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Brief introduction

First version of Shell Model did not reproduce all the magic numbers (28, 50, 82...)
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The spin-orbit (SO) interaction
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The spin-orbit (SO) interaction

First version of Shell Model did not reproduce all the magic numbers (28, 50, 82...)
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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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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)
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Proton density depletion in 34Si as compared to 36S?
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- Amplitude of the central depletion depends on the change in 2s,,, occupancy
- Pairing and quadrupole correlations can reduce the amplitude of this depletion
- The two nuclei have similar neutron occupancies (N=20)



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

» Probing the proton density in
> 36§



Probing proton density in36S

Knock-out reactions at 3~0.4
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Relative occupancy values are more relevant
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Probing proton density in3S

Knock-out reactions at 3~0.4
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Probing proton density in3S

Knock-out reactions at 3~0.4

o(n,L) =C3(j,nL) o4(.S,) Rs
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occupancy theory
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Probing proton densities in 36S

Knock-out reactions at 3~0.4
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Probing proton densities in 36S

Knock-out reactions at 3~0.4

a(n,L) = C25(j,n.L) o4(.S,) Rs
normalized reaction
occupancy theory

p &

o

® 3

°Be

365

o

112 L2

36 35
: n,L,j g

1526

Energy spectrum

1.5 5709

3 4494
4101 a

15 5197
10 4665

5709
7526

2811
b202

k

391
804

33

20 3860

“2279

C

147

b(%)

35p




Probing proton densities in 36S

Knock-out reactions at f~0.4 Energy spectrum Momentum distrib.
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Probing proton densities in 36S

Knock-out reactions at f~0.4 Energy spectrum Momentum distrib.
. . 1526 ' '
o(n,L) =C25(j,n,L) o4,(.S,) Rs 1.5 510 gﬁ
normalized ' ~
occupancy {ﬁg‘g}'y"” 15 5197 h:g[ﬁ 2
10 4665 4&]&% 2
3 4434 S D 2
Y g01  , BQNE :
365 3p 29 3860 gl 1 2 3860 keV
EEE ® 7
‘Be

% 4665 keV|

n,L,j

365




Probing proton densities in 36S
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Probing proton densities in 36S

Knock-out reactions at 3~0.4

a(n,L) = C25(j,n.L) o4(.S,) Rs
normalized reaction
occupancy theory
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Probing proton densities in 36S

Knock-out reactions at 3~0.4

a(n,L) = C25(j,n.L) o4(.S,) Rs
normalized reaction
occupancy theory
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Quasi full filling of s,,, and ds;, orbits (within errors)
Only few scattering to the upper d,, orbital.




Proton density depletion in 3¢S
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» Probing the proton density in
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Probing proton densities in 34Si

Knock-out reactions at 3~0.4 Single y spectrum
. . 6000 ; (@
G(nvl—) — CZS(J’n_’ L) GSP(J’Sp) RS B 4000
normalized reaction S
occupancy  theory £

I . . I .
1000 2000 3000 4000

Y | E,(keV)
334G 33 - .
Si S v v coincidences

20 1 (b) 1621 keV 20 b é (c) 2080 keV
2 3 =
S S
# 5 @ :
p c c
a :
Be 8

500 1000 1500 2000 2500 3000 1000 1500 2000 2500 3000
E,(keV) (keV)

Bl - (d) 2101 keV o0l T (e) 3193 keV
> o >
Q D
= 201 x
3 2
§ 10 =
Q o
o O

1 " 1 " 1 " 1 " 1 " 1 | " 1 1

500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
(keV) (keV)




Probing proton densities in 34Si

Knock-out reactions at 3~0.4 Energy spectrum Momentum distrib.
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Very weak 2s,,, occupancy -> large central density depletion



Probing proton densities in 34Si

Knock-out reactions at 3~0.4
. :
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In 34Si, the proton 2s,,, is occupied by less than 10% -> central depeletion

Neutron density distributions of 34Si and 36S look similar
A. Mutschler, accepted for publication in Nature Phys.



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

> (d,p) transfer reactions on 34Si and 3°S
» Follow the evolution of the SO splitting



34Si(d,p) reaction in inverse kinematics

Transfer reaction (d,p) at f=0.15
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34Si(d,p) reaction in inverse kinematics

Transfer reaction (d,p) at f=0.15

Proton energy -> (binding) energy of orbit

do(n,L.0) _(5iy1) c2s+ A%awea(nL0) Proton angle -> orbital momentum L
dQ vacanc reacgtli%n Cross section -> vacancy of the orbit
y theory Appropriate momentum matching required
/\q, EXOGAM
e king detect NY.
34G;j 35SI§ Tracking detectors : Cmgstic

— — I

CD, target

GANIL

34Si Z N
10°pps )
20A.MeV s1l_~"




34Si(d,p) reaction in inverse kinematics

Transfer reaction (d,p) at p~0.15 Proton energy -> (binding) energy of orbit
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34Si(d,p) reaction in inverse kinematics

Transfer reaction (d,p) at p~0.15 Proton energy -> (binding) energy of orbit
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34Si(d,p) reaction in inverse kinematics

Transfer reaction (d,p) at f=0.15 AT ey = (L)) Sy G e
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34Si(d,p) reaction in inverse kinematics

Transfer reaction (d,p) at p~0.15 Proton energy -> (binding) energy of orbit
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Evolution of the p;/,-p,/, SO splitting using (d,p) transfer at GANIL

G. Burgunder, Phys. Rev. Lett. 112 (2014)
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Evolution of the p;/,-p,/, SO splitting using (d,p) transfer at GANIL

G. Burgunder, Phys. Rev. Lett. 112 (2014)
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The p;,-p1» Splitting changes by almost a factor of 2 between 37S and 3°Si
» caused by density & isospin dependence of the SO interaction
» constrain models in the future for r process and SHE



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



Density and Isospin dependence of the SO interaction
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Density and Isospin dependence of the SO interaction

Evolution of the p SO splitting as a
function of central depletion
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Density & Isospin dependences well
taken into account by MF calculations

RMF seems not to have the proper

Isospin dependence of the SO interaction

RHF model seems very promising to get

correct isospin dependence




Density and Isospin dependence of the SO interaction

Evolution of the p SO splitting as a
function of central depletion
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Density & Isospin dependences well
taken into account by MF calculations

RMF seems not to have the proper
Isospin dependence of the SO interaction

RHF model seems very promising to get
correct isospin dependence

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 ?







