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Constraining the spin orbit force 

using the 34Si “bubble” nucleus
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First version of Shell Model did not reproduce all the magic numbers (28, 50, 82…)

V= HO + L2
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The spin-orbit (SO) interaction

First version of Shell Model did not reproduce all the magic numbers (28, 50, 82…)

V= HO + L2 + LS (Haxel, Goppert Mayer, 1949)

- Nowadays more microscopic description of 
the SO interaction

Density & isospin dependence of LS term
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First version of Shell Model did not reproduce all the magic numbers (28, 50, 82…)
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The spin-orbit (SO) interaction

First version of Shell Model did not reproduce all the magic numbers (28, 50, 82…)

V= HO + L2 + LS (Haxel, Goppert Mayer, 1949)

- Nowadays more microscopic description of 
the SO interaction

Density & isospin dependence of LS term
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The spin-orbit (SO) interaction

First version of Shell Model did not reproduce all the magic numbers (28, 50, 82…)

V= HO + L2 + LS (Haxel, Goppert Mayer, 1949)

- Nowadays more microscopic description of 
the SO interaction

Density & isospin dependence of LS term
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A ‘bubble’ nucleus to study the SO interaction

First version of Shell Model did not reproduce all the magic numbers (28, 50, 82…)

V= HO + L2 + LS (Haxel, Goppert Mayer, 1949)

- Nowadays more microscopic description of 
the SO interaction

Density & isospin dependence of LS term
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First version of Shell Model did not reproduce all the magic numbers (28, 50, 82…)
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Proton density depletion in 34Si as compared to 36S? 

Proton orbits occup. 
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Constraining the spin orbit force using the 34Si “bubble” nucleus

 Probing the proton density in


36S


34Si

 (d,p) transfer reactions on 34Si and 36S
 Follow the evolution of the SO splitting
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Proton density depletion in 36S 
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9Be

34Si 33Al

p

g

d5/2

s1/2

d3/2

p1/2

34Si
p3/2s1/2

d5/2

s1/2

d3/2

p1/2

33Al
p3/2s1/2

Probing proton densities in 34Si

reaction
theory

s(n,L) = C2S(j,n,L)   ssp(j,Sp) RS

Knock-out reactions at b≈0.4

normalized
occupancy

Single g spectrum

g g coincidences

35P



9Be

34Si 33Al

p

g

d5/2

s1/2

d3/2

p1/2

34Si
p3/2s1/2

d5/2

s1/2

d3/2

p1/2

33Al
p3/2s1/2 33Al

77

C2Sb(%)

14
3

1.4
1.4

1.5

0.1  2

0.9   2
0.2   2

4.7  2

L

0.1  0

0.1  0

0
.2

d
s

/d
W

L=0
L=2

Probing proton densities in 34Si

Energy spectrum Momentum distrib.

Very weak 2s1/2 occupancy -> large central density depletion

reaction
theory

s(n,L) = C2S(j,n,L)   ssp(j,Sp) RS

Knock-out reactions at b≈0.4

normalized
occupancy



9Be

34Si 33Al

p

g

d5/2

s1/2

d3/2

p1/2

34Si
p3/2s1/2

d5/2

s1/2

d3/2

p1/2

33Al
p3/2s1/2

Probing proton densities in 34Si

reaction
theory

s-1p(n,L) = C2S(j,n,L)   ssp(j,Sp) RS

Knock-out reactions at b≈0.4

In 34Si, the proton 2s1/2  is occupied by less than 10% -> central depeletion

Neutron density distributions of 34Si and 36S look similar

34Si

36S

neutrons protons

A. Mutschler, accepted for publication in Nature Phys. 

normalized
occupancy



Constraining the spin orbit force using the 34Si “bubble” nucleus

 Probing the proton density in


36S


34Si

 (d,p) transfer reactions on 34Si and 36S
 Follow the evolution of the SO splitting
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Evolution of the p3/2-p1/2 SO splitting using (d,p) transfer at GANIL 
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G. Burgunder, Phys. Rev. Lett. 112 (2014)



Evolution of the p3/2-p1/2 SO splitting using (d,p) transfer at GANIL 
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The p3/2-p1/2 splitting changes by almost a factor of 2  between 37S and 35Si

 caused by density & isospin dependence of the SO interaction

 constrain models in the future for r process and SHE
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G. Burgunder, Phys. Rev. Lett. 112 (2014)



Collaborators

 NSCL knockout experiment
Analysis: A. Mutschler
Spokesperson: O. Sorlin

 GANIL (d,p) transfer experiment
Analysis: G. Burgunder
Spokesperson: O. Sorlin

Thanks to:
The GRETINA S800 collaboration
The LISE MUST2 collaboration
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Perspectives
Check the role of correlations in ≠ models

-> compare to experiment

Evaluate the reduction of SO splitting

when reaching drip line

Consequence for the r-process

nucleosynthesis

Location of ‘stable’ Super Heavy Elements

to be revisited / better constrained ?




