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Hyperons, mesons, quarks

Asym. nuclear matter+elec.+pn

Nuclei+neutron gas+elec.
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Nuclei + elec.
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LS, AEFEHN ?
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s SEEEDQEROERISEEL !

@ &F QCD /\UAVE A (BF)

o hEFEPEDOMERE - HHFIRILF—/ X2 (8&H)
s RiEOXAEFAFBELSEmAL !
2| 1.97M_HFHEFEDFHR (Demorest+, 2010)
o $EDAE (i (H))
o ELVAHDHER (Paget, 2011)
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Pt FEYE RIS AT F—

s ZWEHE

o RFRODEE-F&F

I RILEX—
(po, E/A( po))= (0.15 fm-3, -16 MeV)

S ~ 30 MeV

o RFRDEEIRD. E/1 MR,
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— JEEMEE (K) . AHIRILEF—D

BZEKRFEWDL). ..
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+ N\YFA2HYDITRILX—E/N
o BFE: RFR+EBEF+PHEF
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+ N\ARAY +K, © FEF

+04—7 ...

Symmetric Matter

\E/A Neutron
Matte

ym.
Matter

Py

0y EIA(D))

ElA(p,8)=¢(p)+Eym(p)d°+0(8%)

8(p)=8(po)+K<lp8_S°) +0 ((p—p,)’)

Po

Symmetry Energy (8=(N—-Z)/A=1-2 Yp)

E ( _ ,L(p_pO) ,Ksyln(p_p0)2
sym p)_SOT 3 a )

+0((p—p,)’)
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Symmetry Energy( $I#IT 4 I)LF+—)

& Summary of Nuclear Symmetry Energy workshop
NuSym11 http://www.smith.edu/nusym11
Esym(po) = 31-34 MeV, L = 50-110 MeV

extracted from various observations.

@ Mass formula Moller ('10) T T 7 T

@ Isobaric Analog State
Danielewicz, Lee ('11)

@ Pygmy Dipole Resonance
Carbone+ ('10)

@ Isospin Diffusion
NSCL/MSU group

@ Neutron Skin thickness
J.Zenihiro+ ('10)

o EB:CholE2Tp T O 0

S(p) (MeV)
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o
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NANOY - INANOFEE (EFH
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Ishizuka, AO, Tsubakihara, Sumiyoshi,
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PRL87('01)212502 4
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A A correlation from heavy-ion collisions

# RHIC-STAR measured AA correlation !
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Shah et al. (STAR collab.), arXiv:1112.0590
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AA correlatmn (Reduced COIT.)
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1.97+£0.04 M o Neutron Star
s BEVPHFE (2 EORNBEE) DA

Demorest et al., Nature 467 (2010) 1081 (Oct.28, 2010).
PSR J1614-2230 (NS-WD binary), 1.97 = 0.04 Msun

o —REAEHEERR (Shapiro delay) [CEDCEHERE

o FELAEEODMAE + ELLVBAIKR

Strange Hadron
s SEEREBAERX (EOS) [T3RLVHIFR =28 EOS
@ Strange Hadron - ' .
(/\ARAV- K HEF) 5 \ -
BMEE ST EOS XFEH ()
o VA—VMETY | A
FEERI=HIE ‘I‘
DA—OME N[
b=
0.5F k \\\
to be discussed later O
Radius (km)
JIYITP <77y
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BB nBIRE L n AR

s REmEREEnHIEHR
o BEERRE — Fvyd — v BHOMH

@ Cas A DIERETREAE EHHNEDRIE
Heinke, Ho, ApJ 719('10) L167 [arXiv:1007.4719]
Page et al., PRL 106 ('11) 081101 [arXiv:1011.6142]

@ neutron pair 0) breaking & formation 0.5 1 PP 5 3 45678
I [ A B I [ | T TTT]
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SRR THREED TP FEDEYE

ATy T, -
BEC-BEC cross over . 'mf;‘:g( gf“j‘g@'r?) .

