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a- and B-decay studies at Windmill
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Isomer selective a and 3 decays
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Isomer selective a an
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Hindered a decay ¥1T1—177Au
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Why is a decay of 1/2* gs of 81Tl hindered, HF>3?
Different spins: 81Tl (1/2*) and 77Au (3/2*)?



Spins of 77 177 Au

Only 3 rather than usual 4 lines will be seen in the hfs spectra
of isotopes with 1=1/2



Spins of 177/ 19 Au
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Hindrance factors and p

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



Potential energy surface calculations
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Unhindered a decay of 1”°T1
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Unhindered a decays point to the

pure s,,, configuration in all these
nuclei.

The measurement of y('7°Au) is
needed to confirm this interpretation



Large hindrance of a decay 18T18—17¢Aus
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Large hindrance of a decay 18T18—17¢Aus
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)

6862(10) | 0.30(15) | 6553(7) | 0.16(11)| 6406 |0.043(25)| 6161 | 0.57(6)

6693(10) | 13.0(17) | 6354(7) | 2.9(19) | 6360(6) |0.048(28)| 5988(12) | 2.4(4)

6595(10) | 10.2(24) | 6348(7) |0.27(18)| 6165(6) | 1.13(66) | 5964(12)

6245(7) | 4.9(33) | 6046(5) | 5.8(34) | 5810(12) | 0.9(1)

6199(7) | 5.2(35) | 5962(5) | 6.0(35) | 5748(12) | <0.09

Strongly hindered gs—gs decay (0%~0.TkeV; 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 y measurements).

Why does neutron in 7Au occupy f,, instead of expected hy,, orbital?



Nuclear shells below N =100

Near stability
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Nuclear shells below N =100

12- | i
1 ®m Sm(A=145, 147, 149), - .
09 Iitere(lture ) -1 Pure shell model — seniority
] * Hg(A=177,179), . 1 scheme for the filling j-shell (n
0.6 present work (with correction ‘ 1 . b f t i
: due to <> change) * ] isanumber of neu rons): linear
5 93 _— 1 dependence of Qg on n
i ) ./".’-/ _- .
o 007 - ] Exp. data for Q confirm the
0.3 el | 1 pure shell-model f,,
06 e 1 configuration for 177.179Hgg, o4
Z ]
-0.9 1 .
i 3 5 7

Number of neutrons in the fm shell

oAy 2j+1-2n)., A, .\ 5 1
(M1QI) =575, (T 1Q1T) =3 (B2 =3 Q, (/i)



Shell evolution
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160Reg;: Changing single-
particle structure beyond the
proton drip line

The convergence of the hy,
and f,, neutron levels could
open up a y -decay path from
the high-spin isomer to the
low-spin ground state of 16°Re,
providing a natural explanation
for the anomalous absence of
charged-particle emission.

I.G. Darby et al. Phys. Lett. B 695 (2011) 78

One expects the proton—neutron tensor
force component acting between protons
filling the 1h,,, orbital and a single neutron
in the 1hy, or 2f, , orbitals to modify their
relative single-particle energies

L. Bianco et al. / Physics Letters B 690 (2010) 15
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Au

Configuration | | | Maga(Mn) §  Hexp(Hn)
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u('"®Aug,) is explained only with
vf;, assumption for neutron
configuration (additivity relation)

L(18%Tlyg) is explained only with
vhg,, assumption for neutron
configuration

181Pbgg — vhg, configuration:
I (**Pbygg) = 9/2

Subshells return to the
“normal” ordering at Z > 80



Shape Coexistence in the Pb region

N @ 18Ph .pp (Z=82) g.s.: p(0Op-0h) — spherical

Proton pair excitations across Z=82
shell gap (neutrons are spectators):

Ena[_gy (MeV)

1 pair excitation: p(2p-2h) -oblate
e -
; %) ]32cos(7+30)

Potential Energy Surface for '8Pb *2 pair excitation: p(4p-4h) -prolate
A.Andreyev et al. Nature, 405, 430 (2000)




Mercury Chain (Z=80)
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Intruder states
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Intruder states
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The different energy terms, contributing to the energy of the lowest proton

2p-2h 0% intruder state for heavy nuclei. The unperturbed energy, the pairing

energy, the monopole energy shift, and the quadrupole energy gain are

presented,

K. Heyde and J.L. Wood, Rev. Mod. Phys. 83, 1467 (2011)



Intruder states
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Schematic representation of a proton 1p2h intruder configuration (TI)



Mixing of configurations with different shapes

ac(2,* — 2,%):

180Hg  3.5(4) EO transition
182Hg  7.2(13) [cf. a(M1) =1.15; a(E2) = 0.42] exists
184Hg  14.2(3.6)

pZ(EO):Z—Z 2(1— az)[5<r2>]2

R

The large conversion coefficient for the 2,* to 2,* transition in
182,184Hg is a strong fingerprint of shape coexistence as strong EO
transitions are the result of considerable mixing of two states with a
large difference in deformation. Combining the measured
conversion coefficients with the re-evaluated B(E2) values from the
Coulomb excitation experiments will result in EO transition strength
©P%(EO) values which can be compared with different theoretical
models



N3omepHOo cenekTuBHas doToMoHM3aUus B la3epHOM MOHHOM
NCTOYHUKE NO3BOMSAET NONMYy4YNTb B0NbLLION 06bEM A4epPHO-
cnekTpockonuyeckon nHgopmauum (T, ,, E,, by, bg, a-y, y -y
coincidence, conversion coefficients, partial decay schemes n 1. a.)
6e3 4oNoNHUTENbHbIX 3aTpaT BPEMEHMN.

N3 NOJNTy4EHHbIX Pe3yJibTaTOB OTMETUM.

1.

ConocTtaBneHne daktopa 3agepxkm a pacnaga 8'TI—177Au co
CMMHaAMM N MarHUTHLIMWU MOMEHTaMN 3TUX A4eP NO3BONSET
caenaTb BbIBOA O HeakcuanbHon gedopmaunm 177Au;

Bonbwon daktop 3agepxkm a pacnaga '89TI—176Au, a Takke
aHanu3 CrimHOB 1 MOMEHTOB coceHMX U30TonoB Hg ykasbiBaeT Ha
nameHeHne obonoye4vyHoun cTpyktypsbl (shell swap).

OGHapy>xeH HoBbIN MHTPYAep n3omep B 84Tl noaTBepxaeHa
napabonnyeckasa 3aBMCMMOCTb SHEPIUM BO3DYXOEHNSA 3TUX
N30MEPOB OT YMCria HEUTPOHOB.

AHoManbHO BbornbLUNe KO3PMPULUMEHTbI KOHBEpCUU ans 2,*—2.*
nepexonos B 180.182,184Hg cBMAETENbCTBYIOT O CUIBHOM
CMeLlMBaHNM COCTOSAHUIN C pa3HOW aedpopmaumnen.
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