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Spectroscopy of superheavy nuclei
IS hot research area
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The largest periodic taB-IZi\H{urope(Dubh’;);

Perhaps, the most extensive experimental data are collected for transfermium region, in particular for nobelium isotopes




At the moment, there are experimental*®
spectroscopic data only for 3/7 nuclei: 220.252,254No
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The chain of even-even Nobelium nuclei is one of the most
studied superheavy nuclei:

The low-lying spectrum of 2°0-252:254No;
Quadrupole moment of >°2-2>*No
Dipole giant resonance in 2°>2>*No;
The scissors mode of 2°9725No:;

Single-particle properties
and rotational bands in the 2°2:254No;

Spontaneous fission for the nuclei 2°%-2%No

But, despite the great interest in these nuclei, the characteristics
of the ground state of these 1sotopes are still poorly studied. ..




Despite an impressive theoretical effort:

« Even modern self-consistent models still
give rather different results and exhibit troubles in
description of shell structures and other features seen
In experiment

« This work was partly done within QPM, IBM, double
nuclear system, and cluster models
(however, the above models are not self-consistent)

- It is worth to enlarge the scope of calculated
characteristics of superheavy nuclei and inspect,
within the same self-consistent theory,

a full set of low-energy vibrational states of
main multipolarities:
n =0+ 2+ 3%+,0-,1-, 2-, 8-




25080 255N0 258No

4.6 ps o 8s 3.52 min 1.23 ms uv ns

SF=100% e+p+=T0% SF=1004% SP=100%
m «-n a=30%

The main attention is paid to 2°%22°4*No where calculated:

« K= 8- isomers

(at 1.361 MeV in 2°2No and 1.747 MeV in 2°4No)
- Pairing vibrations K" = 0+
 States Kn=2+

- Hexadecapole states with K" = 3+ and 4+

 Octupole states with K" = 0-, 1, 2- and 3-




25080 251No

258No
4.6 ps 0.8 =

1.23 ns 107 ms

SF=100% a=9%0%
SF=1.4e-3%
c+p4>0%

SFr=100% SF=100%

The main attention is paid to 2°%22°4*No where calculated:
« K= 8- iIsomers |
(at 1.361 MeV in 2°2No and 1.747 MeV in 2°4No)
- Pairing vibrations K" = 0+
- States K"'=2+

- Hexadecapole states with K" = 3+ and 4+

 Octupole states with K" = 0-, 1, 2- and 3-




Skyrme forces

force |m/m™*|kind of pairing
SVbas| 0.90 surface [P. Klupfel et al, PRC 79 034310 (2009)]
SkM* | 0.79 volume [J. Bartel et al, NPA 386, 79 (1982)]
SLv6 | 0.69 volume [E. Chabanat et al, NPA, 635 231 (1998)]
r)
q N P( A
V(6 ¥) = Gy 1 = (== ) s =1

Ppair

Where Ggq are pairing strength constants (g = p,n).
We get so-called density-dependent surface pairing for n =1 and
volume pairing forn =0

Calculation details:

Codes — SkyAx [P.-G. Reinhard et al, Comp. Phys. Communic. 258, 107603 (2021)]
QRPA [A. Repko et al, arXiv:1510.01248 (nucl-th), 2015]

» Accurate extraction of spurious admixtures
[V. O. Nesterenko et al, Eur. Phys. J. A 55, 213 (2019)]

« 2D grid in cylindric coordinates
» All proton and neutron s-p levels up to +40 MeV
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The characteristics of the ground
states of 250-262No

with increasing humber neutrons
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Initially it was assumed that these
characteristics would evolve monotonically, but
we see irregularity at 222 2°4No
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Initially it was assumed that these
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Does this irregularity (decline in neutron pairing)

depend on the chosen Skyrme force? . o, neutrons
SVbas SkM
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« All 3 Skyrme forces support this irregularity; . —
« For 2°4No the Fermi level isolated, so neutron pairing 1 fhatls . — 7341(F)
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Kn= 8- isomers

252No: the 8- state is usually assigned
as neutron 2qp configuration
nn[734 1, 624 |]

R.-D. Herzberg and P.T. Greenlees, Prog. Part. Nucl. Phys. 61, 674 (2008)
F.P. HeBberger, arXiv:2309.10468v2[nucl-ex].

B. Sulignano et al, Eur. Phys. J. A 33, 327 (2007).

Force

EU:].
[MeV]

[W.u.]