Astro-H
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FlEFERYTRETED

s F—RENFHE
Akmal, Pandharipande, Ravenhall ('98), Kanzawa, Oyamatsu, Sumiyoshi, Takano ('07)
Brockmann, Machleidt ('90), Schulze, Polls, Ramos, Vidana ('06),
Nishizaki, Takatsuka, Yamamoto ('02), ...

o BHEMNTREIMHFELT, 2EMBEZEREME< (GFMC, Variational)
HEINIFEXNHREERAZEZEH (DBHF, G-matrix)

o FAMMEDRAICIE—RICRZRN I A H - BEEERERIGENDE
@ NARAVZEB AT HESHIZTEIE — Universal 3B Repulsion (NTY)
s JERRX RO TEIBIER! E.o Lattimer, Swesty ('91), Nakada ('08)
o BEEKEN (Skyrme H, M3Y) F19I5 + ERE1E R
s FH> RO FE I EE

Muller, Serot ('96), Glendenning, Moszkowski ('91), Shen, Toki, Oyamatsu, Sumiyoshi,
('98), Ishizuka, AO, Tsubakihara, Sumiyoshi, Yamada('08)

o > EFRPVFHIT (RMF)+ JE—#R1E (Thomas-Fermi ¥ )

o AXMRICKEFN
= NARAVERALTY 15M_ BEOHEFEEXZS
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Bruckner-Hartree-Fock BB

s WEPYZADLBRZ2—FLT.
BHHEER (G-matrix) E—HFIRILT—
# self-consistent [ZIR5E,

s AMRZEBRT DI, 3BANBE, N Y

— BHE-BRZAT (NNIAHBBR)D [y meve
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22 b cD i e 4
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- A DBHF NI ""“"':'*_". ,,Fﬁ"f’ﬁg/*%

|
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o
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Z.H.Li, U. Lombardo, H.-J. Schulze, W. Zuo, L. W. Chen, H. R. Ma, PRC74('06)047304.
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BHYF with Hyperons

s BHEMNN,NY OHhoBLI-FHEEER (HKRNEDHEEER)

BEND(RREBESD)

o HEERIKEMYE (V18,N93,...) K — NM/I—EIFHRIABE,

E.Hiyama, T.Motoba, Y.Yamamoto, M. Kamimura / H. Tamura et al.

@ 3B hZ ANGWEREFEIEDSAND,

25
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R (km) p_(fm™)
H.J.Schulze, A.Polls, A.Ramos, 1.Vidana,
PRC73('06),058801.
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S. Nishizaki, T. Takatsuka,
Y. Yamamoto, PTP108('02)703.
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T8 %1 G I 19I5 BEGF (Relativistic Mean Field)
s NYFVERBFOBNFT 00T + 5L

B.D.Serot, J.D.Walecka, Adv.Nucl.Phys.16 ('86), 1

1

4 (l)

L M:_Z gBSLIJB(pSLI)B_Z gBVLI_JByu VaWs
B.V

LInt ~U (o)+

L=Ly+ L+ L, +L G, ®, p,
Coo (W, ")+

¢ _ Tee 1 1 1 . 1
Ly=0,(iy"0,~M ),y . Ly ZZ[—5“<Ps@ucps—§m§<p§]+2[——lf aarms

V.o
=2 ~ 4w M

@ NYAD-thEF :B=N,A, XL, 5, ..., S=6,C ., V=0, 0, O, ...
@ AAS—EMDE| N+ RIMVEHDRF T
— BELGEINEXRZHEREY -BE T

o HHX AR
— FEHRXMBICHNEFTR 3 BALBENS, AREZTFS
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T8 %1 G I 19I5 BEGF (Relativistic Mean Field)

8 RMF DI\SGHA—4

— MB HEESEH. DEFEE. EEEES 9 ,
o EFHOME E S
— 6N, oN, pN ¥E& EMILRET e

@ ¢’and ¢* IH — EOS DYIME
J. Boguta, A.R.Bodmer NPA292('77)413,
NLI1:P.-G.Reinhardt, M.Rufa, J.Maruhn,
W.Greiner, J. Friedrich, ZPA323('86)13.
NL3: G.A.Lalazissis, J.Konig, P.Ring,

