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# Introduction

# Y potential in nuclear matter (Maekawa (PhD, March 2008))

Maekawa, Tsubakihara, AO, EPJA33('07),269 [nucl-th/0701066]
Maekawa, Tsubakihara, Matsumiya, AO, arXiv:0704.3929
Maekawa, Thesis, March 2008, Hokkaido Univ.

# Coupled Channel AMD Study of E hypernuclear structure
Matsumiya, Maekawa, Tsubakihara, AO, Dote, Kimura, in prep.

# Relativistic EOS of Supernova Matter with Hyperons

Ishizuka, AO, Tsubakihara, Sumiyoshi, Yamada, arXiv:0802.2318
AOQO et al., AIP Conf. Proc., to appear.

# Hypernuclei and Hyperonic Matter in Chiral SU(3) RMF

Tsubakihara, AO, PTP 117('07)903 [nucl-th/0607046]
Tsubakihara, Maekawa, AO, EPJA33('07)295 [nucl-th/0702008]
Tsubakihara, Matsumiya, Maekawa, AO, AIP conf. proc., to appear
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Quark / Hadron / Nuclear Matter Phase Diagram
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Rich Structure / Astrophysical implications / Accessible in HIC
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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 ?

o nsil Multi-Dim. Hydro (Instability)+Additional Energy Release (10 %-factor 10)
K\
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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; ...

- Outer Crust e P n E-
Nuclei, Electrons,
Unpinned Neutron Superfluid

- U
3p2 Superfluid Neutrons 7 / ' e +A M

15[] Superfluid Protons
Electrons

/ Er(n) - My

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

Attractive U Repulswe U,
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My (Personal) Interest in Hypernuclear Physics

# How much attraction/repulsion hyperon feels ?
@ Bound state / continuum state spectroscopy

# When and where hyperons appear in Compact Astrophysical Object ?
@ Supernova matter EOS table with hyperons

# Can we obtain Extended Nuclear Density Functional from QCD?

@ Density Functional as a functional of
Baryon / Charge / Strangeness Density and Chiral Condensate

# Ohnishi, €REIF—, 2008/04/18 &25 6



2 potential in nuclear matter I
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2 Potential in Nuclear Matter

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

. . Tsubakihara, Maekawa, AO,
# Naive expectation EPJA33("07),295.

= Quark Number (ud number) Scaling * % from A 5 ChialsU)
s A AT exp. @
U ~23U,—U~2/3U,~-30MeV N
# Problems with X E il
=10 F
@ Only one bound state *_ He (Too light !) ”
— Continuum (Quasi-Free) Spectroscopy P . - .
° i 005 0.1 015 0.2 0,25 0.3
is necessaréy OF Peak A, 2
g 0= 72 /2My+AM+U(Y)-U(N)
= ,.% d
T © P
= N .
@
Ny 30 MeV
Threshold
4“’“}
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2 Potential in Nuclear Matter

# Cont. Spec. Theory =

d o
dE . d

B

Kinematical Factor—

Distorted Wave Impulse Approx. (DWIA)

do
d O

Elem.

S(E.q)

Nm—KY

™~

—FElem. Cross Sec.

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

\ — \ o
R, (E, -~ tm {F (r) (7 ("))
Y Y

d o _ PrEx
dE.dQ, (\‘n)Yv

Ry(Ey)

inc

Response Func. Local t-mat. Green's Func

_Jdpy t(s,0)p(py)8" (p(r)+ pi(r)= pe(r)=p(r))

i(r,w,q)= G
[dpy p(py)8" (p.(r)+plr)=pe(r)=p(r))
Ei:\/p;_l_mj(r)vzmi_'_%_l_l/i’ mi(’/')*:m;_l_"mi Vi(”)

@ After careful treatment of

K+ potential, Elementary cross section, Angular distribution, ....

we analyze the recently measured X~ production spectrum
\$QS (Saha, Noumi et al. (KEK-E438), PRC70('04)044613)
P
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K" nucleus potential

Maekawa, Tsubakihara, Matsumiya, AQ, in preparation.

# K'-nucleus potential
... determined by fitting K™-nucleus cross sections

@ p..>1GeV/e

e L L I B B 01 = A

— small effects mnz_ o x 3

@ p,~0.6GeV/c b - 3
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Elementary cross section: p( w,K") 2°

# Elementary differential cross section Maekawa

@ Determines the shape of QF spectra

@ High energy
— Backward peaked due to
u-channel dominance

@ Low energies
— Forward-Backward peaked (Res.)

