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Abstract

The production of soft photons in dense matter is studie@rims of
the two-particle Green’s function in a non-equilibrium med. The
rate of photons is calculated and studied in detail.

1 Introduction

Production of soft photons in matter is studied in the cantéxhe formalism of two-particle
Green’ functions in a non-equilibrium medium. The exactrespion for such functions which
determines completely the spectrum of soft photons in matierived in the diffusive approxi-
mation. On a basis of the calculated two-particle Greemistions the photon rate in equilibrium
matter is obtained. The contribution of the bremsstrahltwg-to-two particle process as well as
inelastic pair annihilation is taken into account in theidsd rate in the whole region of the emis-
sion spectrum of the soft photons which includes the :aameranchu-Migdal (LPM) [1, 2]
effect range. It is shown that the consistent consideraifdmoth the elastic and inelastic colli-
sions of in-matter particles leads to the additional suggiom of the rate of photons as compared
with the results obtained earlier in studying the Landam@@nchuk effect [2]. The rate of soft
photons from an equilibrium hot quark-gluon plasma is ®ddh detail. It is shown that the
rate is suppressed along all range of the energies of sofbpfadue to multi-particle interaction
between patrticles in the matter. In this way, the spectsdtidution of the emitted photons has a
maximum which shifts to the short-wave region of the spewtwith increasing temperature of
the matter.

2 Two-particle Green'sfunctionsand photon production in the matter
The probability of photon production by the curretitis given by the following expression:
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wherek = (w, /5) ande, are the 4-vector of momentum and the polarization vectorgfaion;
n. is the occupancy number of photon stat¢§(z) is the current of the particles generating

photons. The angle brackets mean averaging over some $ttite particles in mattery are
4-coordinates. In the absence of a photon "bath” we have- 0.
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When the energy of produced photons is not too large, so lleagmission of them can
not change the state of the matter, the bilinear combinaifche currents in the last equation
can be written as follows :
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where (1| (O“) 6<(OT)V>M|]'> is the matrix element of some operator which is independent

on 4-coordinatesy, (x) are the psi-operators in the Heisenberg pictarg?, v, ¢ are the spin
variables;a g is the fine structure constant.

Thus, the problem of the calculation of the photon rate intenas reduced to obtaining
the two-particle Green’s function since it is proportiot@the product of fou-functions.

We assume that the matter is such that the in-matter paréckeultrarelativistic ones and
their spins are equal tb/2. Then, the influence of scattering in the matter on the sgitest
of the particles is negligible [1,2]. Expanding the corteta U, (z2)Ws(zo) Vo (z1) W 5(21))
over the whole set of plane waves, we can write the expredsiothe probability of photon
productiondW per unit volume as follows ( see Egs.(1)-(3)):
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wherep; = (p?, ;) are the 4-momentum of the radiating particlds its spin,u®(p) are
the Dirac spinors. The line ovelfw means the averaging and summing over the corresponding
spin states of the particles in the matter. In the case of émemtion of photons by fermions
with the spins = 1/2 the operatoO” is the corresponding Dirac matrix.

The functlonK e p17p2|p37p4) is the so-called time-unordered two-particle Green’s
function K (1 T3 ) in the momentum representation. Thus, the problem of the
calculatlon of the photon productlon in matter is reducealtaining the non-chronological
(time-unordered) two-point Green’s functiohSp; (—); p4(—)|ps(+); p2(+)) [3].

3 Two-particle Green’s functions in non-equilibrium matter in the diffusive approxima-
tion

According to [3] the Green’s functiod(g‘;bﬁé(pl;pﬂpg;p4) satisfies the Bethe-Salpeter-like

equation which has the following form in the momentum repnégtion & = ¢ = 1) in the

case of the Fermi statistics:
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where the Roman letters are minus or plus sign, the Greaekdethean spin variables; where

I'(...) is the exact two-particle vertex function consisting ofdiigrams that can not be cut by

a vertical line so that this line only intersects two linesetihcorrespond to the exact or free one-
particle Green’s functions}*g% (p1 = p3) is the exact 2-point Green’s function in the momentum
representation [4].

In the diffusive approximation the last equation is redutcetthe corresponding differential
equation which can be solved in the small angle approach meghect to elastic scattering of
particles in matter.

When small angle scattering occurs it is convenient to thtoe the angle vector$and
0 [1, 2] which are connected with the velociiyof a particle and the wave vector of a photon
by means of the formulae:
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Then, the solution of the equation for the unordered twaigarGreen’s function in the
momentum representation can expressed by the followingutae:
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whereF(p ,p’, 7, () is equal to:
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wherel is the width with respect to inelastic processes.

Substituting Egs.(6), (7) into the formulae (3) and camyat the needed integrations, we
derive the probability of the photon production in the alaseof the photon "bath™{, = 0):
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wherey = E/M is the Lorenz-factor of the particley(p) is the energy of a particle)/ is its
mass.

The products of the first and last terms in the square braaké&ig.(8) are the contribution
to the probability of photon production due to the partiplgticle and antiparticle-antiparticle
bremsstrahlung in matter. The products of the other termbdrsquare bracket results in the
photon production via the annihilation of off-shell pald® and antiparticles and on-shell anti-
particles and particles, respectively.

4 Photon production in a hot equilibrium quark-gluon plasma

We illustrate the applicability of the developed methodta talculation of the photon rate in
matter and consider a hot quark-gluon plasma. We assumehtngtlasma is in equilibrium
at temperaturd” > 300MeV and consists of light quarks mainly. In this case the quarks a
ultrarelativistic ones, and they are scattered on smalkandhe small angle elastic scattering in
a hot quark-gluon plasma can be described by the t-chamaobbage diagrams [5]. In this case
the mean square of the angle per unit path lengthi®)? >= 8.5 L. - a2 - %’} [5], where L,

is the Coulomb logarithm depending on?; T andp. Owing to the logarithm we st as the
constant of the order of unit.

Taking into account the flavor degeneracy in Eq.(8) we dahedollowing for the energy
being escaped from the quark-gluon plasma via the phototteshtiy the light quarks:

de w- W
= =9 8
dw dw (8)
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Fig. 1: Dependence of emission energy on the energy of phatbthe fixed matter temperature.

The results of the numerical calculation of the photon raioeding to Eq.(9) are pre-
sented in Figs.1. It follows from Figs.1. that the emissiorrgy increases with increasing the
temperature of the matter at any fixed frequency. In this weymaximum of the spectral distri-
bution of the emission energy shifts to the short wave rarigleeospectrum with increasing the
temperature of the medium.

5 Conclusion

The photon production in matter in terms of the two-parickreen’s functions in non-equilibrium
matter is considered in the paper. The developed methoadafaiculation of photon rate allows
us to take properly into account the contribution of all meeghm of forming the emission spec-
trum such as the particle (antiparticle) and antipartigiarticle) bremsstrahlung, particles and
off-shell-antiparticle annihilation, two-to-two procesAs an illustration of the applicability of
the developed method, the energy emitted from a hot equifibguark-gluon plasma due quark
emission is calculated for various temperatures of theanatt
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