=
=

' sCL3 —— [
) , TM1 oo ;S
@ o' I§ — DBHF DR % simulate ~ 401 N1 LAl
TM: Y. Sugahara, H. Toki, c o 1 i /fmf
NPA579('94)557; Z 20 f RBHF © L S
R. Brockmann, H. Toki, PRL68('92)3408. ffi o S,,f"f
— 0 . _r'-‘; ,.ar -
e ~ L -y .,l N:
— BEEEETIERSEL o [ceugmert™ N2
0 01 02 03 04 05 0.6
Pp (fm's}

K. Tsubakihara, H. Maekawa, H. Matsumiya, AO,PRC81('10)065206.
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RMF AD/NANO>DIEA

¢ HREFNARAVES VYRR YRRV
@ JL—/\—-RAEFY (SU(6)) A FE
~ DF—DBho T12T E—— —> >
Glendenning ('81) G, © G, ® « (l)
onEgoA/gaN:2/3 N A A
x(DAEgUJA/g(DN:2/3 " ' T ™I
L | A
(U, ~2/3 Uy) EXRE SN
cof. 1 XMELEIZEZDE x \~1/3 SN
Brockmann, Weise ('77) En'f S : \ —
o 55 BBEBRNT—, RIILHRETF B IR AN
G ) EDREEEBA | HIRG

4 ﬁﬁfE%EEJ @*%7371)[/21*)[/¥_ mla 12 i 4 pisﬂ“ ‘.Iﬁ 7 8 9 10
L \!
L\h‘:jj 'hJ: ) (2 4) Po T/ \’f’\n/i) Hjﬁ J. Schaffner, I. N. Mishustin,
PRC 53('96)1416
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NANOEFSE RMF TOHRMEFE

Ishizuka, AO, Tsubakihara, Sumiyoshi, Yamada,J. Phys. G35(08),085201
1 (fm®)

# Hyperon Effect is DRASTIC 0.1
25 -
@ Mmax=2.1M_— 1.56 M _ -, ) * ..
- - - -
= ¢
@ CompositionY, ~Y_ = 15 |
@ Large fraction of 2 g 1] /- Shen (Nep) - - -
. II\Ieutlmn IStar-Maltter IShiZ“ka +('08) Nl::rigﬁ —
o | TML [ EOSY ] NY(Att.)en ——
' . e 1 .
2 - 14 10" 10"
:::ln'l /‘_ SR Central Density (g/cc)
NN I c.f. H.Shen+("09)
0 02040608 1 1214 0 02040608 1 1214 16 — n, p, A EOS
Schaffiiér+('98) P (")
18
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1.97+£0.04 M 0 Neutron Star

2.5

2.0

Mass (M)

1.0
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0.0

L
—_ \PQS
i i 4
u =
“m™m = @ YUKAWA INSTITUTE FOR -
ELEN | ‘THEORETICAL PHYSICS VITP Kyoto 2

Demorest et al., Nature 467 (2010) 1081 (Oct.28, 2010).
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¢ ENG PAL1 o
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S EOS
e
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J1903+0327 FSU
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GSl————f—
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1 ] ] ] 1 | OT_OWE
7 8 9 10 11 12 13 14 15 MDAD EOS
Radius (km)
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NP FEZZZEDH ?

s FEHEINT-EOS

= SUQ3) (or SU(6)) W FEICEI<HRF3H#
RCIRD 2 EFAIZKHENIBHREATEN

Glendenning, Moszkowski ("91)

o HAXMRIIRZEHTE. oA R ~ (N EE5)x23)

ETBHE, 1.97M ¢ [FZASNEL,

8+1

— ROV HRFRBLUNDERRDFAHHS ! 8 8

s BEEETORADERIZ?

* 3IRFADEA
Nishizaki, Takatsuka, Yamamoto ('02)

@ BRIEDEA Bednarek, Haensel et al. ('11) _

@ Vector #EEIZSUG6) DBWENZEA
Weisenborn, Chatterjee, Schaffner-Bielich ('11)

o HA—HMEADIHEER
CHFEETORES !
(Ei;s il Es Illllﬁs és J:E )

-]
=

-

1.5

'I —

0.5 -

i I i
i2 14 16 18
B [km]

