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IS and hfs for neutron-deficient Bi isotopes
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Spin of 18Bis

Due to limited resolution, for the spin
determination the “integration method” was
used.

The ratio of areas under each resolved peak:

Pieor = AT/ 7y =2 atl=1
Fieor = 1.5 at1=2

Fieor — 1.67 at 1= 13 etc.
The weighted mean value, r,, = 2.00(12), for
the six hfs spectra available for '#Bi¢ indicates a
strong preference for an I = 1 assignment.
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Relative radii: deviation from universal Pb trend
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Shape staggering: Bi

98 100 102 104 106 108 110 112 114 116 118 120

N



Shape staggering: Hg
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“One of the most remarkable discoveries in nuclear structure physics in the last 50 years”.
K. Heyde and J. L. Wood, Phys. Scripta 91, 083008 (2016)



Shape staggering: 185Bis,
magnetic and quadrupole moments

Hexo(198Bi; 1= 1) = 0.994(21)

Configuration with proper magnetic moment:
Hineor(TT1/2[5301xv1/2[5211},) = 1.0(2) py

neutron orbital 1/2[521] is exactly the same that
determines the strong prolate deformation in
181,183, 185Hqg: 185Hg has the same neutron
number (N = 105) as 88Bi.

Qqyo(18%Bi9) = 0.85(37) b =—> B = +0.25(7)
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Shape staggering and OES in Bi: theory
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Different patterns of shape evolution
near midshell
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Bismuth isotopes also alternate o L
from spheres to rugby balls ' "'ﬁ,_‘_h,,,
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The unusual nuclear physics phenomencn, first discovered at CERN's ISOLDE facility
50 years ago, had until now been seen anly in mercury isotopes
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Barzakh A., ... Fedorov D. V., ... Molkanov P., ... Panteleev V., ... Skripnikov L.V, ... Zaitsevskii A. V.,
Large Shape Staggering in Neutron-Deficient Bi Isotopes, Phys. Rev. Lett. 127, 192501 (2021).



Shell effect in radii at N =50, 82
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Shell effect in radii at N =126
and odd-even staggering
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Shell effect in radii: comparison with RMF
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Shell effect in radii: theory

P. M. Goddard, P. D. Stevenson, and A. Rios, Phys. Rev. Lett. 110, 032503 (2013):
The reproduction of the isotope shift in lead is determined by
the occupation of the 1i,,,, neutron orbital.

@ 1i11/2

A 29,

N =126

O—6— 3P

SSSSSS VAP

The increase of the »i,,,-orbital occupancy in the RMF and modified HF approaches was shown
to be connected with the decrease of the energy splitting between the »g,, and ~i,,, levels in
contradiction with the experimental evidences



Shell effect in radii: comparison with NRMF
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H. Nakada succeeded in reproducing the 6(r?) behavior for the Hg nuclei in the HFB
calculations with with density-depended LS interaction based on 3N forces from effective
field theory. The 1sotope shifts were described without the ng,,-ni,, , degeneracy.
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Shell effect in radii: Fayans functional

5.541
Neutron number N
5.50 58 62 66 70 74 78 82 86
. 7 4 1 ! 1 T 1 i 1 ' 1 T I i 1 i I
4754 [—e*—Exp }
5.50] £ — o~ SV-min Z
=, —o— Fy(Ar, HFB)
5.481 o 4707
. %)
AP PP Py P 2 )
204 206 208 210 212 8 65
S
IR B AL BELANL LA L B SR §
4.759 _+ Experiment K o 460+
{ - ---Skyrme, SV-ma : f-; r 8 !
FSUGarmet+3NN : - 5
470 A o |
_ —— Fy(ar) s ;f _ 3 455 é/
4,65 - E 2
4.50 T T T T T T T T T v T T i v T
—_ 1 108 112 116 120 124 128 132 136
E-ﬂf.ﬁl}- . Mass number A
o ]
4,55 - .
: e 1 M. Hammen et al., Phys. Rev. Lett. 121, 102501 (2018)
4.60 / < Ml 1 C. Gorges et al., Phys. Rev. Lett. 122, 192502 (2019)
4.45 ] rri'/ B A B

L LA AL L L R R B L R L L
100 105 110 115 120 125 130 135
Mass Number A

Energy density functional method based on the theory of finite Fermi systems. Fayans functional involves
gradient terms in surface and pairing energies. They are responsible for the kink description.

S. A. Fayans, S. V. Tolokonnikov, E. L. Trykov, D. Zawischa, Nucl. Phys. A 676, 49 (2000)

P.-G. Reinhard and W. Nazarewicz, Phys. Rev. C 95, 064328 (2017)
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Shell effect in radii:

comparison of theoretical approaches
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Shell effect in radii: odd-N nuclei
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AnepHas cnektpockonus 176.177.179Ay: cxembl pacnaga, BpeMeHa XusHu, aktopbl
3afepXxkn anbda pacnaga, CXxembl YPOBHEN OOYEPHUX 940€p U T. 4.

a- u B-pacnag '83TIm: npedpopmmnpoBaHHble BO3OYXOEHHbIE COCTOSIHUSA B
chepuueckom 179Au.

AnepHas cnektpockonus 214Bi: oGHapyXeH HOBbI OOMNTOXUBYLLMA N30MEP,
CYLLECTBEHHO pacLUMpeHa cxema ypoBHen go4vepHero 214Po, npoBepka
npoaBuHyTbIX shell-model pacyeTos.

BpemeHa Xxn3Hm Bo30yXaeHHbIX YpoBHEN 214Po

AHanms BbIX040B N30TOMOB 30510Ta U3 ypaHOBOW MuLeHU Ha ycTtaHoBke ISOLDE.
ATOMHbIE pacyeTbl aHOManuu CTC B 30J10TE€ U rpagueHTa aNeKkTPMYEeCcKoro nons
SNEKTPOHOB Ha siApe BMCMyTa (4Ns KBagpynosibHOro MOMeHTa sapa)
3omMepHO-cenekTuBHas aaepHas CnekTpockonusa B6nn3n asaxkabl Marn4eckoro
132Sn

3anasabiBatollee geneHue 178Au
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