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Nuclear shapes

Nuclear shapes are driven by

Spherical: pairing interactions and shell effects.

Collectivity and deformation: ��� residual interactions and correlations.

The balance between these interactions gives the shape of the nucleus.

The study of shape evolution is fundamental to gain insight into the
nuclear interaction and to finely tune theoretical models.

Leoni et al. PPNP 139 104119 (2024)
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Shape coexistence

Along shell closures, the competition of the two effects can result in
the same nucleus exhibiting di�erent shapes in different states.

Once considered a rare and exotic occurrence, shape coexistence is a
wide-spread feature that is believed to appear cross the nuclear chart.

K. Heyde and J. Woods, Rev. Mod. Phys. 83 (2011) 1467
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Multiple-shape coexistence

More than two shapes in the same nucleus.

A special case of shape coexistence only observed in a few nuclei.

K. Heyde and J. Woods, Rev. Mod. Phys. 83 (2011) 1467
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Multiple-shape coexistence

186Pb 190Pb

C.f. 2 spherical/deformed shapes, 3 shapes coexist in the same nucleus.

Can this phenomenon appear elsewhere?

Andreyev et al. Nature 405 230 (2000), Montes Plaza et al. Comm. Phys. 8 (2025)
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Shape coexistence in the Z = 50 Sn

Shape competition is pronounced in the mid shell of semimagic nuclei,
with the large energy gained from cross-shell np� nh excitations inter-
acting with the large number of valence nucleons.

Experimental information, such as transition strengths, is crucial.

K. Heyde and J. Woods, Rev. Mod. Phys. 83 (2011) 1467
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Sn offers an unique opportunity to study shape evolution

Very long isotopic chain

Across the N = 50 and N = 82 shell closures.

Rich spectroscopic data already available.

More spectroscopy is underway.
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Multiple-shape coexistence in Sn?

??

Literature lifetimes of even-even Sn isotopes

120(50) ps

Deformed 0+2 and 0+3 states intrudes into the g.s. band.

Large �(E0; 0+3 ! 0+2 ) / ∆�2 values suggest large shape difference.

Petrache et al. PRC 99 024303 (2019), Kantele et al. Z. Phys. A 289 157(1979), Wu et al. PRC 111 L051307 (2025)
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Multiple-shape coexistence in Sn

116Sn:

� 2(E0; 0+
3 ! 0+

2 ) = 100(20).

� � 2(0+
2 ; 0+

3 ) > 0:2.

Recent experimental evidence for 3 di�erent shapes of 0+
1;2;3.

LNL exp 18.02: Saxena, Siciliano, Illana Sisson.

Safe CoulEx of58Ni beam on 2.0 mg/cm2 116Sn.

GALILEO + SPIDER

Measured (� 2; 
 ) for 0+
1;2;3; . Publication in preparation.

120Sn:

� 2(E0; 0+
3 ! 0+

2 ) = 120(50) recently measured by Wu et al.

� � 2(0+
2 ; 0+

3 ) > 0:23.

Could there also be multiple shapes in120Sn?

Saxena, Siciliano, Illana Sisson, et al. in preparation (2025), Wu et al. PRC 111 L051307 (2025)
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MCSM on theB(E2; 2+
1 ! 0+

1 )

Very long isotopic chain

Across theN = 50 and N = 82 shell closures.

Recent interest in MCSM calculations andmanymeasurements of 2+1 .

Togashi et al. PRL 121 062501 (2018)
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Contradicting 0+1 shapes from MCSM and CoulEx

MCSM calculations predicts oblate 0+1 across the Sn chain.

While Q(2+1 ) measured in CoulEx shows prolate-oblate transition.

Systematics suggest a critical transition point at the missing 120Sn.

?

Leoni et al. PPNP 139 104119 (2024), Togashi et al. PRL 121 062501 (2018), J.M. Allmond et al. PRC 92 041303(R) (2015)
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Goals of the experiment

The diagonal MEs h2+1;2jÊ2j2+1;2i: Qs(2
+
1;2) excited states.

Deformation parameters (�2,
) of the 0+1;2;3 states and ��2(0
+
1 ).

0+3 is currently limited by the spectroscopic information in the literature,
but we have new data from ILL on 119Sn(n,
)120Sn.

The transitional MEs connecting the low-lying states of 120Sn:

Indirect excited state lifetime measurements.

Mixing amplitudes acting between the coexisting configurations.
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120Sn multi-step safe CoulEx at LNL

Beam: 58Ni, 1 pnA, 190 + 170 MeV (Tandem only).

1 pnA limited by target melting point.

190 MeV: max energy for the safe criterion.

Second beam energy to improve sensitive to the quadrupole moments
and matrix-element (ME) signs, since jQs(2

+
1 )j is expected to be small.

Target: 120Sn, 1.0 mg/cm2, self supporting.
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120Sn multi-step safe CoulEx at LNL

Gamma-ray detection: AGATA:

13 ATC with �
 = 3:1% at 1.332 MeV.

High position sensitivity.

Scattered 58Ni detection: SPIDER:

Backward to maximize sensitivity to Qs

and signs of matrix elements.

Large angular coverage: 123�- 161�.

DANTE in forward angles (if available).

Doppler-shift corrections from the high pos.
resolutions combined with particle-
-
 coin-
cidences enable unprecedented sensitivity to
weak transitions.
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