : 35.53b mm
9.845 s MeV - 98679 MeV
1.371223s Rg | 4213010
52,60t mm a 25241 mm
6.43bmm ' 34 88h mm
238.0 MeV 93639 MeV (08202+8.946)
4.752080 s 3464172 s
4988 mm Pranl8.0-10.0MeV, 10s}=0.006
9.38h mm
182.0 MeV
13.572 ms
24.66/ mm
34.795 mm

20 s
Z=109 277"Mt SF ~ 14 ms

first observations
of a-decay of 281Rg
and new isotope 27’Mt
(14 ms SF after a-decay )

“fission corridor”
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1247 (@1050TS 77 1IN [ A.Staszczak, A. Baran and W.Nazarewicz
120 1 W@ =l 1 “Spontaneous fission modes and lifetimes
116 - = \ AU | of super heavy nuclei in the nuclear
— % W M\) I density functional theory”
108 - ,%/% / {J / NS \\ I (see arXiv.org)
N 124 ©)109107a " so far ONLY EVEN-EVEN SHE nuclei
é 120 - advanced analysis of shapes
- 116 1 I and
.E — symmetric vs asymmetric fission modes
a. . i affecting SHE lifetimes
| (c) Decay modes i
2% g tommens e o
120 | O oiecay S=E i | see pretty good agreement
] I chepnce for T,,’'s of even-even alpha emitters,
_ but the SF mode
112 - at the end of “Dubna Island” decay chains
108 appears to be much too fast in the calculations.
148 152 156 160 164 168 172 176 180 184 188
Neutron number N
FIG. 4. (Color online) Summary of our SkM" results for decay CaIC . T1/2(298120) - 10 ,US
modes of SH nuclei. (a) SF half-lives log,, T:s (in seconds).
(b) a-decay half-lives log,, T (in seconds). (c¢) Dominant /,.\{—\

decay modes. If two modes compete, this is marked by coex-
isting triangles.
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Cross section data 24°Bk + 48Ca

4n - 293(117)

exp E* ~ 39(2) MeV E* ~42(2) MeV
2009-2010 1.3(+1.5,-0.6) pb -
5 events
2012 2.0(+2.2,-1.0) pb ~ 2-3pb
5 events 3 events

average values:

3n - 294(117)
E* ~ 35 and 33 MeV

0.5(+1.1,-0.4) pb
1 event

1.5(+1.1,-0.5)pb  for 4n, 293(117) at E*~ 39 MeV
1.1(+1.2,-0.6) pb  for 3n, 294(117) at E* ~ 35 MeV

Oganessian et al., PRL 2012, in press

3.6(+6.1, -2.5) pb
2+1 events

<
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New detectors and digital data acquisition system
(similar DAQ now at SHIP serving PSSD+Si-box+MCPSs)

MICRON

128 x48 mm
1 mm wide strips DSSD

six 120 x 65 mm single Si
forming Si-box —

all Si-wafers 300 gm thick |
LF 250 flange

MESYTEC
lin-log preamps
ISEG NIM HV
XIA Pixiel6 rev D
(208 channels)
Dell Power Edge
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Plans for 2013 —search for Z=118 isotopes

Models do not agree about the decay properties of 224118 and 2°6118

E E|
296118 294118 =—1h | | | =
102 5 Z=118 =
AN A | (Sohiczewsk) = 3
&MM A | (Baran) E & E
A A| Goriely) 1[}1§ E; exp data on
v o wlmwey G OE A 1 294118 a-decay:
HF B - E 'S =
o ®| (Bermer) 8 ; ; Ea:]_]_? MeV
<& & | (Cwiok) o = = _
A A (Warda) E ;E ‘5 E; T 1/2 0.7 mS
O - m| (Bender) 1[}_3%_1 - % -é
= & g;
m'EE | | | 1
9 10 11 12 13

Alpha decay energy, Q. (MeV)

Long study with a mixed-Cf target and “8Ca beam

has a potential to identify new isotopes 2°°118 and 296118
ZET] 20Cf SICt 252Cf Total Cf

Mass (mg 7.35 2.03 5.05 0.0027 14.45
W1t% 50.9 14.1 35 0.02
2E7 n/s 6E6 n/s UT-BATTELLE
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Summary

odd Z nuclei produced in *®Ca-induced reactions

2003-2012

248 Bk + 48 Ca
| |
4n 3n
243
Am +*Ca — -
[ I ] 1 1 ?
37 p+ *8ca 4n 3n Zn 11.02(6) MeV 10.95(7) MeV
287 288 a9 289 | 56 ms 20 | 53 ms
15 5 15| 15
3n 10.59(6) MeV 10.33-10.58 MeV 10.27-10.38 MeV 10.26(5) Mn’f 10.02(7) MeV
282 283 |32Zms 284 | 170 ms 285 | 0.5s 285 | 035 0.24s
113 113 113 113 11 {
/ 10.63(8) MeV 10.12{9) MeV 9.97(5) MeV 9,60-10.18 MeV 9.74{5} MeV 9.66(7) MeV
278 | 73ms 0.1s 9.81(7) MeV 45s ‘ 9.58({11] MeV B7s
Rg Rg|097s 10.6 5
/ 10.69(8) Mev 10.38(16) MeV 9.09-9.87 MeV 115 2285 __/ 9.00(7) Mev
274 | 4.2ms 275 |0.17s 276 | 3.6s % 4 10 Ja7e | 4055
10,0(1.1) MeV / 10.35(6) MeV / 9.17-9.95 MeV / 9.39(7) MeV
270 | 9.76(10) MeV 371 | 123 272 ] 0.54s5/6% +3 274 | 10.8s
Bh| 440 ms Bh Bh
8.93(8) MeV i 9.35(16) MeV ‘3.134.15 MeV ‘ 8.80(7) MeV
61s 1.2s 11s 54.1s
22 min 1.8h 26 h 218 h
2 2 31

number of the detected chains

Yuri Oganessian. Nuclei from the Island of SHE. August 15, 2012, Int. Conf. “N5-2012", ANL, USA

Yu.Ts. Oganessian et al., PRL 108, 022502 and PRL, September 2012, in press
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Summary

- new data consistent with earlier results on Z=117, 115, 113 (and 118)

- “cross bombardment” achieved in 48Ca-induced reactions:
4n (?*°Bk target, 293117) and 2n (**3Am, 289115) reaction channels

- nearly “mass production” of Z=115 isotopes , g ;ax ~ 9 pb

- total of 31 events of 288115 and better statistics for 293117 (13 events)
and 224117 (4 events) help to determine the decay properties
along these observed decay chains

- an evidence for a broadening of a-spectra (fine structure ?)

- new isotope 27’Mt (~ 14 ms SF !) observed at the of 2°3117 decay chain

- 0(%°3117) ~ 1.5 pb, 224118 observed with ingrown 24°Cf target component

-new detectors and digital electronics should operate at DGFRS in CY 2013
SN T~

Yu.Ts. Oganessian et al., PRL 108, 022502, PRL, in press, and submitted to PR ¢ =12~ TELLE
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