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Abstract: We construct the relativistic equation of state (EOS) of dense matter covering a wide range of temperature proton fraction and density for
the use of core-collapse supernova simulations. The study is based on the relativistic mean-field (RMF) theory which can provide an excellent
description of nuclear matter andfinite nuclei. The Thomas-Fermi approximation is adopted to describe the non-uniform matter which is composed
of alattice of heavy nuclei.We present two types of results. The first one takes into account only the nucleon degree of freedom while the second
one considers additional contributions from Lambda hyperons. We tabulate the resulting EOS with an improved design of ranges and grids.
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Thomas-Fermi approximation
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Thomas-Fermi approximation

parameterized nucleon distribution
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Check the parameterization

Self-consistent Thomas-Fermi approximation
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Self-consistent Thomas-Fermi approximation
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New version of EOS tables

EOSI1 (1998-version, nucleon)
Shen, Toki, Ovamatsu, Sumiveshi, Prog. Theor. Phyvs. 100 (1998) 1013

EOSZ (2010-version, nucleon)
Shen, Teki, Ovamatsu, Sumiveshi, arXiv:1105.1666 [astro-ph.HE]

EOS3 (201 0-version, nucleon+A)
Shen, Toki, Ovamatsu, Sumiveshi, arXiv:1105.1666 [astro-ph.HE]

hitp: physics-nankar. edu.cn groy/ shenhong’' EOS index html

hrtp: - user-numaci-ct.ac jp’ --sumt ' eos mdex. hmml
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New version of EOS tables

EOSI1 (1998-version, nucleon)
Shen, Toki, Ovamatsu, Sumiveshi, Prog. Theor. Phvs. 100 (1998) 1013

EOSZ (2010-version, nucleon)
Shen, Toki, Ovamatsu, Sumiveshi, arXiv:1105.1666 [astro-ph.HE]

EOS3 (2010-version, nucleon+A)
Shen, Toki, Ovamatsu, Sumiveshi, arXiv:1105.1666 [astro-ph.HE]

hitp: phrvsics.nankar. edu.cn groy shenhong EOS index hAtmi

hrrp: user-numaziu-cr.ac jp---stmi eos mdex.homl
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New version of EOS tables

EOSI1 (1998-version, nucleon)
Shen, Toki, Ovamatsu, Sumiveshi, Prog. Theor. Phvs. 100 (1998) 1013

EOS2 (2010-version, nucleon)
Shen, Toki, Ovamatsu, Sumiveshi, arXiv:1105.1666 [astro-ph.HE]

EOS3 (2010-version, nucleon+A)
Shen, Toki, Ovamatsu, Sumiveshi, arXiv:1105.1666 [astro-ph.HE]

http: - physics.nankai. edu.cn grzy shenhong EOS index Atml

hitp:~user. numazi-ctac jp/--sumi’ eos/mdex. himi
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http=— physics rankat. edit. cn-gr=y shenhong EOS mdex hitmi

Home Page of Relativistic EOS table

Updated information is in readme

Documents
* readme pdf
*  osuide EOSL pdf
* omde EOS2 pdf
* onde EOS3 pdf
* Pros Theor Phyvs. 100 (1998) 1013
* Nucl. Phvs. A 637 (1998) 435

EOS table

EOSI1 EOS2 EOS3
main table eosl.tabgz eos2.tab.zip eos3.tab.zip
table for T=0 eos [t gz eons2 00 p eos3.100.zip
table for Yp=0 eosl.vpl gz eos2.yp0.zip eos3.ypl.zip
Contact
. Shen
s - K Sumrvoshs
Pirsa: 11060%‘!;;;1? Narkan Ureversuy, Phyrics Groug: Numazn College of Technology (VCT).