CROESE SECTION (mb)
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2 Potential in Nuclear Matter

d ' o Maekawa, Tsubakihara, AO, EPJA 33(2007),269.
dE dQ, Maekawa, Tsubakihara, Matsumiya, AQ, in preparation.
16 pa ' '
WS —

L | Up,) ~+15 MeV—-i 10 MeV

| with Woods-Saxon potential,
! no Atomic shift fit
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Comment on Z-nucleus potential

Maekawa, Tsubakihara, AO, EPJA33('07), 269 [nucl-th/0701066]
Maekawa, Tsubakihara, Matsumiya, AO, arXiv:0704.3929.

# Spectrum shape in the bound state region — V(=) ~-14 MeV
(Fukuda et al. PRC58('98),1306; Khaustov et al. PRC61('00), 054603)

# |t is difficult to understand absolute values of *C(K",K") spectra.

@ Rough fit of elem. t-matrix + Larger eikonal ¢
— Rough target dependence and absolute values (EPJA)

80 |
60 |
40 |
20 |
0
40 |
30 {
20 |
10 |
0F
20 |
15 |

° ° 1[} B
@ Short range correlation in '*C ? 5 |

@ Careftul fit of elem. t-matrix
— Underestimate for *C target.
(Maekawa et al.(arXiv), Hashimoto et al.,
Tadokoro et al.(0 deg.),
Nara et al. (Cascade), ....)

# Reason

@ Center-of-mass correction ?

CROSS SECTION ( uby'sr/50MeV/c)

@ K™-nucleus potential ? 14 12 11 14
# K* Momentum (GeV/c)

Ohnishi, €REIF—, 2008/04/18 &25 14

| FRIF WLWFRis e



Hyp06 TrLEHBE

Maekawa, Tsubakihara, AO, EPJA33('07), 269 [nucl-th/0701066]
80

# Y : Simple t-matrix (Regge type), 80
No K" optical potential. 10

# X : Simple t-matrix, 2

No K" optical potential,
Larger Eikonal o.
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= hypernuclear structure study
in coupled channel AMD

Ohnishi, €REIF—, 2008/04/18 &25
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= Hypernuclear Physics

# = hypernuclei — Doorway to Multi Strangeness Systems

Reaction

Maekawa (GFM-DWIA)
spectroscopy

Hashimoto (SCDW)

K+

Double A hyp. nucl. /7 ansport
formation + Statistical Decay

Bound state

=-
b

spectroscopy
Tsubakihara (RMF)
Sugimoto (Shell model)
Matsumiya (ccAMD) Double A hyp. nucl.
spectroscopy
Hiyama
*\QQS

Ohnishi, €REIF—, 2008/04/18 &25 17
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= hypernuclear physics

# Interest

@ Laboratory of BB interaction models
QCD — Hadrons — Bare BB interaction — Eff. interaction — Nuclei
Nemura, Fujiwara  Yamamoto, Kohno

@ Admixture in neutron star core
V() > 0 — = may be the first hyperon which appear at high p.

@ Structure change due to =
Tensor interaction from N= OPEP would generate rich structure.

# Difficulty

@ Small production cross section, Conversion width to AA, Shallow pot. ...
— Need to obtain spectroscopic info. from low stat. production spectra.

Ohnishi, SR F—, 2008/04/18 &25 18
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= hypernuclear reaction spectroscopy
s EHIFREY KL

Ikeda, Fukuda, Motoba, Takahashi, Yamamoto, PTP91('94),747;
Tadokoro, Kobayashi, Akaishi, PRC51('95),2656;

Hashimoto, Kohno, Ogata, Kawai, nucl-th/0610126;

Maekawa, Tsubakihara, AO, EPJA 33 (2007), 269 [arXiv:nucl-th/0701066]
Maekawa, Tsubakihara, Matsumiaya, AO, arXiv:0704.3929.

Sugimoto, Motoba, Yamamoto
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— JSX—FED DS/ EIETELEE, ANTFIIEESGSH ?
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Coupled Channel AMD (ccAMD)

& Wave function = superposition of Channel AMD w.{.
— Use co-factor rather than inv. matrix in transition matrix elements.

