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Shell correction energies and static fission barriers near
Z=108 and N=162

Macroscopic-microscopic calculations
Synthesis of Hassium isotopes in reactions leading to the

compound nucleus #4Hs*

Synthesis of the new nuclides 27°Hs and 2"'Hs

Evidence for isomeric states in 2°Sg and %'Rf

New decay properties of 266Sg

Observation of the 3n evaporation channel in the reaction 2Mg+248Cm

First results on the synthesis of 27%Hs in the reactions %S+238 and “8Ca+%?%Ra

Chemical properties of Hassium-tetroxide
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Macroscopic-microscopic shell correction

Shell correction energies for nuclides with Z=82 and N=126

120 |-

Mg + 28Cm — 2’°Hs + 4n
0S| +2%Pu — 2/%Hs + 4n
36S  + 238y — 2/0Hs + 4n
48Ca + 2%°Ra — 2/OHs + 4n

48Ca + actinides » SHE + 4n
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Fission barriers: a similar picture!
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M. Kowal et al., Phys. Rev. C82, 014303 (2010)




Theoretical Predictions

OevR = Ocapt X Pon X Wsur

/ / /
Reaction B [MeV] | Q [MeV] | (B-Q) [MeV] | Z; - Z,
BMeg + ¥ Cm 126.9 -82.2 447 1152
WG 24 py 144.0 -098.0 46.0 1316
36g 4 187 159.1 -116.7 42.4 1472
BCa + *Ra 157.0 -153.9 a3.1 1760
W-vaiue (V) oo o W

E* (CN 274Hs*)

Figure: Z.H. Liu et al., PRC 74, 057602 (2006)
Animation: Ch.E. Dullmann, GSI
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Chemistry: a highly efficient Hassium separator

26Mg-beam
rotating
248Cm @ Vacuum window N,(lig.)
targ fﬁ / PEA-teflon Efnzeorgncc;stat cooling
— - capillary /
e /
He/O,f | He/O, ,/ oooooooooo
= 2 ; —
/ / \ 00000
Reco?lesg,mHS oven SiO,-column 2x 36 —
hamb (600°C)(i.D. 4 mm) PIN-diodes
chamber 20 °C4A HsO,
deposition

Overall Efficiency for 269Hs: 55% I
-170 °C

0 40 cm
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Detection system COMPACT

Version 1;: 78% detection eff.
¥ |
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Cryo
Multidetector for I i) e -
Physics = EERVa
And
Chemistry of

Transactinides

Version 2: 93% detection eff.
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— Search for the doubly magic nucleus %"°Hs

TABLE L
individual events (£ to E£j4), the observed lifetimes of the daughter nuclei (Af,-Atzy), and the assignment of the chain. The detector in
which an event was observed is given in parenthesis, “*7T"" stands for “top detector” and **B™ for “bottom detector™. Energies are given
in MeV, fission fragment energies are not corrected for pulse height defect.

Correlated decay chains. Given are the number of the chain, the beam energy at which it was observed, energies of

No.  Epeam E, E Ar Es Aty E4 Ary Assignment
| 145 893 (16T) 8.69 (16B) 32.5 s 8.29 (16T) 321's  829(17B) 250 s 269
2 145  9.06 (13B) 8.68 (14T) 85.6 s 93 (14T) 4.44 s 269
3 145  9.11(1B)  8.68 (IB) 248 s 67/13 (1T/1B) 7.09 s 269H¢
4 145 891 (15B) 8.65 (15B) 6.75 s 29 (15T) 6.69 s 269
5 145 9.03 (18T) 8.60 (18T) 7.70 s 111/26 (18T/19B) 642 s 269H
6 145 892 (19B) 872 (197T) 6.82 s 90/101 (19T/19B) 1.29 s 269
7 145 8.35(22B)y 38 (22B) 116 ms no assignment
8 145  885(14T) 100/74 (14T/13B) 1.62 s 270Hg
9 136 908 (15B) 871 (15T) 8.70 s 100/74 (15T/16B) 580 ms 269Hs
10 136 9.10(14T) 80/90 (14T/13B)  96.0 s 269"
1 136 890 (12T) 89/55 (12T/11B)  49.6 ms 210Hs
12 136 892 (5T)  106/82 (5T/5B) 449 ms 270Hg
13 136 888 (19T) 96/110 (19T/19B) 444 ms 210Hs
14 136 930 (7T) 820 (7T) 149 s 89/95 (7T/7B) 120 s 2711Yg®
15 136 8.67 (9T) 117/102 (9T /9B) 306 ms no assignment

“Tentative assignment.




