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# Introduction

# Hyperon potential in nuclear matter

Maekawa, Tsubakihara, AO, EPJA 33 (2007), 269 [arXiv:nucl-th/0701066]
Maekawa, Tsubakihara, Matsumiaya, AO, arXiv:0704.3929 (=Z); in preparation ()

# Relativistic EOS of Supernova Matter with Hyperons

Ishizuka, AO, Tsubakihara, Sumiyoshi, Yamada, to be submitted
http://nucl.sci.hokudai.ac.jp/~chikako/EOS/

& Summary
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Multi Dim.
Instability
Magnetic Field r-process

Acoustic Revival

v physics

>4

Realistic v-A int.
Nuclear Dist.
Exact v transfer

EOS tables
Lattimer-Swesty (1981)
Rel. (Shen) EOS (1998)
— How to extend ?

# Supernovae DO NOT EXPLODE in theor. calculation at present
with realistic microphysics inputs. — How can we succeed ?
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Hyperons in Dense Matter

# What appears at high density ?
@ Nucleon superfluid (°S,, °P))

@ Pion condensation, Kaon condensation, Baryon Rich QGP

@ Hyperons

Tsuruta, Cameron (66); Langer, Rosen (70); Pandharipande (71); Itoh(75); Glendenning; Weber, Weigel;
Sugahara, Toki; Schaffner, Mishustin; Balberg, Gal; Baldo et al.; Vidana et al.; Nishizaki,Yamamoto,
Takatsuka; Kohno,Fujiwara et al.; Sahu,Ohnishi; Ishizuka, Ohnishi, Sumiyoshi, Yamada; ...
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Pion Condensation?
Hyperon?
QGP?Y

Nobody says “Hyperons do not appear in neutron star core” !
Y appears when u,=E.(n)+U(n) = M(Y)+U(Y)+Q,u,
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Hyperons in Supernova Matter

# Problems to include hyperons in Supernova Matter EOS

@ Uncertainties of hyperon potentials U (p) — Recent Hypernuclear Phys.
(e.g. Balberg, Gal, 1997)

@ Density may not be very high in supernova — Needed in cooling stage
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We include recent hyperon info. in supernova matter EOS
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Hyperon Potential
in Nuclear Matter
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2 Potential in Nuclear Matter

s U (p,)~ —30MeV: Well known from single particle energies

. . Tsubakihara, Maekawa, AO,
# Nailve expectation EPJA33('07),295.

= Quark Number (ud number) Scaling 3
U, ~2/3 U, — Up~2/3 U ~~30 MeV

e CA+l Chiral SU{3)
5.1 from .1"": exp.  ®

# Problems with X E |
10
@ Only one bound state *_ He (Too light !) “ s
— Continuum (Quasi-Free) Spectroscopy = - - .
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2 Potential in Nuclear Matter

# Cont. Spec. Theory =
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—FElem. Cross Sec.
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Distorted Wave Impulse Approx. (DWIA)

Elem.

Strength Func.

@ Large ( ®, q) range — Important to respect On-Shell Kinematics

@ Kinematics depends on Reaction Point with Hyperon Potential
Harada, Hirabayashi, NPA744('04),323. Kohno, Fujiwara, Kawai, et al.
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2 Potential in Nuclear Matter

Maekawa, Tsubakihara, AO, EPJA 33(2007),269.
Maekawa, Tsubakihara, Matsumiya, AQ, in preparation.

# DWIA with Local Optimal Fermi Averaging t-matrix (DWIA-LOFAL{)

@ Green's Func. Method + Reaction Point Deps. of t-matrix

i =4 1 |,
Ry(Ey) ——Im £(r) T +Z.Ef(" )
Y Y

d’o _ PrEx
dEKdQK (27'(')2\/-

1nc

Ry(Ey)

Response Func. Local t-mat. Green's Func
Jdpy t(s.00(p,)8%(p,(r)+ py(r)— ps(r)—p(r)) 2

f(r,w,q)= Eizx/pf+m:‘(r)2=mi+i+Vi, m(r)=m+2m.V (r)
[dpy 0(py)89(p,(r)+ p,(r)=ps(r)—p(r)) 2m,

@ After careful treatment of
K+ potential, Elementary cross section, Angular distribution, ....

we analyze the recently measured X~ production spectrum
(Saha, Noumi et al. (KEK-E438), PRC70('04)044613)
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2 Potential in Nuclear Matter

d 2 o Maekawa, Tsubakihara, AO, EPJA 33(2007),269.
dE dQ, Maekawa, Tsubakihara, Matsumiya, AQ, in preparation.
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= Potential in Nuclear Matter

a Currently accepted value: U_ ~— 14 MeV

(=

Twin hypernuclear form., Spectrum shape in the bound state region
(Aoki et al. PLB355('95),45; Fukuda et al. PRC58('98),1306; Khaustov et al.
PRC61('00), 054603)

8 Absolute values of "C(K-,K") spectra — Still Difficult to Understand

# Nuclear Deformation would modify the spectrum.
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Maekawa, Tsubakihara, Matsumiya, AO, arXiv:0704.3929.
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Summary (1), A la Michelin

s U(p)~ —30MeV £353653 h_

@ Bound State Spectroscopy + Continuum Spectroscopy
s U/p)>+15MeV £33

@ Continuum (Quasi-Free) spectroscopy
with Local Optimal Fermi Averaging t-matrix (LOFALt)

@ Atomic shift data (attractive at surface) should be respected.

s U (p)~-14MeV &3

@ No confirmed bound state, No atomic data,
High mom. transf.,, .... — Small Potential Deps.

