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Snςtransitional nucleiandcollectivity?

Á Sn isotopes consideredasoneof the prime examplesfor sphericalnuclei
­ Well-developedZ = 50 magicshellclosure(no significantcontributionof protons

to low-lyingexcitationspectrum)
­ Little variationofὉ , i.e. no strong p-n interaction and no onset of deformation

[Figures:NNDC, NuDat (2018)]
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The ║╔Ƞ ᴼ puzzle understood?

Á Activating protons in the ▌Ⱦ
shownto providea possible
explanation(proton holes)
­ Breakingof Z = 50 core!
­ Modest prolate deformationin 

N = 50 to 64 isotopes
­ 2nd-order phasetransition from

modestlydeformedto pairing
phasein Snnuclei(N = 66)!

[T. Togashi, Y. Tsunoda, T. Otsuka, et al., PRL 121, 062501 (2018)]



M. SpiekerςShape coexistence and collective low-spin states in 112,114Sn

The ║╔Ƞ ᴼ puzzle understood?

Á Activating protons in the ▌Ⱦ
shownto providea possible
explanation(proton holes)
­ Breakingof Z = 50 core!
­ Modest prolate deformationin 

N = 50 to 64 isotopes
­ 2nd-order phasetransition from

modestlydeformedto pairing
phasein Snnuclei(N = 66)!

ὗ
ÆÍ

ὗ ÆÍ

T- Plot for 116Sn:

[T. Togashi, Y. Tsunoda, T. Otsuka, et al., PRL 121, 062501 (2018)]

[M. Spieker et al., PRC 97, 054319 (2018)]
Odd-A Sn



M. SpiekerςShape coexistence and collective low-spin states in 112,114Sn

The ║╔Ƞ ᴼ puzzle understood?

Á Activating protons in the ▌Ⱦ
shownto providea possible
explanation(proton holes)
­ Breakingof Z = 50 core!
­ Modest prolate deformationin 

N = 50 to 64 isotopes
­ 2nd-order phasetransition from

modestlydeformedto pairing
phasein Snnuclei(N = 66)!

ὗ
ÆÍ

ὗ ÆÍ

T- Plot for 116Sn:

[T. Togashi, Y. Tsunoda, T. Otsuka, et al., PRL 121, 062501 (2018)]

[M. Spieker et al., PRC 97, 054319 (2018)]
Odd-A Sn



M. SpiekerςShape coexistence and collective low-spin states in 112,114Sn

Shape coexistence in Sn isotopes

Á Excited 0+ state strongly excited in two-proton transfer reaction 
­ 2p-2h proton structure?

Á Parabolic evolution of additional structure with minimum at midshell
­ One of the key signatures of intruder configurations

Á Large ⱬ ╔Ƞ ᴼ suggests strong mixing between excited 0+ states in 116Sn
­ Which 0+ state is the bandheadof the intruder structure?

Á Collective intrabandE2transitions

[P.E. Garrett, J. Phys. G 43, 084002 (2016); D. Rowe andJ.L. Wood, Models of Nuclear Structure: Foundational Models (World Scientific, Singapore, 2010)]

π

2p-transfer
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Shape coexistence in Sn isotopes

[J.L. Pore et al., EPJA 52, 27 (2017); D. Rowe andJ.L. Wood, Models of Nuclear Structure: Foundational Models (World Scientific, Singapore, 2010)]

116Sn ς3rd 0+ bandhead?

B(E2) = 100(8) W.u.
Ig,3= 0.0091(6) %

B(E2) = 44(3) W.u.
Ig,2= 5.16(14) %

Talk by C. Andreoiu on Tuesday, 9:25AM
ά{ǘǳŘȅ ƻŦ ǎŜƳƛ-magic tin nuclei 
using large g-Ǌŀȅ ǎǇŜŎǘǊƻƳŜǘŜǊǎέ

Á Excited 0+ state strongly excited in two-proton transfer reaction 
­ 2p-2h proton structure?

Á Parabolic evolution of additional structure with minimum at midshell
­ One of the key signatures of intruder configurations

Á Large ⱬ ╔Ƞ ᴼ suggests strong mixing between excited 0+ states in 116Sn
­ Which 0+ state is the bandheadof the intruder structure?

Á Collective intrabandE2transitions



M. SpiekerςShape coexistence and collective low-spin states in 112,114Sn

Collective structures in Sn isotopes?

Quasi-rotational structure of Cd isotopes and mixing 
between the different configurations 
(are there άǘǊǳŜά ǾƛōǊŀǘƛƻƴŀƭ ǎǘŀǘŜǎ ŀǘ ŀƭƭΚύ

[P.E. Garrett and J.L. Wood, J. Phys. G 37, 064028 (2010)]
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Collective structures in Sn isotopes?

