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Ab initio low-energy nuclear theory
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problem from first principles
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Ab initio low-energy nuclear theory

o Build reliable methods with predictive power
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Ab initio low-energy nuclear theory

o Build reliable methods with predictive power
o Probe the limits of the nuclear landscape

o Constrain the EOS of neutron star matter

A NEUTRON STAR: SURFACE and INTERIOR
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The self-consistent Green's function method

- Green’s function: a tool to solve the nuclear many-body problem;

nonperturbative, correlations beyond mean field Single-nucleon

Dickhoff & Barbieri, PPNP 52 (2004) 377 spectral function
Carbone, Cipollone, Barbieri, Rios, Polls, PRC 88, 054326 (2013) zo‘

- momentum

energy
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The self-consistent Green's function method
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Saturation point according to different Hamiltonians

Carbone (in preparation)
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Saturation point according to different Hamiltonians

Carbone (in preparation)
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Saturation point according to different Hamiltonians
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From microscopic... to macroscopiC uclear matter

The microscopic picture: momentum distribution

Carbone (in preparation)

Momentum Distribution, n(p)
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o N2LOsat high-momentum states
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From microscopic... to macroscopic - —on matter

Carbone (in preparation)

The microscopic picture: momentum distribution
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Carbone (in preparation)

The microscopic picture: momentum distribution
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Predictions for the Symmetry Energy and slope L

Carbone (in preparation)

Energy of asymmetric matter
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Predictions for the Symmetry Energy and slope L

Carbone (in preparation)

Energy of asymmetric matter
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Predictions for the Symmetry Energy and slope L

Carbone (in preparation)

Energy of asymmetric matter
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The liquid-gas phase transition and critical point

Carbone, Polls, Rios PRC 98 025804 (2018)
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o Coexistence line: equilibrium between a gas and a liquid phase

o Predicted critical temperature ~ T=~[15-19] MeV (experimental ~[15-20] MeV)

-~ Previous consistent results from Wellenhofer et al,, PRC 89,064009 (2014) -
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The saturation energy vs the critical temperature

\®]
@)

Carbone, Polls, Rios PRC 98 025804 (2018)
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The saturation energy vs the critical temperature

Carbone, Polls, Rios PRC 98 025804 (2018)
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Thermal effects in EoS for astrophysical simulations

P.o14g » P = (I'eh — 1)pEy Constant value

Astrophysical EoS

Carbone & Schwenk (in preparation)

# *
* eorak
* T K
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Thermal effects in EoS for astrophysical simulations

P.o14q » P = (I'eh — 1)pEy Constant value

: jp%}l B, = E(T) — Eo
Astrophysical EOS 1, — 1 - oE,  Tm= PO - E

Carbone & Schwenk (in preparation)
# *
* eorak
* T K
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Thermal effects in EoS for astrophysical simulations

Peold » Poh = (I'th — 1)pEyn Constant value

Astrophysical EOS ., — 1 4 Py, Bu=EB(T) - E
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suppression due to 3-body forces

Carbone & Schwenk (in preparation)
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Astrophysical EoS

Thermal effects in EoS for astrophysical simulations

Peola
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Constant value

Eiyw, = E(T) — Ey

Carbone & Schwenk (in preparation)
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Conclusions

* Predict the symmetry energy from
first principles

Energy/Nucleon [MeV]

30 :— ~o SNM2N —:

Coov v 1 0y L
0 0,08 0,16
Density, p [fm

0,24

.

0,32

Spectral function, A(k,w)/(2r) [MeV'

Arianna Carbone — Predicting the symmetry energy from saturating potentials — 13th September 2018

->¢

FONDAZIONE
BRUNO KESSLER

13



Conclusions

* Predict the symmetry energy from .,
first principles g
* Pinning saturation point is not £ e :
enough for reasonable
predictions O o e
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Conclusions

* Predict the symmetry energy from
first principles

* PInning saturation point is not
enough for reasonable
predictions
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* Acceptable results for the liguid-

gas critical temperature
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Conclusions

* Predict the symmetry energy from

first principles

* PInning saturation point is not

enough for reasonable
predictions

* Acceptable results for the liguid-

gas critical temperature

* Correlations between Esat and Tc
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Conclusions

* Predict the symmetry energy from
first principles :

* Pinning saturation point is not FU e
enough for reasonable T S e
predictions e g e

