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Introduction

Infinite nuclear matter

@ only nucleons, no nuclei

@ no surface effects

@ beta-stable (e~ +p — ve +n)

@ charge neutral, spin-unpolarized matter

Nuclear matter (infinite) properties

@ saturation density pg = 0.16 4 0.02 fm—3
@ energy per nucleon £ = % = —-15.6 £ 0.2 MeV
@ incompressibility K ~ 220 + 30 MeV
@ asymmetry energy a; = %g%? ~ 30 MeV
(n; isospin-asymmetry parameter)
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Introduction

@ astrophysics

@ neutron stars, proto-neutron stars, dense nuclear systems
@ central density of neutron starts in the range of 3-10 pq

@ neutrino trapping in proto-neutrons stars
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Introduction

@ astrophysics

@ neutron stars, proto-neutron stars, dense nuclear systems
@ central density of neutron starts in the range of 3-10 pq

@ neutrino trapping in proto-neutrons stars

@ rapid increase of the nucleon chemical potentials with
density

@ hyperons (A,X~,X% ¥+ and others) expected to appear
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HF calculation of nuclear matter with hyperons

Energy of infinite nuclear matter

E = (M) +(T)+ (V) +(Vaer)
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HF calculation of nuclear matter with hyperons

Energy of infinite nuclear matter
E = (M) +(T)+(V)+ (Vaer)

A
= z (di|M|oi) + Z (il i)

i=1 i=1

1
+ 52 (BalVAnlag)

1
+ 5 2 (990x|Vaer Arasldidyon)



Introduction HF calculation Results Summary and outlook

o] lele) [e]e]e]e]e o

HF calculation of nuclear matter with hyperons

® ¢; plane wave states

@ normalized to a box of volume Q

@ App=1-Pyy;
A123 =1 — P12 — P13 — P23 + P12P23 + P13P23;
P-exchange operator
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HF calculation of nuclear matter Wlth hyperons

® ¢; plane wave states

@ normalized to a box of volume Q

@ App=1-Pyy;
A123 =1 — P12 — P13 — P23 + P12P23 + P13P23;
P-exchange operator

Mass term and kinetic energy

(M) = (Ma) + (My) + (Mz) = QY Mym, pum,

1 mtl

Ftlmt
T) = (T Tn) + (Tx)
< > < /\> + < N> z 27T2 Z 5Mt1mt

time,
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HF calculation of nuclear matter with hyperons

Two-body potential energy

(V) = (Vaa) +2(Van) +2(Vas) + (Van) +2(Vsn) + (Vss)
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HF calculation of nuclear matter with hyperons

Two-body potential energy
(V) = (Van) +2(Van) +2(Vas) + (Vnn) +2(Ven) + (Ves)

@ Viow k Used for NN and YN interaction;
YY interaction is neglected

@ transformation form plane wave basis to spherical wave
basis

@ couple single particle spins into total spin

@ couple the total spin and angular momentum into total
angular momentum
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HF calculation of nuclear matter with hyperons

Three-body potential energy

(Vagr) = (VNnN)

@ only NNN interaction used
@ all other YNN, YYN and YYY are neglected

@ NNN interaction coming from chiral perturbation theory
S.K.Bogner, A. Schwenk, R.J.Furnstal, A.Nogga,NPA 763, (2005), 59.

@ interaction used directly in the operator form
@ expectation value evaluated for asymmetric nuclear matter

@ introduce relative coordinates and integrate for various
combinations of nucleons



E/A-My, [MeV]

Introduction

120
100

80 |
60 |
40 |
20 |

0
-20

HF calculation

Results of symmetric nuclear matter

AV18 -

. [ ] . . .
0O 05 1 15 2 25 3
PglPol

Results
@00000

@ symmetric nuclear
matter with nucleons
o E ~
(T) + (Van) + (Vnn)
@ saturation not
reproduced correctly

@ higher order
contributions needed

Summary and outlook
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@ neutron nuclear matter
with nucleons

o E~
(T) 4+ (VNn) + (VNNN)
@ neutron nuclear matter
means g—; ~1

Summary and outlook
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Results of symmetric nuclear matter with A

Summary and outlook

symmetric nuclear
matter with nucleons
and the A particle
E~(T)+(Vnn) +
(VAn) + (VNNN)
density of ¥ is zero
= no contribution
0%A curve goes
above 10%A curve for
pB > 2.5p0
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Results of neutron nuclear matter with hyperons
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® YN V)ow k Cconstructed
from Nijmegen a-f and
Juelich potentials

@ relatively different YN
Viow k potential
produce similar energy
per particle results
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Model comparison
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Figure: Symmetric nuclear matter(left) and neutron nuclear
matter(right) with 10%Y
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Summary and Outlook

@ microscopic studies of nuclear matter with hyperons can
be done by combining Vigw k for NN,V|ow k for YN and
chiral perturbation Vynn

@ hyperons can have a profound effect on the EOS
@ different models of YN interaction will result in similar EOS
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Summary and Outlook

@ microscopic studies of nuclear matter with hyperons can
be done by combining Vigw k for NN,V|ow k for YN and
chiral perturbation Vynn

@ hyperons can have a profound effect on the EOS
@ different models of YN interaction will result in similar EOS

@ calculate a EOS of beta-stable nuclear matter
@ include higher order corrections and temperature effects
@ calculate neutrino in medium cross-sections, etc.
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Extra:Two-body potential energy

(V) = ﬁ% > Z/d351/d352

ty mtl to mtz

)33 DI (rilivil P
SMg LM J Mo Ms

direct L+S\ s exchange
[V(LlrSe)?Jtlmtltzmtz (p) + (_1) V(LS)Jtlmtl

Summary and outlook

2
M, + Ms ) Yim (P)Y(wm, (P)

um, ()]



Introduction HF calculation Results Summary and outlook

Extra:Three-body potential energy

(Ve) 2 [/oga)’11
A 3(2m)’ (ﬂ) f2 pg

[Fe(p,p,P) + Fe(p,p,n) + Fe(p,n,p) + Fe(n,p,p)

+ FC(pvnvn)+Fc(n?p?n)+FC(n?n?p)+Fc(n?n?n)]
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Extra:Three-body potential energy

Fc(p,p,P)

[ e [iedk [ q?da [ d(eos(n) [ d(cosaa)) [ do

631 ° 512 631 ° 523 512 ° 523
—2¢c,m% K + + >
{ (P3Mx)(pZ,mx) (P2 Mr)(P3gmx)  (PZ,Mx)(P3;Mx)

P35, P, P32 ]
+ + +
((pélmw)z (P3m=)?  (P5,Mx)? ) |
4 5 F_).316%2 + 6%1 5%3 6%2 5%3
(P3M)(PZ,Mx) — (P3,Mx)(P3sMx)  (PZ,Mx)(P33Myr)

(P2 mx)2 (P Mx)?  (p3,Mx)?

P2 P3 P3
— < 21 + 31 4 32 f%(p, 2q/3)
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