W) = Z:l:ﬂ D) (a : channel) DY) = \/%det [‘gﬁ?(ﬂ)ﬂ

ANy =0 W-DZ4i1)e="

a# Hamiltonian =T + VNN + VYN + Mass diff.

-~ o~

H=T-T.,+V + Amc?

@ VNN : Brink-Boeker-Okabe (BBO1)

@ VYN : G-matrix of Nijmegen Extended Soft Core
(ESC04d, Rijken, Yamamoto, 2006)
Consistency VYN (p) < p =< p> (Dote-Akaishi prescription)

Ohnishi, €REIF—, 2008/04/18 &25 20
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= hypernuclear level structure

- IZC(K',KO)IZEB, 125B =(11B+EO)+(11C+E')
(Mirror Core)ll E — Coherent coupling, but not perfect

s "C(K,K")"”_Be, _Be=(""Be(T=3/2)+E")+(""B(T=1/2)+E)
Different T of core — Almost no coupling in low lying levels

— / —

6 | o g‘,:’" ﬁ | lfz-g

4 | 4t

0 I’f}t:g threshold 0 threshold —* _ —1{'71'
ITE—§ 37

_ ] 2

-6 6 |

P 11p, =0 };ZB o= . 11get =0 };:EBE g, =

(Preliminary: No spin rotation, No GCM, Single Gauss AMD, ....)

Ohnishi, SR F—, 2008/04/18 &25
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DensiQ Distribution

Intrinsic

Intrinsic n=+1 =1
# Nuclei are not necessarily spherical !

# Core and = Parities are mixed !

# Ohnishi, €REIF—, 2008/04/18 &25
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Density and Effective Number (°C — '*_Be)

# Brink-Boeker type effective NN interaction
— Developed clustering structure, Small Effective Number

# Volkov (m=0.56)
— Smaller deformation, Larger Effective Number

Z.g % 10 AMD Ws14 | ws24M
BEO1 | Volkov
(0+ —17) | 0101 | 143 | 2.30 275
BBO1 Volkov
B = 0.44, v = 59° B = 0.35. 4 = 59°
I} I}

B =0.39,y = 44° B =0.29,v = 53°

Ohnishi, €REIF—, 2008/04/18 &25



Comparison of “C(K',K*)"”_Be Sectrum

s Effective Number EICKDREELITD = BREBARIRIL
— B ERODER (V7RI —BEDHEREESRLY) ICXY,
__ﬁJzZ’\7 RMILIRKELEILT HAIREMEDH Y.,

8 ccAMD [TLAHHER (Preliminary)

e 1 B 17~ Zeff BRI TLVS,
(—2® intrinsic state 5D
projection DFEEMN?)

3 20 " AMD(BBO1) — 200
@ 2" [FE<HS, % WS14 (x1/3) 180
(single Gauss AMD D7F=8, = 5 | LOFAHDWIA(WS14) ig
= M p-wave HHFEL = 1 2 | oo
ERTLVELY, ) S ol | 120

-
. 2 {1 80
Need more studies ! R | o
E.g. Application B ] 40

to A hypernuclei g 5 X

-15 -10 -3 0 5 10
Preliminary -Bz (MeV)

WS14

cross section (AMD) (nb/sr/MeV)

. A, Ohnishi, SR F—, 2008/04/18 &25



Summary (1), A la Michelin

.Lnu'ulqn
s U,(p) ~ —30 MeV E?ﬁ S}? S?E o
@ Bound State Spectroscopy + Continuum Spectroscopy R

2008

s U(p)>+15MeV £353

@ 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

Ohnishi, €REIF—, 2008/04/18 &25 25



Relativistic EOS of Supernova Matter
with Hyperons

Ohnishi, €REIF—, 2008/04/18 &25 26



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 126139 4.6783 0

A 6.21 6.67  8.41 0 —5.95
SM v (|43d[621)] 667 841 29,y —5.95
IOTSY = |B|3.49)] 1235  4.20 163 —11.89

e g _ is tuned to fit Hyperon Potential in Nuclear Matter
== 30 MeV, U2= + 30 MeV, UE= — 15 MeV
* Nuclear Formation is included using Shen EOS table