Bednarek, Haensel et al.("11)
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3ENHZESL RMF

s 3 N=zETCHEFERR

6L=—UG(O)—%CO(DG(DM(DM—%wa(u)uu)uy

_Z q)B[gGGBO-Z_FgOmBO‘(Duyu_l_gmmB(Du(DM] wB

@ BBMM JFEE{’EFHIEIQ:EEE’JU RMF TIE#E1R
(BOBERICKYMDIBICWIRRIEE ) Furnstahl, Serot, Tang ('97)
LHOLUIEDEERE (L Naive dimensional analysis (NDA) DREBEEZS

n=B2+M

2.5 :

NS mass
-

05 | 4 TO11-NP :

=T NPAGSUE) -

i / | NPA(R = 0.8
0 0.5 1 5 1.5 2

pg (fm™)

Tsubakihara, AO, in prep.
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Summary

s hHFEFSHREEOEETHY. s
AR A LAIE, SERERLNCTIEENESDDH S,

s TS hEFEHN?

o BEOEN-EB-ERORE
= AERTHATIZEBE, SR BEE TERTES TS

o SIEDBADLSDEDE~DORE . HH, FE.HE
o M EFTOHOREBROER: PHEFBEK. NA/N\—& ES1F>
o HIROER: S5, BRI, BT

s BEEEYHOREFERX/ X)L
A ROV - FafEEzSO L.
1.97 Msun DHPEFEIITZoNEN? ]
=EFRETORAEBROBELELE

@ 2K or FEDEFM(FESUG W) FA or Y+—9HE
o EBE-FAIICE->T,. EOLSICRRATESRM?

o NFOVMET, ESLTHERBATELGLMES
— BRICFETIIVA—IVDEDOER?
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Thank you for your attention !
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BRIGEL TD RMF

B/A(MeV)

# Fit as many as known observables

K. Tsubakihara, H. Maekawa, H. Matsumiya, AO,PRC81('10)065206.

@ EOS, Nuclear B.E., High density EOS from HIC, Vector potential in
DBHF, Hypernuclear Separation Energy, Neutron Star, ...

LIg]]TE'l side Heavier side 103 _

1500 SCL3 ' ke
e : 3 |
™ I— -3 — | I ../.
1 = 3 RBHF © = .7 o~
SR S so00 | e e
=100 ¢ SCLa i Z P Vectol
7 TM1 1= M
SCL2 e [ NL1 1 = 0
SCL? ---- = . NL3 — - — 3 kot
r TMland2 . 107 ¢ By Danielewicz et al. E ey
P | = 500 | Yooy, Scalar
T R 0.1 02 03 04 05 06 0.7 08 = S e
10 20 3 40 a0 100 150 200 N {fm—.?nﬁ] ﬁ B S
A B . .
3 . . .
- ' ' —— i 0 02 04 06 08
a_ Syfrom*7,z  SCL3 —— 2.5t 7 I pg (fm™)
# ;_- , -....l.______-_.._ N T T . o
% 15—t : P. Danielewicz et al.,
1+ #/S5CL3 —— 10TSY - : '
/eI T Science298('02)1592.
0.5 ¢ SCLE --o0 NL3 mem R. Brockmann,
! . . . .
. . . . . 0 . o5 ) s ) R. Machleidt,
0 0.05 0.1 0.15 0.2 0.25 0.3 * . 4
a2 o () PRC42('90)1965.
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Glendenning & Moszkowski (1991)

] TABLE 1. Values of the hyperon-to-nucleon scalar and vec-
. RMF Wlth hyperons tor coupling that are compatible with the binding of — 28 MeV
for A hyperons in nuclear matter for two values of the nucleon
(Dvirac) effective mass at saturation density.

