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1. Neutron-star matter and YN interactions
2. Twin A hypernuclei in emulsion and =N interaction
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Our strategy to neutron stars

9 Neutron-star EOS derived from

Baryon-Baryon interaction model
in relation to Earth-based experiments

\/

without ad hoc parameter for stiffness of EQOS

on the basis of G-matrix theory
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One-Boson-Exchange graphs Two-Meson-Exchange graphs
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Meson-Pair-Exchange graphs Pomeron-exchange

repulsive cores
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2-body repulsion

Naturally
extended

g3p

SU, scalar
universal repulsion

Triple Pomeron-exchange.

[ Pomeron is a model for multi-gluon exchange ]




How to determine coupling constants g5p and g,p ?

‘ Nucleus-Nucleus scattering data
with G-matrix folding potential

Y. Yamamoto, T. Furumoto, N. Yasutake and Th. A. Ryjken: Phys. Rev. C 88
12013) 022801(R.).



G-matrix interaction (=» folding potential)
derived from ESCO8ctMPP+TNA

TNA: Three-Nucleon attraction

Both MPP and TNA are needed

to reproduce nuclear saturation property
but, essential is MPP for Nucleus-Nucleus scattering data
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Y. Yamamoto, T. Furumoto, N. Yasutake and Th. A. Rijken,
submitted to Phys. Rev. C

160 + 160 elastic scattering cross section
at E/A =70 MeV
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Frozen-Density Approximation 1 MPa: 3-body + 4-body repulsion
is crucial ! MPb/MPc: 3-body repulsion




by solving TOV ea.
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with neutron-matter EQS
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No ad hoc parameter to adjust stiffness of EOS !l
K=310 MeV

MPa :

MPb : K=280 MeV
K=260 MeV

MPc :

- 160-16Q scattering data



Massive (2M) neutron stars

Softening of EOS by hyperon mixing

Hyperon puzzle !

An idea is Universal Three-Baryon Repulsion (TBR)

: proposed by Takatsuka
ﬂModeling of TBR in ESC = Multi-Pomeron exchange Potential“




Y-nucleus folding potential derived from YN G-matrix interaction G (r; kg)
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Mixed density p(ri,r2) =3;©;(ri)e;(r2) obtained from SkHF w.f.
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MPa is better
than ESC 1!



Quark-Pauli effect in ESC08 models

Repulsive cores are similar

ESC core = pomeron + to each other in all channels

Assuming
“equal parts” of ESC and QM are similar to each other

Almost Pauli-forbidden states in [51] are taken
into account by changing the pomeron strengths
for the corresponding channels phenomenologically

= factor % gp




Table IT1. SU(6) fs-contents of the various po-

tentials on the isospin, spin basis.

by Oka-Shimizu-Yazaki

(S.. f) V = (11/;[01] + bV, [33]
(0,1) VNN = Iv[51] + Iv[33]
(1,0)  VNn = 3Vis1) + 2V
(U 1/2) Vaa = 1[51] + 1[33]
(l 1/2) Vaa = 1[51] + 5 Ir[gg]
(0,1/2) Vyy = 3=Vis11 + 75 Va3
(1,1/2) Vex = Tv[51] + ‘[33]
(0,3/2)  Vez =gV + ‘[33]
(1,3/2)  Ves = 5Vis1 + 5 Va3

(S,I) V= aVjsy + bVa3

(0,0)  Vaa,aa = I, 51 T 5 V[BB]
(0,0)  Vznzn= 1[51] + 1[33]
(0.0)  Vezzs =15V + 15 Vs
(0,1)  Vznz=n = §Vjs1) + 3Va3
(0,0) Veaxa = —V[51] + V[zz]
(0,2) Vex ey = Tv[;.1] + I*[33]
(1,0) Vznzn = 1[51] + HBS]
(1,1)  Vanz=n = 52V + 57 Via3)
(1,1)  Voaza = —1[51] + V[sa]
(1.1)  Ves,zy = 52V + 52 Visg)

Pauli-forbidden state in V(g msp strengthen pomeron coupling

Stp(3S..T
== ESC08a/b

= 3/2), YN(1S,, T =

2EER : ESC08¢

1/2), and EN(1Sy.T = 1)



Table 1: Values of Us. at normal density and partial wave contributions with
Continuous Choice.