, Ohnishi, @RI F—, 2008/04/18 &25 27



Schroedinger Equivalent Potential

# RMF Lagrangian
c Zm,; (i — Mp) Up + ~Pad,0 — Uy(o)

3 1 1 1
— 6" W + M — 7B B + 5

1 73 l
- B, Lo g Yy
= E Up E{;.;H-ﬂ Fgund + gt !'H:l Ve + < co(whu,)” + L
P

m2i* - R,
|

# Schroedinger Equvalent Potential

@ Dirac spinor @O E2f9% Non-Rel. w.f. &L T Schroedinger Eq. &
BUOVERICENSRTUOvIL (D IEIXHER)

Ug(p, E(p)) = Us(p) + #J Us(p)
H

E

= JsRT + E"nih‘-':_; T E fﬂﬂ;w T J’JpﬂR E J;wa';'ﬂ

‘ SEP=U_ — RMF coupling — EOS I

Ohnishi, €REIF—, 2008/04/18 &25 28
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Neutron Star

Ishizuka, AO, Tsubakihara, Sumiyoshi, Yamada, arXiv:0802.2318

& Hyperon Effect is DRASTIC Neutron Star Matter
@ Mmax=2.1 Msun — 1.56 Msun 1o | Shen (Ney _ | 'q
@ Composition Y, ~Y_ % o Shen

@ Large fraction of =

Schaffner

# Thermal (free) pions can admix

atp>1.3p, g i =-Mishustin
0.1 1 (fm?)
2.5 - -
< 2} - d
7
2 15 | Y —
g 1 - Shen (Nep) - - -
wn NYey — ¢
Zz 0.5 | NYTep ----- '
0 NY(Att.)ep ——
! " 1. . x .
10" 10" 10'6 0 02040608 1 1.21.4
0QS Central Density (g/cc) pp (™)
K\
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Finite Temperature and Supernova

@ A starts to increaseatp~2p ,
becomes significant at p ~3p, .

Ishizuka, AO, Tsubakihara, Sumiyoshi, Yamada, arXiv:0802.2318
# Example: T=10 MeV, Ye =0.4 # Prompt explosion

T=10 MeV, Y =0.4

(without v transport)
— Almost no change
(Expl. E. increase ~ (0.1-0.5 %))

10" E ' - 15 Msolar
102 | E 10 npe —
SABUal ':a' 9 eYn(F{)
10°° | 5 8 -
10® % I
10" bt — S 6
e | p--- € 5L . . . .
S<BTa , Ao 02 04 06 08 1
we b/ - ’ '-z”-é‘-’ — Time (sec)
108 k- 7 NYme | oo WW95 + 1 Dim. Hydro.(Sumiyoshi, Yamada)
0 y l}f? Il.lﬁ l}:S l 1:2 l.l4
2 pp (fm) Low density and High Ye
cas Py 3p, suppresses Hyperons in the Early Stage
K\
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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

0

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

300

NYe, Y =0.4

250

200

150

T MeW)

100

50—

o 2 4 G 2 M0 12 14
1 b I'.I---' (4]

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, arXiv:0802.2318)

. [T Firy
EOSY by IO]SY Fr4AEl BEME RAY BN FeoT=0(F v=alll ~AFE

- - - % | httea/imun |, 801, hokeda 0, 45, hi kako/ B0

. Supsrrova Matier EOS fabbe B tabins [¥]

s Hyperon 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.

4\?Q§ ay Tuned !

Ohnishi, €REIF—, 2008/04/18 &25 32




Hypernuclei and Hyperonic Matter
in Chiral SU(3) RMF

Ohnishi, €REIF—, 2008/04/18 &25
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QCD D5 /RFHZEE TR

s BERERK
=BENEZIoNDLE,
IRIILF—EZEDEED
AEKELTE 25N, LQCD
— QCD MoIRILF—FEEM Had
SzbhhnlE, adron
TRERATES OBEP | Quark Model
. : GFMC
s [HER Bare NN int. ’
=FRO/N\)ABETIE, , \ NCSM,
MC ALY — SCL-LQCD G-matrix y UMOA DBHF,
_ICRCYV, ..
Eff. NN Int. —H(RCV,

/

Density Shell Model, | | Cluster

I Il [AMD, ... *

Skyrme,RMF
Chiral RMF Nuclei and Nucl. Matter

0QS

K\
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Strong Coupling Limit of Lattice QCD

# SCL-LQCD has been a powerful
tool in “phase diagram” study !

1.2

U[lzl}

@ Chiral restoration, Phase diagram,
Baryon effects, Hadron masses,
Finite coupling effects, ....

