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Demorest et al., Nature 467 (2010) 1081 (Oct.28, 2010).
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HEFEEZE DEGHETS ( Zawat EIHE)
Hyperons, mesons, quarks

Asym. nuclear matter

JRH (Prod.) . +elec.+
A# (Structure) . Nuclei+neutron gas+elec.
T F (Kaon Nucl.) Nuclei + elec.

VAE (EOS) .
INEF (HIC) |

5 (Quark) .
h B (Pasta)

B . T, B AL, TR, AR, S, B (C)
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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
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@ Strange Hadron - ' -
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BiEEET EOS [X3EH (2)
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FEERI=HIE ‘I‘
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0.5F k \\\
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# Hyperon Effect is DRASTIC
@ Mmax=2.1M_— 1.56 M

@ Composition Y, ~Y_
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# 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 Separatlon Energy, Neutron Star, ...
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NARNOVEE N PEFE
s HEFE2(28(15 One of the Two Serious Problems ( &%)
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Meson self-energy 3JE
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Short Summary

s @R

@ Demorest et al. (2010) TIEXZFLINOBHEIZELS
EOS OBE DREIREZEIEHE,
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“ Extra Repulsion” HHE,
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S. Nishizaki, T. Takatsuka,
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T8 %1 58 91935 BE58 (Relativistic Mean Field)
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T8 %1 58 91935 BE58 (Relativistic Mean Field)
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RMF with 3BF + SU(S)E“violation 7

# Two types of modification Tsubakihara et al., 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(SUQ))
—M__ ~2.02 M with hyperons (~ 1.4 M, w/o 3BF, violation)
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3@HZFSE RMF
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Summary
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Thank you for your attention !
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Hyperons, mesons, quarks

Asym. nuclear matter
+elec.+p

Nuclei+neutron gas+elec.
Nuclei + elec.
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Tolman-Oppenheimer-Volkoff equation
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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

Appendix 24



s SAFEDEEBOHEBRNEEL !
@ ANV ORAZMEBOAERE - NY, YY HE/ERA (BE ()
@ BIRNF—EAAUEEICKHERER (RO)
o tREFBEIR - RETRILE—F 48R (FH)
o BMIRIF—EAFTUERIZEITSH AABBIE AL S
s SEEQOBBROERNEEL !
@ BF QCD /AR A (W)
o FEFEMNEPROXHERE - HHIRILF—-/\R% (8RA)
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s REDEREEDHHER

o BEERE - Xvv7 — v HOHH
@ Cas A OIERELZEERTEESHNEDRITE

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

@ neutron pair @) breaking & formation
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* BWER \E/A Neutron

T
 RAEIE. BB DI RILE—, Matte

XRIRILEX—
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& 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) O————T T T

@ Isobaric Analog State
Danielewicz, Lee ('11)

@ Pygmy Dipole Resonance
Carbone+ ('10)

@ Isospin Diffusion
NSCL/MSU group

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

s IR .CNLIEETp ) LTD

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

e HENGTEAMHFEL T, BSEMEZEEME < (GFMC, Variational)
HAWIFEHEEERAZEZEH (DBHF, G-matrix)

o fATIMEDRAICIE—RICRZ®RN 3 H - BEKERAGENDE
@ NARAVEB AT HESHITERIE — Universal 3B Repulsion (NTY)
s JEHRXROTEYIHZER E.o Lattimer, Swesty ('91), Nakada ('08)
o BEKEN (Skyrme H, M3Y) F19I5 + ERE1E R
s FH> RAO N IFIER

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

o X /LB (RMF)+ JE—HR1E (Thomas-Fermi 35481 )

o AXMMRICKEFN
= NARAVERALTY 15M BEOTHEFEERAS
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] TABLE I. 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,0,0,p/c o

Xa m* =07 - it * (=078
@ lee Xc=gcY/ch and ﬁX X(o=ng/g(oN tO ﬁt A gﬁ g.ég: gg?j
separation energy 03 0522 0317
) 0.6 0.653 0.568
0.7 0.783 0.800
ﬂ X - 006 —> m*/m=0.7, X =0.653 0.8 0.913 0.942
(o (O] 0.9 1.04 1.08
1.17 1.23

(similar to quark number counting result,
x=2/3)
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] 1 000N +—T—FT T T T T T T 17T
0+t 0123466788101 12
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N.K.Glendenning, S.A.Moszkowski, PRL67('91)2414
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EZHEEER (G-matrix) E—HFIRILF—
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s BHEMNN,NY OHhoBRELE-FEDHEEER (HKRNEDHEEER)
BENEBEARREST)

o HEERKEME (V18,N93,..) K = N/I\—EIERNHE,

E.Hiyama, T.Motoba, Y.Yamamoto, M. Kamimura / H. Tamura et al.
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25t - — ___withoutY (TNI3) -
] M/ Mgl - - |
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H.J.Schulze, A.Polls, A.Ramos, I.Vidana, S. Nishizaki, T. Takatsuka,
PRC73('06),058801. Y. Yamamoto, PTP108('02)703.
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8 NYALEDBFOEDSTS5O7 + Fii5:E4

B.D.Serot, J.D.Walecka, Adv.Nucl.Phys.16 ('86), 1
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8 RMF D/NS5+—4
— MB #AEN. FHTHEE. kRS |
o ERROME IS S
— oN, oN, pN $EEERIETFEIL _::.