model T 180 351 1P1 BPO 3P1 SPQ D UE

ESCO8c | 1/2  11.1 —220 24 21 —-6.1 —-1.0 -0.7
3/2 —128 307 —48 —-1.8 60 —-14 —-02| +14

ESCO8b | 1/2 103 =255 14 25 =59 03 —-038
3/2 —104 524 —-3.0 —-27 59 —44 —-0.1]+19.8

Pauli-forbidden state in QCM =» strong repulsion in T=3/2 3§, state

older versions
ESC04a [ 1/2] 116 269 24 27 64 20 08
3/2| 113 26 68 -23 59 -51 —02|-365
NSCO7f | 1/2| 149 83 21 25 46 05 05
3/2|—-124 —41 —41 -21 60 —28 —0.1|-12.9




Hyperon-mixed Neutron-Star matter
with universal TBR (MPP)

EoS of ntpt A+ tet 4 system

ESCO08c(YN) + MPP(YNN) +TBA (YNN)

ESC08b(XZN)
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Events of twin- A hypernuclei in emulsion
and = N interactions

Importance of precise data of B,
obtained from (e,e” K) reactions



E176 events

Event I (most probable mode) [1]

(A) =~ +12C ={Be+iH (Bz- =0.8240.17 MeV)|.
(B) = +P2C —={Be+3iH* (B=— = —02340.17 MeV) .

Event II (three possibilities) [2]

(A) =" +2C —-9Be+*H (B=— =3.89+0.14 MeV) .
(B) = +12C=Be*+iH (Bz- =0.82+0.14 MeV] .
(C) == +12C =%Be+iH* (Bz- =2.84 £0.15 MeV) .
(D) =7 4+2C —=Be* +4H* (Bz=- = —0.19+0.15 MeV) .

Assuming = - absorption from 2P orbits leads to consistent interpretations



KISO event

== +1"N =1 Be +5 He

A 0Be in ground state (Bz— = 3.82+ (0.18MeV) .
A
(B)  Be in excitation of 2.68MeV  (B=— = 1.14 £ 0.18MeV)
JLAB E05-115

Predicted by EhimetYamamoto

Progress of Theoretical Physics, Vol. 105, No. 4, April 2001 Twin dafa%mc \E
EN and ZZ OBEP and = -Nucleus Bound States nﬁ—@fﬂ%ﬁ .’
(]
Masahiro Yamacucur! Kouji Tommvaca,*) Yasuo Yamamoro? NP Er eJGC','ed!

and Tamotsu UEpa!
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= -nucleus folding model

UE(I': I'!) = Uy + U,y .
Uy = o(r—1') /dr”p(r”) V(e — 1" kp)
U = plr.x')Ver(lr —1'[; kp) .
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Table 3: Calculated quantities in Z~+2C and Z~+N systems for a=0.10
and 0.02. Binding energies B=- and conversion width I't_ are in MeV. R.m.s.

radius 1/ (r2) is in fm.

=—+12C a=0.10 o =0.02

1S B=- 3.83 4.88 EXP
< 1.49 1.71
(r2) 3.34 3.00 |
P B=_ 0.68 1.00 DB=- =0.8240.17 MeV
re. 0.44 0.69
(12) 7.54 5.70
=~ +14N a=0.1 a=0.02
1S B=- 4.82 5.98
re. 1.87 2.10
(r2) 3.18 2.91
2P B=-— 1.22 170  B=— = 1.14£0.25 MeV
re. 77 1.04
(r2) 5.66 4.69 "Be (Jlab E05-115)

0.9~ 1.5 MeV 1.6~ 22MeV
second first excited state of '{Be



Strength of =N interaction in ESCO8¢c is consistent
with Bz data from twin A -hypernuclei in emulsion

4

To study = mixing in neutron-star matter
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Conclusions

ESC08c+MPP+TBA model
¥ MPP strength determined by analysis for 150+160 scattering
¥ TNA adjusted phenomenologically to reproduce
E/A(p )= -15.8 MeV with o, = 0.16 fm3
% Consistent with hypernuclear data
¥ No ad hoc parameter to stiffen EOS
BB interactions based on on-Earth experiments

MPa set including 3- and 4-body repulsions leads to
massive neutron stars with 2M. in spite of
significant softening of EOS by hyperon mixing

= ~ mixing does not change the conclusion
qualitatively