0.1 0.2 03 04 05
WT,
Kawamoto,Miura,AO,Ohnuma,

PRD75 (07), 014502.

0

2
A o=0
g 1 o#0 — I m=04
3 '“\ cEP |
- / r T
chiral limit
% 1 2 3

Baryon Chemical Potential xp

Damgaard, Kawamoto,Shigemoto, o
Nishida, PRD69, 094501 (2004)

3('84),2211
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Strong Coupling Limit of Lattice QCD

# Strong Coupling Limit: Pure gluonic action disappers at g — o

Socn =X+ S5 +SW+m. XX

— \ / -
Sg;glﬂgiu (XJ+ C.C.
plaq. —

g ) _ _
Y=< 2 (XU (0X,,-X,,; U7 (x)X |
X, j>¢
) _ A
S<;>:szj(e“xxu,(x)xx+¢—e "X, UT0X,]
# One-link integral leaves
mesonic and baryonic action.
(S) \ -
SF H_T(M VMM)_(B VBB)
S mm 1B B
T i N Z X x+}'+ /\_ X x+}.
c X, j>" X, j>

Ull+ 7 Uu P4
o—»0O 0@
LU ﬁ M=7%x
04—.
U Ui Uy’
=3
M(X) M(xtj)
—exxx/'t =eXXX/"
[duU L UL=—6,0,
NC
\
IdUU Uch -\ aceEbdf
_x-l—}'Bx

# Analytic Link Integral — No Sign Problem at finite p.

#. Ohnishi, @RI F—, 2008/04/18 &25 36
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SCL-LOCD: Tools (1) --- One-Link Integral

8 Group Integral Formulae U Uy U)’

)
[duu, UL=--5,6, M(x) M(x+j) gﬁ

NC B=eXXX/6 B=eXXX/6

J'dUUabUcd_Alf 6&{1’6:{7(;

[avvu,U,U, =

[duu,,U_ U,

'1 ace € bdf

1
ef 6 a-::'e Ebdf

J dU exp(—aX(x)UX(y)+bX(y)U"X(x))
=) dU| -abX Uabx<> X(Y)ULX (x) 4+

(a)’
=V+ab XX )(x)XX)(y)+-=VY+abM (x)M(y)+--
=exp[abM(x)M(y)+---]

Quarks and Gluons — One-Link integral
— Mesonic and Baryonic Composites
4“’“}
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SCL-LQCD: Tools (22 - 1/d Exgansion

# Keep mesonic action to be indep. from spatial dimension d
— Higher order terms are suppressed at large d.

> (XU X)(XU; X)==— 2 M (x) M (x+])=0(")
S MoV [Nd, Xocd "
Y (XU ,X)(XU X)(X UJX)—>NC./Z B(x)B(x+7)=0(VI\d)

Z()?UJ.X XU, —»ZM M (x+7)=00V1d)

We can stop the expansion in U,
since higher order terms are suppressed !
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SCL-LQCD: Tools (3 ) --- Bosonization

# We can reduce the power in ¢ by introducing bosons

. v
eXp _\‘M Zfdoexp -3 0 —oM

Yo _ _ )
Nuclear MFA: VZ——Y<([J(/J)<UJ(/J)2—U(L[J([J)+—YU

——\MY Zfdcpexp

Y

Reduction of the power of y
— Bi-Linear form in y — Fermion Determinant

exp

\
——chY—icpM}

Y

Ohnishi, €REIF—, 2008/04/18 &25
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SCL-LQCD: Tools (4 ) --- Grassman Integral

# Bi-linear Fermion action leads to -log(det A) effective action
| dXdXexp|X AX|=det A=exp|—(—log det A)]
fa’X'\:anti—comm. constant=—" de'X:comm. constant=)

o Y
fdXdXexp[XAX]—dedXW(XAX) =...=det A

Constant o — - log o interaction (Chiral RMF) I

# Temporal Link Integral, Matsubara product, Staggered Fermion,
— I will explain next time ....

Ohnishi, €REIF—, 2008/04/18 &25 40
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Effective Potential in SCL-LOCD (Zero 1)

