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Introduction and Outline

Want to know how nucleons arrange themselves in nuclei, in particular momentum
distributions

Scattering experiments are used to look inside the nucleus

Goal is to connect scattering experiments with nuclear structure
1 Green’s function formalism
2 The dispersive optical model
3 Momentum distributions and high-momentum content
4 Asymmetry dependence of high-momentum content
5 The role of high-momentum content in exclusive (e, e′p) reactions
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Single-Particle Propagator and the Dyson Equation

Mack C. Atkinson DOM 3/ 17

G`j(r , r
′;E ) =

∑
m

〈ΨA
0 | ar`j |ΨA+1

m 〉 〈ΨA+1
m | a†r ′`j |ΨA

0 〉
E − (EA+1

m − EA
0 ) + iη

+
∑
n

〈ΨA
0 | a†r ′`j |ΨA−1

n 〉 〈ΨA−1
n | ar`j |ΨA

0 〉
E − (EA

0 − EA−1
n )− iη

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

Numerator like a transition probability to given excitation

Close connection with experimental observables

Perturbation expansion of G leads to the Dyson equation

If the irreducible self-energy (Σ∗) is known, then so is G
= + Σ∗
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The Dispersive Optical Model (DOM)

Irreducible self-energy at positive energies corresponds to an optical potential

Use same functional form as standard optical potentials to parametrize self-energy

Σ∗(r , r ′;E ) is explicitly nonlocal

Dispersion relation connects to negative energies

Dispersive Correction

ReΣ`j(r , r
′;E ) = ReΣ`j(r , r

′; εF )− 1

π
(εF − E )P

∫ ∞
ε+T

dE ′ImΣ`j(r , r
′;E ′)[

1

E − E ′
− 1

εF − E ′
]

+
1

π
(εF − E )P

∫ ε−T

−∞
dE ′ImΣ`j(r , r

′;E ′)[
1

E − E ′
− 1

εF − E ′
]

This constraint ensures bound and scattering quantities are simultaneously described
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Fitting the Self-energy (40Ca)

Mack C. Atkinson DOM 5/ 17

Parameters of self-energy varied to minimize χ2

Reproducing the data means self-energy is found
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Fitting the Self-energy (40Ca)
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Parameters of self-energy varied to minimize χ2

Reproducing the data means self-energy is found
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Parameters of self-energy varied to minimize χ2

Reproducing the data means self-energy is found
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Parameters of self-energy varied to minimize χ2

Reproducing the data means self-energy is found
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Fitting the Self-energy (40Ca)
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Parameters of self-energy varied to minimize χ2

Reproducing the data means self-energy is found
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Fitting the Self-energy (40Ca)
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Parameters of self-energy varied to minimize χ2

Reproducing the data means self-energy is found
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Fitting the Self-energy (48Ca)
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Parameters of self-energy varied to minimize χ2

Reproducing the data means self-energy is found
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Fitting the Self-energy (208Pb)
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Parameters of self-energy varied to minimize χ2

Reproducing the data means self-energy is found
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(e, e ′p) probes the momentum content of nuclei

Excitation spectrum provides evidence of
many-body correlations

Spectroscopic factor, Z, quantifies correlations

Distorted-wave impulse approximation for
exclusive reaction (C. Giusti’s DWEEPY code)

DOM can provide all ingredients
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Distorted-wave impulse approximation for
exclusive reaction (C. Giusti’s DWEEPY code)

DOM can provide all ingredients
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No imaginary component of Σ∗ around εF
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Spectroscopic factor for states near εF is
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40Ca(e,e’p)39K Momentum Distributions (100 MeV)
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48Ca(e,e’p)47K Momentum Distribution
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Comparing high-k
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Monte-Carlo results borrowed from
Bob Wiringa’s website[1]
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