Signatures of crossing the N=162 neutron shell:
273DS - 269HS or 271HS - 26789

New data
oo even-odd
®® cyen-even
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Confirmation experiment for 25°Hs, 279Hs, and 2"'Hs

TABLE II. Correlated decay chains observed in this work. Given are the number of the chain (continued from [5]), the beam energy
at which it was observed. energies of individual events (£, to Ej). the observed lifetimes of the daughter nuclei (A#-Aty). and the
assignment of the chain. The detector in which an event was observed is given in parentheses. T stands for “top detector™ and B for
“bottom detector.” Energies are given in MeV, fission fragment energies are not corrected for pulse height defects. Partial energy
deposition 1s expected for fission fragments emitted under shallow angles.

No.  Epen E, E, Ar, E; At, E4 Ar,  Assignment
16 150 9.18 (14B) 8.62 (14T) 109 s 8.51 (14B) 489s 824 (14T) 2085 “HE
17 150 9.13 (12B) 8.68 (127) 761 s 79/88 (12T/12B) 225 “E
18 140 8.61 (10B) 83/84 (107/10B) 335 s 265"
19 140 9.11 (107) 8.63 (11B) 520 s 75/ — (107) 3.04 s R
20 140 [9.22 11B)° 8.47 (16B) [12.3s]°  84/120 (167/16B) 128 ms EHES
21 140 8.76 (20B) 58/61 (197/208B) 275 ms S
22 140 8.81 (16B)  92/111 (167/16B) 271 ms ST
23 140 9.14 (127) 69/ — (127) 479 s ST
24 130 9.16 (247) 26/ — (25B) 142 s RETS
25 130 9.02 (16B) 89/68 (15T/15B) 304 s T
26 130 9.23 (207) 15/83 (207/19B) 264 s S

ncomplete (a)-a-SF chain from 2°Hs. °First « particle is not position correlated. “Tentative assignment.
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(e —— Excitation functions

E MeV
130 ° 540 )150

v location of the Bass fusion barrier

Orientation effects

cross section (pb)

polar equatorial

low energy  high energy
(sub-barrier) (above barrier)

HIVAP calculations with parameters of
Reisdorf and Schadel, Z. Phys. A 343, 47 (1992)
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o = Observed Nuclides

Number of decay chains: 11(+2) 1) 5(+1)

269Hs 270Hs 271Hs

9.7% s ~23* s ~ 4% s

8.95; 4.12
9.2 8.88 9.13; 9.3
26559
9s | 16s
S new nuclides!
8.85 | 8.

* T, is cgiCulated from measured Q,, using
enomenological formula from
A. Parkhomenko, A. Sobiczewski,
Acta Physica Polonica 36, No. 10 (2005)

2I10Hs: Jan Dvorak et al., Physical Review Letters 97, 242501 (2006)
2711Hs: Jan Dvorak et al., Physical Review Letters 100, 132503 (2008)
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Analysis of the decay of 29°Sg

Ch. E. Dullmann, A. Turler, Phys. Rev. C064320 (2008)

From the literature 60 decays of 26°Sg have been reported, in
58 cases the alpha decay energy was measured.

In 36 cases 2%°Sg was produced directly as EVR

In 22 cases 2%°Sg was produced as daughter of 26°Hs

In 24 cases 2%°Sg decayed by alpha-particle emission to 261aRf

In 34 cases 26°Sg decayed by alpha-particle emission to 2610Rf

269HS

14 s

/18.95;9.13 MeV

4_-|
2658
oo 24%Cm (**Ne,5n)
16 s

9

 8.85 Mylﬂzfi 8.69 MeV

261'Rf

68s| 3s

2%%cm (80, 5n)

| 244 2201 )
e Pu (**Ne,5n)

238 (**Mg,3n)