B(E98)

/

qq

€qq’

[MeV]

qq

F-scheme

252No, Fy=1.254 MeV

SLy6
SkM*
SVbas

1.361
1.330
1.913

0.038
0.025
0.119

nnl[624 |, 734 1]
nn[734 1,624 |]
nnl[624 |, 734 1]

1.317
1.198
1.751

0.996
0.992
0.912

F,F+1
F,F+1
F,F+1

Features of calculated 8- states in 2°2:254No:
QRPA excitation energies E, =1,
reduced transition probabilities B(E98),
the main 2gp component qq’, its energy €44 , contribution
to the state norm Ny and F-scheme of 2gp excitation.




Kn= 8- isomers

252No: the 8- state is usually assigned | Force | E,—1 | B(E98) aq’ €qq’ | Ngq' |F-scheme
as neutron 2qp configuration [MeV]| [W.u] [MeV]
nn[734 1, 624 |] 252No, E,=1.254 MeV
R.-D. Herzberg and P.T. Greenlees, Prog. Part. Nucl. Phys. 61, 674 (2008) SLy6 1.361 0.038 nn[624 J,, 734 T] 1.317 [0.996 F,F—|—1
F.P. HeBberger, arXiv:2309.10468v2[nucl-ex].
B. Sulignano et al, Eur. Phys. J. A 33, 327 (2007). SkM™* | 1.330 | 0.025 |nn[734 1,624 |]|1.198 |0.992| F,F+1
SVbas| 1.913 | 0.119 |nn[624 |,734 1] | 1.751 |0.912| F,F+1
254No, Fexp=1.295 MeV
configurations 1.554 | 0.333 |pp[514 |,624 1,]| 1.482 |0.990 |F+1,F+2
nn[734 1, 613 |] and pp[514 |, 624 1] |SVbas|1.994| 0.370 |pp[514 |,624 1,]| 1.751 |0.791 | F+1,F+2
nn[734 1,613 1] | 2.026 |0.169| F,F+3

V.G. Soloviev, A.V. Sushkov, « R.V. Jolos, L.A. Malov, N.Yu.

A.Yu. Shirikova, Sov. J. Nucl. Shirikova and A.V. Sushkov, J. Phys.
Phys. 54, 748 (1991) G: Nucl. Part. Phys. 38, 115103
R.M. Clark et al, Phys. Lett. (2011).
B690, 19 (2010) «  Xiao-Tao He, Shu-Young Zhao,

Zhen-Hua Zhang and Zhong-Zhou

Features of calculated 8- states in 2°2.254No:
QRPA excitation energies E, =1,
reduced transition probabilities B(E98),

Ren, Chines Physics C44, 034106  the main 2qp component qq’, its energy g, , contribution

(2020)

BL.E. Ak, WA AR e, S to the state norm N4, and F-scheme of 2qp excitation.

W. Scheid, Phys. Rev. C 81, 024320
(2010)
F.P. Hessberger et al, Eur. Phys. ]
A43, 55 (2010)




Kn= 8- isomers

252No: the 8- state is usually assigned T, ~1840ps  _K=16"
as neutron 2qp configuration E=29283)MeV 2 15+
nn[734 1, 624 |] oy

R.-D. Herzberg and P.T. Greenlees, Prog. Part. Nucl. Phys. 61, 674 (2008) 13+
F.P. HeBberger, arXiv:2309.10468v2[nucl-ex]. 124
B. Sulignano et al, Eur. Phys. J. A 33, 327 (2007).

11+

10+

254No: forces predict different 2qp 10-
configurations I —2632yms  Ki=$
12~
nn[734 1,613 |] and pp[514 |, 624 1] E =1.297(2)MeV
V.G. Soloviev, A.V. Sushkov, + R.V. Jolos, L.A. Malov, N.Yu. 778
A.Yu. Shirikova, Sov. J. Nucl. Shirikova and A.V. Sushkov, J. Phys.
Phys. 54, 748 (1991) G: Nucl. Part. Phys. 38, 115103
R.M. Clark et al, Phys. Lett. (2011).
B690, 19 (2010) «  Xiao-Tao He, Shu-Young Zhao, g4
Zhen-Hua Zhang and Zhong-Zhou
Ren, Chines Physics C 44, 034106 _ l 214
(2020) 6+ + T39I
G.G. Adamian, N.V. Antonenko, anf 4+ ¥
W. Scheid, Phys. Rev. C 81, 024320 P ) 102
(2010) 0+ =

F.P. Hessberger et al, Eur. Phys. ]

A43, 55 (2010) R.M. Clark et al, Phys. Lett. B690, 19 (2010)




Kn= 8- isomers

252No: the 8- state is usually assigned
as neutron 2qp configuration
nn[734 1, 624 |]

R.-D. Herzberg and P.T. Greenlees, Prog. Part. Nucl. Phys. 61, 674 (2008)
F.P. HeBberger, arXiv:2309.10468v2[nucl-ex].
B. Sulignano et al, Eur. Phys. J. A 33, 327 (2007).

