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Motivation for nucleus-informed NN interaction
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The DOM provides consistent ingredients for knockout reactions

Discrepancy between 40Ca(e, e ′p)39K and 40Ca(p, 2p)39K

Through Green’s function formalism, the DOM can also describe how a
proton propagates through the nucleus (propagator GDOM)
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Why not just use (e, e ′p) for all single-knockout experiments?
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Proton knockout reactions

Experimental sketch for stable nuclei Experimental sketch for exotic nuclei (RIB)

Electron beam

Reaction mechanism well-understood



Single-Particle Propagator and the Spectral Function
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Poles correspond to excitation energies of (A+ 1) or (A− 1) nucleus

Numerator like a transition probability to given excitation

Sh
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Close connection with experimental observables
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Irreducible self-energy and the Dyson equation

Perturbative expansion of G leads to the Dyson equation

Σ∗ corresponds to an optical potential

Σ∗(r , r ′;E ) is nonlocal

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

Σ∗(r , r ′;E ) → Vvol(r , r ′;E ) + Vsur (r , r ′;E ) + Vso(r , r ′;E )

Nonlocality is parametrized with β

Σ∗(r , r ′;E ) = Σ∗
(
r + r ′

2
;E

)
e

−(r−r′)2

β2 π−
3
2β−3
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= + Σ∗

p̂2

2µ
ψ(r) +

∫
dr ′Σ∗(r , r ′;E )ψ(r ′) = Eψ(r)

Can this also describe negative energy
observables?
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Dispersive Optical Model

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

Dispersive Correction

ReΣℓj(r , r
′;E ) = ReΣℓj(r , r

′; ϵF )−
1

π
(ϵF − E )P
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ϵ+T

dE ′ImΣℓj(r , r
′;E ′)

[
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1

ϵF − E ′

]

+
1
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(ϵF − E )P

∫ ϵ−T

−∞
dE ′ImΣℓj(r , r

′;E ′)
[

1

E − E ′ −
1

ϵF − E ′

]

(subtracted) Dispersion relation constrains self-energy at all energies

This constraint ensures bound and scattering quantities are simultaneously described
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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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Excitation spectrum provides evidence of many-body correlations beyond mean-field

Momentum distribution is closely tied to the boundstate wavefunction

Spectroscopic factor

Electron interaction means clean knockout reactions
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Spectroscopic factor is not the same as Occupation
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DWIA for exclusive reaction (C. Giusti’s DWEEPY code)
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Dispersion relation “pulls” strength of Σ∗ around

More strength above ϵf depletes the strength below

High-energy σreact has strong effect on SF
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Now try calculating with a hadronic probe: 40Ca(p, 2p)39K
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T ≈
∫

dR tNNχ
(−)∗
1 (R)χ

(−)∗
2 (R)χ

(+)
0 (R)e−iαRK0·Rϕnljm(R).

Same DOM ingredients used

Remember that SF comes directly from Σ∗
DOM

Main difference is the probe =⇒ problem is likely Vpp
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Nucleus-informed pp interaction: Vpp → Γpp
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Try varying VNN to see effect on SF

Dependence of SF on choice of VNN is another sign
the problem lies in VNN

Interactions need information about the nucleus

Gpp ≈
∫
GDOM × GDOM

Similar to G -matrix, except this is calculated in
finite nuclei

Good approximation for typical (p, 2p) energies
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Looking (far) ahead: microscopic (ab initio) OMPs?
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Currently, the goal is to improve reaction models by providing nucleus-informed ΓNN

In any way possible (phenomenologically or microscopically)

Γ can also be used to calculate the nucleon self-energy (OMP)

Γ =
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Σ∗ =
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The DOM provides consistent ingredients for knockout reactions

Discrepancy between 40Ca(e, e ′p)39K and 40Ca(p, 2p)39K

DOM provides a path toward improvement through the
nucleus-informed NN interaction ΓNN

G
DOM

Electron probe: 40Ca(e, e ′p)39K

1

10

−200 −100 0 100 200 300

S
(p
m

)
[(

G
eV

/c
)-3

]

3/2+

pm [MeV/c]

Nikhef
DOM

Proton probe: 40Ca(p, 2p)39K

10
40 60 80 100 120 140 160 180

d
3
σ
L
/d
T
L 1
d
Ω
L 1
d
Ω
L 2

[µ
b/

(M
eV

sr
2
)]

3/2+

TL
1 [MeV]

RCNP
DOM

p p

p



Thanks

atkinson27@llnl.gov Mack C. Atkinson LLNL 18

Willem Dickhoff

Robert Charity

Hossein Mahzoon

Lee Sobotka

Natalie Calleya

Cole Pruitt
Gregory Potel
Sofia Quaglioni

Kazuyuki Ogata

Kazuki Yoshida

Louk Lapikás

Henk Blok



Backup Slides

atkinson27@llnl.gov Mack C. Atkinson LLNL 18

Monte-Carlo results borrowed from
Bob Wiringa’s website[1]
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“Smearing” of self-energy poles inflates SF

Renormalize with experimental excitation energy
spectrum
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Short-range correlations (SRC)
responsible for this high-momentum
content
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A nhigh phigh
40Ca 0.147 0.14
48Ca 0.126 0.146

n-p interaction stronger than n-n or p-p

More neutrons means more n-p SRC pairs (n-p dominance)

=⇒ Protons more correlated (more high-momentum content)

A nhigh phigh
40Ca 0.147 0.14
48Ca 0.126 0.146
208Pb 0.106 0.134
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