Cherenkov Radiation of Gluon Currents

A. V. Leonidov^{a∗}, M. N. Alfimov^{b†}

a P.N. Lebedev Physical Institute 119991 Leninsky pr. 53, Moscow, Russia

b P.N. Lebedev Physical Institute 119991 Leninsky pr. 53, Moscow, Russia

Abstract

Full quantum calculation of the in-medium Cherenkov gluon emission by gluon current in transparent media without dispersion is discussed.

One of the natural ways of interpreting experimental data from RHIC [1, 3, 4, 5, 6] on the double-humped away-side structure of angular correlations is to consider the Cherenkov gluon radiation [7, 8, 9] as an explanation of this effect [10, 11, 12, 14].

The phenomenon of Cherenkov radiation has its origin in the nontrivial changes of the dispersion relation for the excitations (quasiparticles) in the medium (as seen from the poles of the propagators): 1 ω^2 − k^2 =⇒ 1 ω^2 − ϵ(ω, k)k^2

, (1)

where ϵ(ω, k) is a (chromo)permittivity of the medium under consideration. Of special interest are the nonlinear interactions of excitations. The leading nonlinear effect is a three-wave interaction corresponding to the decay of a quasiparticle into two quasiparticles

(ω_1, k_1) → (ω_2, k_2) ⊕ (ω_3, k_3) (2)

The Cherenkov radiation is a decay of a free vacuum particle into a quasiparticle and a free particle possible for certain special values of the permittivity ϵ(ω, k) > 1. In the simplest QED case the Cherenkov radiation is a decay of a free electron into a free in-meidum photon and a free electron [15]. In this talk we generalize the calculation of [15] to the three-wave interaction in the in-medium QCD leading to the Cherenkov radiation of gluons by gluon current: q q

p − q p − q p p

From the decay kinematics one immediately sees that the Cherenkov decay can happen only for special angles between the decaying particle and its quasiparticle successor (Cherenkov angle)

cos θ = 1 √ ϵ(ω) ( 1 + ϵ(ω) − 1 2 ω E ) (3) ∗e-mail: leonidov@lpi.ru †e-mail: alfimov-mihail@rambler

Let us also note that the QFT calculation of this type is possible only for real ϵ(ω). In this case it is easy to obtain the following restriction on the energy of the ω of the Cherenkov gluon: ω E < 1 − sin θ (4)

where E is the energy of the initial decaying gluon.

The Cherenkov gluon emission is of course possible only for special values of energy and momenta of the three participating gluons so that the energy-momentum conservation for the considered decay is fulfilled. To give a quantitative description for this possibility one has to consider an explicit model for the chromopermittivity tensor ϵ(ω, k). Generically chromopermittivity is a nontrivial matrix in the color space ϵ^{ab}(ω, k). In what follows we shall confine ourselves to the quasiabelian case, where ϵ^{ab}(ω, k) → δ^{ab}ϵ(ω). Close analysis of the experimental data from RHIC suugest the following model for ϵ^{ab}(ω, k) [14]:

ϵ(ω) = ϵ_0 · θ(ω_0 − ω) + 1 · θ(ω − ω_0) (5)

where ϵ_0 ≃ 5, ω_0 ≃ 3 GeV (6) The Cherenkov decay under consideration is then possible only if p_0 > w_0, (p − q)_0 > w_0 and ω ≡ q_0 < ω_0 and, of course, i.e. we have a decay of the in-vacuum gluon into the in-vacuum and in-medium ones.

The calculation of the energy spectrum of the Cherenkov gluons by gluon current gives [16]:

P (ω) = 4πα_sN_cω ( 1 − 1 ϵ ) ( 1 − ω E − ϵ − 1 4 ω^2 E^2 )

× [ 1 + 1 2 ( ϵ + ϵ + 1 1 −^ω_E + ϵ ( 1 −^ω_E

)_2 ) ω^2 E^2 + (ϵ + 1)^2 8 ( 1 −^ω_E

)_2 ω^4 E^4 ] (7) Let us note that in the soft limit ω → 0 we get from (7) the usual abelian Cherenkov spectrum:

P (ω)|_{ω→0} ≃ 4πα_s N_c ω ( 1 − 1 ϵ(ω) ) (8) The formula (7) is the main result we wanted to present in this talk, for more details on this calculation see [16].

References

[1] J. Adams et. al. (STAR), Phys. Rev. Lett. 95 (2005), 152301

[2] J.G. Ulery (STAR), ”Two- and Three-Particle Jet-Like Correlations”, arXiv:0801.4904

[3] STAR Collaboration, arXiv:1004.2377

[4] S.S. Adler et. al. (PHENIX), Phys. Rev. lett. 97 (2006), 052301

[5] A. Adare et. al. (PHENIX), Phys. Rev. C77 (2008), 011901

[6] A. Adare et. al. (PHENIX) Phys. Rev. C78 (2008), 014901

[7] I.M. Dremin, JETP Lett. 30 (1979), 140

[8] I.M. Dremin, Sov. Journ. Nucl. Phys. 33 (1981), 726

[9] A.V. Apanasenko et al., JETP Lett. 30 (1979), 145

[10] V. Koch, A. Majumder, X.-N. Wang, Phys. Rev. Lett. 96 (2006), 172302 [11] B. Muller, J. Ruppert, Phys. Lett. B618 (2005), 123 [12] R.B. Neufeld, B Mueller, J. Ruppert, Phys. Rev. C78 (2008), 041901 [13] I.M. Dremin, ”In-medium QCD and Cherenkov gluons versus Mach waves at LHC”, arXiv:0807.2329 [hep-ph], Proceedings of the HERA-LHC workshop, May 2008, CERN.

[14] I.M. Dremin, M.R. Kirakosyan, A.V. Leonidov, A.V. Vinogradov, Nucl.Phys A826 (2009), 190 [15] M.I. Ryazanov, JETP 32 (1957), . 32, 1244 [16] M.N. ALfimov, A.V. Leonidov, ”Quantum spectrum of Cherenkov glue”, in preparation