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Meson-nucleon vertex form factors at finite temperature using a soft pion form factor
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The temperature and density dependence of the meson-nucleon vertex form factors is studied in the frame-
work of thermofield dynamics. Results are obtained for two rather different nucleon-nucleon potentials: the
usual Bonn potential and the variation with a sofié&N form factor, due to Holinde and Thomas. In general,
the results show only a modest degree of sensitivity to the choice of interaction.
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Recently[1], the temperature dependence of the mesontemperature modifications of the vertex functions are calcu-
nucleon form factors has been calculated in thermofield dylated from the one-meson-exchange Feynman diagrams
namics using the BoniN-N interaction[2] that includes shown in Fig. 1. The mathematical representation was ex-
exchanges ofr,o,p, and @ mesons, with therNN vertex  plained earlief1]. To initiate the calculations, zero tempera-

form factor having a monopole form ture coupling constants and vertex form factors are chosen to
be either(i) the Bonn potential, OBEP, qii) the modified
) A2-m2 Bonn potential with a softrNN form factor, OBEPTI, due to
Goan(@) = 9N 7 g2 (D Holinde and Thomassee Table)l

It is important to note that results for’', appearing in
where A=1.3 GeV for themNN vertex. It is anticipated OBEPTI, can be obtained from those of themeson by the

that in low energyN-N scatteringg®~0 so that the four- following procedure
momentum transfer squared is usually minus the three-

momentum transfer squared. However, it has been argued f(6?) = Gonn(@ T, p) - Grn(d 0,0
[3] that there are several factors that point to a signifi- GG T, p) GG 0,0
cantly softer form factor withA =700—800 MeV. It was P 5
concluded that therNN form factor for a free nucleon is _ 97N A% — e AfT+6|2 (2)
close to the measured axial-vector form factor, thus giving  g.aN A2-m2 )\ A% +d?)
A=500-800 MeV. It hadeen suggested that a seflNN T
form factor would make it difficult to fit theN-N scatter-
ing and, in particular, the properties of the deuteron. How-
ever, Holinde and Thomd8,4] established that a good fit v 4 4
can be obtained foA =800 MeV. \\ \Y

The study of the temperature and density dependence of - S A S
the coupling constants, form factors, and the critical tem- / /b/
perature, where the coupling constant goes to zero, is needed?” ? ?
for this softermNN form factor. This would clarify any de-
pendence on the choice of the interaction and give us a better » v v
understanding of the equation of state that may be relevant X« . @ . \< .
for heavy-ion collisions. The behavior of nuclear matter at #: > ---- + kip-——== + RE>-———— +
finite temperature and density and the phase transition from /& b /;b/
the hadronic to the quark-gluon phase with subsequent had?” b b
ronization can provide valuable information about the nature
of confinement in QCD. v v v

In this Brief Communication we present results for the \Y p N p N
temperature and density dependence of the meson-nucleorv; - ——-- + kip————— + L3 S
couplings, using the OBEPTN-N interaction [3,4], and 4 b /]/)b/ /

compare them to the results obtained earlier with the Bonn
potential, OBEP[2]. The main calculational procedure has  FiG. 1. Feynman diagrams for the pion-nucleon vertex. The
been described earli¢l] and we concentrate on discussing solid line indicates the nucleon, while the dashed, dotted, dot-
the results in the present note. dashed, wavy, dot-dot-dashed, dot-dot-dot-dashed, and dashed-

The temperature dependence is calculated within therdashed-dot lines indicate the-, p, o, o, 7', 5, and § mesons,
mofield dynamics, a finite temperature field theory. The finiterespectively.

