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Charge radii and nuclear ski

Charge radii are usually measured
These measurements are limited to

allows to measure radial shifts along isotop

This appliesio or isomeric states.

is still more difficult to measure.

Can we get any information on the
evolution of radii in excited states
and on the neutfron sking

71 mirror energy differences are sensitive to the nyglaar radius




Charge invariance and isos

In fact the nuclear force is slightly asymmetric:

craction is about 0.5% more attractive.




Energy differences along 1so
multiplets

Mirror nuclei
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Contributions to the MED

Monopole Term

Multipole Term

Radius Variation with J

Related to orbitals
occupation numbers

Single Particle Energies

Electromagnetic Spin Orbit
Thomas precession

Nucleon Alignment with in-
creasing Angular Momentum J

-

W.f. overlap decreases with
increasing J

lboo

Calculated in the harmonic

oscillator basis




Calculation of Mirror Energyu

Differences
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D for nuclei along the f7/2 shell are descrlbed by the calculati
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The experiment:
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Selection of the channel

Channel selection Efficiency estimate
Pulse Shape vs. Energy From ~ spectra

ZNa - ap channel
~ energy _
0.63 39 %
0.60 38 %
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50 BC501A liquid scintillators

Neutron Wall was placed at forward angle
to maximize the efficiency

Pulsed beam allows to discriminate
between single ~ and neutron hits
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try at work

Mirror symme
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Level schemes

.

Previously kKnown
level scheme
confirmed and
extended:

» 2 new levels
» 4 new transitions



Theory |: USD interaction

Multipole term Single particle energies
Calculated from Coulomb matrix Electromagnetic spin orbit effect
elements in the harmonic oscillator basis

Nuclear ISB term
Radial Term _ B
From variation of occupation number of
s1/2 shell with J

Contribution to MED (keV)

: : 2
Non-null matrix element: Vg(dg,, ;—)




Theory |: USD interaction

6 8 10 12 14 16 18
2J

ed as in the classical in f,,, shell
Important multip (alignment)

adgdial term correction

0 keV

From NN interactione




New Approach for fit to the
radil: Duflo-Zuker formulo

_ [
2 A4/3

“w I"dezgso — 18 mf

= Exp (+ 0.2 fm)
e Correlated (- 0.2 fm)
e Exp (— 0.2 fm)

Courtesy of
J. Bonnard

Nolen-Schiffer
Anomaly (NSA)

» MDE depends strongly
on the radi
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Isovector monopole polarizaiin

Toy model

Zuker, Czech. J. Phys. B 25, 311 (1975)
The extra particle polarizes the system

by inducing particle-hole jumps from
the core

crease
ial contraction-

The NSA disappears as the proton and

neutron radii tends to equalize

gcpre shell model with Viow—k| potentials from
that




Results for binding energies

Single-particle/hole states built on °0 and “°Ca

S1/0 ANd P35 1/, Orbits iN
the VO and 4Ca
respectively are huge

Bonnard, Lenzi,

Zuker, PRL 113,
212501 (2016)
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MED vs ¢, Ar, . = Sef/A

How to get hw, ~ for both nuclei??

1 T T
® hwrp X 73— 3/2" ———

) 52" ——
N ] 7/27F
e 4 radii to determine g9/2*

11/2*
e IS:r,(N>2Z)=r,(N< 2) 13/2

15/2" =——
e r(N > Z)is measured
e r,(N> Z) from MED 7

[ IRENNAN NN

MEDy;, - MED,, [keV]

e MED decrease when skin increases

e Linear dependence

e For each state we can determine the

value of the sidn Can we relate the neutron skin w
From MED we can determine the with the difference of

neutron skin value as a function of J
(not measurable)




Neutfron skin vs s, occupa’riU

numbers

elaleRiglEEAe utron skin




Neufron skin vs s; , occupdadfi
numbers

» Clear cofrelation
between the

of
protons‘@nd neutrons
and the

Boso, Phys.Rev.Lett.
121, 032502 (2018)
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Conclusions

» Experimental Mirror Energy Differences in mirror nuclei
extended up to J = 15/2*

> Iv\|rror Energy differences interpreted via the
; and the procedure successfully adopteg
ENRA HERirror nUCle

@ssibility fo determine the neutron skin for
d state from the measured MED
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