8 QCD Lattice Action (Zero T treatment) U, 7. U, 1
\ —»0
S X‘l' S +m, XX Strong Coupling Limit ? Uv+ U, O=—0
—>——(XX)V (XX)+m X X  One-link integral U X Uu i3
Y (1/d expansion) | U
) _\ _
v oVy o+X(o+ mq) X Bosonization v,
XX 8\ /~g XX
l gV o—N Z lo )Fermion
Y M c - g 4/ Integral 1
LYN N, —N _log( 3 - .
_ 0 oglo+m
la+ © 2

Effective Potential

a Effective Potential in SCL-LQCD

N )
U (U)szC\UY— NclogUZFbUUY—a(,log(f

Ohnishi, €REIF—, 2008/04/18 &25
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RMF with Chiral Symmetry: Chiral Collapse

# Naive Chiral RMF models — Chiral collapse at low p (Lee-Wick 1974)

\
# Prescriptions L:?(auUaHUJ“@u"a”")

Y

@ oo coupling (too stiff EOS) A G R (e oo
(Boguta 1983, Ogawa et al. 2004) ¢ ( " ) Y ( " ) ‘

@ Loop effects (unstable at large o) +Nio y"N— gUN(O'-I-iWT yO)N
(Matsui-Serot, 1982, Glendenning 1988, 8
Prakash-Ainsworth 1987, Tamenaga et al. 2006/ Energy Density at pg=(0-5) p,

@ Higher order terms (unstable at large o) 1009 | O model (%) Byguta (0’0"

(Hatsuda-Prakash 1989, Sahu-Ohnishi 2000) 500 ] 4_/
i ] ]

@ Dielectric (Glueball) Field !

representing scale anomaly 1ogn | Baryen Loop (" log %) | 'Sahn-Ohnishi (07w’, 6" a") |
(Furnstahl-Serot 1993,Heide-Rudaz-Ellis 1994, = s & \Lﬂ
Papazoglou et al.(SU(3)) 1998) E, 0 . .
E SCL (-log o

@ Different Chiral partner assignment ] N ™
(DeTar-Kunihiro 1989, Hatsuda-Prakash 1989 ™ g ' \ -
Harada-Yamawaki 2001, 0 , : EE_ :
Zschiesche-Tolos-Schaffner-Bielich-Pisarski, 1ogg | TYucleon contribution ,
nucl-th/0608044) — SU /(3) extention ? 500 PN

@ Nucleon Structure ’ 0 " - ‘

\?Qs (Saito-Thomas 1994, Bentz-Thomas 2001) & (MeV) & (MeV)
Ohnishi, &EIEZF—, 2008/04/18 &25 42



Various Attempts to Cure Chiral Collapse

8 ¢* Theory (Gell-Mann, Levy) — Collapse

= ]
(@Y _ A pzz L 9.9 o g My — My
| b —!Ir:s - RVt gmee” — fompo . A= —F—

# NJL (Quark Loop) — Collapse

e 3 i .',III..':'.',III." j"z ¥ -?II | I "'.-:I Iil"2
o L;”-”'E F A (ﬂ_{f) — fomic fo(®) = — -L:EJ [([ . TJ vi1+zt—1-— 5 lng_-:( E

# Baryon Loop (Matsui & Serot) — Unstable at large ¢

: me o _ 1 [z o 1 e 3
]’r.lru' ""__i",lﬂ et = R 1“r’-.r'f e/ fz) far(x) = [Th:- T -1 _?"—I_?'I]

# Higher order terms (E.g. Sahu & Ohnishi)

o ¥ v
ey ”i__ r 5, " - - i I:--I_‘! - 3 I:-HI 3 " |

h;'ﬂ:" — 2P + fifeol(d/fz) fsolz) B (" —1) + (= —1)
: . o ] " L Lo

# Log type term from scale anomaly (Furnstahl, Serot; Heide et al.)

8 Log type term from SCL-LQCD (Tsubakihara & AQO)

— | n -.
r8CL r i . i . .
vV, Wlo,m) —c,0 5 b — i, log @ — e, T

Ohnishi, €REIF—, 2008/04/18 &25

¥ITP Kyoto 33,3
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Chiral RMF based on SCL-LOCD