@ np,Y,o,0,p/d,c

L

Xa m* =07 it * (=078
= = 0.2 0.131 0.091
@ Givex =g /g andfixx =g /g tofit A 02 0.131 0.0
. 0.4 0.392 0.375
separatlon cnergy. 0.5 0.522 0.517
0.6 0.653 0.568
0.7 0.783 0.800
ﬂ X - 006 —> m*/m=0.7, X =0.653 0.3 0.913 0.942
Y ® 0.9 1.04 1.0%
I 1.17 1.23

(similar to quark number counting result,
x=2/3)
— Mma

X

—— 1:
1 3]
_.f"' L]
, E
2 < -
g '_‘,_f'ff *:_":‘
- . E 0.13
@ 4 (07, 300)- o
= |78 3000 b
= (078, 300) @
= ‘ a2
E 154 E 0.014 3
= cC 7 o
1 - -
b5 Ii
4 (=] !
O ;
~(0.78, 240) & . g
1 0.0 I R L AL
[n] L B S O L AL L L L B L D 1 2 3 4 5 ﬁ 7 8 9 10 n 12
L (L R R B B BN R L S R 4 15 18.6 16
0.3 04 05 06 07 08 08 1 “w 1o y 3 r {km)
log (& gfcm?)
W [

o

N.K.Glendenning, S.A.Moszkowski, PRL67('91)2414
mmy Qs
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How can we solve it ?

# No Hyperons, No Kaons — How can it be consistent with YN int ?
(1, in NS ~ 1650 MeV in core in TM1)

s Stiff nuclear matter EOS + transition to quark matter at small p
— How can it be consistent with HIC data at AGS-SPS energies ?

# Three-body force for baryons, quarks, ...

I T 1 | L | L | L | I 0.08 T
i nucleon 7 Proton v, for AGS to SPS Energies
20 - === hyperon 7 0.06 -
—hyp+quark B=100 ] '
— hyp+quark B=Be (P )] 0.04

J 0.02
2 | A
S10F Maxwell ~ .
=10 i E 1 -0.02 |
0.5 :_ _: -0.04
0 P : -0.06 |
D D | IBL|‘|k| (-Jhliblb$| | | | | | | | | | | | | | ] -0'08
' 8 10 12 14 16 E _ (AGeV)
R [km] M.Isse, AO, N.Otuka, P. K.Sahu,
H.-J. Schulze, NFQCD10 Y.Nara, PRC72 ('05)064908
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RMF AD/NANO>DIEA

8 DA—DBNIT12TIHES &,
UZ ~ UA ~2/3 UN ~-30 MeV
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Tolman-Oppenheimer-Volkoff equation

t,/ Flesch) ek /? + P/c?)(M + 4rr3P/c?)
2 = = me
. (E;)T SRS dr -r2(1 —2G'M/ :r-c'z)
&4 7 B r
= M(r) dM B 5 dP B dP de
dr =l dr  de dr
g(r)/c2 M(r) dP dFP _
Non-Rela. & =G = e oGl = el oy

u
TEY:TP P\ A
|
cmTu s w VUKAWAINSTITUTEFOR A
ELEN | ‘THEORETICAL PHYSICS VITP Kyots 2
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[arXiv:1005.0811]
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OCD Phase Diagram

RHIC/LHC/Early Universe
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Can we detect Quark Matter ?

# Transition to Strange Quark Star during Supernovae — Second Shock
(Hatsuda, 1987; Sagert et al., 2009)

a8 Earlier Collapse to Black Hole with Quark-Hadron Coexistence
(Nakazato, Sumiyoshi, Yamada, 2008)

) { I I — e Neutrino
4 1 | |- - -e Antineutrino
Sl
= |/ |
g05r N b |
E \‘r:-_,_: S e —— 'F_h"'?.it___d_ o -E T o L | |i
j - By T ___T I 7 r 1 | -
0 t t |
) — it Neutring = 3 i A 3
s - - -wh Artineutring L - | —
m 1T
=]
=t | E
2 . ]
g 05r | I ‘ ]
E ,.-___\_‘- II'\ é
3 ]l)r e S .
o f : . — N
|| Meutrino c
3 Hr - - g Antineutrino|]
= el = —wit Neutrinos || E
g | . -
2 20F f
s - o {o = =
%15_ 1 o -.._.__;..-_{.'_ j_ I ——— 1 ] L1 1 1 1 L1 L | 1
m'_}_\.:_x__;.#_w— - | ] 0 0.5 1 1.5 2 0 100 200 300 400
0 0.1 0.2 03 0.4 baryon number density [ fm-3 ] time [ ms ]
Time After Bounce [s] ]%F
° . Hﬁ
Sagert et al., 2009 ﬁ = Nakazato, Sumiyoshi, Yamada
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Compact Star Matter is Neutron Rich

