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Hadron masses at finite density from the Zimanyi-Moskowski model
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The density dependence of hadron masses has been calculated from different versions of the Zimanyi-
Moskowski(ZM) model and the results have been compared with the Walecka model. The ZM model has been
extended to include pions. The meson masses have been calculated in the random phase approximation
self-consistently. Ther, w, and 7 masses are found to increase with density, as also in the Walecka model;
interestingly, it has been found that the abnormal increase of pion mass with density, which is found in the
Walecka model, can be avoided in the ZM models.

PACS numbsd(s): 21.65+f, 24.10.Jv

The Qescription of the strongly interacting_hadronic mat- Gw= i ot lZMNWF 1/2(aﬂgaug_m§_02)
ter at high energy should be based on a reliable relativistic _
model. It is required in such a model that the properties of +g,,z//m//—(1/4)GMGW+(1/2)me#V”
normal nuclear matter be well reproduced. A large humber of —
models has been proposed until now, but there does not yet 90V,

exist a consensus preferring any one model to the others. The _ _ _
behavior of different physical quantities coming out of these L= — YMyp+m* " (i Yud" =9, by ")
models is found to vary widely, not only in magnitude but Y
also qualitatively{1]. Such a physical quantity is the density +U2Ad,00"0—mi0?) = (114)G,,,G"
dependence of hadron masses. +( 1/2)m§\/#vu,

In this Brief Report we would like to calculate the density
dependence of hadron masses from different versions of a

vz —_ o * —1 I’ _ o
newly proposed model: the Zimanyi-Moskowsi@M) [2] Lame= — Mgt m* (i y, Y=g, Yy V-
model. The model differs from the usual Waleck2,4] — (148G, G "+ (1/2)m2V VH)
. . 2% v M
model only in the form of the coupling of the nucleon to the )
scalar meson. As a result it yields the incompressibikty +12(d,00"0—mio?),

=224.49 MeV, which is much closer to the experimental
value (K=210+30 MeV) [5] compared to the Walecka and
model K=534 Me\), and a nucleon effective madd*

= 737.64 at the nuglear matter saturation. density=(1.42 Lz=— JM N+ m* ’1tzi Y, P—0, IZYM,//VM
fm™). The model is no longer renormalizable due to the 2 5 )
derivative coupling. But, the price is not too severe, since it +1U2Ad,00"0—meo®) —(14G,,G*

is believed that the description of hadronic matter need only +(1/2)m5VMV", 1)

be valid up to temperature$<200 MeV and densities

<5-6 times the normal nuclear matter beyond which a new “ .

state of matter, the quark-gluon plasti@GP), should form wherey, o, andV* are, respect!vely, the nucleon, the scalar

[6—10. meson, and_ the vector meson fieltis;,; , mg, andm, are the
On the other hand, a better description of the ground-statg°'"ésponding massegj, and g, are the couplings of

properties of nuclear matter is most desirable. Recently thBUcleon to scalar 2”9' vector mesons, respectively;,

modified versions of the ZM models have been extensively™ ?xV»—d,V, andm™ is given as

used to describe the nuclear matter propertds We will

extend the study to the mesonic sector. First, we shall briefly m* =(1+g,0/My) ", 2

recapitulate the different variants of the ZM mo¢i2)5] and

extend it to include the pseudoscalar meson: pion. Then wi we now rescale the nucleon field gs—m* 2y for all ZM

shall calculate the density dependence of hadron massesodels andv,—m*V,, for ZM2 and ZM3 models, we can

from this model. write the Lagrangian densities for all these mod®glecka,
The Lagrangian densities for the Walecka, ZM, ZM2, andzM, ZM2, and ZM3 in a unified form[2,5]:

ZM3 models, respectively, can be written @dsllowing the

nomenclature of Delfinet al. [5]) Fn= aZi Y - lZ(MN—m* By, o) —m* “[guzZyﬂsz“

—(U4G,,G*"+(112m2V V]
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where« and 8 have the following values for different mod-
els: Walecka:a=0, 8=0; ZM; a=0, B=1; ZM2; a=1,
B=1; ZM3; a=2, B=1.

If we now extend the model to include pion, which is a
pseudoscalar meson, the total Lagrangian becomes

L= St Lo,

where

fann|—

La=U2A3,mIm— m721.7T2) +mr A N by ysT-d, m
" 4

@ FIG. 1. One-loop Feynman diagram contributing to meson po-
with 7 the pion field andf gy the pion-nucleon coupling larization function. The internal solid lines represent nucleons and
constant. We have used the pion-nucleon pseudovector cotie external dashed lines represent the mesons, which can be any
pling [11]. one of thew, o, or o mesons.

In the mean-field approximatiotMFA) we replace the - - )

meson fields by their ground-state expectation values. In thi§s=095(Mn/mg)?=357.4 and C)=g2(My/m,)*=273.8

limit the Lagrangian density is given &5] for the W model; C2 169.2 and C2 59.1 for the ZM
_ model; C2=219.3 andC2 100.5 for the ZM2 model, and
Lo=yliy-a—(My—g,m*Pog) —g, V0]~ smiss C2=443.3 andC2=305.5 for the ZM3 mode]5]. The pion-
4 1mA\V2 nucleon couplmg constant is determined from the experi-
2 0 mental data on pion-nucleon scatteririgyy=0.988[12].
Then the equation of motion for the baryon field 5 _ The nucleon effective mass at finite density, in the MFA,
is
[iy-9—M{—9,70V°14=0, ©) . 2 5
where M* = M« — *xB i ; M¥=My—g,m*Pog=My— Mg, Jprdp, (8)
u=My—g,m** gy is the nucleon effective mass N N Jo omEN T 22m? E}
and
where Ej= Vp2+ M’,\‘,z is the effective energy of the
0= 2 (y )= 2 PB, nucleon. A self-consistent solution of E®) gives the varia-
m, tion of the effective nucleon mass with density. The density
variation of the effective nucleon mass has recently been
To= g,, *ZBWWH L g(, it (D2, reported in the literaturg5]. In the present work we look at
mU M the density variation of the effective massesmfo, and w
mesons, using the density dependence of the effective
The baryon propagator can be given by nucleon mass in the random-phase approximatiRipa).