Quasi-rotational structure of Cd isotopes and mixing 
between the different configurations 
(are there άǘǊǳŜά ǾƛōǊŀǘƛƻƴŀƭ ǎǘŀǘŜǎ ŀǘ ŀƭƭΚύ

[P.E. Garrett and J.L. Wood, J. Phys. G 37, 064028 (2010)]

Experimental requirements:
Á Selective probe needed to excite those low-spin states (non-Yrast)
Á Small g-decay branching ratios need to be detected
Á Lifetimes and multipole-mixing ratios need to be measured for the determination of 

reduced transition strengths
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Proton-gcoindicenceswith SONIC@HORUS

10 MV FN Tandem ion accelerator

ÁThreeion sourcesavailable
­ typicallyionsup to Z = 30
ÁTerminal voltagesfrom 1 MV to 10 MV
ÁCurrenton target up to 1 mA (protons)
ÁExperimental setups:

new AMS beamline, Plunger setup, Orange 
spectrometer, LYCCA, HORUS spectrometer

The SONIC@HORUS setup
HORUS forg-ray detection
ÁUpto 14 HPGedetectors(eFEP~2% @ 1.3 MeV)

­ SixBGO shieldsandtwo CloverHPGe
detectorsavailable

SONIC for particle detection
Á7-12 silicondetectors(thickness¢1.5 mm)
ÁParticle-gcoincidences(Lifetimes, branching

ratios, angular correlations)
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Proton-gcoindicenceswith SONIC@HORUS

112Sn(ǇΣǇΨg) @ Ep = 8 MeV

56Co sourcefor online 
andoffline calibration
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(ǇΣǇΩg) DSA coincidence technique

SONIC@HORUS

ǇΨ

Gate

shifts
g

(ǇΣǇΨg) DSA coincidencetechnique: A. Hennig et al., NIM 794, 171 (2015) 

SONIC@HORUS (UoC, Germany): S.G. Pickstone et al., NIM 875, 104 (2017) 
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(ǇΣǇΩg) DSA coincidence technique

SONIC@HORUS

ǇΨ

Gate

shifts
g

(ǇΣǇΨg) DSA coincidencetechnique: A. Hennig et al., NIM 794, 171 (2015) 

SONIC@HORUS (UoC, Germany): S.G. Pickstone et al., NIM 875, 104 (2017) 

Our method is very similar to the (ƴΣƴΩg) technique used at the University of Kentucky (USA)
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Lifetimesof intruder statesin 112,114Sn
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g-decay behavior of the states of interest
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g-decay behavior of the states of interest

ώ
Χ
ϐ

112Sn 114Sn

* New g-decay branching
άƛƴǘǊǳŘŜǊέ ǎǘŀǘŜǎ

?

0+@2617 keV
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Shape coexistencein 112Sn

110Cd

ÁSimilarcollectivityin intruder
structureasin 110Cd (2p-4h)

P.E. Garrett andJ.L. Wood,
J. Phys. G 37, 064028 (2010)
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Shape coexistencein 112Sn

110Cd

0.42(14)

1.00(38)

ÁSimilarcollectivityin intruder
structureasin 110Cd (2p-4h)
ÁInterband transitionsalso weak

P.E. Garrett andJ.L. Wood,
J. Phys. G 37, 064028 (2010)
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Shape coexistencein 112Sn

110Cd

4+@2913 keV

8(4) W.u.

ÁSimilarcollectivityin intruder
structureasin 110Cd (2p-4h)
ÁInterband transitionsalso weak
ÁQuasi-rotationalstructureof Cd

isotopes was proposed

άQuasi-rotational structureά alreadyexistent at higherenergiesin Snisotopes?

first 2+ state
B(E2) = 27.4(3) W.u.

P.E. Garrett andJ.L. Wood,
J. Phys. G 37, 064028 (2010)
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Shape coexistencein 114Sn

ÁSecond 2+ isnow theάƛƴǘǊǳŘŜǊέ

112Sn
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Shape coexistencein 114Sn

112Cd

first 2+ state

P.E. Garrett andJ.L. Wood,
J. Phys. G 37, 064028 (2010)

ÁSecond 2+ isnow theάƛƴǘǊǳŘŜǊέ
ÁάLƴǘǊǳŘŜǊέ л+ E2 decay is more 

collective than in 112Sn
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Shape coexistencein 114Sn

112Cd

ÁSecond 2+ isnow theάƛƴǘǊǳŘŜǊέ
ÁάLƴǘǊǳŘŜǊέ л+ E2 decay is more 

collective than in 112Sn
ÁάbƻǊƳŀƭέ н+ (3rd) E2 decay less 

collective than in 112Sn

P.E. Garrett andJ.L. Wood,
J. Phys. G 37, 064028 (2010)

first 2+ state
B(E2) = 30.2(3) W.u.