Ooka 3600, Numane Shiznoka 410-8501, Japan

r_ -
E-mal: shennamkss@ gmail.com E-mall- sy E mimar -t ac. o
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Comparison between EOS tables

EOS1 EOS2 EOS3
Constituents Uniform Matter n, P, & I, P, & np o &
Non-uniform Matter n, p. & A n, p, a, A s, Py =, A3
Tr Range —1.0 < logp(T) ﬁ —1.0 < log;g(T) iﬁ —1.0 € log;g(T) €26
(MeV) Grid Spacmg Alogo(T) =01 Alogo(T -_=_IEI.D.1 Alogo(T) = 0.04
Points 32 (including T = 0) 92 (including T = 0) 92 (including T = 0)
Range —2 < logiglYp) < —0.25 0<Yp<0.65 0<Y,<0.65
5} Crid Epac:ns_c A log“ii_}-E y = 60025 ..l}'ﬂ —0.01 .li?p — O
Points 72 (mcluding ¥, = 0) 66 66
Y- Range 5.1 < logylor) < 154 5.1 < logalpr) < 18 5.1 < log;gfpr) < 16
g/cm™) Grid Spacing Alogwlpe 0.1 Alogiglpe =01 Alogiglpg) = 0.1
Points 104 110 110
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Comparison between EOS tables

EOS1 EOS2 EOS3
Constituents Uniform Matter n, P, & , p, o n, p,a, A
Non-uniform Matter n, P, o A n, p,oex, A s, Py 2, A4
T Range —1.0 < log(T) ﬁ —1.0 < log;g(T) i_..-'_bt —1.0 € log,g(T) €26
MeV) Crid Spacing Alogg(T) 201 Alogo(T =004 Alog,o(T) = 0.04
Points 32 (including T" = 0) 92 (including T = 0) 92 (including T = 0)
Range —2 < logyp(Yp) < —0.25 0<Yp<0.65 0<Y¥, < 0.65
¥ Grid Spacing ..‘LIDE,”,LTE = 0.025 ..l}'i — 0.01 AYy =001
Points 72 (including ¥, = 0) 66 66
Y- Range 5.1 < logypipr) < 1534 5.1 < logzolor) < 16 5.1 <log;plpn) < 18
s /em™ ) Grid Spacing Alogiplpel 0.1 Alogiglop | =01 Alogiglpr) =0.1

Points

104

110

110

#* [ number of points is increased; upper limit is extended:
equal grid is used
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Comparison between EOS tables

EOS1 EOS2 EOS3
Constituents Uniform Matter n, p. o n, p, & n, p,ax, A
Non-uniform Matter n, p. e A n, P, e, A m, p. . A
T Range —1.0 < log(T) ﬁ —1.0 < log;g(T) ill_'l‘:rl —1.0 € log;g(T) < 286
(MeV Grid Spacing Alogo(T) 0.1 Alogo(T =0.04 Alog,(T) =004
Points 32 (including T' = 0) 92 (inciuding T = Q) 92 (including T = 0)
Range —2 < logg(Yp) < —0.25 0<Yp <0.65 0<Y¥Yp<0.65
) Grid Spacing AIDE”,E':-EJI = 0.025 _l}'ﬂ = 0.01 AYp =001
Points 72 (including ¥, = 0) 66 66
2B Range 5.1 < logplor) < 1534 5.1 < logyalor) < 18 5.1 <log;pfpr) < 16
g/em”) Grid Spacing Alogiplpe 0.1 Alogiglpe | =01 Alogiglen) = 0.1

Poimnts

104

110

110

#* | number of points is increased; upper limit is extended:
equal grid is used

¥* Yp linear grid is used; upper limit is extended
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Comparison between EOS tables

