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Motivation

@ Why do spectroscopic factors decrease with increasing neutron asymmetry?
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Single-Particle Propagator and the Spectral Function

(Wh 2y WAL (WATL &l |Wh)
E—(Entt — Ef +in
5 (WE| al,; WAL (WA 2y |W5)
E—(Ef —ENY) —in

n

ng(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
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@ Numerator like a transition probability to given excitation
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Single-Particle Propagator and the Spectral Function
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Single-Particle Propagator and the Spectral Function
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@ Perturbative expansion of G leads to the Dyson equation
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@ X * corresponds to an optical potential 1




@ Perturbative expansion of G leads to the Dyson equation
@ X * corresponds to an optical potential 1 -
Y(r, " E) = Vi (r, r'; E)+Veur(r, v’ E)+Veo(r, r'; E)




Irreducible self-energy and the Dyson equation

@ Perturbative expansion of G leads to the Dyson equation

@ Y * corresponds to an optical potential 1
Y, " E) = Vo (r, r'; E)+ Ve (r, v’ E)+Veo(r, r'; E)

@ Use the same functional form as standard optical potentials for the self-energy
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Perturbative expansion of G leads to the Dyson equation

2 * corresponds to an optical potential
Y, " E) = Vo (r, r'; E)+ Ve (r, v’ E)+Veo(r, r'; E)

Use the same functional form as standard optical potentials for the self-energy

Y*(r,r’; E) is nonlocal, parametrized with 3
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Irreducible self-energy and the Dyson equation

@ Perturbative expansion of G leads to the Dyson equation

@ Y * corresponds to an optical potential 1 - At
Y, " E) = Vo (r, r'; E)+ Ve (r, v’ E)+Veo(r, r'; E)

@ Use the same functional form as standard optical potentials for the self-energy

Y*(r,r’; E) is nonlocal, parametrized with 3

! —(r—r")?
z*(r,r’;E):z*<r+2r;E>e 7 373

Can this also describe negative energy
observables?
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@ The DOM makes use of complex analysis to formulate a consistent self-energy
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oo
ReXyj(r,r'; E) = ReXyj(r,r';eF) — %(GF = E)’P/ dE' ImXj(r,r'; E') [
ot

11
E_E ¢ _F
1

Y —E)P/e;dE’I S, P B | - 1
T F SR AR -y~

@ Dispersion relation constrains self-energy at all energies

1 C. Mahaux, R. Sartor, Adv. Nucl. Phys., 20, 96 (1991)



Dispersive Optical Model

@ The DOM makes use of complex analysis to formulate a consistent self-energy

Dispersive Correction
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@ Dispersion relation constrains self-energy at all energies

@ This constraint ensures bound and scattering quantities are simultaneously described

1 C. Mahaux, R. Sartor, Adv. Nucl. Phys., 20, 96 (1991)
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o Parameters of self-energy varied to minimize x?



o Parameters of self-energy varied to minimize x?
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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
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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

100

10

sr|

Z10%

do/dQ2 [mb
s

1010

10°

1o L

10

100

n+%Ca

OSSN

)30 60 90 120 150 180
Oc.m. |deg]

I
30 60 90 120 150 180
Ocm. |deg]

I I I
60 90 120 150 1t
O, |deg]

M.C. Atkinson and W.H. Dickhoff, Phys. Lett. B, 798, 135027 (2019)

Mack C. Atkinson

TRIUMF

o [mb|

o [mb]

0.09
0.08
0.07
0.06
7005
i 0.04
< 0.03
0.02
0.01

0

—0.01

Experiment
DOM

1000
800
600
400
200

0

5000

100 150 200

By [MeV]
T

n+4Ca.

Otor —@—

50

100 150 200

Ejqy [MeV]

9/16



@ DWIA for exclusive reaction (C. Giusti's DWEEPY code)




@ DWIA for exclusive reaction (C. Giusti's DWEEPY code)
@ DOM provides all ingredients




DOM calculation of “°Ca(e, €'p)¥K

@ DWIA for exclusive reaction (C. Giusti's DWEEPY code)
@ DOM provides all ingredients
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*8Ca(e,e'p)*’"K Momentum Distribution

Data: G. J. Kramer et. al, Nucl. Phys. A, 679, 267 (2001)
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*8Ca(e,e'p)*’"K Momentum Distribution
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*8Ca(e,e'p)*’"K Momentum Distribution

Data: G. J. Kramer et. al, Nucl. Phys. A, 679, 267 (2001)
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n(k) = /d3r/d3r'eik'(’_’/)p(r, r')

40Ca DOM Single-Particle Momentum Distribution
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Momentum Distributions
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40Ca DOM Single-Particle Momentum Distribution
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Momentum Distributions

@ Short-range correlations (SRC)
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CLAS Collaboration, Nature 560, 617 (2018)
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Asymmetry Dependence of High-Momentum Content

CLAS Collaboration, Nature 560, 617 (2018) DOM Single-Particle Momentum Distributions
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@ Increased proton correlations (SRC) pulls strength from Sg
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Quenching of Spectroscopic Factors

@ Increased proton correlations (SRC) pulls strength from Sg
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Quenching of Spectroscopic Factors

@ Increased proton correlations (SRC) pulls strength from Sg
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Quenching of Spectroscopic Factors

@ Increased proton correlations (SRC) pulls strength from Sg
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@ The DOM is a robust model that can describe both positive and negative energy data
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Summary and Outlook

@ 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 and *8Ca(e,e'p)*'K data,
validating the DWIA

@ The non-negligible high-momentum content in nuclei is due to SRC correlations

@ Proton high-momentum content increases with increasing neutron excess

Mack C. Atkinson ~ TRIUMF 15 / 16



Summary and Outlook

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 and *8Ca(e,e'p)*'K data,
validating the DWIA

The non-negligible high-momentum content in nuclei is due to SRC correlations

Proton high-momentum content increases with increasing neutron excess

The quenching of proton spectroscopic factors is consistent with the np dominance picture
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	I: The dispersive optical model

