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@ Asymmetric Nuclear Matter at Finite Temperature
e Self-Consistent Green’s Functions at Finite Temperature
e SCGF results for asymmetric nuclear matter

e Connection to experimental results
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Motivation: nuclear matter

Nuclear Matter
@ Infinite system of nucleons
@ High densities p ~ 10'* g cm—* = strong interaction
@ Model heavy nuclei cores and neutron stars
@ Short range effects close to finite nuclei
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Motivation: nuclear matter

Nuclear Matter
@ Infinite system of nucleons
@ High densities p ~ 10'* g cm—* = strong interaction
@ Model heavy nuclei cores and neutron stars
@ Short range effects close to finite nuclei

Asymmetric Nuclear Matter
@ Symmetric (Z = N) vs. asymmetric (Z # N)
@ Measured by x, = a = 3%; or 3 = =2
@ Isospin asymmetric systems in nature:

e (Heavy) Nuclei: 2%®Pb, o = 0.39, 3 =0.2
@ Neutron Stars: a ~ 0.05, 3 ~ 0.9

@ How to extrapolate safely? RIB’s, drip line physics...
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Motivation: “hot” nuclear systems

E~1MeV=T~10"K
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SCGF: Ingredients

@ Based on many-body Green’s functions formalism at 7 # 0
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SCGF: Ingredients

@ Based on many-body Green’s functions formalism at 7 # 0
@ Main approximation: ladder decoupling at the level of G;;
@ Includes short-range and tensor correlations

@ Full off-shell energy dependence is considered

@ Thermodynamically consistent (conserving) theory

@ Ladder includes hole-hole propagation (beyond BHF),
which leads to a pairing instability for T =0 ...

@ Finite temperature actually solves theoretical problems!
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Self-Consistent Green’s Functions at Finite Temperature

Ladder approximation

E=

'

=L

+

@ Valid for strong interactions and low densities
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Ladder approximation

@ Valid for strong interactions and low densities
@ Self-consistency is imposed at each step
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Ladder approximation
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@ Valid for strong interactions and low densities
@ Self-consistency is imposed at each step
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Self-Consistent Green’s Functions at Finite Temperature

Ladder approximation

:W@+m+m+w+

@ Valid for strong interactions and low densities
@ Self-consistency is imposed at each step

@ Solved in terms of Dyson’s equation

@ Ladder self-energy
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Ladder approximation

@ Valid for strong interactions and low densities

@ Self-consistency is imposed at each step

@ Solved in terms of Dyson’s equation

@ Ladder self-energy

@ In-medium interaction accounts for “Pauli" effects
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Ladder approximation

(kiKo|T(Z,)|ksks) = (kiko|V]ksks)

d3k5 d k6
+V (kika|V|kske) G (Z,; kske) (kske|T(Z,)|kska)

@ Valid for strong interactions and low densities

@ Self-consistency is imposed at each step

@ Solved in terms of Dyson’s equation

@ Ladder self-energy

@ In-medium interaction accounts for “Pauli" effects

@ Off-shell behavior, beyond quasi-particle approximation
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Lehmann’s representation 7 = 0

Spectral decomposition:

Gl ) = / do Ak /Oo dw A, (ko)

oo 2Mw — W' —in 2rw —w +1in

F

Hole spectral function

Ak =2m 3| (02 e W) 3w — (5 — E17)

w< i
Particle spectral function
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Lehmann’s representation 7 # 0

Spectral decomposition:

k)= [ AT 7o )

oo 2T W — W +in oo 2TwW =W —in

"Hole" spectral function

—on Z 5w — (£, — En)
"Particle" spectral function
27‘(’2 )50~ (B~ £2)
Defined for all w!
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Temperature

Spectral functions
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Spectral functions: NN potentials

p=0.16 fm>, T=10 MeV

10~ s s s s e S o s S S B B A
E =0 7

@ Effects on high energy tails for all k

@ CDBONN nonlocal and softer
tensor

@ Av18 local and more tensor

@ Tensor correlations = higher tails
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Other nuclear matter results...

Momentum distributions

10 Depletion
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SCGF results for asymmetric nuclear matter

Ladder approximation in asymmetric matter

@ Neutron to neutron contribution

&’
Sh6) = [ g ek Ve k), ()

@ Proton to neutron contribution

K’
Sh(6) = [ g e RVl K ()

S (k) = S5 (k) + X0 (k)
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SCGF results for asymmetric nuclear matter

Ladder approximation in asymmetric matter

@ Proton to proton contribution

d3k, / / /
S3(6) = | e kK Vi 1)

@ Neutron to proton contribution

n d3k, /
Sp6) = [ e ok Vo) 1)

S (k) = S0 (k) + S0 (k)
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Nuclear vs. neutron matter

T=10 MeV
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Spectral functions: asymmetric matter

Neut3rons Protons
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Momentum distribution: asymmetric matter
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@ Protons more depleted

@ Important splitting already for finite nuclei!
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SCGF results for asymmetric nuclear matter

Depletion and width at k = 0

p=0.16 fm >, T=5 MeV p=0.16 fm >, T=5 MeV
7177 0T
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@ Proton depletion also due to thermal effects

@ Competition between nn and np correlations
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Sum rules and tensor correlations
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Symmetry energy
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Connection to experimental results

Measures of SRC correlations

@ Knock-out reactions and spectroscopic factors
@ (e, €¢'p) experiments

Avc(k-E) [Mev-4]
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Integrated strength

Pm(MeV/c)

300

E(MeV)

Ratio Al, Fe, Auto C spectral function

KR
Experiment 0.61 £ 0.06
CBF theory 0.64
SCGF theory 0.61

@ Effect of isospin?
k(a=0.4) ~12

integrated over correlated region
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Connection to experimental results

Spectral functions: asymmetric matter

p=0.16fm3, T =5MeV, a =04

neutrons protons

k [MeV]

0 = :
-400 -200 0 200 400
® [MeV]

Arnau Rios Huguet (NSCL) SRC Workshop 2007

-400  -200 200 400

0
o [MeV]

k [MeV]

400

300
200
100

0

26 October 2007

22



Connection to experimental results

Spectral functions: asymmetric matter

p=0.16fm3, T =5MeV, a =03

neutrons protons
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Spectral functions: asymmetric matter

p=0.16fm3, T =5MeV,a =02

neutrons protons
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Spectral functions: asymmetric matter

p=0.16fm3, T =5MeV, a =0.1

neutrons protons
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Spectral functions: asymmetric matter

p=0.16fm=3 T =5MeV, a = 0.04

neutrons protons
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Conclusion

@ Isospin asymmetry affects substantially the microscopic
properties of neutrons and protons in infinite matter

@ Protons
@ Larger particle (lower hole) energy tails

@ Larger quasiparticle peaks and lower depletion
© More “correlated" due to np tensor correlations

@ Neutrons
@ Less affected by asymmetry

© Neutron matter is less correlated than nuclear matter

© Competition between np and nn correlations
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Connection to experimental results

@ Dependence on the 2-body NN potential

@ Inclusion of 3-body effects

@ p, T, a dependences of microscopic properties

@ o dependence of TD properties of the system

@ Pairing phase transition beyond quasi-particle approach

@ Extension to time-dependent systems (HIC)
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Connection to experimental results

Thank you!
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