Shell evolution and nuclear forces relevant for the r process
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MOTIVATIONS

PART 1:
Proton-neutron forces close to the drip line
Study of the ?°F nucleus

PART?2:
Density dependance of the spin orbit interaction
Study of the bubble nucleus 34Si

"May the force be with you'
Obi-Wan Kenobi ‘Star Wars’

CONCLUSIONS - PERSPECTIVES
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PART I : Nuclear forces at large proton-neutron asymmetry energy
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8 From '32Sn to 122Zn the same pn interactions are involved !

But change in binding energy asymmetry.

Do proton-neutron interactions change at large p-n binding energy asymmetry ?



Are proton-neutron interactions similar at drip line ?
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Compare experimental binding energies in °F to those predicted by Shell Model using
effective forces constrained closer to stability



Search for J=2 excited state in 2°F

M. Stanoiu et al.
PRC (2012) Si | ]
|
GANIL Vel SO 75A MoV
Ne | K 3MAe éj
I R - <
O O
F N0 5
C
A
Be Ll N=16
N,
20 AE © 26N 9+ Thick Target:
15 N : . C (112 mg.cm?)
800 - 20F T
- . tive’ Plasti
10 600 - 1 3 @,@%4(32 acl(gfng.aﬁ?z lc
5 r 4 ‘ .' 4- | N
400 Ta # ‘f' S e
: 00l e e A SPEG
0 1000 2000 3000 4000 C - - 4+ <
_‘ | . I I | | L l | | L1
E(keV) 25 275 3 AJO



Search for the isomeric 4* state in 2°F
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Discovery of an isomeric 4" state in 2°F
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Study of the beta decay of 2°F

B-decay selection rules :
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Proton-neutron interaction d,d;, in 2°F

265 Reduced interaction as compared to Shell Model
I Compression in energy -> reduced residual
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PART Il: Spin orbit interaction far from stability
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How does the spin-orbit interaction changes far from stability
when the surface diffuseness is increased ?



The spin orbit (SO) interaction in Mean Field models
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- SO force ‘revealed’ in atomic nuclei
as nuclei have finite size

-Its density dependence should play a role
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Reduced SO splitting in bubble nucleus for
orbits probing the interior of the nucleus !

Reduction magnified in RMF approaches
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Probing the SO interaction using a bubble nucleus
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Test of density/isospin dependence of the SO force

Change of neutron p,,-p,,, splitting
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Experimental set up to study the 34Si(d,p)?>Si reaction

Collab. GANIL, IPN Orsay, CEA Saclay, IPHC Strabourg
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EXPERIMENTAL RESULTS 34Si(d,p)33Si
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|dentification of the major part of the
Ps, and p,, strengths in 3°Si
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MAJOR STRENGTH IN N=21 ISOTONES
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Isospin dependence of the SO interaction
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Experiment favors density AND isospin dep. of SO interaction
As,, 1o be confirmed soon (experimental work in progress)

Anticipate consequences for drip line and SHE nuclei ...



Conclusions & Perspectives

PART 1 :

Study spectroscopy of °F to infer the change of the proton-interaction close to drip line
—Modest reduction of the mean interaction and residual interaction compared to SM
—Excellent agreement with coupled cluster calculations

Confirm energy/spin assignment of the 3™ unbound state
Calculate its energy (collab. G. Hagen)

PART 2:

Use of a bubble nucleus 3#Si to probe the spin-orbit interaction

Change of the neutron ps, p,,, splitting by ~25% between 3¢S and 34Si
(collab F. Nowacki)

Exp value confirm density dependence of the SO interaction
favor 1sospin dependence of the SO interaction

Confirm the amplitude of the bubble (under analysis)
Consequences for r process, SHE, to be done