EOS1 EOS2 EOS3
Constituents Uniform Matter n, p. o n, p, a i, p. o, A
Non-uniformm Matter n, p. @ A n, p, o, A3 I, Py cx, A
T Range —1.0 < log5(T) i_.u —1.0 < log;g(T) E_ﬁ —1.0 € log;(T) €26
(MeV) Grid Spacing Alogg(T) 0.1 Alog,o(T = 0.04 Alog(T) =0.04
Points 32 (including T = 0) 92 (including T = 0) 92 (including T = 0)
Range —2 < logig(Yp) < —0.25 0<Yp <065 0 <Y, <0.65
}'_:. Grid Epamng Alogigl Yy} = 0.025 ._1}'“ — .01 .l}jp = 0.01
Points 72 (mmcluding ¥, = 0) 66 66
o8B Range 5.1 < logylor) < 1534 5.1 < logalpr) < 1§ 5.1 <log;glen) < 18
g/cm’) Grid Spacing Alogwlpe 0.1 Alogiglpe =01 Alogiglpg) = 0.1
Points 104 110 110

#* [ number of points is increased; upper limit is extended:

equal grid is used

¥* Yp— linear grid is used; upper limit is extended
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Comparison between EOS tables

EOS1 EOS2 EOS3
Constituents Uniform Matter n, p. o n, p, a np oo A
Non-uniform Matter n, p, a. A n, p, <, A ., Ps cx, A
T Range —1.0 < logp(T) i_ﬂ —1.0 < log;g(T) Eﬁ —1.0 < log;(T) € 28
(MeV) Grid Spacing Alogo(T) =01 Alog;o(T =0.04 Alog(T) =004
Points 32 (including T" = 0) 32 (including T = 0) 92 (including T = 0)
Range —2 < log1g(Yp) < —0.25 0<Yp <065 0<Y¥Y,<0.65
) Grid Spacing AloggiYp) = 0.025 A¥p =0.01 AYy =001
Points 72 (including ¥, = 0) 66 66
2B Range 5.1 < logylpm) < 154 5.1 < logolpr) < 18 5.1 < log;glpn) < 16
g/cm™) Grid Spacing Alogiplpe 0.1 Alogiglpe | =01 Alogig(pr) = 0.1
Points 104 110 110
1 number of points is increased; upper limit is extended:

—
equal grid is used
Yp linear grid is used; upper limit is extended
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Comparison between EOS tables

EOS1 EOS2 EOS3
Constituents Uniform Matter n, P, o 3, Ps O v Py oy IS
Non-uniformm Matter n, p oo A R, P, o, 4 . Po Cny A
Tr Range —1.0 < log4p(T) i_.ﬂ —1.0 < log;g(T) i._)_'br —10 < 1 ogglT) €286
(MeV) Grid Spacing Alogo(T) =01 Alogo(T =0.04 Alogo(T) =0.04
Points 32 (including T = 0) 92 (including T = 0) 92 (including T = 0)
Range —2 < log1g{Yp) < —0.25 0<Yp<0.65 <Y, <0.65
'i'_:. Grid Epamnr__c .lIcr_g{wL_‘t-E y = 0.025 .l}'i — .01 .‘.ﬂ}] — .01
Points 72 (including ¥, = 0) 66 66
A8 Range 5.1 < logyoloe) < 154 < logwoipr) < 18 5.1 <logigalpn) < 16
g/em’) Grid Spacing Alogiplpe 0.1 Alogiglpel =01 .l‘:.h:url,. ,JE] =0.1
Points 104 110 110

#* | number of points is increased; upper limit is extended:
equal grid is used

¥ I’Tp linear grid is used; upper limit is extended
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Comparison between EOS tables

EOS1 EOS2 EOS3
Constituents Uniform Matter n, p. o , p, o - e,
Non-uniform Matter n, p. a A i, P, e A2 v o Oy 75
T T — “10< logip(T) <20 —10<logo(T) <26 10 g logo(T) < 2.6
MeV Grid Spacing Alogg(T) 0.1 Alogio(T _=_Q.Dl A log; gl T = {). Dl
Points 32 lﬂ{'].T_ldIIlE T =0) 92 (including T = 0) 92 'mLiu-:Lm; 3 =
Range —2 < logplYp) < —0.25 0<Yp<0.65 < ¥, < 0.65
¥ Grd Spacing AIDEH,LE p) = 0.025 A¥p =0.01 _'ﬂ‘:-_-, = fJ.UI
Points 72 (ncluding ¥, = 0) 66 66
/B Range 5.1 < logylpr) < 1534 5.1 < logolpr) < 18 5.1 <log;glpr) < 16
g/cm™) Grid Spacing Alogiplpe 0.1 Alogiglpp |l =01 Alogiglpg) = 0.1
Points 104 110 110