254No: forces predict different 2qp

configurations
nn[734 1,613 |]] and pp[514 |, 624 1]

V.G. Soloviev, A.V. Sushkov,
A.Yu. Shirikova, Sov. J. Nucl.
Phys. 54, 748 (1991)
R.M. Clark et al, Phys. Lett.
B690, 19 (2010)

R.V. Jolos, L.A. Malov, N.Yu.

G: Nucl. Part. Phys. 38, 115103
(2011).

Xiao-Tao He, Shu-Young Zhao,
Zhen-Hua Zhang and Zhong-Zhou
Ren, Chines Physics C 44, 034106

(2020)

G.G. Adamian, N.V. Antonenko, anf
W. Scheid, Phys. Rev. C 81, 024320
(2010)

F.P. Hessberger et al, Eur. Phys. ]
A43, 55 (2010)

Shirikova and A.V. Sushkov, J. Phys.
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----------- - 14+
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R.M. Clark et al, Phys. Lett. B690, 19 (2010)




Kn= 8- isomers

252No: the 8- state is usually assigned
as neutron 2qp configuration
nn[734 1, 624 |]

R.-D. Herzberg and P.T. Greenlees, Prog. Part. Nucl. Phys. 61, 674 (2008)
F.P. HeBberger, arXiv:2309.10468v2[nucl-ex].
B. Sulignano et al, Eur. Phys. J. A 33, 327 (2007).

254No: forces predict different 2qp
configurations
nn[734 1,613 |]] and pp[514 |, 624 1]

V.G. Soloviev, A.V. Sushkov,
A.Yu. Shirikova, Sov. J. Nucl.

R.V. Jolos, L.A. Malov, N.Yu.

Shirikova and A.V. Sushkov, J. Phys.

T,,=184(2)ps K=16 :
2 133
E =2.928(3)MeV 31 ___3_48 179+ 15+
------------- 14+
Y 169+ 326

13+
Look more reasonable for us 157‘ | B
since they are argued by the 145+ .
measured y-decay [nn(734 1,725 1)] 133{ 10+

from the neutron isomer K® = 10*
482
605
10

9. . - -
Kr=$- [An(734°1, 7257)]
152 82 6+

T,,=263(2)ms
E =1.297(2)MeV

778

Phys. 54, 748 (1991)
R.M. Clark et al, Phys. Lett.
B690, 19 (2010)

V.0. Nesterenko,

M.A. Mardyban, A. Repko,
R.V. Jolos, P.-G. Reinhard
and A.A. Dzhioev

G: Nucl. Part. Phys. 38, 115103
(2011).
Xiao-Tao He, Shu-Young Zhao,

Zhen-Hua Zhang and Zhong-Zhou 8+
Ren, Chines Physics C 44, 034106 l 214
(2020) 6+ + g
G.G. Adamian, N.V. Antonenko, anf A+ X
W. Scheid, Phys. Rev. C 81, 024320 2+ i 102
(2010) O+

F.P. Hessberger et al, Eur. Phys. ]
A43, 55 (2010)

R.M. Clark et al, Phys. Lett. B690, 19 (2010)




Pairing vibrations K" = 0+

252 No Force E (MeV) B(E20) (W.u.) qq’
SLy6 0.774 0.02 nn[7341, 7341]
SkM* 0.838 1.12 pp[5214,, 521 ]
SVbas 1.249 6.41 pp[5144/, 5141 ]
254 No Force E (MeV) B(E20) (W.u.) qq’
SLy6 0.224 0.002 nn[7341, 7341]
SkM* 0.767 0.17 nn[6244,, 624 ]
SVbas 1.236 6.36 pp[514 , 514 ]

« Recent shell-model calculations with the projection after variation
also predicts K" = 0+ state with E=0.86 MeV as the lowest non-rotational state of 254No
[D.D. Dao and F. Nowacki, Phys. Rev. C 105, 054314 (2022)]

