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1 Introduction

Possible indication of hadron mass decrease in nuclear medium
¢ Theory

— Brown-Rho (BR) scaling (Brown and Rho, PRL66 (1991) 2720)

~ ~ ~ . (1)

— QCD-sum rule (Hatsuda and Lee, PRC46 (1992) R34)
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— Quark-meson-coupling model (Saito, Tsushima and Thomas, PRC55 (1997) 4050)

* * *
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¢ Experiment : Dilepton decay of p- and w- mesons

— KEK-PS E325 (Ozawa et al., PRL86 (2001) 5019)
— CERES/NA45 Collab. (Adamova et al., PRL 91 (2003) 042301)

Contraints of symmetric nuclear matter at saturation density

¢ E; = 16MeV at py = 0.17fm ™
e my = (0.7~ 0.8)my
¢ K =200 ~ 300MeV

¢ Qgym = 32.5MeV
Neutron star (NS) : Narrow mass zone (Thorsett and Chakrabarty, ApJ. 512 (1999) 288)

Question : Can the properties of NS be affected by meson-mass changes in matter?

Constant meson mass vs Density-dependent meson mass
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2 Models

Models with constant meson mass

(1) Walecka model (QHD)

£1C\24£D — £0 + U(&),

T * o ] o 1, 1
Ly = Yn W“aﬂ—mN—ngWOWO—§9pNWObO3T3 ¢N—§m302+§miw§+§m%bgg,
m}k\f = My — gsN O,

1 1
Uo) = gmNb(gUNﬁ)?’%—Zc(ggNﬁ)‘l.

— &, Wy, bpg : Mean field equation of motion
— goN, GuN, b, ¢ : From Ep, pg, my, K

— g,on : From agy,



OMEGO03

IV

(2) Modified Quark-meson coupling model (MQMC) (X. Jin and B. K. Jennings, PRC54 (1996)

1427)
Laioue = Yglin 8y, — (my — gl o) — g2y @ —
1 1 1 -
—§m§_ a2 + §mi Wy + §m§ b2,
2 2
* q
i = (52" - 525
Q) Zyn 4
EY =341 _"1 _7R’B
g = TR TR T3
Q, = \/xg + R*m?,  (m;=m, — glo),

— By, Zy : From my = 939 MeV at R = 0.6 fm
T 937 gg)a gaBa 6 : From EB) 0, m}k\/'a K

1 _
§gg ’)/0 b()g T3 — B] X ev(R — T)’qu
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Models with density-dependent meson mass

(1) BR~scaled effective chiral Lagrangian (QHD-BR) (C. Song et al., PRC56 (1997) 2244)

L = Lo(ms, — m,, my — my, gvy — gyy), (V =w, p)

mi‘;\f = M;f — goN O,
my me my Po

. -1
N _ (1 N Zﬁ)
gvN Po
— Y9oN, JuN, Y, = - From E37 Lo, m}kV7 K
(2) MQMC with scaled meson mass (SMQMC)

MF * *
L = Lyiguc(me — mg, my — my)

— More parameters than the number of contraints : y fitted to BR-scaling law
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(3) MQMC with meson bag (MQMC-MB)

L = ‘CMBMC(mV _>m>|{/)7
2 3;2
wi = (1) - 255
Q. Zy 4
B =24 "1 _rR’B
g = SR TR 3"

— Zy : From my (770 MeV for p-meson and 783 MeV for w-meson)

Properties at the saturation

Constant meson mass | Density dependent meson mass
QHD MQMC QHD-BR | SMQMC | MQMC-MB
my/my | 0.77 0.78 0.67 0.76 0.85
mi,/my | 1.0 1.0 0.78 0.78 0.86
K (MeV) || 311 286 265 H92 324

VI
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3 Results for neutron star matter

Equation of state (EoS)
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¢ Stiffer equation of state — Larger maximum mass of NS
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¢+ Why is the EoS so stiff?

P~ —P,+ P,+ P, + Py,

1 5 1 5 1 5=
P, = §m0_2 ’, P,= imf @, P, = §mp2 b3,
1 kZN k4
T N0 k2 +miy;
250 - - - 250 :
Pv ——  QHD Py . QHD-BR
200 r Po — - 200} Py — — - _
—~ P,, Py - -
E1s0| P77 150 f T
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q) .
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Particle fraction : p;/p (i =n, p, e, )
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4 Summary

The effect of density-dependent meson mass on the properties of NS matter was investigated.

FoS is sensitive to the behavior of meson mass.
Hyperon degrees of freedom need to be included.

Many possibilities are still wide open.