#*® | number of points is increased; upper limit is extended:

equal grid is used

¥* I’}ﬂ linear grid is used; upper limit is extended
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Comparison between EOS tables

EOS1 EOS2 EOS3
Constituents Uniform Matter n, P. o n, p.a n p.oa, A
Non-uniforn Matter n, p. o A n, p, e, A ., P, =, A
T Range —1.0 < log(T) i_:ﬂ —1.0 < log;g(T) *’;i —1.0 € log;gl(T) €26
(MeV) Grid Spacing Alogg(T) 201 Alog,o(T =10.04 Alog;(T) =0.04
Points 32 (including T" = 0) 92 (including T = 0) 92 (including T = 0)
Range —2 < logig(Yp) < —0.25 0<Yp <0465 0<Y¥,<0.65
}'_:. Grid Spaczng_: A Iog”,,trq y = 80.025 ..li'ﬂ — 001 _'*.‘.'}] =001
Points 72 (mncluding ¥, = 0) 66 66
28 Range 5.1 < logyplor) < 154 5.1 < logyolpr) < 16 5.1 <log;glpn) < 16
(g/em™) Grid Spacing Alogwlpe 0.1 Alogiglpee |l =01 Alogiglpg) = 0.1
Points 104 110 110

#* [ number of points is increased; upper limit is extended:

equal grid is used

¥* Y} linear grid is used; upper limit is extended
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Comparison between EOS tables

EOS1 EOS2 EOS3
Constituents Uniform Matter n, P. & ., p. & . p.ax, A
Non-uniform Matter n, p, a, A n, p, a, A I, P, =, /&
T Range —1.0 < log(T) ﬁ —1.0 < log;g(T) "E__]_'br —1.0 € log;ol(T) € 26
(MeV) Crid Spacing Alogg(T) 0.1 Aleg;o(T =0.04 Alogo(T) = 0.04
Points 32 (inclading T = 0) 92 (including T = 0) 92 (including T = 0)
Range —2 < logig(Yp) < —0.25 0<Yp, <065 0<Y¥Y,<0.65
‘}'_.;, Grid Spac:nz_: Fa Iog”,L‘I-E y —0.025 ..l}'ﬂ — (.01 .l}}] = 0.01
Points 72 (mcluding ¥, = 0) 66 66
L Range 5.1 < logyplor) < 154 5.1 < logyelor) < 18 5.1 < log;glen) < 16
g/cm™) Grid Spacing Alogwnlpel .1 Alogiglpn |l =01 Alogiglpg) = 0.1
Points 104 110 110

#* [ number of points is increased; upper limit is extended:

equal grid is used

¥* Yp linear grid is used; upper limit is extended
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Comparison between EOS tables

EOS1 EOS2 EOS3
Constituents Uniform Matter n, p. o i, P, o n, p.ax, A
Non-uniform Matter n, p, o A i, p, o, /3 s, Py cx, A
T Range —1.0 < logp(T) ‘_’_.EI —1.0 < log;g(T) Eﬁ —1.0 € log;g(T) €286
(MeV) Grid Spacing Aldogo(T) 0.1 Alogo(T =0.04 AlogolT) =004
Points 32 (including T = 0) 92 (including T = 0) 92 | inciudjng I =0)
Range —2 < logyg(Yp) < —0.25 0<Yp<0.65 < ¥p < 0.65
¥ Grid Spacing _‘LIG;:”,L 5 p) = 8.025 ..l} o =001 _‘L} = 0.01
Points 72 (including Y, = 0) 66 66
Y Range 5.1 < logyolpor) < 154 5.1 < logaior) < 18 5.1 <logiolpn) < 16
g/cm”) Grid Spacing Alogiplpe 0.1 Alogiglee =01 Alogiglpg) = 0.1