« [M. Forge et al., J. Phys.: Conf. Ser. 2586 012083 (2023)]
also predicts K" = 0* state with E=0.89 MeV

So, excited 0+ states below 1 MeV in

(shape coexistence and superdeformations)
superheavy nuclei are quite possible




At the moment, there are experimental*®
spectroscopic data only for 3/7 nuclei: 220.252,254No
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Pairing vibrations K" = 0+

252 No Force E (MeV) B(E20) (W.u.) qq’
SLy6 0.774 0.02 nn[7341, 7341]
SkM* 0.838 1.12 pp[5214,, 521 ]
SVbas 1.249 6.41 pp[5144/, 5141 ]
254 No Force E (MeV) B(E20) (W.u.) qq’
SLy6 0.224 0.002 nn[7341, 7341]
SkM* 0.767 0.17 nn[6244,, 624 ]
SVbas 1.236 6.36 pp[514 , 514 ]

« Recent shell-model calculations with the projection after variation
also predicts K" = 0+ state with E=0.86 MeV as the lowest non-rotational state of 254No
[D.D. Dao and F. Nowacki, Phys. Rev. C 105, 054314 (2022)]

« [M. Forge et al., J. Phys.: Conf. Ser. 2586 012083 (2023)]
also predicts K" = 0* state with E=0.89 MeV

So, excited 0+ states below 1 MeV in

(shape coexistence and superdeformations)
superheavy nuclei are quite possible




Hexadecapole states with K" = 3+ and 4+

252No

3+:| Force | E(MeV) | B(E43) (W.u.) qq’

SLy6 1.10 3.04 pp[5214,, 514/]

SkM* 1.00 3.61 pp[521,, 514/]

SVbas 1.19 2.73 pp[5214/, 5141 ]
4+: sLy6 1.16 5.5%104 pp[521, 514¢]

SkM* 1.00 3.61 pp[521,, 5141/]

SVbas 1.19 2.73 pp[521, 5140 ]

« All the forces predict for this state the proton 2qp configuration pp[521 |, 514 |]

 The calculated 4+ states in 252254No have the energies and structure
very similar to 3+ states.
This is not surprising since both kinds of states are basically formed by the same proton
2gp configuration pp[521J, 514 ] with |K1 — K2|=3 and K1 + K2=4.



3+:

Hexadecapole states with K" = 3+ and 4+

252NO

Force | E(MeV) | B(E43) (W.u.) qaq’

SLy6 1.10 3.04 pp[5214/, 5141 ]
SkM* 1.00 3.61 pp[5214/, 5141 ]
SVbas 1.19 2.73 pp[5214/, 5141 ]
SLy6 1.16 5.5%10* pp[521, 5141 ]
SkM* 1.00 3.61 pp[521/, 5141 ]
SVbas 1.19 2.73 pp[521, 5140 ]

3+:

4+;

254No

Force | E(MeV) | B(E43) (W.u.) qaq’

SLy6 1.11 2.41 pp[521, 5141 ]
Skm* 1.01 3.24 pp[521, 5141 ]
SVbas 1.17 3.00 pp[5214/, 514 ]
SLy6 1.16 0.07 pp[521, 5141 ]
SkM* 1.01 3.24 pp[521, 5141 ]
SVbas 1.17 3.00 pp[521, 5141 ]

« All the forces predict for this state the proton 2qp configuration pp[521 |, 514 |]

 The calculated 4+ states in 252254No have the energies and structure
very similar to 3+ states.
This is not surprising since both kinds of states are basically formed by the same proton
2gp configuration pp[521J, 514 ] with |K1 — K2|=3 and K1 + K2=4.




3+:

Hexadecapole states with K" = 3+ and 4+

252NO

Force | E(MeV) | B(E43) (W.u.) qaq’

SLy6 1.10 3.04 pp[5214/, 5141 ]
SkM* 1.00 3.61 pp[5214/, 5141 ]
SVbas 1.19 2.73 pp[5214/, 5141 ]
SLy6 1.16 5.5%10* pp[521, 5141 ]
SkM* 1.00 3.61 pp[521/, 5141 ]
SVbas 1.19 2.73 pp[521, 5140 ]

3+:

4+;

Eexp=0.987 Me354No

Force | E(MeV) | B(E43) (W.u.) qaq’

SLy6 1.11 241 pp[5214/, 514 ]
SkM* 1.01 3.24 pp[5214/, 514 ]
SVbas 1.17 3.00 pp[5214/, 514 ]
SLy6 1.16 0.07 pp[521/, 514 ]
SkMm* 1.01 3.24 pp[521,, 514 ]
SVbas | 1.17 3.00 pp[5214,, 514]

« All the forces predict for this state the proton 2qp configuration pp[521 |, 514 |]

 The calculated 4+ states in 252254No have the energies and structure
very similar to 3+ states.
This is not surprising since both kinds of states are basically formed by the same proton
2gp configuration pp[521J, 514 ] with |K1 — K2|=3 and K1 + K2=4.




