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@ Fundamental properties of nuclear matter:
Q po~0.16 fm~3

@ Where do the values for pg and Ey come from?

@ How does this relate to finite nuclei?

Claim: The value of Ej is not necessarily -16 MeV
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@ More discussion of nuclear matter

@ Green's function formalism

© The dispersive optical model (DOM)

@ Binding energy densities and nuclear matter
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o Nuclear saturation is evident from nuclear charge radii: R4 < Al/3
@ Nuclear charge densities extracted from elastic electron-scattering experiments saturate in
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Nuclear Saturation

o Nuclear saturation is evident from nuclear charge radii: R4 < Al/3
@ Nuclear charge densities extracted from elastic electron-scattering experiments saturate in

the core

@ These experiments revealed that this saturation density is pg ~ 0.16 fm—3
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Saturation Energy
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Saturation Energy

W. H. Dickhoff, D. Van Neck MBT Exposed! (2008)
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Saturation Energy

W. H. Dickhoff, D. Van Neck MBT Exposed! (2008)
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Single-Particle Propagator and the Dyson Equation
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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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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
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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
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Fitting the Self-energy (*°®Pb)

@ Parameters of self-energy varied to minimize 2

@ Reproducing the data means self-energy is found
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o /dQ [mb/sr|

Fitting the Self-energy (12C)

@ Parameters of self-energy varied to minimize 2
e DOM fit of *2C can be compared with ab-initio

results
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B = E/c/3r/d3r'
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DOM Binding Energy Density
E64 = ;/d?’r/d?’r/ [(rT‘r/> <r/‘p‘r> + 53(r — r/) /6f dEESh(r; E)] =47 /OO drr25(r)
—0o0 0

15
N Z | DOM Ef | Exp. E§
2C [580]590 | 935 | -922 0
©Ca [19.9[ 198 -340 -342 G o5t 1
Ca | 279|199 -418 -416 = B
208pp | 126 | 81.7 | -1629 | -1637 =" <
§

CD-Bonn
AV18
N3LO

|
—_
o
T

|
—
[
T

0 1 2 3 4 5 6 7 8
r [fm)]
Nuclear matter points: A. Rios et al., PRC 89, 044303, (2014)

arXiv 2001.07231 Mack C. Atkinson ~ TRIUMF 12 /17



DOM Binding Energy Density
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DOM Binding Energy Density

E(SL\: ;/d?’r/d?’r/ [(rT‘r/> <r/‘p‘r>—|—53(r—r/) /_Zfo dEESh(r; E)] I47T/OOO drr25(r)

15

@ Shape of £(r) is consistent with NM calculations

e Core of nucleus is NM-like (p ~ po)
o Core of nucleus minimally contributes to E§'
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DOM Binding Energy Density
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@ Shape of £(r) is consistent with NM calculations

@ Core of nucleus is NM-like (p =~ po)

o Core of nucleus minimally contributes to E§'

= NM is not well-constrained by EOA
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@ Energy sum-rule used in DOM assumes no 3-body force
@ Variational Monte Carlo (VMC) calculations show small 3N contribution
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3N Contribution

@ Energy sum-rule used in DOM assumes no 3-body force
e Variational Monte Carlo (VMC) calculations show small 3N contribution
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3N Contribution

@ Energy sum-rule used in DOM assumes no 3-body force

e Variational Monte Carlo (VMC) calculations show small 3N contribution

VMC using AV18+UX
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4nr2E /A [MeV-fm 3|

25 T T T T T T T T 1 T T T
Urbana-X +e—
NV3-Ib* e 0k
NV3-Ia* i 3
NV3-IIb*
NV3-Ila* -1F
_9o L
3L
1 74 1 1 1
4 5 0 1 2 3
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3N Contribution

@ Energy sum-rule used in DOM assumes no 3-body force
e Variational Monte Carlo (VMC) calculations show small 3N contribution
@ Verifies that the lack of a 3N force in DOM calculations does not affect conclusions