Poimnts

104

110

110

#* [ number of points is increased; upper limit is extended:
equal grid is used
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Comparison between EOS tables

EOS1 EOS2 EOS3
Constituents Uniform Matter i, P, G n, g, a n, p.ox, X
Non-uniform Matter n, p. e A i, Py o=, A2 i, p, cx, A
r —1.0 < logp(T) <20 —1.0 < log;(T) iﬁ —1.0 € log;g(T) € 286
(MeV) Grid Spacing Alogo(T) > 0.1 Aleg,o(T =0.04 Alog(T) =004
32 (including T" = 0) 92 (including T = 0) 92 (including T = 0)
—2 < logg(Yp) < —0.25 0<Y¥Yp < 0.65 0<Y,<0.65
}'_.9 Crid Spamng Fa Iog]“[ }-E:- — 0.025 ._L}'i — .01 A}.p — 0.0
72 (mcluding ¥, = 0) 66 66
o8 5.1<logio(ee) <134  5-1<lbogw(en) <lG 5.1 <lomlpn) <16
g/cm”) Grid Spacing Alogiplpe 0.1 Alogigles |l =01 A logyg(pg) = 0.1

104

110

#* [ number of points is increased; upper limit is extended:
equal grid is used

¥* Yp linear grid is used; upper limit is extended

Page 78/181




Comparison between EOS tables

EOS1 EQOS2 EOS3
Constituents Uniform Matter m, P, G r, g, & n, p.oax, A
Non-uniform Matter n, p. e A e, I 5, 3 i, p, x, A
' 3 Range —1.0 < logp(T) i_.ﬂ —1.0 < log;g(T) Eﬁ —1.0 € log;g(T) €286
(MeV) Grid Spacing Alogo(T) 0.1 Alogo(T) =0.04 Alogo(T) = 0.04
Points 32 (including T = 0) 92 (including T = 0) 92 (including T = 0)
Range —2 < log1g(Yp) < —0.25 0<Y¥Yp,<0.65 0 <Y, <0.65
) Grid Spacing JIDE]“L}-E } = 0.025 .l}'i = 0.01 AY, =001
Points 72 (mncluding ¥, = 0) 66 66
pB Range 5.1 < logyelpr) < 154 5.1 <logyylpr) <J8& 5.1 <logelpm) <16
g /em” ) Grid Spacing Alogplpe 0.1 Alogiglpes | =01 Alogigleg) = 0.1

Points 104 110

110

#* | number of points is increased; upper limit is extended:

equal grid is used

* Yp linear grid is used; upper limit is extended

¥ p upper limit is extended; equal grid is used
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Phase diagrams
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Phase diagrams

E - T _ T .
4 {1 gt ~, I:_t = o E ; '
e = - 4 g _i_ 1 | = — : I
2+ | Yp=05 = e 05 ST
I3 | ol — >0,
| T 2 Ews
E P | 5 -2 I - -
E ; e ok ! 3
Fs ” / X <10 -—E EaE” 3
[t _—_ — R E, I s ]
!J_:__ y ik = 06 E i =
i - X <107 X>107 - o
= 1 YpO.3 = i 11 | — JE = : 3
—_— v i I =1
S 10F / > - a4 E . =
@ 3L ! u o : 3
E - F l|'|l -“ >-' - 3 I\ -1
— [ - F F g 2= E
— " '_ = F. S'{ 1)) ] 02 F 11
2| —— -' 0tE X <107 X107 1X <1075
. e ! : g | t o E .| , ~ : Ir i ;‘
s : - 16 ( 3
T __ Y:=0.1 _l.J __ |1 B _:
L " M w S Sl =k |
aF X <107 X D10 X <1077 04 E 4 =
E ' 3 " EE
FE = s ] :1;,15'“\)(‘ 0 |.L j)qh.;=:.;
= 7 I i I il o o P By L et i =i Sl
i i [ 8 B g I 12 13 = 15 16 5 6 T 3 g 10 1 Z 13 12 15 16

i I 3
log1o(p,) [gfem’]
Page 81/181




Phase diagrams
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Phase diagrams
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Phase diagrams
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Distributions in non-uniform matter
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Heavy nuclei in non-uniform matter
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Fractions of components

with \ hyperons
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Fractions of components
with \ hyperons
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Effects of A hyperons

non-nucleonic degrees of freedom

# hvperons: A, 1. =
# boson condensates: 7, A

@ quarks: u, d, s
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Pion condensate