The calculation of meson masses is done using the fol-
lowing prescription: Dyson’s equation relates the total
Green’s functiorD (p) to the free Green’s functioBy(p) as

D X(p)=Dg'(p)+11(p),

wherell(p) is the polarization function. The pole of the full
The energy momentum tensor, froiy,, may be determined propagator then gives the effective mass. We restrict our-
in the canonical fashion selves to only the pole mass and ignore the screening mass
[12] or the Landau mass. In the RPA, the Feynman graph that
arises is given in Fig. 1.
S5(0" ) So the polarization functions can be given by

Gop(P)=(p+MY)

(P2~ M2 +ie)

+2imd(p?~M{?) 6(p—pe) |- (6)

T,(l)LV: - g;wfo"'zavlﬁ

which, on using%,, gives . d*p
970 9 Hv,uvz_lgg’)/j WTr[’y#G*(p)’va*(p‘i‘q)]

, gi 2 1_m* 2
E= 55 M pgt = | —5
2m? B Zgg m*# for vector mesons,
2y f ke 5 5 foun]? [ d
4 +m*2)Y2p. 7 .2 26| TANN p
Z |, p=(p ) p (7) Hps_ igZym* ~ (277_)4
The energy density can be fitted to the nuclear ground-state XTrgysG*(p)gysG*(p+a)]

energy at zero temperature and nuclear saturation density to
obtain the different coupling constants. They are given by for pseudoscalar mesons,
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d*p 1200
2" T G*(p)G*(p+0a)]

Mg=—- igfzr'ym*zﬁf
1100
for scalar mesons,

. 1000
where the value of, the degeneracy factor, is 2 for neutron
matter and 4 for symmetric nuclear matter.

The real part contributes to the effective mass. The real
part also contains two parts, a density-dependent and a
density-independent part. The density-dependent real parts 800+
for different mesons are

(MeV)

900

mg

Rl — 16 2pr d3p qz( E;2—|p|2005219)‘ 0.00 0.05 010 p(fm_3)0.15 0.20 025
Ty 2m® Efla*—40 97 | .
o FIG. 3. Density dependence of themeson mass. The nomen-
3 clature is same as that of Fig. 2.
B , (PF d°p
Rd]DT__16ygvfo (277.)3 . _ 2 2 _
D|(q0)|q0:mi*_QO m H(Q)||q\:0,q0:mi*_oa
(p-@)*—g’[p|*(1—coS§)/2) _
Ela*-4pa’ |, .. '= @ o, orm
P Figures 2—4 show these effective masses as functions of den-
for vector mesons, sity.
To conclude, the density dependence of meson masses has
f % (e d%p 4q*M*%? ‘ been calculated from the modified Zimany-Moskowski
Rellps= —16y| — f 53 EX i = model in the RPA. The model has been extended to include
m,| Jo (2m)° E;[q"—4(p-q) ]’pO=E; the pseudoscalar pion. In the symmetric matter approxima-
tion, the nuclear energy density at the nuclear saturation den-
for a pseudoscalar meson, and sity has been calculated to obtain the coupling constants at
the MFA. The density dependence of the nucleon mass at
5 pe dp 4(p-q)? ‘ MFA has been used to calculate the density dependence of
Rel‘[S:—16ygUm*2ﬂJ 2m® ¢ —4(p-97 the meson masses, in the RPA, self-consistently. dhe,
0 ™4 P-q Po=Ej and s masses are found to increase with density for both the

(9 models but, the change in the case of the ZM model is com-
paratively much less in magnitude. Special attention may be
for scalar mesons. paid to the pion mass. The main problem of treating pions in
Here DL and DT represent the density-dependent longituthe Walecka model is that its mass increases with density
dinal and transverse parts, respectively. The densityabnormally[11,14. On the other hand one expects the pion
independent parts have been neglected which is consistefifass not to change much, as the pion, being a Goldstone
with the MFA of the ground statgl3]. boson, is protected by chiral symmefiy5]. As seen from
We write the effective masses as Fig. 4 here, the pion mass in the ZM models does not change
much with density and one can expect that the problem of
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FIG. 2. Density dependence of tllemeson massw refers to
the Walecka model and ZM, ZM2, and ZM3 refer to the different  FIG. 4. Density dependence of themeson mass. The nomen-
versions of the Zimanyi model. clature is same as that of Fig. 2.
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abnormal change in pion mass, which is observed in th@ppealing and in this respect the ZM models appear to per-
Walecka model, can be overcome in the ZM models. Itform better. The model can be extended to include the
should of course be mentioned in this context that neither theneson-meson couplings. Such calculations will be reported

Walecka model nor the ZM models incorporate chiral sym-shortly.
metry and thus the preceding argument is somewhat extrane-

ous. Nevertheless, a model of nuclear matter at supernuclear A.B. would like to thank the Department of Atomic En-
density with “correct” behavior of the pion mass is quite ergy (Government of Indiafor support.
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