0556-2813/2003/64)/0482014)/$20.00 68 048201-1 ©2003 The American Physical Society



BRIEF REPORTS

TABLE |. Parameters for the Bonn potential, OBEPR and for

the modified Bonn potential, OBEPT4].
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285

2807
% 2754

Qo
N =270

Meson [1(JP) Mass(GeV) A, GeV) ¢*lam  f,lg,
OBEP parametrization
T 1(07) 0.138 1.05 14.9
p 1(1) 0.769 1.3 0.99 6.1
® o(1) 0.783 15 20.0
o 0(0%) 0.550 2.0 8.383
OBEPTI parametrization
T 1(00) 0.138 0.8 14.6
i 1(07) 1.200 2.0 100
n 0(0") 0.549 1.5 5.0
p 1(1) 0.769 1.3 0.92 6.6
) o(1) 0.783 1.5 20.0
) 1(0%) 0.983 2.0 2.881
o 0(0%) 0.550 2.0 8.383
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FIG. 2. The ratio of meson-nucleon coupling constants at finit
temperatureT to those afT=0, as a function of temperature at
=0 (stars and five staysp=pq (squares and trianglgsp=>5p, (dot-
ted circles and simple dotsStars, squares, and dotted circles cor-
respond to calculations using the OBEP potenil Five stars,
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FIG. 3. Density dependence of the critical temperature for sev-
eral[(a) m, (b) p, (C) w, (d)a, (e)n,5] mesons. InNa)—(d) the solid
lines correspond to the calculation based on the OBEP poté2jjal
while the dashed lines correspond to calculations using the OBEPTI
potential [4]. In (e) the solid line corresponds to the and the
dashed line to thé. Calculations ine) are made using the OBEPTI
potential. The results for the’ coincide with the OBEPTI part of

(@.

The ratios of the coupling constantgnn(T)/gsnn(0), are
plotted in Fig. 2. Note that they, 5, and =’ mesons are
present only for the potential of Holinde and Thomas. We
observe that for ther,#',p,o, and » mesons this ratio
goes through zero at different temperature depending on
the density. This temperature is called the critical tem-
perature,T2. For » and § mesons the behavior of the ratio
is opposite—i.e., it increases instead of going through
zero. Form mesons the difference between the two poten-
tials is smallest at a density of order5Sp,, where pg is
normal nuclear matter density.

The changes with temperature for the two sets of param-
eters are usually quite similar, though the actual numbers
differ. In Fig. 3 we show the critical temperatures as a func-
tion of the density of nuclear matter. The behaviofTgffor

triangles, and dots correspond to calculations using the OBEPTYarious mesons using theB two potentials is quite different.
potential[4]. Results for ther’ coincide with the OBEPTI part of For the 7 and o mesons,T; changes more rapidly for the

(a) [see Eq(2)].

softer pion vertex, while for the mesonTE’ is practically
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these calculations are presented in Fig. 4. In this case the
pion form factor shows a large change and a stronger depen-
SO dence on the choice d=0 parameter. For other mesons the

] form factors show very little dependence on a hard or soft
BT . pion vertex function.
- It is clear that at densityy,, the behavior of the critical
temperature for the meson is dramatically changed when
the parameters of the OBE potential are changed. In other
o words, g, is sensitive to parameter changes. For the
OBEPTI potential, T4(p) is almost constant, while for the
OBEP potentialT?(p) decreases rapidly. For the meson,
T.(p) decreases even more rapidly with increasing density.
For other mesonsT(p) has the same behavior, increasing
with increasing density. For all mesons except the pion, the
critical temperature increases when one uses the OBEPTI
parametrization. Nevertheless, at moderate densities the criti-
cal temperature for ther is also somewhat higher.

In Fig. 4 we present the form factors at several tempera-
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: tures at zero density. The form factors of thiN and pNN
vertices are more sensitive to parameter changes, @Hjg

and G,y are not. This is also seen in Fig. 3, where the
critical temperature for thew and o mesons is almost the
same for both parameter sets at zero density. At high densi-
ties G,yn, andG,yy fall off more rapidly at high momentum
transfer, constituting quenching of the cut off parameters for
corresponding meson form factors.