# Proton fraction in Compact Stars

@ Neutron star Y ~0.1(p,~p,)
@ Supernova Yp ~ 0.3 (bounce) (c.f. H. Suzuki's talk)

@ Black hole formation Y ~ (0.1-0.3) 05—+ 7T+

- promptBH Y, 1

0.3 0.4 - formation B
= 0.2 0.3 :_ — _:
0.1 - ]
0 0.2 ]
:; B |
= 200 01E T
= _ ~
= 100 Y | ]
R ) A N "0 10 20

0 0.2 04,06 0 0.2 04 06 038 :
Pp (fm™) Pp (fm™) ra.dlLIS [k_t'l'l]
AO+('09) Sumiyoshi+('09)
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RMF with meson self-interaction
s BHE#HITT RMF (oo &3 ) TIX EOS NETEFES (K> 600 MeV)

# Self-interaction term of mesons
2 ot DEA — E—[REHE (DBHF) DRIML-RTFU v L Z KK
@ 63,04 MBEA — EohIVREAERXIATEE

2000 AL I SR AL IR LR I SMAELALE SLELRL RLELE 9+5_-'*'l"'"_'l""""l""'l""I-""
% 15C|I.'.II:-— UV NL1 s - 9+ .
= L% NL-SH '
1 ]
o 1000 | ” ™1 ] 8.5 |
3 } _ :
5 | =
S - 1 % s8f ]
: = 3
s < 15} .
> aa]
= L J
ks :
3 - 6.5 | -
75} !
Y7+ 11 N ISP I SIS SN S ENIPIN R S B 6"‘"'1
0 01 02 03 04 05 06 07 08 09 0 S0 100 150 200 250 300
p [fm~] A

TM1: Sugahara, Toki ('94)
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High Quality RMF models

s LXDH®D RMF /85 4A—RIZ& BRI E L.
rEEARIEIBECRFRERERE ! |
— High Quality RMF models. ] e s
TM, NL1, NL3, .... “~~,.'
@ £HETI1,2MeV DIRE [
(NL3) 00 lRILIBICaIIcuIlatil-::nls o
@ Linear coupling 80 |
(eN, N, pN), 60 |
self-energy in ¢, ® 4o}
< _
o FRICEH>TREEEHD = 29
BEEFEEEA, & oo |
2 20 } :&
40| *—e NL3 | A
60 TTIN
-8.0 —
O T e 0 w0 o
A

NL3: Lalazissis, Konig, Ring, PRC55 ('97)540
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Symmetry Energy

& Summary of Nuclear Symmetry Energy workshop
NuSym11 http://www.smith.edu/nusym11
Esym(po) = 31-34 MeV, L = 50-110 MeV

extracted from various observations. TMT1: barely OK
@ Mass formula Moller ('10) Mo——————7
| /
@ Isobaric Analog State | i
Danielewicz, Lee ('11) _ 4o //
@ Pygmy Dipole Resonance %g [ 7
Carbone+ ('10) 2 %390 [ /#
@ Isospin Diffusi e |
sospin Diffusion -
NSCL/MSU group ?90 ! )
@ Neutron Skin thickness - 1005_ _
J.Zenihiro+ ('10) | ™1 ——
o ER:CABELTp UTFD . _SCL2 X |
BETO Esym TS, B Ot 037
ensity p/ R,
g (fm”)
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# RMFs have small ambiguity in Esym.
Is it true ?

@ RMF Esym is determined to fit finite nuclears 20|
BE, thus reflects average values in the p <p,

region.

@ Nuclear effective potential (g-matrix)
suggests S-curve behavior of Esym, while
RMF gives Esym almost linear in p .

— RMF may overestimate Esym at high
density.
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RMF AD/NANODERX (2)
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RMF with 3BF

# Three-baryon coupling term

free free n
L=L+L;°+L,, +L +8L ™1 nAb
6L=—UU(O')—%CU(DO' wuw“—%cw(u}uw”)z

_Z LT)Blgcr(rB()_z_'_gawBO_wuyu—l_gwamu w“]qu
B v =3 terms

@ BBMM terms are ignored in standard RMF.

