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Electromagnetic probes are known to be ideal
probes of dense hadronic matter owing to the
fact that they escape the strong interaction re-
gion once produced without further final state
interactions and thus carry the information on
the early dynamical evolution. In this work, we
studied the dilepton and direct photon produc-
tion from the classical pion field in the context of
a disoriented chiral condensate (DCC), or most
generally, a nonequilibrium pion cloud. We de-
veloped a general formalism for the dilepton and
photon emissions in the presence of a classical
electromagnetic current. Since the electromag-
netic current coincides with the third component
of the isovector current, the isospin angular os-
cillation of the condensate field can be a signif-
icant source of electromagnetic emission in the
low mass (transverse momentum) region.

The dilepton differential distribution with re-
spect to the lepton pair 4-momentum q can be
derived as
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where J cl
µ (q) is the electromagnetic current car-

ried by the classical pion fields, B = [1 +

2m2
`/q

2][1 − 4m 2
`/q

2]1/2 and m` is the lepton
mass.

Given an analytical solvable model where a
general class of solutions for the pion fields can
be obtained, we calculate the dilepton spectrum
as shown in Fig. 1.

Both the dilepton and the photon spectra fall
off exponentially for large transverse momentum
which is characteristic of coherent production
from a finite domain. The electromagnetic emis-
sion from a DCC domain is thus only important
in the low momentum region where the spectra
increase as some inverse power law of the mo-
mentum.

The result depends on a constant a 3 in the
third component of the isospin which is con-

served, J
(3)
µ = a3f

2
πxµ/τ

2. The constant a 3 can
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Figure 1: The dilepton invariant mass spectrum

for different choices of initial time scale τ 0 and

the coherent field domain size R D . The ini-

tial energy density is assumed to be ε 0 = 0.1

GeV/fm 3. The typical thermal spectrum due to

the π-π annihilation is also plotted for a compar-

ison

be related to the initial energy density using the
symmetry argument,
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π

(i = 1, 2, 3) . (2)

Most notably, there does not exist a pion mass
threshold for dilepton production from a coher-
ent field: the spectrum rises even below M =
2mπ. The finite pion mass plays no roles in the
conserved isovector current whose third compo-
nent directly couples to the photon. Therefore,
the coherent field is most effective in producing
lepton pairs in the low mass region M < 2m π.
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