Octupole states with K" =0-, 1-, 2- and 3~ (SLy6)

In agreement with the experimental analysis, all three Skyrme forces
suggest for the first 2- state in 252No - nn[734 1, 622 1]

In 254No, our calculations for the first 2- state give rather high energies (1.80-2.12 MeV) and
essentially different structure and collectivity.

The difference in the excitation energy is caused by different neutron chemical potentials:

A,=-7.09 MeV in 252No and -6.35 MeV in 2°4No.

252N 254No

Kn E (MeV) | B(E3K) (W.u.) qaq’ Kn E (MeV) | B(E3K) (W.u.) qaq’

0 1.24 9.1 pp[514, 6331 0 1.25 11.2 pp[514, 6331]
1- 1.41 1.5 nn[7341, 624] 1- 1.54 8.4 nn[7341, 613{/]
2 0.95 11.5 nn[6221, 734 2 2.12 0.6 nn[6221, 7341]
3- 1.35 0.1 pp[6337, 521 ] 3 1.28 0.03 pp[7341, 622 ]




Octupole states with K" =0-, 1-, 2- and 3~ (SLy6)

In agreement with the experimental analysis, all three Skyrme forces
suggest for the first 2- state in 252No - nn[734 1, 622 1]

In 254No, our calculations for the first 2- state give rather high energies (1.80-2.12 MeV) and

essentially different structure and collectivity.

The difference in the excitation energy is caused by different neutron chemical potentials:
A,=-7.09 MeV in 252No and -6.35 MeV in 2°4No.

252No
K" E (MeV) | B(E3K) (W.u.) qaq’
o 1.24 9.1 op[514,, 6337]
1- 1.41 1.5 nn[7347, 624 ]
C2 | 095 » 115 nn[622, 734]
3- 1.35 0.1 op[63371, 521

254N
K" E (MeV) | B(E3K) (W.u.) qaq’
o 1.25 11.2 op[514,, 633]
1 1.54 8.4 nn[7347, 613 ]
@) 2.12\/» 0.6 (622, 734
3 | 1.8 0.03 op[7347, 6224 ]
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The band of the ground state is slightly compressed

The band, which built on state 2- is described well and the two others bands are also
described satisfactorily
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________________ em— e
2
i 10* _ + K'=2"
0.8 0.8 I _12+___.0
0.6 - 0.6 - K"=0" force |m™/m|kind of| Gp Gn | ba | b}
: & - —10* pairing| (MeV fm?®) |(MeV fm®)
0.4 - . 0.4 - SLy4 | 0.70 |volume|295.37(286.67(61.5| 61.5
. — 1 8"
0.2 - 02 4 SLy6 | 0.69 |volume|298.76|288.52|61.0| 61.0
- + . 6+
- 4+ 4t As compared with SLy4, the parameters of SLy6 were fitted with
0.0 2 0-0 2 an additional two-body center-of-mass correction

exp

The band of the ground state is slightly compressed
The band, which built on state 2- is described well and the two others bands are also
described satisfactorily

in the energy functional.
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We also describing the 3 experimental bands quite well and working to carry out the
more detailed analyzes about the band starting with 8-



Conclusion

The low-energy spectra of the nobelium chain were studied within the framework
of three Skyrme forces (SLy6, SkM*, SVbas) with different types of pairing

All three Skyrme forces support this irregularity,
despite different types of neutron pairing (volume/surface)

For 2°2:254No isotopes this irregularity associated with
pairing effect and evolution of the single-particle spectrum

The theoretically obtained bands for the lower spectrum for 222 2>4No are
in good agreement with experiment

We also make the predictions about low-energy bands of different multipolarity
(K" = 0%, 2+, 3,0, 1, 2=, 87), some of then can be found experimentally
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Low-energy spectra of nobelium isotopes: Skyrme random-phase-approximation analysis
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Obviously, so low energy is an artifact of the BCS description of a weak pairing.
In this connection, SLy4 energy 0.611 MeV for 0*, state is more realistic
(here we have a drop but not collapse of the neutron pairing).

