Evolution of the neutron 1d spin-orbit splitting in 3°S and
39Ca
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Shell evolution/ changes of magic nuclei: Which underlying

forces ?

Simplified mean-field
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* Most neutron shell gaps remain remarkably stable under the removal of few protons.
A sudden reduction of the shell gap or inversion of the position of neutron shells, have
been identified when removing few more protons from a specific shell.

Remarkable signatures to date are the disappearances of the neutron magic numbers 8, 20
and 28 for nuclei with a large N to Z imbalance.
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Evolution of the spin-orbit splitting Effect of Tensor Force
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(2005) demonstrates well the action of the
G. Mairle et al.,, PLB 304 (1993) 39 tensor force
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Transfer reaction: a tool to study the shell evolution

v’ AIM: to study the neutron ds,-d;, spin orbit

Occupancy splitting in 3°S and compare to 3°Ca [1]
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Centroid binding energy
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v' Ed -centroid binding energy of the respective orbit

v Hp -orbital momentum L from where a nucleon is removed from

v Cross section -Gives the C2S- values hence occupation number of the orbit

. [1] M. Matoba et al.,Phys. Rev. C 48, 95 (1993).
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Transfer reaction: a tool to study the shell evolution

v’ AIM: to study the neutron ds,-d;, spin orbit

0
ceupancy splitting in 3°S and compare to 3°Ca [1]

Developed innovative target solution

365

v' Ed -centroid binding energy of the respea
v 0, -orbital momentum L from where a nug

v' Cross section -Gives the C2S- values hence

[1] M. Matoba et al.,Phys. Rev. C 48, 95 (1993).
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36S(p,d)35S K600 Experiment
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e K600 spectrometer - recoil identification with~30
keV energy resolution
e Data was collected at 4°, 7°,10°, 15°, 21° and 28°
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Identifying states in 3°S
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v~ Three overlapping magnetic field settings used to cover excitation energy range up to 14.7
MeV.

v~ Other sulfur isotopes do not affect the states of interest (negligible contamination)
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DWBA calculations
j-dependence

10 %3(p,d)**S, normalized to g.s. at 5°
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[t was observed also in a previous study [2]
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Theory by Nicholas Keeley and Freddy Flavingy

[2] R. L. Kozub, Phys. Rev. 172, 1078 (1968).
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ds/, ,d3/, spectroscopic strengths

Strength fragmentation
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* Centroid binding energies allow for the extraction of the magnitude of the SO splitting
* We determined the spectroscopic strength distributions for the d;, and d;, orbits and centroid
binding energies, as determined in the (p, d) neutron removal reaction for 3°S and 3°Ca [1] nuclei

[1] M. Matoba et al.,Phys. Rev. C 48, 95 (1993).
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Spin-orbit splitting
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Reduction in spin-
orbit splitting from
39Ca to 3°S
C’S .Ex ] .
ZZW-— = 6.527 MeV in 3°S and 6.580 MeV in 3°Ca
v" This is consistent with a reduction in spin-orbit splitting of 0.053 MeV
v" Including the C2S* results it is further enhanced to 0.411 MeV
v From (d,p)[3,4] we have C?S* and (p,d) we have C2S-
[3] G. Burgunder et al.,Phys. Rev. Lett. 112, 042502 (2014).
[4]. Nesaraja and E. McCutchan, Nuclear Data Sheets 133, 1 (2016).
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Answer: The tensor force?
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* MF and RMF theories (without tensor forces) predict a decrease of SO between 3°S and 4°Ca

* Shell-model and Ab-inito models predict a strong increase of SO splitting owing to tensor force.
Experiment lies in the middle.

* PKO3 interaction (which implements tensor force) gives an excellent agreement with experiment.
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e A total of 98 states identified and 47 new states
e (2S extracted for 81 states.
 States in 3°S identified up to 14.7 MeV including IAS states

* Experiment gives good constraint to indicate effect of the
tensor force.

* Experiment agrees well with theory that includes tensor
force.
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