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* Motivations
Nuclear interactions close to the drip-line



Stability and limits of stability

- Nuclei close to the drip-lines
present a strong asymmetry
between the binding energies of

TT V their protons and neutrons.

Evolution of the  nuclear
interactions far from stability?
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Stability and limits of stability
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Probing the rdc,%vd,, Interaction along the N=17 isotonic chain
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Probing the rdc,%vd,, Interaction along the N=17 isotonic chain
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Probing the rd:,%vd,, Interaction along the N=17 isotonic chain
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Spectroscopy of 2°F and 22Na to probe proton-

neutron forces close to the drip line

* Experimental study of 2°F

B-decay, unbound by neutron emission state...



Study of the unbound by neutron emission states of 2°F at GSI (2010)
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Study of the unbound by neutron emission states in %6F
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Study of the unbound by neutron emission states in “°F
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Study of the unbound by neutron emission states in 2°F
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Search for an isomeric 4* state in “°F at GANIL (2011)
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Determination of the 4* isomeric state in °°F at GANIL (2011)
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Determination of the 4* isomeric state in °°F at GANIL (2011)
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[-decay of the ground and isomeric states of “°F

B-decay selection rules : AJ =0, %1
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[-decay of the ground and isomeric states of “°F

B-decay selection rules : AJ =0, 1,

(0
3+
E— 000
_______ = RN
2.21ms + Unbound 2500

~N
~
3
7] (@)}
D
w
D
(@)}
(@)
O
+
/
ounts/keV

10D
1842
(07) som0
2+
| Yoo
1797
1499 1673
\ 4 i 2+
2018
\ 4 O+
26Ne

200}

E 150
— o0
- C —
L 100 o
~ N
— 50!
E 1720‘ 780 1800 1820 1840 1360
__ ~
— 2
- S o
- m o0
C Vo) !
- i o0
~ w K2
)] o
)]
L <
.
el i it el el | L
1500 1] 1 T 180 1 SHb 2000
Energy (keV)
y+PB[0ms—7ms] v+ P [35ms—210ms ]
llllllllll ———lEE E H _é
time
2018 keV & 1673 keV : Reed et al., PRC 60 (1999)
26F implantation 2% : Gibelin et al., PRC 75 (2007)

1499 keV: Belleguic et al., PRC 72 (2005)



[-decay of the ground and isomeric states of 2°F

B-decay selection rules : AJ =0, %1
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[-decay of the ground and isomeric states of “°F

B-decay selection rules : AJ =0, %1
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[-decay of the ground and isomeric states of “°F
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Spectroscopy of 2°F and 22Na to probe proton-

neutron forces close to the drip line

* Experimental study of 22Na
probe the same interaction than in 2°F in another nucleus



[S-decay of ®Ne to “6Na

B-decay of 2 Ne @ GANIL
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In-beam y—ray spectroscopy of 2Na

In-beam y-ray spectroscopy
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In-beam y—ray spectroscopy of *Na
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Spectroscopy of 2°F and 22Na to probe proton-

neutron forces close to the drip line

* Interpretations, conclusions and perspectives



Evolution of the nuclear interaction for the odd-odd N=17 isotones?

e Systematic study of the odd-odd N = 17 isotones while going from the stability toward the
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Evolution of the nuclear interaction for the odd-odd N=17 isotones?

e Systematic study of the odd-odd N = 17 isotones while going from the stability toward the

neutron drip-line.

-> Weakening of the residual interaction in 2°F.
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Evolution of the nuclear interaction for the odd-odd N=17 isotones?

e Systematic study of the odd-odd N = 17 isotones while going from the stability toward the
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Collaboration
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T. Aumann, C. Caesar, M. Holl. V. Panin, F. Wamers and the
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NSCL / MSU
K. Wimmer, A. Brown, V. Bader, C. Bancroft and the GRETINA collaboration






A candidate for the unbound 3* of “°F at NSCL
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® 2°F produced by charge exchange at NSCL.

e 2°F detected and identified after passing through the
« large-gap Sweeper Magnet »

e Neutron detected with MoNa (Modular Neutron Array)
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Study of the unbound by neutron emission states of 2°F at GSI (2010)
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Etude des éetats non liés par emissic
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Study of the unbound by neutron emission states in %6F
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Search for an isomeric 4* state in “°F at GANIL (2011)
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[-decay of the ground and isomeric states of “°F
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Experimental results for the nucleus of “°F
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- Determination of the 4* isomeric state and isomeric ratio (~40%).
- Complete spectroscopy of 2°Ne (two new states, tentative spin assignment J = 0*, et 4*,).
- Observation of 2°Ne through the B-n branch of the B—decay of 2°F.
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Experimental results for the nucleus of “Na
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- fp-decay of 28Ne + p-decay on flight of 22Na => J = 3, 4 previously missing in 28Na.

- Determination of all the states J = 1-4 arising from the zd;,xvd;,, coupling.



Conclusions and perspectives

All the J = 1-4 states arising from the 7zd;,xvd;,, coupling are now known for N = 17

Proton-neutron binding energy assymmetry
Real effect or USDA calculation artifacts?
- « Current » interaction

To go further

B-decay of 2Ne + y-decay in-flight of 22Na => 3* et 4* du 2 Na
Evidences of low lying negative parity states found
Study of the unbound by neutron emission states of 26F => 3* du 26F

y : excitation energy
p : k-o orbital energy

momentum distributions of the fragments: | of the k-o orbital

B-decay of 25F => 4* state of 2°F + isomeric ration
Required: precise determination of the 2°F mass in order to
- confirm the applied adjustment regarding the mass
-> reduce the uncertainties
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Conclusions and perspectives

All the J = 1-4 states arising from the 7zd;,xvd;,, coupling are now known for N = 17

Proton-neutron binding energy assymmetry

Real effect or USDA calculation artifacts?
- « Current » interaction
-> Interaction readjusted on 26F
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Conclusions et perspectives

All the J = 1-4 states arising from the 7zd;,xvd;,, coupling are now known for N = 17

Proton-neutron binding energy assymmetry

Real effect or USDA calculation artifacts?
- « Current » interaction
-> Interaction readjusted on 26F
-> Interaction readjusted on 30Al

To go further

B-decay of 2Ne + y-decay in-flight of 22Na => 3* et 4* du 2 Na
Evidences of low lying negative parity states found
Study of the unbound by neutron emission states of 26F => 3* du 26F

y : excitation energy
p : k-o orbital energy

momentum distributions of the fragments: | of the k-o orbital
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-> reduce the uncertainties
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