SH nuclei at SLCJ — what could be
possible?

J.Skalski (NCBJ)

A priori interesting:

- structure studies of very heavy and SH (largest A) nuclei:
collective modes, pairing (A), shapes, single-particle
configurations etc.;

- high-K ground states in odd and odd-odd nuclei and high-K
isomers — characteristic of filled high-j shells;

- study of decays — alpha and fission — from g.s. and isomeric
states, their competition & structural hindrances;

- reaction mechanisms (as a byproduct);

- chemistry for isotopes living for ca 10 s/longer
but:
cross sections and statistics are small, radioactive targets are
difficult/dear, instrumentation requirements many ...
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Chemistry?



Sigurd Hofmann etal.,, Pure Appl. Chem. 2018; 90(11): 1773-1832
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Impediments

1) Isotopes A > 265 of Rf, A > 266 of Db,..., all of Mt except 2%6Mt,
A = 277 of Ds were produced in decays of heavier nuclei.

It makes structure studies of the longest-lived 1sotopes difficult,

an chemistry of some elements impossible.



2) Cross sections in reactions producing the lighter isotopes
decrease steeply between £ = 104 and 2 = 110,

50T 4 208ph _y 25TRf - 38 nb
S0y 4 208pL, _, 256RE_ 192 nb
S0 4 206p, _y 254RE_ 2.4 nb

26Mg + 238U — 259Rf- 1.1 ub
2Ne + *Mpy — *IRf- 4 b

180 + 2480y — 261Rf - 13 nb
B
50T 4+ 2098 — 258Dh - 4.64 nb
Ty + 2MBi — *"Dh - 24 nb

2Ne + 1 Am — ¥9Db - 1.6 nb

9F £ 28Cm — 22ph - 1 nb

180 4+ 9Bk — 283Db - 10 nb

+++ 4+
8Fe + 209B; — 2660t - 7.5 pb
STCI+2¥U - failed

S O T O O O O T T O O O O S B S T
Ni + Pb — 269:270.27In0s _ 3 10 pb
354 244py 5 Ds 1 atom 777
BCat+22Th - failed

nb — could be possible

pb - difficult



Shapes -
similar
predictions

Proton number Z

Proton number 2

P-H. Heenen et al. / Nuclear Physics A 944 (2015) 415441
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Fission barriers — different predictions

WS — our results
FRLDM - P. Méller et al., Phys. Rev. C 91, 024310 (2015).

SKM* — A. Staszczak et al., Phys. Rev. C 87, 024320 (2013).

RMF — H. Abusara et al. : Phys. Rev. C 85, 024314 (2012); 82. 044303 (2010).
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Exp. vs predictions

F. P. Hessberger, Eur. Phys. J. A53(2017) 75
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CALCULATED FISSION BARRIER HEIGHTS

P.Jachimowicz, M.Kowal, J.Skalski PRC 95, 014303 (2017)

Total number of P
considered nucle1 : 1305 N=178 < 8.5 MeV
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Exp. vs predictions P.Jachimowicz, M.Kowal, J.Skalski, PRC 89 (2014) 024304

Q [MeV]

£ S
16
' Z=128
14 —=— 7=126
: —=— Z=124
12 —— Z=122
—=— Z=120
10 —_— Z=118
—-— Z=116
—=— Z=114
= 8 —e— 72112
- —=— Z=110
6 —=— Z=108
: Z=106
4 —-— Z=104
_ —— Z=102
51 —=— Z=100
140 150 160 170 180 190 200 210

N



Exp. vs predictions P.Jachimowicz, M.Kowal, J.Skalski, PRC 89 (2014) 024304
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More neutrons — usually more stable, but difficult to make



ROBERT SMOLANCZUK ,Phys. Rev. C 56 (1997) 812

Fission vs
alpha-decay

logypTls)

logygT(s)
h o o B3 &

_3

Iiﬂ 150 160 170 180 190 140 150 1160 170 180 ‘Iﬂﬂ Ko B0 160 170 180 190
N N N



113
112
111

110
109

108

107

101

173
173
170
169
163
163
All
169
161
159
163
163
157
163
157
163
157
157
151
157
157
151
149
157

Omega(n)

5/2+
15/2-

5/2+
13/2-
13/2-

9/2+

”

13/2-

11/2-
13/2-
11/2-
13/2-
11/2-
11/2-
9/2-
11/2-
11/2-
9/2-
7/2+
11/2-

Omega(p)

7/2-

11/2+
9/2-
3/2-

11/2+

”
”
”

1

5/2-

n

9/2+
9/2+

7/2-
7/2-
7/2-
1/7-

15/2-
11/2+

8+
13/2-
>11/2
10+

”

”

12-
13/2-
11/2-
9+
8+
13/2-
11/2-
10-

11/2-
9+
8+

6+

High-K states: a chance
for longer half-lives.

< Candidates for high-K
g.s. in odd or odd-odd
SHN in the W-S model

In even-even systems
one should block high-K
close-lying orbitals,

like:

9/2+ and 5/2- protons
below Z=108 or

11/2- and 9/2+ neutrons
below N=162



Conclusions

- It should be possible to study structure of some Ri, Db,

{Sg?} IEUt-EllI}ES (even more Lr, No, Md, Fm ...}, including
somerism and decay hindrances.

- Perhaps, after a long work, 1t could be possible to repeat
syntheses of some 107 < 2 < 110 nuchdes in long-runs,
mayhbe, also looking for some signature of 1somers.

-If radioactive targets could be used, one could study, perhaps,
reactions leading to some neutron-rich Z<I112, with a hope to
produce some long-lived (~10 s) ones. However, this
would be costly and require long runs. The same goes for any
/>= 112 synthesis.
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