PHYSICAL REVIEW C 80. 038202 (2009)

Possibility of an s-wave pion condensate in neutron stars reexamined

A. Ohnishi.' D. Jido.' T. Sekihara.” and K. Tsubakihara’

' Yukawa Institute for Theoretical Physics. Kvoto University, Kvoto 606-8502. Japan
*Department of Phvsics. Graduate Schoel of Science, Kvoto University, Kvoto 606-8502, Japan
*Department of Physics, Faculty of Science, Hokkaido University, Sapporo 060-0810, Japan
(Recewved 20 October 2008: revised manuscript recerved 5 September 2009: published 30 September 2009)

We examine posstbilities of pion condensation with zero momentum (s-wave condensation) in neutron stars
by using the pron-nucleus optical potential U and the relativistic mean field (RMF) models. We use low-density
phenomenological optical potentials parametrized to fit deeply bound pionic atoms or pion-nucleus elastic
scatterings. The proton fraction (¥, ) and electron chemical potential (z.) in neutron star matter are evaluated in
RMF models. We find that the s-wave pion condensation hardly takes place in neutron stars and especially has
no chance if hyperons appear in neutron star matter and/or the 5, parameter in U has density dependence.
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We examune possibilities of pion condensation with zero momentum (s-wave condensation) in neutron stars
by using the pion-nucleus optical potential U and the relativistic mean field (RMF) models. We use low-density
phenomenological optical potentials parametrized to fit deeply bound pionic atoms or pion-nucleus elastic
scatterings. The proton fraction (¥, ) and electron chemical potential (. ) in neutron star matter are evaluated in
RMF models. We find that the s-wave pion condensation hardly takes place in neutron stars and especially has
no chance if hyperons appear in neutron star matter and/or the b, parameter in U has density dependence.
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We examune possibilities of pion condensation with zero momentum (s-wave condensation) in neutron stars
by using the pron-nucleus optical potential U and the relativistic mean field (RMF) models. We use low-density
phenomenological optical potentials parametrized to fit deeply bound pionic atoms or pion-nucleus elastic
scatterings. The proton fraction (Y ,) and electron chemical potential (x.) in neutron star matter are evaluated in
RMF models. We find that the s-wave pion condensation hardly takes place in neutron stars and especially has
no chance if hyperons appear in neutron star matter and/or the 5, parameter in U has density dependence.
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We examune possibilities of pion condensation with zero momentum (s-wave condensation) in neutron stars
by using the pron-nucleus optical potential U and the refativistic mean field (RMF) models. We use low-density
phenomenological optical potentials parametrized to fit deeply bound pionic atoms or pion-nucleus elastic
scatterings. The proton fraction (¥,) and electron chemical potential (x.) in neutron star matter are evaluated in
RMF models. We find that the s-wave pion condensation hardly takes place in neutron stars and especially has
no chance if hyperons appear in neutron star matter and/or the b, parameter in U has density dependence.
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We examune possibilities of pion condensation with zero momentum (s-wave condensation) in neutron stars
by using the pron-nucleus optical potential U and the relativistic mean field (RMF) models. We use low-density
phenomenological optical potentials parametrized to fit deeply bound pionic atoms or pion-nucleus elastic
scaiterings. The proton fraction (¥,) and electron chemical potential (. ) in neutron star matter are evaluated in
RMF models. We find that the s-wave pion condensation hardly takes place in neutron stars and especially has
no chance if hyperons appear in neutron star matter and/or the b, parameter in U/ has density dependence.
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We examune possibilities of pion condensation with zero momentum (s-wave condensation) in neutron stars
by using the pion-nucleus optical potential U and the refativistic mean field (RMF) models. We use low-density
phenomenological optical potentials parametrized to fit deeply bound pionic atoms or pion-nucleus elastic
scatterings. The proton fraction (¥ ,) and electron chemical potential (z.) in neutron star matter are evaluated in
RMF models. We find that the s-wave pion condensation hardly takes place in neutron stars and especially has
no chance if hyperons appear in neutron star matter and/or the b, parameter in U has density dependence.
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We examune possibilities of pion condensation with zero momentum (s-wave condensation) in neutron stars
by using the pron-nucleus optical potential U and the relativistic mean field (RMF) models. We use low-density
