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Motivation: nuclear EoS

30 T T T T “H—T—— 77

neuiron matter

e(p,d=1)

S

———————

S(p)~

S(p) (MeV)

or Saturation

(]
=

(0,16 fm ", —16.0 MeV)

elp,6=0)

EDF predictions -

20k s"'mm:t;;c math;:l e L = 0 005 01 0I5 02 E},:zé' '
p (fm”) p (fm™)
Pn— P
e(p,B) =e(p,p =0)+S(p)p* + O(B*) where p = %

aS(p)

] =S(po); L=23po %

P=Po

-Isovector properties not well determined in current EDFs
EDFs typically fitted to masses and charge radii




Motivation: neutron skin thickness

But how we can better constraint the isovector
channel from observables? (Example)

Neutron skin thickness — is one of the most paradigmatic
example of an isovector sensitive observable.
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The neutron skin can be proben by the

Parity Violating Asymmetry

—  Electrons interact by exchanging a y (couples to
p) ora Z boson (couples to n)

—  Ultra-relativistic electrons, depending on their
helicity (+), will interact with the nucleus seeing
a slightly different potential: Coulomb + Weak

A = do4/dQ —do_/dQ Weak
PV ™ qo,/dQ +do_/dQ)] Coulomb

—  Input for the calculation are the p, and pn
(main uncertainty) and nucleon form factors for
the e-m and the Weak neutral Curren‘t_ Electron motion governed by the Dirac equation:

(&P +pme + V(r)p =B
where V(1) = Ve (r) + v Viy (1)

Dirac equation for helicity states (m. ~ 0)
[o- p + (Velr) £ Vw(r))Jbs = By




Parity Violating Asymmetry:

definition and simple model (PWBA; Fw =Fn; and Fan=Fp)

Within the Plane Wave Born Approximation,

... which depends on F,,(q) — F,,(q). For q — 0, it is approximately,
2 2

— (R () = o At ()2 4+ (1))
q2

variation of A, at a fixed q dominated by the variation of
Arnp. Fp(q) well fixed by experiment



Dipole Polarizability is also a sensitive

isovector indicator: definition

The linear response or dynamic polarizability of a nuclear
system excited from its g.s., [0), to an excited state, |v), due
to the action of an external isovector oscillating field
(dipolar in our case) of the form (Fe"™! 4+ Fle™"");

A
Fim =) vYpm(f)tz(i) (AL = 1 — Dipole)

1

is proportional to the static polarizability for small
oscillations

x = (8m/9)e’m_; = (87/9)e? Z |('V\F|O)|2/E where m_; is

the inverse energy weighted moment of the strength
function, defined as, S(E) = ) |(v|F0)|*5(E — E+)

I



Dipole Polarizability: simple model

electric polarizability measures tendency of the nuclear
charge distribution to be distorted (« - cectric dipole moment’)

external electric field

» The dielectric theorem establishes that the m_7; moment
can be computed from the expectation value of the
Hamiltonian in the constrained ground state H’ = H + AD.

Adopting the Droplet Model:
A(r2)1/2
mo A (1<) 1L 15 ]
48] 4 Q
within the same model, connection with the neutron skin

thickness:

J A—1/3

A(r?) 5 ATnp + 1/ 2555 0] Arsungace
/2

127 |12 r2)1/2(1—1Ic)




Recent exp. results on Apv and arin 2°6Pb

Tamii et al. PRL107 062502 (2011)
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Our final results for Apy™ and Fy with the acceptance
described by €(6) and (Q*) = 0.00616 GeV? are

ARG® = 550 £ 16 (stat) £ 8 (syst) ppb
Fy((0%)) =0.368 £ 0.013 (exp) £ 0.001 (theo),



Analysis based on EDFs correlations

between Apv, AR:wand L
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Analysis based on EDFs correlations

between ap, AR:wand L
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New analysis taking into account model

error quantification

How to improve current analysis?

* Include theoretic statistical errors and correlations
within a given EDF parametrization

 Fitting procedure including experimental data not only
on B and Reh but also on Apv and/or ao (“informed”
EDFs)

* Generalizing available EDFs?
* Other issues related to theory?




PREX: theo. uncertainty budget for A,v

Uncertainties in the determination of the Form Factors is smaller than
typical EDFs statistical uncertainties
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Thin blue bars: statistical model uncertamtles (related to neutron and proton densities)

Paul-Gerhard Reinhard, Xavier Roca-Maza, and Witold Nazarewicz Phys. Rev. Lett. 127, 232501 (2021)



EDF predictions with error ellipsoids for

Apv and a.in 2°8Pp

Correlation ellipsoids within each EDF show similar correlations than
the systematic study with many EDFs & have we learnt something?
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How these models perform for B and R.

in 208pb?
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v charge radius (a) and
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Apv versus aopin well callibarted EDFs

RME-PC g ' ©01 SV-min, suitable
l model to predict
74 EoS around po and
Arnp
Fain = 0.19 +0.02 fm :
B and Rch in 208Pb not as L =54 4+ 8 MeV

ood as other EDFs
d Theoretical and experimental

1o errors overlap for SV-min
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Our prediction is 1.50 away from experiment

I



Other example: minimal model

assumptions and statistical analysis

Astro+PREXx-II

Proae [MeV /]

0.17 (.45 0.88 1.51 2.41 Posterior Non—parametric equation of
state representation derived from
observations of neutron stars

Astro with minimal modeling

[~ Posterior assumptions.

PREX-II

The resulting astrophysical
constraints from heavy pulsar
masses, LIGO/Virgo, and NICER
clearly favor “small” values of
the neutron skin and L.
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Reed Essick, et al. Phys. Rev. Lett. 127, 192701 (2021)



Conclusions

 Current EDFs show strong systematic and statistic correlations
between Apv and ARnp Or @) and ARnp

* Fitting masses and radii do not give enough information on Apv, Qo
and ARnp (additional reason for the strong correlation)

 Extending the fitting protocol to include Apv and ao do not change the
correlations above since experimental errors on these observables are
still large -» model predictions remain biased by masses and radii

 Current EDFs are able to overlap within ~1o all experimental data
(preliminary: with the exception of Apv in 48Ca that is about 1.50 away)

* More accurate measurements on Apv could point to model
deficiencies, while EDFs seem to accommodate better a» (if also looking
to other nuclei)

» ldeally: measure Apv at different kinematics or Apv on different
nuclei with same (or better) accuracy — better constraints to models
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