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Origin of correlations in nuclear physics
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*Fit of NN phase-shift
e|ndications from Lattice QCD
*Beyond mean-field needed!
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Deuteron density

Surfaces of density = 0.24 fm™ in polarized deuteron states. The distinctive
structures are induced by the strong tensor potentials which result from the
pion-exchange component of the nucleon-nucleon interaction.
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*Deuteron quadrupole moment
*One-pion exchange

*Total energy & saturation
*Nuclear structure

~15-25 %

———- —— T

Neutrons

Protons

@
O
O
O

*Coupling to low-lying phonons
*Nuclear oscillations
oFinite-size effects
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~5-10 %

Tensor

Deuteron density

Surfaces of density = 0.24 fm™ in polarized deuteron states. The distinctive
structures are induced by the strong tensor potentials which result from the
pion-exchange component of the nucleon-nucleon interaction.

femtometer

Argonne Theory Group

*Deuteron quadrupole moment
*One-pion exchange

*Total energy & saturation
*Nuclear structure
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Inclusive quasi-elastic e scattering vs NN potential theory
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Microscopic properties Bulk properties
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Nuclear Matter SF: T=5 MeV,p=0.16 fm™
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Nuclear Matter SF: T=5 MeV,p=0.16 fm™
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Quasi-particles vs spectral functions ,&
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Momentum distribution, n(k)
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e Dependence on NN inferaction under control



Momentum distribution, n(k)
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[sospin asymmetric matter SURREY

Tuning correlations
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Momentum distribution, n(k)
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affect depletion = non-perturbative effect

e Neutrons become less correlated
e Protons become more correlated
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Momentum distribution, n(k)
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Momentum distribution, n(k)
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Momentum distribution, n(k)
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Momentum distribution, n(k)
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Momentum distribution, n(k)
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Asymmetric matter momentum distribution
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e Very similar in tensor-like area
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m* computed at : SURREY
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Eff. mass splitting, (m*n—m*p)/m

e Neutron-proton splitfing is
¢ Different masses (m*,m*,) can be computed
¢ 2NF only, could change with 3NF?
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e Kinefic component is reduced by correlations
e mplications for observables?



Kinefic symmetry energy I

p=0.16 fm”~, T=5 MeV

60 I I I I I I I I I
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S e
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Total, E/A [MeV]

Potential, U/A [MeV]

Asymmetry, 3

e(p, B) ~ e(p,

UNIVERSITY OF

SURREY

0) + S(p)s°

Kinetic Potential

FFG| 12.3 -
Mean-field| 12.3 20
Av18| 4.9 20.2
CDBonn| 7.9 20.9
N3LO| 7.2 22.4

A. Carbone, A. Polls and A. Rios EPL 97 22001 (2012) 19
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e Kinetic component is reduced by correlations
e Implications for observables? See Bao-An's talk
20
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Preliminary
Ratio of correlated to free kinetic symmetry energy
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e Kinefic component is reduced by correlations
e Implications for observables? See Bao-An's talk
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Confirmed by other approaches SURREY

Schematic model FHNC
100 - . 70 . ;
1 SNM Uncorrelated Y -
s l| — SNM Correlated /? o 00
- - —=PNM Uncorrelated 4’ % 5o |
-|_—-—- PNM Correlated X 5
& 40 |
g
2 30 |
1™
2 20}
| ? 10 |
Kinetic energy g
0 -
. * X . . 1 . 1 ’ -10 1 1 1 1
00 05 10 15 20 25 30 0 0.1 0.2 0.3 0.4 0.5

k,(fm’) p (fm™)
Xu & Li, arxiv:1104.2075 A. Lovato, private communication
Av18+3BF, p = 0.16 fm ™3

BHF + Hellman-Feynman theorem

Epnyv Esnm Stot L
K/A 53.3 543 -1.0 149

U/A | 342 -695 353 516
Total | 19.1 -15.2 343 66.5

A. Carbone, et al. EPJA 50 13 (2014) 21




Iwo-body interaction

e----9

In-medium T-matrix

Self-energy

&) -0 7D

UNIVERSITY OF

SURREY

Effective interactions

Effective one-boaly force

=== = o-———-©+ 1—0 ------ : ----- ;