TABLE V. Features of the lowest excited QRPA 07 states in ?**?*No: QRPA excitation energies E, reduced transition
probabilities B(E20) and p*(E0), main two 2gp components gq’, their energies €,,/, contributions to the state norm N, and

F-order. For the sake of discussion, in 2**No, two lowest 0 states are exhibited.

Force | E (MeV}‘B(EQO) (W.u.) ‘pg (E0) (10_3)‘ qq’ ‘qur (MeV) ‘qu: F-order
ZBZND
SLy4 | 0.740 0.18 0.08 nn[734 1,734 1]| 1.074 |0.53 |F+1, F+1
nn[624 |,624 ]| 1.348 [0.30 F,F
SLy6 | 0.774 0.02 0.29 nn[734 1,734 4]| 1.070 |0.58 |F+1, F41
nn[624 |,624 |]| 1.563 [0.17 F,F
SkM* | 0.838 1.12 1.24 pp[521 1,521 }]| 1.014 |0.46 F,F
pp[514 |,514 ]| 1.093 |0.42 || F+1,F+1
SVbas| 1.249 6.41 2.50 pp[514 },514 }]| 1.215 |0.56| F4+1,F+1
pp[521 1,521 ]| 1.186 |0.36 F,F
254ND
SLy4 | 0.616 0.08 0.08 nn[734 +,7344]| 1.021 |0.51| F,F
nn[620 1,620 1]| 1.156 [0.25| F+1,F+1
1.000 2.69 2.69 pp[514 1,514 |]| 1.092 |0.57 || F+1,F+1
pp[521 |,521]]| 1.163 |0.30 F,F
SLy6 | 0.224 0.002 0.01 nn[734 1,734 1]| 1.048 |041| F,F
nn[620 1,620 1]| 1.267 |0.27 | F+1,F+1
1.133 1.32 1.98 pp[514 1,514 }]| 1.155 |0.56| F+1,F+1
pp[521 1,521 |]| 1.152 |0.45 F,F
SkM* | 0.767 0.17 0.74 nn[624 |,624 []| 1.409 [0.33 F,F
nn[620 1,620 1]| 1.362  [0.23|F+1, F+1
0.866 4.38 6.78 pp[521 |,521}]| 1.02 |0.45| FF
pp[514 |, 514 |] 1.08 |0.43| F+1,F+1
SVbas| 1.236 6.36 2.54 pp[514 1,514 |]| 1.083 |0.43 || F+1,F+1
pp[521 |,521]]| 1.017 |0.38 F,F
1.454 0.53 1.35 pp[633 1,633 1]| 1.593 |0.45| F-1,F-1
pp[521 },521 ]| 1.186 [0.25 FF

The reduced probabilities (A > 1)
B(EM) = €(2 — 8,,,0)[(v| F(EM)|0) [ (7)

for EAp -transitions from the ground state |0) with
I"K = 0%0g4 to the QRPA state |v) with I"K (I =
MK = pu,m = (—1)*) are computed with the transition
operator

z
F(E\p) = Z[?“)‘YAH(Q)L'- (8)



TABLE II. The calculated and experimental [13] quadrupole
deformations 8, moments of inertia J, proton A, and neutron
A, pairing spectral average gaps, energies E(2;) of the lowest

rotational I™ = 27 states in 2°%?°*No.
Nucleus SLy4 |SLy6 |SkM*|SVbas| exp
252No B 0.303(0.300| 0.306 | 0.299

J (B*/MeV) | 79.9 | 76.8 | 74.1 | 58.0 |64.7
A, MeV) | 0.48 | 0.52 | 0.38 | 0.56 |0.67
A, MeV) [0.32]0.33| 0.51 | 0.70 |0.71
E(2T) (keV)| 38 | 39 | 40 | 52 | 46
254No 3 0.304[0.298|0.304 | 0.298
J (W*/MeV) | 76.0 | 78.3 | 80.8 | 59.3 |67.9
A, (MeV) | 0.47 | 0.52 | 0.40 | 0.55 |0.66
A, (MeV)] | 0.28 | 0.05 | 0.36 | 0.67 |0.71
E(2]) (keV)| 39 | 38 | 37 | 50 | 44
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FIG. 4. SLy4, SLy6, SkM*, SVbas and experimental neutron
values 65?3 in nobelium isotopes.

