Proton-neutron pairing in the
fp-shell via the *Cr(p,°He)*V
transter reaction

HUGO JACOB (IJCLAB, CNRS)
hjacob@ijclab.in2p3.fr

27/05/2025

®
universite —
PARIS-SACLAY £ !ANPC2° =




\

Scientitfic motivations




Proton-neutron pairing
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Proton-neutron pairing

Binding energy anomaly in N=Z nuclei
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Double binding energy formula:
AVnID =1/4(B(N,Z) - B(N,Z-2) - B(N-2,Z) + B(N-2,Z-2))
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Two-nucleon transfer reaction

Schematic diagram of the cross section
of a two-nucleon transfer
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the number of pairs (vibrational)
In the middle of the shell, cross-section depends on the gap
and pairing strength (rotational)
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Two-nucleon transfer reaction

(p,®He) selection rules allow to populate
both low-lying states

T=0 J=1
T=0 J=0 i £np
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=0 transfer

 Transfer to (T=0, J=1) state gives information
onisoscalar pairing strength, and similarly for
(T=1, J=0) and isovector pairing strength.

« Same reaction mechanism: L=0 transfer
(DWBA) necessary to discriminate L=2




Cross section

Schematic diagram of the cross section
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Cross section ratios

Schematic diagram of the cross section Systematics in the sd and f shells
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Experimental setup




48Cr 30MeV/u beam
produced by
fragmentation of S°Cr
and selected by LISE

MUGAST@LISE
at GANIL

spectrometer at GANIL , O\ e / Y

Impinging beam on a
Smg/cm? CH, target

CATS (MWPC)

1+ 993 keV

\ 2+ 914 keV
3+ 801 keV (isomer)

EXOGAM




Reaction channel selection

MUST?2 identification
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- Identification performed with AE/E (DSSD and Csl)
- Selection of 3He particles before selection in ZDD
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Reaction channel selection

/DD identification

Heavy recoil identification in coincidence with *He
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Typical nuclei used in our analysis are Cr, V and Ti
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MUST?2 kinematics

(p,2He) kinematic line
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Preliminary results




Fitting experimental dato

Excitation energy fit
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Fitting experimental dato

Excitation energy fit v-ray energy
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Previous results

Cross section ratio
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B. Le Crom, M. Assié, et al., Physics Letters B 829 (2022) 137057
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Preliminary results

A GXPF1+DWBA 20 22 24 2 28

Cross section ratio Deformation in N=Z nuclei (f, , shell)
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Cross section ratio Deformation in N=Z nuclei (f, , shell)
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Absolute cross section to the isovector channel
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Conclusions

Proton-neutron pairing is strongly hindered in the middle of the f, , shell

The isoscalar pairing channel has generally a low contribution in this shell

Possible explanation: strong deformation of 4Cr

Perspectives: exploring proton-neutron pairing in high seniority shells and alpha

clustering in N=Z nuclei
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