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The apparent splitting between orbitals that are spin-orbit partners can be substantially influenced by the
effects of weak binding. In particular, such effects can account for the observed decrease in separation of
the neutron 1 p3> and 1p) 5 orbitals between the 'Ca and *Si isotopes. This behavior has been the subject
of recent experimental and theoretical works and cited as evidence for a proton “bubble” in 3Si causing an
explicit weakening of the spin-orbit interaction. The results reported here suggest that the change in the
separation between the 1 p3; and 1p, /; partners occurs dominantly because of the behavior of the energies
of these 1p neutron states near zero binding.

DOI: 10.1103/PhysRevLett.119.182502

nature

physics

PUBLISHED ONLINE: 24 OCTOBER 2016 | DOI: 10.1038/NPHYS3916

A proton density bubble in the doubly magic
34Si nucleus

A. Mutschler*?, A. Lemasson?3, O. Sorlin®*, D. Bazin®, C. Borcea®, R. Borcea®, Z. Dombradi®,
J.-P.Ebran’, A. Gade®, H. Iwasaki’, E. Khan', A. Lepailleur?, F. Recchia®, T. Roger?, F. Rotaru®, D. Sohler®,
M. Stanoiu®, S. R. Stroberg™2, J. A. Tostevin®, M. Vandebrouck', D. Weisshaar® and K. Wimmer>'°"

Many properties of the atomic nucleus, such as vibrations, rotations and incompressibility, can be interpreted as due to a two-
component quantum liquid of protons and neutrons. Electron scattering measurements on stable nuclei demonstrate that their

tral densities are sat d, as for liquid drops. In exotic nuclei near the limits of mass and charge, with large imbalances
in their proton and neutron numbers, the possibility of a depleted central density, or a ‘bubble’ structure, has been discussed
in a recurrent manner since the 1970s. Here we report first experimental evidence that points to a depletion of the central
density of protons in the short-lived I 345j. The proton-t on density asy y in 34Si offers the possibility to
place constraints on the density and isospin dependence of the spin-orbit force—on which I dels have disagreed for
decades—and on its stabilizing effect towards limits of nuclear existence.
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The experiment INFN

State-of-the-art y-ray array. 33 HPGe crystals, with PSA and
tracking algorithm to increase efficiency.

FWHM = 2.5 keV @ 1332.5 kev

€ =3% @ 2 MeV (with tracking)

LNL resident 7x8 segmented Si charged particle array, covering
backwards angles from 124° to 161°.

FWHM = 30 keV for oo @ 5 MeV (Am-Cm-Pu), 300 keV for p @ 2 MeV
AQ =17%

Device built from a collaboration between LNL and Cologne to
measure nuclear lifetimes in the range of 10-500 ps via the
Differential Decay Curve method.
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Results snippet
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