TABLE III. Experimental [13] and calculated ground and first excited non-rotational I™ states in Z-odd and N-odd neighbours
of ?*2No and ?**No. The experimental assignments in the parentheses are tentative.

Nucl.] exp | SLyd | SLy6 | SkM* | SVbas
T~ 252\
50 *— o INo |(7/21), (1/27)|7/2*, 5/2% |7/2, 5/2T |9/2, 7/2% |7/2T, 5/2F
: | | 253 - + - + - + + - - +
50 b2 oi4 o6 258 260 262 No| (9/27), 5/2" |9/27, 1/2%|9/2~, 7/2%|7/2%, 9/27|9/2~, 7/2
0,06 - e ®IMd| 7/27,1/27 |1/27,7/2t |12, /27 |1/27, T/2 7 |1/27, T/2
=3 ° ./' m 3Ly |(7/27), (1/27)|7/27,1/27 |7/27,1/27|7/27,9/2"|7/27, 1/2
= e A 'S 254
= 0,05 - ® - No
N /‘ z\A 23No| (9/27), 5/2" |9/27,1/27|9/2™, 5/2% |7/2",9/27 (9/2™, 7/2"
0,04 - #%5No (1/27) 1/2*, 3/2%|1/2%, 3/21|1/2T, 3/2* [1/27, 3/27
‘ J‘ , , ; 253Md (7/27) 1/27,7/2%|1/27, 7/27|1/27, 7/2  |1/27, 7/2"
252 254 256 260 262 5L |(1/27), (7/27)|7/27, 1/27|7/2, 1/2 |7/27,9/2*|7/27, 1/2

Mass number




Energy [MeV]

Dynamic of neutron spectrum with
£=0.3 (equilibrium deformation) and g=1

1 -
0 4
-1 -
-2 -
-3 -
41 615
5| —2
| I 620+
-6 -
| — 7341
i _ _624'l
8 6221(F)
O] em— 7431
=631
-9 - 7701
7611
10 B=0.3

2ONo, SLy6 (neutrons)

624

— 741

o G 5

R
505

7611(F
,--»_750% )

761

S — oD
—_—6221

=1.033

There is a gap near the Fermi level (in both case)
which can give strong pairing effects



The irregularity in 2°2No and 2°4No at low-energy spectrum

1.6 SLy6 |7 Our tasks are:
| " _
7 T 1 -to analyze the
N 27 1 occurrence of the
g 10- 120 {2 —_— e - irregularity for
> 0.8 Lo - 1 2522544
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States K" = 2

 In most of the cases, if the first state is collective,
then the next one is 2gp and vice versa, but:

« The first K" = 2+ - states are y-vibrational collective
in 222No (SLy6, SV-bas) and in 2°4No (SkM*, SV-bas)

« Instead, the first 2+ states are purely 2gp in 2°2No
(SkM*) and in 2°4No (SLy6)

Anyway, all the calculated 2+ lie above the observed 2~
(222No) and 3* (2°2No) K-isomers

« We know only IBM calculations

[A. D. Efimov and I. N. Izosimov, Phys. Atom. Nucl. 84, 660 (2021)];
[A. D. Efimov and I. N. Izosimov, JINR-E6-2022-19 (2022)]

« In contrast to our results, calculations predict K" = 2+
states at 1.09 MeV (2°2No) and 0.94 MeV (2°4No).

To estimate the true relevance of various
theoretical results for No isotopes, the
experimental data are necessary.

Force

B(E22)

bl

a4

€qq’

~

99

F-struct

252N0

SLy6

1.58

3.87

nn[622 1,620 1]

pp[521 |, 521 1]
nn[624 |, 622 |]

2.33
2.06
2.42

0.39
0.32
0.21

F-1,F+2
F,F-2
F,F+3

2.08

pp[514 1], 521 1]

2.06

1.00

F+1,F-2

SkM*

1.70

0.06

pp[512 1,521 |]

1.61

0.99

F+3,F

1.78

nn[622 1], 620 1]
nn[624 |],622 ]

pp[514 4], 521 1]

2.28
2.14
2.06

0.35
0.29
1.00

F-1,F+2
F+1,F+3
F+1,F-2

SVbas

1.62

2.72

pp[521 1], 521
nn[622 1,620 1]

nn(624 |],622 ]

1.95
2.48
2.24

0.38
0.29
0.19

F-2,F
F-1,F+2
F,F+3

1.89

pp[512 1,521 |]