- N3Lofull B

* Acceptable results for the liguid-
gas critical temperature

* Correlations between Esat and Tc
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Conclusions

* Predict the symmetry energy from
first principles
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* Correlations @tween Fsat and Tc
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Backup
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Microscopic properties according to different Hamiltonians

Spectral function, Log[A(p,w)]
N3LO 1 N3LO 2 N3LO 3 NNLO opt | [ NNLO sat

o full description beyond quasiparticle

Spectral function, A(k,w)/(2r) [MeV'1]

0.08 fm-3

od
£
Q15 o o F
E ’ E 10:; = 0
E 1 Y 10 F
= © 10° | 15
() 05 1— 0t b
g ' O 10% | Momentum, k/kF
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o
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4 4
o energy tails affected by the cutoff on the NN
force
o high-momentum region also affected by cutoft
and density dependence
o effects clearly visible in momentum distribution
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Microscopic properties according to different Hamiltonians

Spectral function, Log[A(p,w)]

N3LO 1

N3LO 2 N3LO 3 NNLO opt | [ NNLO sat

o full description beyond quasiparticle

Spectral function, A(k,w)/(2r) [MeV'1]

0.08 fm-3

and density dependence

o effects clearly visible in momentum distribution
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Why nuclear matter from chiral EFT?

Epelbaum et al., Rev. Mod. Phys. 81, 1773(2009)

(Power counting | Machleidt et al., Phys. Rep. 508, 1 (2011)
i ’ (3N Force) (4N Force)

(2N Force)

>< (] low-energy

constants

o Effective theory of QCD

o Nucleons & pions as d.o.f.

o Power counting expansion

Al T e
I |y

o Hierarchy of many-body forces

o Theoretical uncertainties >< l

T e PR
2003 |ttt -t | 2007

41+ 2005 +... 2011 +.. -

Qver 20 vears of e
ongoing improvement
2015 2012
s %k
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P

Many-body methods comparison

I I I I | I I ! I I I I ! I I !

—= EM 500 MeV + N’LO 3N
- EM 500 MeV + N°LO 3N + 4N

EM 500 MeV, RG evolved + NZLO 3N
oo SCGF (Carbone et al.)
a—a CC (Hagenet al.)

o—e MBPT (Corragio et al.)

20

10—
:

15

E/N [MeV]

=

n [fm]

Hebeler et al., Ann. Rev. Nucl. Part. Sci. 65, 457 (2015)

o Low-density neutron matter perturbative

**** Arianna Carbone — Predicting the symmetry energy from saturating potentials — 13th September 2018

Many-body perturbation theory

. -3
Density, p [fm ]
Carbone, Rios, Polls, PRC 90, 054322 (2014)

o Agreement up to 0.20 fm-3 with the use of

different Hamiltonians
o Questionable validity of chiral EFT

FONDAZIONE

Ure Neutron Matte

N matter

; Self-consistent Green’s functions
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Extended SCGF approach

Carbone, Cipollone, Barbieri, Rios, Polls, PRC 88, 054326 (2013)

2B  ——] 2B + 3B

1. define effective interactions to include correctly 3B terms, dressed normal ordering:

| Interaction|

2. calculate T-matrix with effective 2B term, modified ladder approximation:
L o : T

3. calculate self-energy distinguishing the effective terms, correct diagrams counting:

Self energyﬂ @?
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** ** — O ORI SRS o

RRRRRRRRRRRR



Define a hew sum rule

Carbone, Cipollone, Barbieri, Rios, Polls, PRC 88, 054326 (2013)

EN = (UN|HWY) = (o T]eN) + <‘I’N\‘7\‘PN> <‘PN!W!‘PN

o @Galitskii-Migdal-Koltun sumrule modified:

pN_pN-1
1 A - .
Z/ A wTm G () = (TN [T1TNY 4+ 200N (710 + (0N 17 [0
e s

L [l [ e A - e

***&r
ol -1 L
*, **
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Define a hew sum rule

Carbone, Cipollone, Barbieri, Rios, Polls, PRC 88, 054326 (2013)

EN = (UNH|UN ) =N 10N Y@ [V 0N+ @V e )

o Galitskii-Migdal-Koltun sumrule modified:




Backup

Plot of pressure of PNM (to compare with Tsang, Danielewicz
paper 2018)

Plot of symmetry energy as I-dependance
slide with diagrams and formula of GMK sumrule

> figure of pnm with many approaches
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