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Abstract

Dileptons are considered to be an important observable, in the context of studying the characteristics of the deconfined phase of the quark-gluon plasma (QGP). Historically, the dilepton production rates (DPR) of the
QGP have been studied using two different approaches. In the quantum field theory (QFT) approach, the DPR is expressed in terms of the thermal expectation value of the current-current correlator [1] or the imaginary
part of the photon self-energy [2]. On the other hand, the kinetic theory (KT) framework [3| assumes that the QGP is sufficiently weakly coupled, such that the quarks can be considered as quasiparticles, and the DPR
is computed based on a collision kernel for an inelastic scattering process. We first discuss the equivalence of the two approaches at the Born level, where the QFT and KT frameworks give identical results; and then

extend the KT framework for accelerated system.
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Motivation R

One of the best signals in a ultrarelativistic heavy-ion collision is the emission of dileptons (lepton-
antilepton). As the leptons don’t participate in strong interaction, they escape the collision region without
reinteracting. Thus, they can convey relatively uncontaminated information about the hot interior of
the quark-gluon plasma at the time of their creation. These lepton pairs are produced by a single virtual
photon that is created by hadronic collisions (see fig 1) in the QGP.

Quantum Field Theory (QFT) Approach at Born level R

We denote by p! and p), the momenta of the outgoing lepton and antilep-
ton, and by P! and P} their 4-momenta. Thermally averaged dilepton
multiplicity N is given by [2],

N = ZZ| (F, (P,
and thus dilepton production rate (DPR) will be,
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where the leptonic part L,, and the hadronic part p#” are given by,
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After performing the Dirac trace, Matsubara frequency sum and taking imaginary part of the self-energy
we get (note, we assume Np = 2 and thus )~ ¢7 = 5/9),
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where I} (m;, Q) is the lepton mass contribution (=1 for massless case) Fi(m;, Q) = (1 + 2ml ) (1 — %) ’
and np(p),np(p) are the Bose-Einstein and Fermi-Dirac distribution functions respectlvely.
In this case, only » =1 = +1 (electron-positron annihilation process) will contribute. After all the integra-

tion, we get,
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Kinetic Theory (KT) Approach at Born level A

We denote by p; and ps the momenta of the incoming quark and antiquark, and by P; and P, their 4-
momenta. The 4-momentum of the dilepton is @ = P; + P> , and its invariant mass is Q) = \/Q"Q,. The
production rate is given by [4]
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where the relative velocity v,; and scattering cross section o!
given by [3][5],

qq, for quark mass m, and lepton mass m;, are
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Thus putting all these factors and breaking down the d-function in two parts,

KT Approach in Accelerated System A

For an accelerated / rotated medium we start with the more general definition of the distribution function,
l.e.
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Here, 3, is the inverse temperature four-vector and u,(z) is the local fluid velocity.
For a medium, uniformly accelerated along the z direction with acceleration a, we use Rindler flow, where
the local temperature T'(x) and the local fluid velocity u*(x) can be expressed as [6],
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To bring the distribution function into the fluid rest frame one needs to apply a suitable Lorentz boost A%
which yields,
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where 62 is the inverse temperature in the fluid rest frame, i.e. 62 = ug/T(x) with ug = (1,0,0,0).

P,L-’“ = AL PY is the Lorentz transformed four-momentum. For simplicity, we will consider both quarks and

leptons to be massless (m, = m; = 0).
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where the Lorentz transformation given to the distribution function has also been incorporated within the
phase space and we have used the fact that 6*(P; + P, — Q) = §*(A(P1 + P> — Q)). As for the case of P;, Q
is the Lorentz transformed dilepton momentum, i.e. Q" = A* @Q¥. Again, since the phase space integrals
involving P;’s are Lorentz invariant quantities one can readily replace P/ by P; to obtain
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The integrations are straightforward which are subsequently performed using the Dirac delta functions and
eventually yields
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Where components of Q" are given by,
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Also, d*z = %dﬁ dnd?z . Thus we get the expression for
Dilepton Spectra (DS) as,
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The above integrals are divergent. However, we can calculate within a limit and compare them with the
non-accelerating system in static flow. Results are shown in fig 2. Ratios are substracted from 1 to get a
clearer plot.

Conclusion R

e Without any approximations (both quarks and leptons are considered massive), both QFT and KT
approaches give identical result at Born level.

e We found slight supression of dilepton production in presence of acceleration.
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dArd K~ 21670 S5 F1lm, Q) r(Ev)nr(Es) e The KT approach we discussed is just a baseline study. Effects of acceleration on the underlying
quantum fluctuations are not considered here. Attend the talk by Aritra Bandyopadhyay on 4
X 6(w—Ep — E2)5( )(q — p1 — P2) July for discussion on those effects.
Now we will eliminate the 3-momenta J-function by completing the d>ps integral. To see the connection N
with the QFT approach, we will change the notation a bit: p; =p, By = E,, Es(p2 =q — p1) = Ep—q. S0 References
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