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Comparison of models of critical opacity in the quark-gluon plasma
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In this work we discuss two methods of calculation of quark propagation in the quark-gluon plasma. Both
methods make use of the Nambu-Jona-Lasinio model. The essential difference of these calculations is the
treatment of deconfinement. A model of confinement is not included in the work of Gastineau, Blanquier, and
Aichelin (e-print hep-ph/0404207 however, the meson states they consider are still bound for temperatures
greater than the deconfinement temperalyréOn the other hand, our model deals with unconfined quarks and
includes a description of thgq resonances found in lattice QCD studies that make use of the maximum
entropy method. We compare thg cross sections calculated in these models.
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It is found in studies of heavy-ion interactions at the Rela-p;(p,) that of the outgoingj(q). Thec; are color indices and
tivistic Heavy-lon Collider(RHIC) at Brookhaven National the variousT’s are the isospin projectors on the meson states.
Laboratory(BNL) that the system very rapidly reaches equi-Here, DS and D are the meson propagators of the form
librium and that a model based upon hydrodynamics is apebtained in the Nambu-Jona-LasiniNJL) model,
propriate for the early stages of the collision in which one
expects to form a quark-gluon plasm@]. Recently, Gs
Gastineau, Blanquier, and Aichelin have proposed a model of S= 1-GJ°
critical opacity based upon their calculation of the inter- ~Gs
action for temperatures in the range of 0—350 Mgy. A
central feature of their model is the temperature dependenc@‘d
of masses of the, d, ands quarks, as well as the masses of
the = andK mesons(See Fig. 1 of Ref[2].) In their model b Gp
of the gq scattering amplitude they calculat® t, and D :1_—GPJF“ (4)
u-channel exchange af and K mesons in the temperature
range 0<T<350 MeV. (We remark that deconfinement
takes place af,~170 MeV in unquenched QCD calcula-
tions and atT,=270 MeV in quenched calculations. Since
the QCD lattice calculations we consider are done in th
quenched approximation we u$g=270 MeV in our work)

In Ref. [2], the matrix elements in the andt channels are

3

with JS andJP being the polarization tensors in the scalar and
pseudoscalar channels, respectivély.Egs.(3) and(4) we
gave modified the notation of RgR] to be in closer corre-
spondence to the notation we have used in our work.

In Ref. [2] the following Lagrangian is used without the
term proportional taG:

given by
—IM,= 8, ¢, 06, ¢,uP) TUPD[I DE(p1 = P2) 1o (Pa) To(p2) Gl _
vem L=qlig-mIg+—> [\ + @ ys\'9)?]
+ 85, 0,0,0,0P2) (195TIU(PD[IDF (1 ~ P To(pa) 25 ”
X (i75T)olpy), (1)
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— M= 8¢, 00,c,0 (P TUPDI DS(Py + P2) Ju(Pa) TU(P3)

Gp _
485 ¢ 0.0 0PI 75TU(PDLIDE (P + o) Tu(Pa) +7, {defq{l +ag)a] + defoll ~Ag)alk.  (5)

€1,6,C3,¢4
X(iysTu(ps), (2 Here, m° is a current quark mass matrixm®
_ _ , =diag(m{), m3,m). The \; are the Gell-Manrflavor) matri-
where py(pp) is the momentum of the incoming(q) and ;o5 ana\9=2/31, with 1 being the unit matrix. The fourth
term is the 't Hooft interaction[Note that in the notation
used in Ref[2], Gg and Gy replaceGg/2 andG,,/2 of Eq.
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FIG. 1. The dotted line shows the result fo=350 MeV ob- FIG. 2. Quark mean-free path(p,), shown for different den-

tained in Ref.[2]. (See Fig. 3 of Ref[2] for this result and for sities of antiquarks as a function of the quark momenpym(See

results at other temperatureShe solid curve presents the results Ref.[10] and Eq.(8) of the present work for the parametrization of

calculated using our model @t=350 MeV [7-9]. the antiquark densities used in our calculatidiere, u=1.1 GeV
(dotted curve, u=1.3 GeV(dashed curvg andu=1.5 GeV(solid

In order to make contact with the results of lattice simu-Curve.
lations [3—6] we use the model with the number of flavors,
N;=1. Therefore, tha' matrices in Eq(5) may be replaced calculation of]J(P?) is discussed in great detail in our earlier

by unity. We then have used work [7-9] and we do not repeat that discussion hefe.
that work we have used a Gaussian regulator rather than the
L=ql#-mO)q+ G_S[@)2+ (T y50)%] - Q/[(ay )2 sharp cutoff usually used in the .case_of the NJL r'nodeil.
2 2 a The result for the cross sectiantu— u+u obtained in
2 Ref. [2] is shown as a dotted line in Fig. 1. The solid line
* (q_ysyﬂq) ] ) shows the result obtained in our mod@&}H9].
in order to calculate the hadronic current correlation func- The application of our model to calculate the quark mean-
tions in earlier work{7—9]. free path is described in Refl0] and some results are
We note that the unpolarized total cross section for a rescshown in Fig. 2 for different densities of antiquarks in the
nance of massg in the s channel may be written plasma[10]. That distribution is parametrized as in K8.7)
4 of Ref. [10] with
o =iE2 J (7) 1
©T 3 (P2-m)2+ malrd n(py) = (10

wheres=4E? in the center of mass. The more general result eXpALE(PY ~p]+1

is obtained by using the expression B=1/T, andE(p;) =[p;2+m?]Y2. (See the caption of Fig. p.
G ¢ The main difference between our model and that of Ref.
S N — , (8) [2] is that we recognize that the system is deconfined above
1-GgJ(P) P?—mg+imgl'g the critical temperature. The resonances calculated in Ref.

[2] using the NJL model that play the major role in the re-
sults of that work are not present in the deconfined plasma.
Gs 2 In our work we have used the resonances found in the de-
1-GJ(PY) | © confined phase when using lattice QCD and the maximum

entropy method. Our work is closer in spirit to that of the

where N is a statistical factor which we take to ¢  Stony Brook groug11-13, who also make reference to the
=2,(2J+1)=8, since we consider a sum over scalar, pseudoQCD lattice data in their discussion of the quite small quark

scalar, vector, and axial-vector resonances in our model. Th@ean-free paths.

so that Eq(7) becomes

N
Tiot = ETE
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