1.86

0.99

F+3,F

254N0

SLy6

1.31

0.17

nn[622 1,620 1]

1.32

0.97

F-1,F+1

1.53

nn[622 1,620 1]

pp[521 1], 521 1]
nn(624 |],622 |]

2.24
2.05
2.39

0.42
0.27
0.20

F-1,F+1
F-2,F
F-2,F+2

SkM*

1.32

2.62

nn[624 |, 622 |]
nn(622 |], 620 1]
nn[622 1],620 1]

1.63
1.60
2.20

0.60
0.18
0.11

F,F+2
F+2,F+1
F-2,F+1

1.62

nn[622 |], 620 1]
nn[624 |, 622 |]

1.60
1.63

0.80
019

F-2,F+1
F,F+2

SVbas

1.45

4.46

nn[622 |, 620 1]

pp[521 1],521 |]
nn[624 }],622 ]

1.77
1.95
2.15

0.40
0.20
0.17

F+2,F+1
F-2.F
F-1,F+2

1.87

nn[622 |], 620 1]

pp[521 1,521 ]
nn[622 1,620 1]

1.77
1.95
2.28

0.56
0.21
0.14

F-1,F+2
F-2.F
F+2,F+1




TABLE X. The lowest SLy6 neutron and proton 2qp config- 100

urations K = K; + K3 and K = |K;1 + K| in 252,254, <5 1% ¥
, 2 oll SLy6 *2No 1 254No
€ou’ aq F-struct |K;+Kz|K;-Ko = o1, f
g 2 e | | |
1.16|pp[521 |,514 ||| F,F+1 4+ 3+ 5 1E1-§1 05 10 15 20 1 05 10 15 2.0
1.35|pp[633 1,514 || | F-1,F+1 | 7~ 0~ $ ol {
- — § 0.001 | 1
1.35|pp[633 1,521 ] | F-1,F+1| 4 3~ & “1E4 | | ‘ | ‘ ‘Il
2.06 | pp[521 1,521 }]| F-2,F 2t 1t ® s ] : | | k = = - |
— — 104 0.5 1.0 15 20 0.5 1.0 1.5 2.0
2.25|pp[521 1,633 1] | F-2,F-1 | 5= | 2= S o]
2.30| pp[633 1,512 1] | F-1,F+3 | 6~ 1~ gﬁjl E43
1.30[nn[734 1,622 )] FF2 | 7 | 2= o 12 . = = = 1 = o
132 nn[624 ‘L, 734 T] F,F_|_1 8__ 1__ g 011?1 0.5 1.0 15 20 0.5 1.0 15 2.0
2.08|nn[624 |,7434]| FF-2 | 7- | 0° To0|  Eaa
2.33|nn[622 1,620 4| F-1,F+2 | 3+ | 2t A E | | | L
2.34|nn([624 |,620 1]| F,F+2 4+ 3+ = 1?: 0.5 10 15 2. H 0.5 10 15 0
— S 01 H
iNo S50 *
1.15|pp[521 1,514 ]| F,F+1 | 4+ | 3+ & 1es] ESO !
1.38| pp[633 1,514 |] | F-1,F+1| 7~ 0~ 3 1E1JE§ 05 10 15 0 1 05 10 1 20
1.38|pp[633 1,521 |]| F-1,F 4= 3~ 2 4 EE
2.05|pp[521 1,521 ||| F-2,F | 2+ | 1t 0 84 E31 ! ‘
2.27|pp[521 1,633 1] | F-2,F-1 5~ 2 - 1E1'§1 05 10 15 20 H 05 10 15 20
2.43| pp[633 1,512 1] | F-1,F+3 | 6~ 1~ £ o] {
e ]
1.21|nn[734 1,622 ||| F,F+2 | 6~ | 3~ G%ea] [E32 | ! ‘
& ¥
1.32|nn[622 1,620 4]| F-1,F+1| 2t | 1t it = = = i | = | '
= ';' 10 05 1.0 15 20 T 05 1.0 15 20
1.78|nn[734 1,613 1]| F,F+3 | 8 | 1- 2 o4] !
1.89|nn[620 1,613 1] |F+1,F+3| 4t | 3+ §OfO§j1 E33 ‘
2.13|nn[622 1,734 1| F-1L,F | 7 | 2= o e ., , , , ‘. . , | |
217 nn 734 ,615 F F — — 0.5 1.0 15 20 0.5 1.0 15 2.0
[734 1 {]| F,F+5 9 0 E [MeV] E [MeV]
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