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Rare isotopes in the laboratory
238U + 208Pb ~ 1A GeV
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Rare Isotope Facilities
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Point Matter (rms) Radii : Interaction Cross Section (oy)

Reaction Cross Section (or): Sum of all reactions
except elastic scattering

OR = OT + Oinel (bound states)

Glauber calculation l
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Point Proton (rms) Radii : Charge Changing Cross Section (0cc)

Charge Changing Cross Section
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or to R Glauber Model

Measure
o= | Jab[i-1(6)]  T()=lexe(in(?)
Does not require any reaction mechanism
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Radii and exotic neutron-rich structures iE=®
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How well does transmission technique work?

Rp : electron elastic scattering
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11] ;1 Halo neutron correlation Quantum entanglement
E/A ~3 MeV

Presant data Theoretical
MLifai2-y4p = OLifaz )4t 0. )

=
TT

"Li(p,t)°’Li
@ TRIUMF

11Li spatial correlations: O31

ULi(p,pn)!°Li
@ RIKEN
E/A = 246 MeV

Probability densily
Differential cross sectioy [mb/sr|

105 VIR

100 F

95F

90 135 180
ifig angle in center of mass [degrees|

[

90

85 :_ —&— This work * _:
[ | == Quasifree model 7
80 FXX] C-induced knockout .

Core (°Li) excited state : J™(n-n)=2%, 1* ——
Evidence of phonon mediated pairing Missing momentum k (fm'"
Y. Kubota et al., Phys. Rev. Lett.
Exchange of core-halo vibration binds the halo 125 (2020) 252501

G. Potel et al., Phy. Rev. Lett. 105 (2010) 172502. Di-neutron correlation @
nuclear surface r ~ 3.6 fm

Correlation angle <@, (deg)

9Li first excited state

Intersection of Nuclear Structure and High Energy Collisions, Feb.6-10, 2023 INT, Seattle, USA R. Kanungo



Neutron Surface  Neutron Skin: R, - R,

1.2 - N/Z >> 1 N/Z ~1-15
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Interaction cross section (mb)

What lies behind the halo ? - alook at orbitals

Coordinate Space

Momentum space 1
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What lies behind the halo ? - alook at orbitals

Coulomb dissociation 2 i
19C+ 208Pb -> 18C + n 1 B 1
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30A] 32A
Do all shells dissolve into halos ? = szMi
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240 new doublv magic nucleus

PRL 102, 152501 (2009)

week ending

PHYSICAL REVIEW LETTERS 17 APRIL 2009

£

One-Neutron Removal Measurement Reveals *O as a New Doubly Magic Nucleus

R. Kanungo et al.
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Evolution of orbitals : Tensor Force

¢ Tensor Force in High Momentum

Tensor Optimized Shell Model
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Evolution of orbitals : Tensor Force

/ . i
** Monopole Tensor Interaction Ve T TR S
% h
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Evolution of orbitals : Three Nucleon Force
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Equation of state of asymmetric nuclear matter

) 7 ’4 | ’
T C)((’) ) S Hadron |
P Physics

e(p,0) = e(p,0) +|csym(p)o

¢ = energy per particle

Symmetry Energy is poorly constrained
Csym(p) = J — Le + 5 Kgyme” + O(e*) € = (po — p)/(3p0)

Two typical equation-of-states— 1T T 7T

RMF ) 120 o
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K Iida and K. Oyamatsu, Prog. Theor. Phys. 109(2003)631 Gandolfi et al. (2013)
Models for EOS differ widely EOS predictions vary for
for asymmetric nuclear matter nuclear force prescriptions
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Neutron Skin : EOS - Symmetry energy

= 3pdesym(p)/Op

Neutron skin is strongly correlated with L
Correlation differs for RMF and ab initio frameworks
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L(MeV) B. Hu et al.
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Neutron skin (PREX & CREX @ JLab) : Symmetry energy

Parity violating electron scattering

PREX value of neutron skin of 208Pb

120 -
IS higher than other measurements
100
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............. - D. Adhikari et al., PRL 128 (2022)142501
: Dipole Polarizability
48Ca neutron skin _ .
Reaction Cross Section Agree
CREX

Rare 1sotopes with thicker skins will be more sensitive constraints on ‘L’
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High energy reactions produce rare isotopes
Reactions of rare isotopes reveal new features - changing the conventional knowledge

e Few-body correlations emerge in many-body neutron-proton asymmetric nuclei.
Nuclear Halos - Core + halo neutron correlation

e Nuclear shells changes are related to these new structures.
Known shells @ N = 8, 20, 28 disappear  New Shells appear @ N = 16

e Nuclear force needs to be better understood

Rare isotope scattering shows strong sensitivity to various three-nucleon forces

New generation facilities bring access to exotic high mass rare isotopes
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Future poss1b111ty hlgh energy collldlng beams for rare 1sot0pes"
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