@ Continuum low-res. spectrum shape — — 14 MeV

@ Spin-Isospin deps. ( ® exch.) — Deformation There is no
— Spectrum shape may be modified. “No Star”

Restaurant
in Michelin Tokyo
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Relativistic EOS of Supernova Matter
with Hyperons
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Relativistic EOS of Supernova Matter with Hyperons

s Extention of the Relativistic (Shen) EOS to SU /(3)

with updated Hyperon Potentials in Nuclear Matter
(Ishizuka, Ohnishi, Tsubakihara, Sumiyoshi, Yamada, in preparation)

@ Relativistic (Shen) EOS (Shen, Toki, Oyamatsu, Sumiyoshi, PTP 100('98), 1013)
Rel. Mean Field (RMF) + Local Density Approx.(Nuclear Formation)

@ SU (3) Extention of RMF (Schaffner, Mishustin, PRC53 (1996), 1416)
Coupling ~ Quark Number Counting

gMB a q W p O

N 10.0289 0 12.6139 4.6783 0

A 6.21 6.67  8.41 0 —5.95
SM ¥ ||4.3d[6.21)] 6.67  8.41 29,8y  —5.95
IOTSY = |B.1|3.49)] 12.35  4.20 163 —11.89

e g _is tuned to fit Hyperon Potential in Nuclear Matter
== 30 MeV, UE= + 30 MeVv, UE= — 15 MeV
* Nuclear Formation is included using Shen EOS table
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Neutron Star

Ishizuka, AO, Tsubakihara, Sumiyoshi, Yamada, in preparation

# Hyperon Effect is DRASTIC

MNentron Star Matter

@ Mmax=2.1 Msun — 1.56 Msun 0 | Shen New p
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@ A starts to increaseatp~2p ,

107 E

Finite Temperature and Supernova

Ishizuka, AO, Tsubakihara, Sumiyoshi, Yamada, in preparation

# Example: T=10 MeV, Ye =0.4 # Prompt explosion

becomes significant at p ~3p, .

T=10 MeV, Y =0.4

(without v transport)
— Almost no change
(Expl. E. increase ~ (0.1-0.5 %))
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Low density and High Ye
suppresses Hyperons in the Early Stage
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Where Do We See Hyperons ?

s Hyperon Fraction is sensitive to Ye, T, and p_..

@ Yv~0 (Neutron Star) — p_>2p,
@ Ye ~ 0.4 (Supernova, early stage) — T >40 MeV orp, >3 p,

Hyperons would be important in Late Stage(Nstar cooling),
BH formation, and Heavy-Ion Collisions

NYe, Y =0.4
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Heavy-Ion Collision Simulation
by using JAM (Nara et al.)

0.5
Prompt Expl. (15 Msun)
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Summary (2)

# Hyperons are included in the Relativisitic (Shen) EOS
with recently accepted Hyperon Potentials in Nuclear Matter,

U,=-30MeV, U,_=+30MeV,U_=-15MeV
http://nmucl.sci.hokudai.ac.jp/~chikako/EOS

p =10%*(5.1-15.4) g/cc, T=0-100 MeV, Ye=0-0.56
(Ishizuka,AO,Tsubakihara, Sumiyoshi,Yamada, to be subm. soon.)

;EOSY by 1015Y e e

o Hyp eron effects: Relativistic EOS table including hyperons and pions
Decisive in Nstar
Small in SNe (early)
Significant in BH formation.
(Sumiyoshi's Talk !)

# Japan Proton Accelerator
Research Complex (J-PARC)
data will come soon.

Stay Tuned !

Division o

Physics
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To do

# Relation to QCD
s Chiral Symmetry (important at high p)| Tsubakihara's Talk
# Atomic Shift of Exotic Atom (X, &)

# Hyperon potentials at higher densities
# Kaon and pion potential in nuclear matter

# Mmax =2.1 Msun ?

— How to “Harden” EOS at high p. Phase Diagram of SN Matter
° ° ° ° 1DD T j T
# Distribution of nuclei at low p. . Y, =0.35
= NSE —
# Nuclear Pasta at low p. =40l
@ MNSE (nc) —
- E v-sphere —
T
5
- ct, A
0.1 —
107 10°® 10°% 10" 10°
Ishizuka,A0O,Sumiyoshi, 2003 Barvon Density (fm™)
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Announce

Thank you for your attention (as a speaker),
and coming to Sapporo (as one of the organizers) !
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