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Introduction
A Correlated System of Nucleons J

Nuclear Matter
@ Infinite system of nucleons
@ High densities p ~ 10'* g cm~3 = strong interaction
@ Model heavy nuclei cores and neutron stars

Finite Temperature
@ Study hot nuclear systems:

@ Proto-neutron stars
@ AA collisions

@ 7T~ 10—20MeV = T/er small...
@ but 7 > A! = Avoid pairing instability.
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Introduction

A Correlated System of Nucleons )

@ Final aim: complete many-body treatment of in-medium
nucleon properties from realistic NN potentials (CDBONN).

@ NN potentials fit scattering data:

e Strong short range repulsion
e Tensor components

@ Evidencies from (e, ¢'p) experiments:

e Partial occupation of single-particle states
e Fragmentation in energy of single-particle strength

@ Correlations=beyond mean-field + beyond quasi-particle
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Nucleon depletion
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Self Consistent Green’s Function Method at Finite Temperature

e Self Consistent Green’s Function Method at Finite
Temperature
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Finite temperature spectral function

Lehmann’s representation:

Cdw Ak,
o 2T w — W +in

Ak, w) = —2Im G(k,w + in) < G(k,w + in):/

It gives information about:
@ Momentum distribution:

@ Energy (Koltun’s sum-rule):

E v [ &k [dwl [k
i o [ 5 (o)At

with f(w) the Fermi-Dirac distribution: f(w) =
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Self Consistent Green’s Function Method at Finite Temperature Formalism

Ladder approximation to X

1

Dyson's Equation = G(k,) = s
o (Kw)—xlkw

The complex self-energy ¥ is a sum of two terms:
@ A generalized Hartree-Fock contribution

@ A T-matrix term

Amounts for a truncation: G; ~ G x G
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Spectral functions: symmetric nuclear matter

Symmetric Nuclear Matter, T=10 MeV
i T T T

100 ! 3

@ Quasi-particle peak shifting
with k.

@ Peaks broaden with p at
k=0and k = 2k.

em! Ak.) MeV']

@ Atk = kr the peaks
become narrower with p.

@ Negative energy tails more
important as p increases.
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TD properties of correlated systems

@ How do we compute F =E — TS ?
@ Does the width of particles affect the entropy of the system?

@ Can we compute the entropy with the single knowledge of
the one-particle propagator G?
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Partition function from G

@ Expression for the partition function:
InZ=Tr B(k,z,)G(k,z,) + Tr In [ — G~ '(k,z,)] — ®[G]

@ Stationary under variations of the propagator:

6lnZ

=0.
0G

Go

@ Equivalent to the linked cluster expansion:

1

dA

InZ=InZ, — / ™ Tr 3y (k,ws )Gk, wy) .
0

@ The trace Tris a sum over k and z, and can be performed:

3 o)
o- [ 55 [ 5w Im{ [~ G (kwy)] + Sk w)Glk, m} + 70

— 00
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® functional

Sum of all the 2Pl irreducible skeleton diagrams.

@ If microscopic conservation laws are to fullfilled:

o
no 0%

© Diagramatically:

Arnau Rios (University of Barcelona) Perspectives on Hadronic Physics 2006 Trieste, 25/05/06 14/27



® functional

Sum of all the 2Pl irreducible skeleton diagrams.

@ If microscopic conservation laws are to fullfilled:

5O
D=
5G

@ Diagramatically:

v-5,4 boz-v,
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The Entropy of a Correlated System of Nucleons Formalism

The entropy can be decomposed in two contributions:
@ A non-analytical contribution:

s’:/%/: Czl—jia(w)a%{A(k,w) Re E(k,w)} —a;—f

that will be neglected = Avoid computing ®.

Q@ A statistical factor times a weighting function:

00— | % | Soet) ke

with o(w) = —{f(w) Inf(w) + [1 — f(w)]In[1 — f(w)]}
Pethick and Carneiro: PRB,11,1107 (1975)
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B spectral function

Can be expressed in different terms:

1 3 (k, w) 9 ReX (k, w)
Bk,w)== 59l — ———=
2 [[ReG*l(k w)]* + [F(k,w)/z}z] { o }
1 T2 (k, w) Rk w)arék,w)
[[ ReG (k, w)]? + [T(k,w)/2] w
or.
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A vs. B-spectral function

=016 fm™, T=10 MeV

-1 T T T T

@ B peaks narrower than A.

=
o,

@ B peaks higher than A.

N
o,

@ B has less high energy
tails.

@ Sum-rule for B:

> dw
/; %B(k’ w) =1

o0

21 Akw), 2 B(kw) [Mev™]
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B-spectral function - p dependence

T=10MeV
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@ Peaks broaden with density
at k # kr.
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B-spectral function - T dependence
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The Entropy of a Correlated System of Nucleons Macroscopic results

@ Dynamical quasi-particle entropy:

o= [ ks [ o)

VS...

@ Quasi-particle entropy:

3
s =— | <§‘W’§3{f[egp<k>1 Infleor(®)] + [1 ~leor®)]] In 1 —f[egp(k)]]}

@ A(k,w)-entropy:

si= [ ok [T Eowane)

o0
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Entropy - p dependence

@ Width effects are
small and tend to
order the system.

@ BHF entropy lower.

@ A(k,w) entropy
lower.

Arnau Rios (University of Barcelona) Perspectives on Hadronic Physics 2006 Trieste, 25/05/06 21/27



Entropy - T dependence

p=0.16 fm>
2 ‘ ‘ ‘ @ Linear law:
S w2
15| —=—NO)T
i3, (0)
5 1
@ Different densities
of states N(0).
051
@ Width effects grow
ol with 7.
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TD consistency

@ Thermodynamical inconsistency of many-body approaches:
d*k OF

p— 2 Y . [, = —_—

p / (%)3"(/@ a) Vs op= oy )

@ Hugenholtz-Van Hove theorem: fi(p = po) = £(p = py)

Thermodynamical Inconsistency of BHF, T=10 MeV
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Thermodynamical consistency of SCGF

‘l@ HvH theorem well
fullfilled!

3 @ In BHF badly
= violated by 20 MeV.
<.
. 4@ Neglecting §' is
a0l =4 good approx.
N1 - oz 03 - 04 05
p [fm]
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Summary

@ In-medium nucleon spectral functions at a wide range of
densities and temperatures (and asymmetries!).

@ The entropy can be calculated from a statistical factor times
a narrow and high B-spectral function.

@ For the p-T range explored, the dynamical quasi-particle
approximation Sp, works very well.

@ First step towards using these data in astrophysical or
heavy ion phenomena.
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