IRIS & ISOLDE: laser ion source
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ISOLDE: in-source spectroscopy

a, 3, y- decay spectroscopy
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Hg: Shape staggering

“The huge shape staggering
in light Hg isotopes is one of
the most remarkable

t discoveries in nuclear
g M structure physics in the last
. " 50 years”.

K. Heyde and J. L. Wood,

« Ground states Phys. Scr. 91 (2016) 083008
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G. Ulm, S.K. Bhattacherjee, P. Dabkiewicz, et al., Z. Phys. A 325, 247-259 (1986)



Hg: End of the shape staggering
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End of the shape staggering!
New theoretical explanation of the shape evolution was proposed to describe

our data



ISOLDE: End of the shape staggering
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Characterization of the shape-staggering effect in
mercury nuclei

B.A.Marsh®, T.Day Goodacre'?', S,Sels®3", Y, Tsunoda*, B.Andel®%, A.N.Andreyev®’,

N.A.Althubiti?, D.Atanasov®, A.E.Barzakh®, J.Billowes?, K.Blaum?®, T.E.Cocolios??, J.G.Cubiss©®5,
J.Dobaczewski¢, G.J.Faroog-Smith?3, D.V.Fedorov®°?, V.N.Fedosseev®', K. T.Flanagan?, L.P.Gaffney 3,
L.Ghys?, M.Huyse3, S.Kreim?®, D.Lunney", K.M.Lynch’, V.Manea?, Y.Martinez Palenzuela3, P.L.Molkanov?®,
T.Otsuka®4231 A Pastore®, M.Rosenbusch™", R.E.Rossel', S.Rothe'?, L.Schweikhard™, M. D. Seliverstov®,
P.Spagnoletti'®, C.Van Beveren?, P.Van Duppen®, M. Veinhard', E. Verstraelen® A. Welker™, K. Wendt"”,
F.Wienholtz'®, R.N. Wolf?, A. Zadvornaya® and K.Zuber'®

In rare cases, the removal of a single proton (Z) or neutron  the minimum-energy configuration of the nucleus to deformation.
(N) from an atomic nucleus leads to a dramatic shape change. Consequently, the ground states of most isotopes in the nuclear



Shape staggering: Theory, HF
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Shape staggering: Theory, MCSM
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a- and B-decay studies with the laser ion source

Windmill station
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Large hindrance of o decay 139T18 — 176 Aus
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B. Andel et al., Phys. Rev. C 96, 054327 (2017)



Large hindrance of o decay 39T18 — 176 Aus

1787 180T 1827

E_(keV) | 8%(keV) | E_(keV) | 82 (keV) | E_(keV) | §2 (keV)

6862(10) |0.30(15) | 6553(7) |0.16(11)| 6406 | 0.043(25)
6693(10) | 13.0(17)| 6354(7) | 2.9(19) | 6360(8) | 0.048(28)
6595(10) | 10.2(24) | 6348(7) |0.27(18)| 6165(6) | 1.13(66)

Strongly hindered gs—gs decay (62~0.1keV; HF~500) at the same spin and
deformation! Large hindrance is due to the change of both proton, s,,—d,,
and neutron, hy,—f,,, configurations (confirmed by our y measurements).

Configuration | I | Waa(n) | Hexp(kn) || Configuration § [ § Haaan) §  Hexp(Hn)
md,, ® vE,, | 4| —0.84 | —0.834(9) || ms,®vhy, | 4| -0.58 | —0.564(23)
md,,® hey 4| 066 | -0834(9) || ms,®vi, 4] 070 | —0.564(23)

Why does neutron in 176Au occupy f;,, instead of expected hy,, orbital?



Nuclear shells below N =100

Near stability All N = 83 (85) nuclei are of vf,, configuration:
spin, parity, p (from ;,Xeg, to ;,Ybgs)
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S. Sels et al., In-source laser resonance-ionization spectroscopy of neutron-decient
177-185Hqg isotopes (accepted by Phys. Rev. C)



neutrons Hg 11,0

around N=100
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Hindrance factors and u for 1/2* nuclei

reduced width for 1/2*— 1/2* a decay
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Nonaxiality in 177/ 12 Au

77, 179AU, 4~ 1n.m. «

187, 189AyU, y ~ 0.5n.m.=

Thus, the structures of 1/2* states in parent 81Tl and daughter 77Au
are different: spherical s,,, state in 1Tl and nonaxially deformed mixture of

s,, and d,, states in "77Au — hindrance of the a decay



Isomer-selective Indium photoionization
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New efficient ionization scheme for Ra
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T. Day Goodacre et al., Spectrochim. Acta, B150, 99 (2018);
K. M. Lynch et al., Phys. Rev. C 97, 024309 (2018).



Laser ion source: summary (2018)

1. H3MmepeHbl H30TOMMYECKUE CABUTH M CBEPXTOHKOE paciierieHue (i, O,
0<r?>) mns 15 m3oromnos (m30MepoB) ¢,Hg Ha mepexome 253.7 nm.
[IponemoHcTprpoBaHO HcYe3HOBeHKE 3 PekTa shape staggering mpu
A<I18I.

2. W3omepHo-cenekTuBHASA (POTOMOHU3AIUS B TA36PHOM HOHHOM
MCTOYHHUKE ITO3BOJISICT IMOJYYUTh OOIBIION 00BEM SIEPHO-
criekTpockonmmieckoit uadopmanuu (T, E,, by, by, oy, v -y
coincidence, conversion coefficients, partial decay schemes u T. 1.) 6e3
JTOTIOJTHUTEIBHBIX 3aTpaT BpeMeHU. V3 MoaydeHHBIX Pe3yIbTaTOB
OTMETHM:

1. Bonbmioi aktop 3amepkku o pacnana 3YT1—17°Au, a Takke
aHaJI13 CIIMHOB 1 MOMEHTOB COCEIHUX M30TOI0B Hg yka3siBaeT Ha
U3MEHEeHHEe 000J10ueuHOl CTpYKTYpHI (shell swap).

2. ComocraBiienne Gaktopa 3aaepkku o pacnana '8!'Tl—177Au co
CIIMHAMHU 1 MAarHUTHBIMM MOMEHTAMH 3THX SIACP MO3BOJISIET CASIATh
BBIBOJ O HeaKcHalbHOM nedopmanum 77> 17° Au.
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