Unveiling exotic features in rare isotopes
through direct reactions
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— Tracking changes in shell structure in

neutron-rich nuclei as a function of spin
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negative parity positive parity

Need excitation across N = 20 gap to explain data N = 20, 28 shells vanish

N = 20 shell gap vanishes
2p3/2 — Halo
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240 new doubly magic @ drip-line

week ending
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8He : doubly-magic (N =6)

New doubly magic nucleus 3He
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E~240 MeV/u
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Coulomb

2p-
Transfer
E ~ 80 MeV/u
Breakup
TRIUMF
(p.p’)

Transfer and inelastic : E(2+) > 3 MeV
Breakup : E(2*) <3 MeV
Breakup : Low-energy dipole resonance
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8He (2+) : Qn =6.15 efm2, Qp = 0.60 efm?

Differential cross section
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Center of mass angle (deg)

» Data explained by / = 2 excitation

* No dipole resonance / = 1 excitation
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Ti 1sotopes
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Structure evolution beyond N = 50 *3Kr(d,p) )52
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E(4+) / E(2+) trend different in Kr  J. Dudouet et al., PRL (2017)
Lack of collectivity at N = 60 in Kr

0.+ : experimental data needed 1n ?4Kr to assess shape co-existence
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Shape Coexistence in 74Kr  3Kra2+y(d,p)?Kr (N = 58)
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Soft resonances - 111 Halo excitation
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Low-energy dipole states : ¢4Ni @ HIyS Sw=9.7 MeV

PHYSICAL REVIEW C 109, 044318 (2024)
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El & MI transition measurements by photon scattering ('y,y’) (90° 90°) : E1 detect
, : etector

Low-lying dipole response of %4Ni
o NO) .
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Two types of photon beams used

Continuous energy Bremsstrahlung @ yYELBE - HZDR Y =+1 Ml

Quasi monoenergetic linearly polarized @ HIvyS - TUNL Y=L El
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Ni EI detector HIyS —— ] — possible J™=1F ! C
800 - N %
> . ~ 0.1 ‘ -
¢ - experiment
= 600 1 ~
E . s
2 as) 0 — } : I : | : : ;
S 400 7] fom . SM calculation (GX1A)
: Z - W= SM calculation (CA48MHI1) Sn 1
200 1 2 0.1 I
/m
7600 7800 8000 8200 8400 8600 0
Ey [keV] 5000 6000 7000 8000 9000

energy [keV]

* Strong E1 peak seen below S,

* M1 transitions are small Data deviate from shell model predictions
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Summary and outlook

B : =G =

Reactions at different energies unevil new exotic nuclear & transformation
of nuclear shells - challenging our knowledge of the nuclear force.
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