Tsubakihara, AO, PTP 117('07)903 [nucl-th/0607046]

s BESHEF QCD l:£=’5< Chiral RMF &

u A

)
ULinearO‘modeI<O-):_TO- + io- — USCL( ):?bO'O_Y_aO'IOgO-

@ QCD [ZETE, W1 MiEEdS . FREEEEL,
o DIENBDINTGA—ET, BYE-RFED/NIVIEEEZE SR

. 9
. Eqation Of State 0 '} ,q_q-,'-» .
Bhggg N ' ; ' _ 8 1‘5 [:,El Ni 7r Sn ....-—-...\:
. . S |
o0 ™1 - 27l ;f o N o
< 40 | SCL-SU(2) — E 1_ . .___,____‘w{ =
S 20 i b ¥ ca
- o |l L § % Si -
0 | @ || C Al 0
~ L 4 -i exp. ! C
-20 ¢ 7 SCL 3 | ; '
. . . . . TM1and 2 = | 10 20 | 30 40 .ED
0 01 02 03 04 05 086 3 50 100 150 200
pr (fm™) A

| OCD PoRFROTEEABKIZSZDE—S ! I
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Binding Energies in Chiral and Non-Chiral RMF

# Non-Chiral High Precision RMF: TM1 & 2, NL1, NL3
(Sugahara, Toki, 1994; Reinhard et al., 1986; Lalazissis, Koenig, Ring, 1997)

# Log term from Scale Anomaly: 1/110, 1F/110, VIIIF/100
(Heide, Rudas, Ellis, 1994)

# Quark Meson Coupling model
(Saito, Tsushima, Thomas, 1997)

B/A (MeV)

Noclens exp. 5CL TM1 2 TM2 NL1 NL3 I/110 IF/110  VIIIF/100  OQMOC-I

o 7G8  T.00 - 768 - - - - - -
B0 TOE8 B.06 - 792 T7O4% BO0O5 7.3% 786 T.18 584
i 2.4% 802 - 8.47 8.24 - - - - -
s BEY BET B62 B48 8% BEE  TO6 235 7.01 7.36
B  BGBT BG2 EBGE O BTD  E6D  B.GH - - T.946
BRI 573 B51 864 - 270 B.G8 - - - -
A s 871 869 BT1 - 871 B8.70 - - - 7.79
18gn,  BK2 HEl B53 - 852 BN - -
\¥®phL TBY TET TAET - 780 - - -
™pn 78T T.BT TAT - 780 788 7.33 T.54 7.44 T.9%
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sp. energy (MeV)

Single Particle Energies

| | T I T I
21 ., SpifF o i
(L e i——— F —-
I!lﬁl-'z - - — ﬁ,‘:’.‘-_.' _:_'__:Hu- b""..__
EFLE DS R _
_— — W & —— T e
T3 == "
e . il -
I -
1, \ ——__
i . —_— | Tl
™, 110 ~ -
T pam— .. o e I ———
l ————— T L . ;
g ' ! %1 - l ! .
= - . gl — -
i R —
- g1t wm=mm———-=- —_— —
T e
kT I
s——— el I T RS
T
[ 1 QESEEEE e
o == | lali} —emmmtTTE
T S — -
L == —_—
il  mma—
B nlil - rem
-']EP-I] L -Hipd E—
i1l
1 1 1 I | .

Exp. TM1 SCL
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Chiral SU/(3) RMF

Tsubakihara, Maekawa, AQ, EPJA33('07)295 [nucl-th/0702008]
# Extention to Flavor SU(3)

40

— Chiral Potential from SCL-LQCD "N o - A~
. il o SYCAaNI Ar S
+ Determinant Int. (U (1) anomaly) - G T o
+ Explicit breaking term e
Uysec = — a log(det MMT) + btr(MM?) 5 Curstsoe =
: 30 —t :
+ g0 + ¢ +d(det M + det M, A 5
P
1” -
. - d
# Normal, Single & Double A, X atom, % i
EOS (~ FP), .... = 10
e p— |, hiral SUGH) —
_ o 'SC};I"; . 1000 [——+—o8——— '::;I_}ij
2 40 500 = f
= g 4'}3} 31 E’
< =100 } 5.4
2 RN Chiral SU{3)(SR) —e
o Chiral SU3WR)
.2“ - N:Z _I" ' ' . [':H]_)_I I_Il
0 01 02 03 04 05 0.6 0 5 1 15 2‘1-_[.'; 25 3 35
P (fm-:i} A
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Problems