4nr2E /A [MeV-fm 3|

VMC using AV18+UX 3N Potential Densities Energy Densities
25 T T T T 1 T T T T 1 T T T T
20E12C p—3 Urbana-X
15k & e NV3-Ib* = 0k
10 T NV3-Ia* e ’
i Vi NV3-IIb*
8 j .o»mom“o,..,,: Z/{ E NV3—Ha* -1F
_5E 2L
—10F
—15F -3 F
—920F
—25 —4 1 1 1 1
0 1 2 3 4 5

Chiral Interactions: M. Piarulli et al., PRL 120, 052503, (2018)
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e Large core of 2°8Pb makes it ideal to study

A A r
EOA:ETO/d3rp(r):/d3r5(f) _— S(r): (ET()) p(r) .0 E(r)';:: %



e Large core of 2°8Pb makes it ideal to study
&(r)

Ef = ET?A/d3rp(r) =/d3f5(f) = &) = (ET§‘> plr) = BN~ p(r)

E/A [MeV]




e Large core of 2°8Pb makes it ideal to study

EA i\*‘/dam( ) = /d3r5(r) — &(r) = (%?) o) = E()=A S

@ Must remove effect of Coulomb
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e Large core of 2°8Pb makes it ideal to study
&(r)

EA i\*‘/dsm( )= /d3r5(r) — &(r) = (%) o) = E)=A S

@ Must remove effect of Coulomb

E/A [MeV]

@ Account for asymmetry:
BE = ayA— Las(A—27)2A71




Energy in 2%Pb

o Large core of 2%8Pb makes it ideal to study

ES ES
Ej = Ao/d3rp(r) = /d3r5(r) — &(r) = <A°> p(r) = E(r) %A(ZE:))
—8F 208IPb I I I I I
—10k
% 12
@ Must remove effect of Coulomb =
= —14
@ Account for asymmetry: Py e
BE = ayA — Yas(A—2Z)2A1 —16r DOM
@ Energy does not match canonical value —18F . . . IAVlgI .
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Energy in the Interior

@ Energy of each nucleus consistently above -16 MeV

_6 T T T T T T T
12C 208
8L 40 Pb — -
1552 AV1S
'; Ca —
> _10 | .
E‘ _\
< —12 | 1
-~
N4 b -
— 16 F = = = = = = = = =@ = = = = = = = =
0 02 04 06 08 1 12 14
r [fm]
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Energy in the Interior

@ Energy of each nucleus consistently above -16 MeV

_6 T T T T T T T 0
12
208 T T T | T | T
8} 40 _ Pb — i
150 AV1S
— Ca —
% —10 | 7 -
= b 3
< —-12 | . =3
R st - = BHF
WD scer —-20
S r ]
1 1 1 1 1 1 1 — . _*25
0 02 04 06 08 1 12 14 TP T

] 1 ] _30
0 01 02 03 04 05

r [fm]
o [fm™]
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Energy in the Interior

@ Energy of each nucleus consistently above -16 MeV
@ Consistent with SCGF calculation in NM

_6 L] L] L] L] L] L] I 0
12
208 T T T | T | T
8 F 40 . Pb — J
48Ca AV18
— Ca —
2 —10 | - _
=R =
3 —12 = - E
€3 <<
~14 } i o
S B 7
1 1 1 1 1 1 1 — . — -25
0 02 04 06 08 1 12 14 TP T i
r [fm] 0 01 02 03 04 05
-3
p [fm]

M. Baldo et al., PRC 86, 064001, (2012)
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@ Canonical value of saturation energy is determined empirically from the mass formula
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Summary

@ Canonical value of saturation energy is determined empirically from the mass formula

@ Minimal contribution to the binding energy from the core of the nucleus
= Empirical mass formula is not a great constraint for NM

@ Results are consistent with SCGF calculation of NM using AV18

The value of Eg is not necessarily -16 MeV
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