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Soft dipole resonance in “Li excitation in the neutron continuum
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Two decades of various searches did not reach conclusive understanding

Can the neutron-rich surface sustain a low-energy soft dipole resonance ?

LXCITAalion enerov
A.A. Korsheninnikov et al,
PRC 53(’96)R537 ; PRL
78(97)2317

Non-resonant peak or
Resonance ?
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M.G. Gornov et al. PRL 81 (1998) 4325
Dipole Resonance not known
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HLi(d,d’) first measurement one /YN eas E/A ~ 5 MeV
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R. Kanungo et al., Phys. Rev. Lett. 114 (2015) 192502
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Isoscalar Soft Dipole Resonance Observed
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Agreement with halo model description of halo in '1Li

2% - 21% 1S - EWSR
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HLi(p,d)!°L1 : 1n 3-body model
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20Mg(d,d’) : Search for resonance in 2°Mg
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20Mg(d,d’) : Search for resonance in 2°Mg

@ Nuclear reactions at the limit of stability, Trento, March 5-9, 2018 R. Kanungo



20Mg(d.d’) : Angular Distributions
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20Mg(d.d’) : Angular Distributions
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Resonance in 2°Mg : Theories
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0C(p,p) : Constraining the nuclear force

|&d Selected for a Viewpoint in Physics

week ending

PRL 118. 262502 (2017) PHYSICAL REVIEW LETTERS 30 JUNE 2017 4
con
9 3
Nuclear Force Imprints Revealed on the Elastic Scattering of Protons with ''C 4 6

Inverse kinematics scattering at IRIS + Ab initio reaction theory

B No core-shell model with continuum (NCSMC) calculations
10C : 0+, 21%, 22* eigenstates
1IN : 6 -ve parity and 3 +ve parity NCSM eigenstates
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P
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Simultaneous fit for NN phase shifts, B.E., radii (
Ekstrom et al., PRC 2015

A. Kumar, R K., A. Calci, P. Navratil et al.
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N Resonance energies

N Excitation Energy (MeV)
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m 3N400, N2LOsat give similar predictions
for the 1/2+, 1/2- & 3/2- resonances.

less sensitivity to the different forces

® N2LOsat in agreement with experiment
would suggest this interaction is
describes the nuclear force well.

incomplete view of the forces

Reaction observable brings greater sensitivity for constraining the nuclear force
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+ Discovering neutron skin and halo

. . . Ring accelerator
+ Defining the equation of state of neutron-rich matter SIS18

& Constrain the nuclear force

& Constrain nuclear structure models

Universal 7

) Fragment
Linear Accelerator

separator FRS

Nucleon Knockout Reactions :
Momentum distribution

Experimental
storage ring ESR

# Nuclear Orbitals and shell structure ,
Experimental hall ||

@ Nuclear reactions at the limit of stability, Trento, March 5-9, 2018 R. Kanungo



Transmission Technique

Interaction Cross Section Charge Changing Cross Section
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FRS @ GSI E/A ~ 900A MeV
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Glauber Model

S / db(1 — [ *®)2)
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= = exp[ / f drdr pp(r)pr(r)Uny(s — £+ b)] Target Density
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NTG
= 1
ek exp( — 5v/drlop(r)

X {1 —exp[ — /dr’,oT(r’)FNN(s—t—l—b)“)
Xexp(— %/dr’,oT(r’)

X {1 - exp[ - f drpp(r)I'yy(t — s + b)] }) W. Horiuchi et al., PRC 75, 044607 (2007)
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Glauber Model

Profile Function parameters

onN = NN scattering cross section

: )
r \-\-(b) — I —ia o,tol exp| — b_ a =ratio of Re/Im NN scattering amplitudes
N. - NN
4n ﬂ 2ﬁ [ = slope parameter of NN elastic differential cross section
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......................... o
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L T I 500 1000
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Glauber Model validity

Finite Range calculations

Agreement of Rp from Oc and e- scattering establishes the accurate
determination of radi1 at ~ 900A MeV
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Glauber Model : or

Finite Range
OLA : Zero Range
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Two-neutron halo in Be and B
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2s12 - 1dsp mixing A. Estrade et al., Phys. Rev. Lett. 113 (2014) 132501
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32} Carbon %

® Rp show only a small increase from !°C to 1°C
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Proton Radii : Nuclear shell gap

Be B
L C Stable nuclei Meutron-rich nuclei
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N radu
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Summary

Direct reactions at low- and high- energies can reveal new features of exotic nuclei.

B Reactions discover and characterize nuclear halos and new shells Transfer reactions

O1, Occ
B New Resonances are found through reaction spectroscopy Inelastic Scattering
B Nuclear force finds new constraints through direct reactions Elastic Scattering
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