@ ¢°and ¢! I§ — EOS DYIHME
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, 60 P - . ; R
PRC55('97)540. SCL2 CE
PP .7 S Soa T
@ o' I§ = DBHF D#ER% simulate ~ 40 NL1 R
TM: Y. Sugahara, H. Toki, C o I i /fmf
NPA579('94)557; < 20 | RBEF o i
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K. Tsubakihara, H. Maekawa, H. Matsumiya, AO,PRC81('10)065206.
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# 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 Separatlon Energy, Neutron Star, ...
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# 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, ...
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8 JA—OBN I T4V TIZHES &,
UZ ~ UA ~2/3 UN ~-30 MeV
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# Hyperon Effect is DRASTIC
@ Mmax=2.1M_— 1.56 M

@ Composition Y, ~Y_

@ [.aroe fraction of =

Neutron Star Matter

FTML
10—

L EOSY

Ishizuka+('08)

. EOSY(SM)

Schaffifer+('98)
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s FEHINT-EOS
= SUQ3) (or SU(6)) W FEICEI<HRF3H#
RCIRD 2 AR AIZKHENIBHREAFEN 8+1

Glendenning, Moszkowski ('91) L 2N
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OCD Phase Diagram

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

# Earlier Collapse to Black Hole with Quark-Hadron Coexistence
(Nakazato, Sumiyoshi, Yamada, 2008)
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# 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 Yp ~(0.1-0.3) DS T

- promptBH Y, 1

0.3 ' Neutron Still’lj nntter NL] - 0.4 :— formation —:
=02 | 03F 2. E
0.1 | B 4
0 0.2 1
:; B 1
S 200 01E a
== N A
= 100 W | 1
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radius [km]
Sumiyoshi+('09)
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T I::FHﬁ? ( & )K I::IFHﬁ¥ strange quark matter = mﬁﬁl"ma
{u,d,s quarks) : 11 3
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F. Weber, Prog. Part. Nucl. Phys. 54 (2005) 193
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s BHE#HITT RMF (oo &3 ) TIX EOS NETEFES (K> 600 MeV)
# Self-interaction term of mesons
@ 0t DEA - E—[REHE (DBHF) ORIFL-FRTFoIvILEHEM
@ 63,04 DBA — ZoMVKEBAEXSTTRE
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TM1: Sugahara, Toki ('94)
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s LXDH®D RMF /854A—R(Z& BT E L.
BRI EIEECRFRERERE ! |
— High Quality RMF models. ] e s
TM, NL1, NL3, .... B )
o SEETI,2MeV DEE '
(NL3) 10.0 I - lHILIBII:aIIcuIlatil-::nls o
@ Linear coupling 80 |
(eN, oN, pN), 60 |
self-energy in ¢, ® 40}
o BEICIH>TRB\BEERD = 2]
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& 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. TM1: barely OK
@ Mass formula Moller ('10) Mo———— 7
@ Isobaric Analog State . //
Danielewicz, Lee ('11) _ 400 (7
@ Pygmy Dipole Resonance %§39 | G
Carbone+ ('10) Ss ° 7
@ 1 in Diffusion e |
sospin ; )
NSCL/MSU group ?90 ;
@ Neutron Skin thickness = 1005_ )
J.Zenihiro+ ('10) | ™1 —
o EE:CABIEETp MTFD . _ SCL2 e
<O Esvm = . 0 0.5 5 2.0
%E y ﬁ@ (P Den31ty p//g 0. i
pp (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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# Three-baryon coupling term

free free n
L=L+L;°+L,, +L +8L ™1 NA\b
6L:—U0(U)—%c(m0 wuw”—%cw(muw”)z

_Z LT)Blgcr(rB()_z_'_gUwBO_(Duyu—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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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 § S
the bosonized form, BM coupling violates SU(3).

y = Z (G )T (W) H——me+2gu (WTy),

T

E.g., X atomic shift on -5

— g ~g . (SUQ)) x (0.2-0.3) )

-
W

= 100

—

Finite size of baryons would lead to
excluded volume effects — pu — vP
(flavor singlet vector-like effects)
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- PQs
mm Y TP R\
|
w"su 'YUKAWA INSTITUTE FOR
- THEORETICAL PHYSICS -
gt |

SCLMSR) —w»
SCL}WR) &
1 1 L L L ]-l:'xp' 1

_\E.l']l

Tsubakihara et al., (2010)
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s Nucleon vector potential U (p)
in DBHF: Non-linear behavior in p .
— EOS becomes gradually stiffer
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. Symmetric nuclear matter EOS
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# Two types of modification

Tsubakihara et al., in prep.

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

@ R=g /g ~0.8(>2/3(SUQ))
— M_ ~2.02 M, with hyperons (~ 1.4 M, w/o 3BF, violation)
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s Hidden strange meson ND4X ——
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# 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.
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# RHIC-STAR measured AA correlation !
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AA correlation (Reduced corr.)
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