phenomenological optical potentials parametrized to fit deeply bound pionic atoms or pion-nucleus elastic
scatterings. The proton fraction (¥ ,) and electron chemical potential (4. ) in neutron star matter are evaluated in
RMF models. We find that the s-wave pion condensation hardly takes place in neutron stars and especially has
no chance if hyperons appear in neutron star matter and/or the b, parameter in U has density dependence.
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We examune possibilities of pion condensation with zero momentum (s-wave condensation) in neutron stars
by using the pion-nucleus optical potential U and the relativistic mean field (RMF) models. We use low-density
phenomenological optical potentials parametrized to fit deeply bound pionic atoms or pion-nucleus elastic
scatterings. The proton fraction (Y ,) and electron chemical potential (4. ) in neutron star matter are evaluated in
RMF models. We find that the s-wave pion condensation hardly takes place in neutron stars and especially has
no chance if hyperons appear in neutron star matter and/or the b, parameter in U has density dependence.
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We examune possibilities of pion condensation with zero momentum (s-wave condensation) in neutron stars
by using the pron-nucleus optical potential U and the relativistic mean field {RMF) models. We use low-density
phenomenological optical potentials parametrized to fit deeply bound pionic atoms or pion-nucleus elastic
scatterings. The proton fraction (¥ ,) and electron chemical potential (. ) in neutron star matter are evaluated in
RMF models. We find that the s-wave pion condensation hardly takes place in neutron stars and especially has
no chance if hyperons appear 1n neutron star matter and/or the 5, parameter in U has density dependence.
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We examune possibilities of pion condensation with zero momentum (s-wave condensation) in neutron stars
by using the pron-nucleus optical potential U and the relativistic mean field (RMF) models. We use low-density
phenomenological optical potentials parametrized to fit deeply bound pionic atoms or pion-nucleus elastic
scatterings. The proton fraction (¥,) and electron chemical potential (x.) in neutron star matter are evaluated in
RMF models. We find that the s-wave pion condensation hardly takes place in neutron stars and especially has
no chance if hyperons appear in neutron star matter and/or the b, parameter in U/ has density dependence.
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We examune possibilities of pion condensation with zero momentum (s-wave condensation) in neutron stars
by using the pion-nucleus optical potential U and the refativistic mean field (RMF) models. We use low-density
phenomenological optical potentials parametrized to fit deeply bound pionic atoms or pion-nucleus elastic
scatterings. The proton fraction (¥ ,) and electron chemical potential (. ) in neutron star matter are evaluated in
RMF models. We find that the s-wave pion condensation hardly takes place in neutron stars and especially has
no chance if hyperons appear in neutron star matter and/or the 5, parameter in U has density dependence.
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We examune possibilities of pion condensation with zero momentum (s-wave condensation) in neutron stars
by using the pion-nucleus optical potential U and the refativistic mean field (RMF) models. We use low-density
phenomenological optical potentials parametrized to fit deeply bound pionic atoms or pion-nucleus elastic
scatterings. The proton fraction (¥ ,) and electron chemical potential (x,.) in neutron star matter are evaluated in
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no chance if hyperons appear in neutron star matter and/or the 5, parameter in U has density dependence.
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RMF models. We find that the s-wave pion condensation hardly takes place in neutron stars and especially has
no chance if hyperons appear in neutron star matter and/or the b, parameter in U has density dependence.
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Possibility of an s-wave pion condensate in neutron stars reexamined
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We examine possibilities of pion condensation with zero momentum (s-wave condensation) in neutron stars
by using the pion-nucleus optical potential U and the refativistic mean field (RMF) models. We use low-density
phenomenological optical potentials parametrized to fit deeply bound pionic atoms or pion-nucleus elastic
scatterings. The proton fraction (¥ ,) and electron chemical potential (. ) in neutron star matter are evaluated in
RMF models. We find that the s-wave pion condensation hardly takes place in neutron stars and especially has
no chance if hyperons appear in neutron star matter and/or the 5, parameter in U has density dependence.
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Experimental information