(They can be absorbed in other terms by field re-definitions.)
R.D.Furnstahl, B.D.Serot, H.-B. Tang, NPA615 ('97)441

@ But field re-definition modifies the order of NDA.
Naive dimensional analysis (NDA)
v=B2+M+d
(B, M, d=# of baryon and non-NG boson field, derivatives to NG fields)

@ Higher v terms are found to be suppressed at p ~ p0, but they will
contribute more at high densities.

@ c.f. o polarizability in QMC T.Miyatsu, K.Saito, PTP 122 ('10) 1035
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SU3) . “violating” coupling

s Naive RMF assumption = BM coupling follows SU(3)s.

# Short range BB interaction comes from
quark Pauli blocking + one-gluon exch.

Oka, Yazaki; Faessler et al.; Fujiwara et al.; HAL QCD collab.

# Short-range BB repulsion is sensitive to (S,T)

8+1
o \_9

in the s-channel. When we include those interactions in § 8
the bosonized form, BM coupling violates SU(3)..

V= Z (W) H——me+2gu (WTy),

1{HMY

E.g., X atomic shift 00
— g . ~g . (SUQ)) x (0.2-0.3)

Shift (eV)

# Finite size of baryons would lead to
excluded volume effects — pu — vP
(flavor singlet vector-like effects)

10

10 +

= f f f
- 10-=%9

S-=4 8
SCLMSR) —w»
SCLMYWER) A
1 1 L L L ]I:'k p- 1

.-13"' 3

Tsubakihara et al., (2010)
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RMF with 3BF

s Nucleon vector potential U (p)
in DBHF: Non-linear behavior in p .
— EOS becomes gradually stiffer

TOO1(WR) —
< 1000 1 TO11(SR) —
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=
= 500
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5
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% e
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400
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300
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200
150 |
100 |
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Tsubakihara, AO, in prep.

. Symmetric nuclear matter EOS
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RMF with 3BF + SU(S)E“violation 7

# Two types of modification Tsubakihara, AO, in prep.

@ 3-baryon repulsion — EOS becomes stiff gradually at high density.
(Fitting meson mass (E325) and Uv in RBHF)

@ R=g /g  ~0.8(~2/3(SU3))
—M__ ~2.02 M with hyperons (~ 1.4 M, w/o 3BF, violation)

> ScLs 23 NS mass
SCL3A -—-— , .
o TO1I.NP —— /" .- 2t .
E 200 | NPAGSU@)) ------ | NPT P TP PT
> NPAR =0.8) ------/ .- -1 815} oot g
§ R= g(DA/g(DN e 7 /.-"
> = 1 / SCL3
Z 100 / SCL3A -—-—-
= 05 | TO11-NP i
I/ A
0 =" , NS matter EOS 0 | . 8
0 02 04 06 08 1 0 0.5 115 2
Py (fm™) pp (fm™)
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fth D AERT7 %

s Hidden strange meson (ND4X
° 04,2 w2+ph) EHA
o A BDBINZNMAKRFLS

@ SU(G6) AR IXRFF
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Swept Region of Phase Diagram during BH formation

# CP location
in Symmetric Matter

@ Lattice QCD
1.,=(400-900) MeV

@ Effecitve models
uCP=(700-1050) MeV

# CP in Asymmetric Matter
(E.g. ou=50 MeV)

@ T, decreases at finite op.

5u=50 MeV in Asym., g /g =0.2
200 HIC BH: Shen EOS, 40 M, |
o, LTE FK02
S 150 | ~ % B can.
¥ O]
E o E PNJLE
<100 | o)
= CPLat) @ °
50 CP(models) ©
Stat. -
0 CP(Asym.) = | .
0 300 600 900 1200
ug (MeV)

— Accessible (T, p,) region

during BH formation

M.A.Stephanov, Prog.Theor.Phys.Suppl.153 ('04)139;
FKO02:Z. Fodor, S.D.Katz, JHEP 0203 (2002) 014

LTE:S. Ejiri et al., Prog.Theor.Phys.Suppl. 153 (2004) 118;
Can: S. Ejiri, PRD78 (2008) 074507
Stat.:A. Andronic et al., NPA 772('06)167
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