Effective two-body force
OV = e---9 4  -oocleeeee @

In-medium T-matrix

= ’V\/VVVV‘+

Self-energy

4 )
Dyson equation

J Carbone ef al., PRC 88 054326 (2013) 22
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Iwo-body interaction

e----9

In-medium T-matrix

Self-energy
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Effective interactions

Effective one-boadly force

e===x = o=+ e @@

Effective two-boady force
OV = &-—-9 4  @ooo@eennes @

In-medium T-matrix

= O\I\/VVVV‘+

Self-energy

J Carbone ef al., PRC 88 054326 (2013) 22




Iwo-body interaction

e----9

In-medium T-matrix

Self-energy
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Effective interactions

Effective one-boaly force

e e TR o B

Effective two-boady force
MWW = e---9 4 @ 0 cunne- O

In-medium T-matrix

= O\I\/VVVV‘+

Self-energy
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Iwo-body interaction

e----9

In-medium T-matrix

Self-energy
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Effective interactions

Effective one-boaly force

R o2y S o R'e.

Effective two-boady force
MWW = e---9 4 @ 0 cunne- O

In-medium T-matrix

= O\I\/VVVV‘+

Self-energy

J Carbone ef al., PRC 88 054326 (2013) 22




Two-boady N3LO

*-----9

Uncorrelated average
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cp=-1.11
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K0~60 MeV
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Equation of state of symmetric matter
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e 3ANF result is still underbound
o difference In infinite matter for N3LO & N2LO...
e |n contrast to finite nuclel!

'Carbone, Polls & Rios, PRC 88 044302 (2014) 23
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Equation of state: LEC dependence
= T T [ T 7T T T 7T T T 7 T 171
Uncorrelated average o 10 —— = L1 =066 SNM
*-—--90 |+ @------- @---cn-- O E 5 . — chl.O,CE=-0.029
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& s
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well below cp,ce uncertainty o~ o
S -~ ——e— ™
5 20 ET=5 MeV
0 0.08 0.16 0.24 0.32
3

Density, p [fm ]

¢ ECs dependence is strong
o via SRG: nuclear structure calculationse
e Small 3NF effects with larger saturation densities = smaller radii

'Carbone, Polls & Rios, PRC 88 044302 (2014) 24
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EoS for neutron matter: SRG
; 50 - JNNAL I DN L DL DL D L L L L I
O — = N3LO+N2LOdd s [ M- NNN -
z 40 — N3 LO+N2LOdd (SRG) _ : ----- NN+3N (unevolved, min/max)
3 z sh
: 30
- > i il
§ ; 10 ' -
9 20
Z. = 5L N
2 10
O
LS 0 ! 0 ().1)5 Q.: 0 0.11 5
0 0.08 0.16 0.24 0.32 i
3 Hebeler, Lattimer, Pethick, Schwenk
Density, p [fm ] ApJ 773 11 (2013)

e Error band from unknown ChPT ¢, ¢; parameters
¢ Finite temperature & higher densities available

Carbone, Polls & Rios, in preparation; A. Carbone, PhD thesis 25



Neutron matter SURREY

FoS for neutron matter: SRG
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e Error band from unknown ChPT ¢, ¢; parameters
¢ Finife femperature & higher densities available
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EoS for SNM & PNM
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Carbone, Polls & Rios, in preparation; A. Carbone, PhD thesis 26



Comparison to phenomenology SURREY

Experimental constrains
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Lattimer & Lim, ApJ 771 51 (2013)
Lattimer & Steiner EPJA Spec. Vol. (2014) 27
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Symmetric matter, p=0.16 fm" CD-Bonn
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e Compatible with pA experiments

e Small model dependence & i1sospin dependence
Rios & Soma, PRL 108 012501 (2013) 28



Chiral EoS & pairing gaps :
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Chiral EoS & pairing gaps
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Conclusions SURREY

* Ab Initio nuclear theory to treat asymmetric systems
* Asymmetry dependence of SRC Is universal

* Micro, macro properties handlea

* [ransport, pairing properties on-going

*[Many-body forces can now be accessed

* [wo-body properties!
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