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Shape-coexistence and shape-evolution studies for Bi isotopes by
in-source laser spectroscopy and beta-delayed fission in 188Bij




ISOLDE: in-source spectroscopy
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Faraday cup a, 3, y- decay spectroscopy

B. A. Marsh et al., 20013 EMIS conference, NIM B317, p.550 (2013)
WM: A.N. Andreyev et al, Phys. Rev. Lett 105, 252502 (2010)
MR-ToF MS: R. N. Wolf et al, NIM, A686, 82 (2012)



Bi: hfs spectra
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ISOLDE&IRIS, ¢;Bi isotopes: radii

2
S<r2> A 209 M

T T T T T T T T 1 T
n D -
NS R -
" v . -
R = R
n % .
-_ ) B literature
IRIS
N * g.s., odd, 1=9/2
- A g.s., odd-odd, I=3
_ ¥ m.s., odd, 1=1/2
@® m.s., odd-odd, =10
= ISOLDE 1S608
X A isomers
L O gs.
-. |. L 1-";‘.. N P P P B P |1_
187 191 195 199 203 207 211 215 219

A

2 2
O<I >=0<r">,, +—

2 2
<r°>pu 0 <Bow >



Hg and Bi radii
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“The huge shape staggering
in light Hg isotopes is one of
the most remarkable
discoveries in nuclear
structure physics in the last
50 years”.

K. Heyde and J. L. Wood,
Phys. Scr. 91 (2016) 083008



188B1: 2016 run

Two isomers: low spin (strongly deformed) and high spin (near spherical)
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188B1: 2017 run
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1 almost pure low spin isomer (strongly deformed)
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pure low spin isomer hfs due to better a-resolution

Thus, shape coexistence / shape staggering interpretation of the unusual and

unexpected 6<r?> behavior is confirmed
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Bi: deformation
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Deformation parameter B, extracted from Qg coincides
with 8 from 6<r2> and unambiguously testifies to the
strong prolate deformation of 188Bijls



Shell-effect in radii at N =50, 82, 126
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Shell effect in radii: comparison with RMF theory
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S. E. Agbhemava, A. V. Afanasjev, D. Ray, and P. Ring, Phys. Rev. C 89, 054320 (2014)



Shell effect in radii: theory

The reproduction of the isotope shift in lead is by and large determined by
the occupation of the 1i,,, neutron orbital.
P. M. Goddard, P. D. Stevenson, and A. Rios, Phys. Rev. Lett. 110, 032503 (2013)
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As the s.p. function of nliy,,, has a larger radius than
those of the neighboring orbits, the attraction between
protons and neutrons makes <r2> larger as nliy, is
occupied to greater degree.

I11,» State is populated due to pairing

HFB with density-depended LS interaction based on 3N forces from effective field theory
H. Nakada and T. Inakura, Phys. Rev. C 91, 021302(R) (2015)

Relativistic Hartree-Fock theory with non-linear terms and density-dependent meson-

nucleon coupling

B. Kumar, S. K. Singh, B. K. Agrawal, S. K. Patra, Nucl. Phys. A 966, 197 (2017)

Energy density functional method based on the theory of finite Fermi systems
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)



Shell effect in radii;: even-N and odd-N nuclei
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Bi: shell effect — occupancy of the ni,,, shell?
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Bi: shell effect — occupancy of the ni,,, shell?
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Isomer selective ionization of In
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Excited states in 133Sn (double magic + 1 neutron) were studied via the B-decay of
the separated isomers of 133In,



High-precision isomer-selective Penning-trap mass

spectrometry in the neutron-deficient lead region

1800
m  hfs for g.s. (1=9/2) "a
1600 _
m  hfs form.s. (1=1/2)
1400 - "
12004 15411.154 -
- ’ 19
1000 ] pure g.s. (1=9/2) "At
4 u
= 800 - /
- [ |} n
600 u '. u
4 L
400 . ... u
- ™ [ ]
200 -.__." o -.::. .
0+ e PR ™miaal,
-  _ _ Massmeasurements became possible
15411.0 154111 15411.2 154113 154114 154115 only due to the isomer selectivity of
v, cm’ RILIS
800 1 178, m

o count

600 — 1
400 — | U

e Dy bt




Ionization schemes for Te and Cr
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High-Precision Mass Spectrometry. Technical report



Shape coexistence study in the Pb region
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more than 120 isotopes/isomers were studied



Bi: ocHOBHbIe pe3ynbraThbl (2017)

1. NamepeHune kBagpynornbHOro MOMeHTa (CTaTuyeckon
nedopmauumn) 188Bim — noaTBep)KaAeHne HTepnpeTaumnmn
staggering’a paguyca npun N = 105 ckadkamun gedopmauymmn

2. N3mepeHune n aHanmna obonoyeyHoro acpdekTta B pagmnycax Bi —
OnpoBepXEHME OBLLENPUHATON MHTEpPNPEeTaLnM 3Toro addekTa
N3MeHeHneM 3aceneHHoCTH Niy,;, COCTOAHNUSA

3. lNoaTteepxaeHne KOHUrypaumm ¢ HecnapeHHbIM HEUTPOHOM Y
215BjM: oTCYyTCTBME M3OMEPHOro CABUra CBUAETENLCTBYET 00
OTCYTCTBUU BNUAHUSA COCTOSAHUSA Nhy,;,, HA 060ro4eYHbI 3pdEKT

4. HoBble BO3MOXHOCTW ycTaHOBKM RILIS: nsomepHo cenektmBHoe
nccneposaHue In, At, Au; apdeKkTUBHbIE CXeMbl MOHU3aLUMKN ONS
Crnile



Bi: main new results

1. Quadrupole moment measurement for 18Bi™ — confirmation of the
shape staggering at N = 105

2. Shell effect in Bi radii — undermining the commonly adopted
theoretical interpretation by the ni,,,-State occupancy

3. Confirmation of the configuration assignment for 21°Bi™; zero
iIsomer shift — no influence of the nh,,,, occupancy

4. New RILIS opportunities: isomer selective production of In, At, Au;
efficient ionization scheme for Cr and Te
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