Tell To summarize our results we present a practical param-
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FIG. 4. Meson-nucleon form factors at several temperatures as a
function of ¢? using OBEP[2] (stars, squares, and dotted cirgles
and OBEPTI potential§4] (five stars, triangles, and dgtat p=0.

Results for ther’ can be extracted from the OBEPTI part (@,
taking into account the scaling functidfg?) [see Eq(2)].

Genn(G 2 T, p) =0a(T, p)

AS(T, p) - m3
AT, p)+G?%

e etrization of the temperature and density dependence of the
form factors. This may be useful for other applications. At

o small momentum transfers we can parametrize them by a
monopole form

3

where we still use the mass of the corresponding meson at
zero temperature and density. In general, the effective

constant—in contrast with the OBEP potential, where itmass of a mesomg is also temperature dependent, but
changes rapidly. The changesTfi show quite a significant that has not been considered here. In Fig. 3 we se€Tthat
has an almost linear dependence on density, except for the
We have also investigated thg® dependence of the case ofc meson. However, even for this case, at moderate
meson-nucleon form factors with temperature. The results ofiensities there is an almost linear dependence. Conse-

dependence on the choice of potential.

TABLE Il. Parameters of vertex form factors in Eqd) and(5). The last column is the critical temperaturgat zero densityp=0.

Meson a9 el cY ot B ch D Te
OBEP parametrization
T 1.329 -2.390 0.033 -0.230 -0.400 -0.008 -0.008 406
p 0.066 -1.058 -0.002 -0.070 -1.976 -0.007 -0.008 285
® 0.138 0.808 -0.008 0.008 -0.524 0.006 0.031 170
o 0.559 -1.547 0.010 -0.018 -0.024 -0.003 0.005 93
OBEPTI parametrization
T 1.018 -2.029 0.031 -0.142 -0.369 -0.007 -0.016 429
p 0.108 -1.079 -0.001 -0.081 -2.012 -0.006 0.001 281
® 0.062 0.904 -0.013 0.005 -0.547 0.008 0.058 171
o 0.554 -1.528 0.016 -0.008 -0.043 -0.002 0.007 93
7 1.449 -2.442 -0.020 -0.963 14.468 -0.003 0.012 478
8 0.211 0.724 -0.014 0.233 -0.364 0.019 0.045 152
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quently, we can write the following density dependence oftemperature and density of the boson coupling constants to

the critical temperature: the nucleon, as well as the cutoff parameters in the form
factors, provides a useful way to summarize the variation of
TC:TO< 1 +DB£>- (4)  these parameters. We note that this study clearly suggests
Po that it would be worthwhile to investigate the effect of finite

temperature and density on the masses of the exchanged
bosons[5,6] and to feed this information back into the cal-
0s(T, p) 1+(TITYad + (TITY)?BY culation of the meson-nucleon vertices. Finally, it is impor-
T=0,p=0) 1+ (o/ o) CZ ' tant to realize that while the coqpllngs of the mesons to
Oe( p=0 (plpo)Ca nucleons decrease to zero at a critical temperature, it is pos-
sible that before we reach that temperature, the system may

Furthermore, using a polynomial form for the ratios

A 2 oA
As(Mp)  _1+(TTo)ag +(TT)Bs (5  have already undergone a phase transition, leading to a de-
Ag(T=0,p=0) 1+ (plpo)Ch ’ confined quark-gluon state.
we find the values of the parameters given in Table II.
Again it is clear thaiG,,\y can be restored frors, y\ as U.T.Y. acknowledge International Centre for Theoretical
given in Eq.(2). Physics(ICTP) for the hospitality during his stay at the cen-
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tors does change the behavior of the critical temperature witfiGrant No. YSF 00-5L F.C.K. would like to thank Tony
density. While the changes are not, in general, dramaticThomas for the hospitality at CSSM where the main ideas
there is a qualitative change for theneson. When it comes were considered. The research of F.C.K. was partly sup-
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