 8.28 MeV SF (919%)
« 8.51 MeV (9%)

25?NO

25 s

/13.22: 8.32 MeV

Recently fully confirmed in experiments by Haba et al.!
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=== __ An alternative reaction: 238U(%¢S, xn)?"4xHs
R. Graeger et al., Phys. Rev. C81, 061601R (2010)
160 170 180 190 200
T Only 1 event at E*=50 MeV
10 4 269HS
] 270HS
- E,=9,02 MeV
o 14
ba
sf 41 + ? MeV
At = 23,492 ms
0,1-
60
E in MeV HIVAP calculations with parameters of

Reisdorf and Schadel, Z. Phys. A 343, 47 (1992)
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PSS - A possible explanation
10" g9 - A(B-Q) = 2.3 MeV (only!)
o but

AP\ = Factor 5 — 10!

6
-1 |
10 Reaction B [MeV] | Q [MeV] | (B-Q) [MeV] | Z;- Zy
Mg +Cm | 1269 -82.2 4.7 1152
0S) + 2Py 144.0 -98.0 46.0 1316
C 365 + By 159.1 -116.7 424 1472
BCa + PRa 187.0 -153.9 33.1 1760
O Mg + **Cm
—0— 368 " EERU
10”1 .

10 5 0 5 10 15 20
E_, By MeV) .M. Itkis et al., PRC 83, 064613 (2011)
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ps Preliminary results: 226Ra(*¢Ca, xn)?’4*Hs
Elab in MeV
210 220 230 240 250 260
— 11— 11 1 Very recent experiment
3n by V. Utyonkov et al., at
4 DGFRS / FLNR
n
10
: 6 events 279Hs observed
. at E* = 40 MeV
s 5n
o]
0,1 3
2|o I 3Io ' 4I0 ' 5Io ' 6I0 HIVAP calculations with
£ in MeV HIVAPSI (R. Dresser et al.)
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SRS 210Hs from chemistry exp. <> 2/°Hs from physics exp.

Ea - 8.88i0-05 MeV T1/2 —= 7-6+5'2_2.3 S

E, =9.00+0.08 MeV

T1,2(%%°Sg) = 310*1% ;c ms

2710Hs

counts / 25 keV

T T
8750 8800 8850 8900 8950 9000 9050 9100 9130

o-decay energy (keV)
T12(%°°Sg) = 28419 g, ms
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(e — SF half-lives of Seaborgium Nuclides

K.E. Gregorich et al., Phys. Rev. C74, 044611 (2006)

T v T v T ) T ? L]
1000 | partial SF half-lives for 3
- even-even Sg isotopes % ’

100 |

t,,SF (ms)

10 |

1 1 " 1 A 1 A 1 A 1
152 154 156 158 160

neutron number

FIG. 3. (Color online) Partial spontaneous fission half-lives for
even-even Sg isotopes. The line is drawn to guide the eye.
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Thermochromatography of HsO,

Hs counts

14

12

10

T~

! ! I ! ! 40

Monte Carlo simulations:
OsO, AH_ . = -42+5 kJ/mol

HsO, AH_4 =-51+5 kJ/mol

Temperature [TC]

=100

120

—140

10 15 20 25 30
Distance L[cml
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The contribution of chemistry to SHE research is vital due to the high
decontamination factors achieved (especially in combination with a
recoil separator)

Evidence for isomeric states in 26°Sg and 261Rf observed in the
decay chains of 26°Hs

Discovery of the new “doubly magic” nucleus %7°Hs, new decay
properties of 266Sg

Indications for the new nucleus 471Hs and its decay products 267Sg
and 263Rf

Contrary to predictions the reaction 3¢S + 238U has a small cross
section for the 4n and 5n reaction channel

The decay properties of 27OHs were confirmed using the reaction
226Ra(*8Ca, 4n) with high cross section (= 10 pb) for the 4n reaction
channel.