8 Vector potential [FIRFMAIIZTA
— SCL-LQCD fllh (.
1/g? correction TEHN D LQCD

Al EETEHY
s jj closed % THREBIARILT—H Hadron
BYIELy !
— 1 EEBLTVS=HH 7 OBEP yQuark Model
. B E R Bare NN int. \ GFMC,
hitFMECTESEE (FP) & , \NCSM,
—HLTLHEL,  SCL-LQCD | G-matrix  UMOA \DBHF,

8 INAROVERATHE
1.44 Msun OHEFE

Eff. NN Int. HCRCV, ..

/

EXALNIELY, Density Shell Model, | | Cluster
I eIl |AMD, ... *
Skyrme,RMF
Chiral RMF Nuclel and Nucl. Matter
4\903
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Summary

# Strangeness Nuclear Physics

@ Discovery Science, Probe of Nuclei, BB interaction, Dense Matter

@ J-)PARC DBMID—2IF,. LG /\)A>, B ANV OEE ITD
BENEBEEZS_LTHS !

8 NARAV-RTUOOPILERBEMEOREBSFER

@ NAROAVERKRIG  EHKEE Spectroscopy — RTv)L
([X-ZYEITRFESLZLN, GIBEZEZXD)

@ ERERI : '\ AROVIZRFREZBOMNMINZSIDIXIELLIVN?
n CEEESLGD A OBRBEEDOHMEHENLL

@ NARAVEZEEUEBHEYMERELE:
NARAVIIERE 0.4 fm® LLE, F=ILRE 40 MeV LIETEHEND
— BRERZEOHERE (prompt) TIXKEILZIRELZLESS

@ Chiral RMF: &#S1BREF QCD M5 1= potential ZFE RMF
AREEIELL BERAMIZHLHE, SUQB) Tl too soft

8 PEREICLIEZLHSH, J-PARC [ZHARF !

# Ohnishi, RT3 —, 2008/04/18 &25 49
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backups

Ohnishi, €REIF—, 2008/04/18 &25
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BYEIZHITBINN A IDRE

# New DOF in nuclei (Discovery Science)

@ New type of hadrons and nuclei (0%, deeply bound kaonic nuclei)

@ = hypernuclei, Double A hypernuclei, ....
s Hyperon as a probe of nuclei (FHIIZHR., HIBELTORE)

@ New type of excited states (genuine hypernuclear state)
@ Change of Nuclear Size & Shape (shrinkage)
# Laboratory to examine baryon-baryon interaction model
@ Very small AN LS (Antisymmetric LS from quark model interaction)
@ Repulsive Core between BB (Quark Pauli effect, OGE)
# Modification of Dense Matter EOS
@ Softening of EOS with hyperon admixture (Universal 3B repulsion ?)

@ Modification of cooling rate (Hyperon superfluidity)

# Ohnishi, €REIF—, 2008/04/18 &25 S1
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Summary
s Hyperon DHFHEE, TORPERTORTUIYILDRSIE,
mﬁﬁ*ﬁ%ﬁ@ﬁﬁ&://\bbfﬁiﬁ%kj{%mﬁiﬂ’éﬁtboé
8 Y-BRTIUIVILDIITERE
@ QF ARIJMILDI R 1ETREEIDEER — V() > 15 MeV
8 ccAMD 22 EHIEEEEFRARIFNLDSHT (preliminary)

@ BT, ZICE-TEBEINKRECELLSS,
— EWRARINLDORERILSEDHFREESDHY

8 X, 2 ORTIUOIVYIVERY AN RMF [2&5 EOS table
o {ERESRIE TIE Shen EOS &S

@ L ERVMVHEFOFEEICEMEI4—I3 counting ZRANSE,
p, TRATHNIE T [FEMGEMENLL,

5 =I='I§*L?E'C EIXRESLTEE. BFERRBTIIREMN,
Black Hole X CIZBABRDFE (F5).

o BELVHEFENEETIE, EOS OEIEARLE, — ?

# Ohnishi, RT3 —, 2008/04/18 &25
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