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Introduction

Goal is to help describe the nuclear aspects of v-A interactions

The structure of large nuclei can be determined using a nonlocal dispersive optical model
(DOM)

Experimental data is used to constrain the DOM
The (e, €’'p) reaction can be described using the DOM
This can be extended to different leptonic probes

In particular, a DOM analysis of “°Ar (relevant for DUNE) is underway
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Single-Particle Propagator and the Dyson Equation
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@ Poles correspond to excitation energies of (A + 1) or (A — 1) nucleus

@ Numerator like a transition probability to given excitation
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Gyi(r,r'; E) = Z

m

Poles correspond to excitation energies of (A + 1) or (A — 1) nucleus

Numerator like a transition probability to given excitation

Perturbation expansion of G leads to the Dyson equation

o
o
@ Close connection with experimental observables
o
°

If the irreducible self-energy (X*) is known, then so is G
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Spectral function

1
SZ-(r; E)= ;|mG2j(f7 ri E)O(E — (B — Eg‘_l))

@ Reveals effects of many-body correlations beyond the independent particle model
@ Can be observed with excitation spectrum from knockout reactions
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@ This constraint ensures bound and scattering quantities are simultaneously described
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Fitting the Self-energy (*°Ca)

@ Parameters of self-energy varied to minimize 2
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@ Parameters of self-energy varied to minimize 2
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Fitting the Self-energy (*°Ca)

@ Parameters of self-energy varied to minimize 2
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Fitting the Self-energy (*°Ca)

@ Parameters of self-energy varied to minimize 2

@ Reproducing the data means self-energy is found
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Fitting the Self-energy (*8Ca)

@ Parameters of self-energy varied to minimize 2

@ Reproducing the data means self-energy is found
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Momentum Distributions

@ Short-range correlations (SRC)
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Momentum Distributions

@ Short-range correlations (SRC)
responsible for this high-momentum
content

Proton Spectral Functions in 4°Ca

10° T r r r T r T —
0s1/2 —— j
1s1/2 - - -
Opl/2 ——
-1 ] O0p3/2 - - -
0708 gaz/2 ——

0d5/2 - - -

= 1072

1074 f
—100 =90 —80 —70 760 —50 —40 —-30 —20 710
o [MeV] 23

Mack C. Atkinson

104
103
102
10!

10°

n(k) [for]

1071
1072

1073

/d3 /d3 / /k( )p(r,r')

40Ca DOM Single-Particle Momentum Distribution

p
n

np(khigh) = 1400
nn(kﬁighl = 14.7%

\
A

0

0.5

—_

Theoretical Background

1

il

=

2
k [fm™!

2.5

3 3.5

9/17



S"(a, B E) = %Im{G(oz,ﬁ; £y} S"E)=)S(e.aiE)

Proton Spectral Functions in 4°Ca
10°

e
151/2 - - -
opl)2 ——

] oopsa - - -
1070 F 032 ——
0d5/2 - - -

104
—100 —90 —80 —70 —60 —50 —40 —30 —20 —10
B [MeV] 2




S"(a, B E) = %Im{G(oz,ﬁ; £y} S"E)=)S(e.aiE)

Proton Spectral Functions in 4°Ca

3 10° 0sl/2 —— T T T T
posi= | dES(a,3iE) e
—o0 10—1 L [)1:)3/2 - ==
0d3/2 ——
0d5/2 - - -

104
—100 —90 —80 —70 —60 —50 —40 —30 —20 —10
B [MeV] 2




S"(a, B E) = %Im{G(oz,ﬁ; £y} S"E)=)S(e.aiE)

Proton Spectral Functions in 4°Ca

eF Nz s
o= [ dESapiE)  MZ=3 el T
> o 101 | op3/2 - - -
0d3/2 ——
0d5/2 - - -
2 102

10—4 L L L L L L L L
—100 —90 —80 —-70 —60 —50 —40 —30 —20 —10
B [MeV] 2




Constraints for Spectral Function
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@ DWIA for exclusive reaction (C. Giusti's DWEEPY code)
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Spectroscopic factor, Occupation, and Depletion
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Spectroscopic factor, Occupation, and Depletion
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*8Ca(e,e'p)*’"K Momentum Distribution
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@ Using DWIA for inclusive cross section will involve energies that require a relativistic
treatment
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@ The DOM is a robust model that can describe both positive and negative energy data
@ The DOM provides a consistent description of “°Ca(e,e'p)3°K data
@ Since this works for electrons, it should work for neutrinos

e DOM analysis of *°Ar is underway
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@ “Smearing” of self-energy poles inflates Z e =0

@ Renormalize with experimental excitation energy
spectrum
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