22
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Preliminary data for the reaction 22Cm(%Ne, 5n)%5Sg
measured at GARIS (RIKEN) by H. Haba (TASCA 2008)

8 chains 4 chains 1 chain 1 épainl

265§ g2 265§ gb - " (&
Sgb ZGESgb
3.2s
—T ',5(2 s
3-35,/ 66 , _/ 8.80
261Rfa 261RfH
15.9s
8.57
257No
32.2s
8.18
/ Dallmann and Tler:

I PRC 77, 064320 (2008).
|

14 correlations (35 a/fission events) on 2%°8q, 26'Rf, and 2°’No
Bp = 2.07%0.01 Tm, ABp/Bp = 8.4t1.1%
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Preliminary results: 226Ra(*¢Ca, xn)?"**Hs
(communicated by V. Utyonkov, FLNR)

tsy108
14.07.08
“01:58”, str 11
01:58

tsy124
18.07.08
“11:18”, str 7
10:39

16.33 mm

Hs 270

ER: 15.993 MeV

8.940 [2.278+6.662] MeV
6.4194 s #3 150 keV
13.75 mm

193.9[170.6+23.3] MeV

0.1629 s
16.70 mm

23.53 mm

Hs 270

#7

ER: 11.461 MeV

9.024 [1.132+7.892] MeV
9.7087 s #6 134 keV

>187.9 [166.3+>21.6] MeV

0.0708 s
24.10 mm

#3

tsy119
16.07.08
“05:517, str 7
05:11

tsy129
19.07.08
“12:28, str 8
11:49

14.45 mm
Hs 270

168.6 MeV
0.2450 s
14.32 mm

31.40 mm
Hs 270

148.7 MeV
0.7517 s
29.98 mm

ER: 13.812 MeV

9.009 MeV 85 keV
8.1642 s
13.84 mm

ER: 11.356 MeV

9.133 MeV 109 keV
31.9395 s
30.24 mm

27




PAUL SCHERRER INSTITUT u

LJ__ ;
11111111111
BERN

Preliminary results: 22°Ra(*Ca, xn)¢"4*Hs
(communicated by V. Utyonkov, FLNR)

tsy301 ER: 13.864 MeV

14.12.08
“0:14°, str 10
14:14

Sg 266

25.84 mm

Hs 270

8.991 MeV 81 kev
7.3538 s
25.59 mm

196.3 [123.1+73.2] MeV

0.3081s
25.66 mm

#3

tsy304

15.12.08
“19:45” str 4
9:45

Sg 266

ER: 11.537 MeV

23.32mm Nr(10 s): 8.6%

Hs 270 | 8.902 [1.421+7.481] MeV

1.8538 s #6 287 keV
Nr(10 s): 2.3%

165.2 MeV b5=1
0.9196 s
23.42 mm

28
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TASCA - Trans Actinide Separator and Chemistry
Apparatus

S |
“]fc Pam | NN QN
R ] ‘>

e 'mm § |
i 8 by
I/i 4‘ - é i

TASCA home page: http://lwww-w2k.gsi.de/tasca/




PAUL SCHERRER INSTITUT u

(e Observation of three types of decay chains
244pu + 48C8. RN 292114*
June 02, 2009 June 13, 2009 June 06, 2009
12:20 00:49 03:35
EVR EVR EVR
6.4 MeV 6.6 MeV 6.5 MeV
3.59s 0.345 s 242 ms
a 9.85 MeV a 9.92 MeV o 9.98 MeV
22.1s 51.0s
0 9.21 MeV 0 9.19 MeV 130 ms
SF 187+9 MeV
5.69s
35.48 s
o 8.73 MeV SE 108 MeV/
3n 4n
4.50 ms

SF 136+75 MeV




Observed Decay Chains (HTM)

8 chains from 288114 (4n)

4

4

d 1l 4 || 4

2 chains from 289114 (3n)

4

4

o

4

o

o

4 | 4

4

E* = 42 MeV (HTM)
14 days of beamtime

1 chains from 288114 (4n)
2 chains from 289114 (3n)

4

4

;

4

4

o

4

E* = 38 MeV (HTM)
9 days of beamtime

Summary: o decay
10x 288114 | [7] sr
289
3X 114 ] outside of
beam pulse
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(] u— Comparison of decay data (DGFRS < TASCA)

48Ca+24Pu — 292114* — 289114+3n

289114 289114
2655 S 0.970s
o 9.82+0.05 o 9.87+0.03
285Cn 285Cn
+13 +30
29.7s 30, S
a 9.15+0.05 o 9.21+0.03

Average TASCA HTM
Published FLNR

Yu.Ts. Oganessian
J. Phys. G 34 (2007) R165

4 chains

Ch.E.D. et al.
submitted to PRL (2009)
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