scattering experiments hypernuclear data

NN scattering data > 4000 single-\ hvpernuclei > 30
Y N scattering data ~ 40 double-\ hypernuclei ~ 4

- - & - v -
no Y Y scatteringe data single-2. hypernuclei ~ 1

Page 138/181




Experimental information

scattering experiments hypernuclear data
NN scattering data > 4000 single--\ hypernuclei > 30
1 N scattering data ~ 40 double-\ hypernuclei ~ 4

no Y Y scatteringe data single-2. hypernuclei ~ 1

Page 139/181

Fo MANK AT TTNIVERSITY



Hypernuclear Chart

O
A Hypernuciear Chart Bi
(2004) L _"“'!_FH
EXy e
0 0 ,
s L 2y
"‘.ﬂ | =N
- =
5 s L ¥ L1 ‘.’r y |
g A | 8 Y
®[%B"B %8 v |
Ba 1&.{&;!”5@ —_—
. ‘.? :'r A .EzIIE |
i T 1% T [N ’ Spectroscopic studies by
g & {; 4 () (2 K (K g B (00K NK o =7} (2 )
EH. Ve SHe | He e D — j
¥, z ;
'!H. IH ¥
V. . rSpectrescony  Amudsion das
“

Page 140/181



Neutron star matter with hyperons

include baryon octet 10°
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Neutron star matter with hyperons
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Neutron star matter with hyperons

include baryon octet
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Neutron star matter with hyperons
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Neutron star matter with hyperons

include baryon octet
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Neutron star matter with hyperons

include baryon octet
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Neutron star matter with hyperons
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Neutron star matter with hyperons

include baryon octet
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Neutron star matter with hyperons

include baryon octet 10°
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Hypernuclei in the RMF model

Single-\ hypernuclei
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Hypernuclei in the RMF model

Double-A\ hypernuclei

Table II. B4, and 2B, of double-4 hvpernuclei. The calculated results of models 1 and 2 are
denoted bv 1 and 2. respectively. The available experimental data are taken from Refs. 10)—-141).

B TM1 NL-SH ABaa TM1 NL-SH
exp. 1 2 | 2 exp. 1 2 1 2
salie 72102 552 548 475 4.68 10102 107 102 108 1.01
''yBe 1I7T7+04 1634 1628 1603 1594 43+04 037 031 038 0.29
146 +£0.4 1.2+ 0.4
o A S 1 1 —4.9 0.5
B 275407 2214 2207 2265 22252 2 48+07 026 019 033 0.21
s 25.80 2585 2530 2523 0.14 010 0.14 0.07
e 38.15 38.13 37.90 37.86 0.04 002 0.04 0.00
s i 4711 4710 4T73 2 4TT% 0.03 0.02 0.04 0.02
s Pb 52.19 5219 5303 53.02 0.03 002 0.02 0.02

H Shen. F Yang H Toke Prog Theor Phys IS 20063325
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Effects of A hyperons
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Summary
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Summary

® Relativity is important at high density
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Summary

® Relativity is important at high density

® New versions of EOS tables are available
EOS2. EOS3
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