4+@2859 keV

< 46 W.u.
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Shape coexistencein 114Sn

112Sn

ÁSecond 2+ isnow theάƛƴǘǊǳŘŜǊέ
ÁάLƴǘǊǳŘŜǊέ л+ E2 decay is more 

collective than in 112Sn
ÁάbƻǊƳŀƭέ н+ (3rd) E2 decay less 

collective than in 112Sn

Influenceof underlyingsingle-particle structure or overall structure change?

Different influenceof neutron single-particle states?
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Changing shell structure from 114Sn to 112Sn?
[T. Togashi, Y. Tsunoda, T. Otsuka, et al., PRL 121, 062501 (2018)]

Number of proton holes in ground 
state increases!

tǊƻōŀōƭȅ άŘǊŀǎǘƛŎ ŎƘŀƴƎŜέ ƻŦ ƴŜǳǘǊƻƴ ǎǘǊǳŎǘǳǊŜ

!

Χ ƛƴ ǎƻƳŜ ǎŜƴǎŜ 112,114Sn are transitional 
nuclei (modestly deformed to pairing phase).

110Cd

114Sn

[P.E. Garrett, J. Phys. G 43, 084002 (2016)]

Pairing-rotor model
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Shape coexistencein 114Sn

116Sn ςIs 3rd 0+ bandhead?
Comparisonto IBM-2 mixingcalculations
(assuming110Pd to causeintruder structure)

B(E2) = 100(8) W.u.
Ig,3= 0.0091(6) %

B(E2) = 44(3) W.u.
Ig,2= 5.16(14) %

J.L. Pore et al., 
EPJA 52, 27 (2017)
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Shape coexistencein 114Sn

116Sn ςIs 3rd 0+ bandhead?

B(E2) = 100(8) W.u.
Ig,3= 0.0091(6) %

B(E2) = 44(3) W.u.
Ig,2= 5.16(14) %

B(E2) = 40(7) W.u. in 112Pd

Comparisonto IBM-2 mixingcalculations
(assuming110Pd to causeintruder structure)

How could this large B(E2) in 116Sn be explained?

J.L. Pore et al., 
EPJA 52, 27 (2017)

B(E2) = 55.5(9) W.u. in 110Pd

Ig,2= 0.9(3) % (Exp.)
Ig,3º0.002 % (IBM)
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Shape coexistencein 114Sn

116Sn ςIs 3rd 0+ bandhead?

B(E2) = 100(8) W.u.
Ig,3= 0.0091(6) %

B(E2) = 44(3) W.u.
Ig,2= 5.16(14) %

B(E2) = 40(7) W.u. in 112Pd

Comparisonto IBM-2 mixingcalculations
(assuming110Pd to causeintruder structure)

How could this large B(E2) in 116Sn be explained?

B(E2) = 101(5) W.u. in 120Xe

J.L. Pore et al., 
EPJA 52, 27 (2017)

B(E2) = 55.5(9) W.u. in 110Pd

Ig,2= 0.9(3) % (Exp.)
Ig,3º0.002 % (IBM)
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Shape coexistence in 116Sn

Á Strong mixing between normal and intruder configuration
­ hōǎŜǊǾŀǘƛƻƴ ƻŦ ǘǿƻ ŎƻƭƭŜŎǘƛǾŜ ŘŜŎŀȅ ōǊŀƴŎƘŜǎ ǿƛǘƘ άōŀƴŘέ ǎǘǊǳŎǘǳǊŜ

Á IBM-2 can provide reasonable to good description of experimental data
­ Discrepancies can be explained by imposed selection rules

(further adjustment would be possible; maybe mix O(6)-like with O(6)-like) 

[C. Petrache, J.-M. Régis, C. Andreoiu, MS, et al., submitted for publication]
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Summary

ÁSONIC@HORUSto determine 
lifetimes and g-decay behavior of 
low-spin states via (ǇΣǇΩg) DSA 
coincidence technique

ÁCollectivity of low-ǎǇƛƴ άƛƴǘǊǳŘŜǊέ 
states studied in 112,114Sn

ÁMixing hypothesis between normal 
and intruder configurationtested via 
schematic IBM-2 mixing calculations

ÁNo clear hints at quadrupole 
multiphononstructures in 112,114Sn

[A. Hennig et al., NIM 794, 171 (2015) ]

[S.G. Pickstone et al., NIM 875, 104 (2017)] 

[M. Spieker et al., PRC 97, 054319 (2018)]


