Pis’ma v ZhETF, vol. 104, iss. 4, pp. 215 – 215 © 2016 August 25

Synchrotron Contribution to Photon Emission from Quark-gluon Plasma

B. G. Zakharov^{1)}

Landau Institute for Theoretical Physics, 117334 Moscow, Russia

Submitted 20 June 2016

DOI: 10.7868/S0370274X16160013

Experimental study of photon spectra in the low and intermediate k_T region in AA collisions can provide vital information on the parameters of the produced quarkgluon plasma (QGP) [1]. It is widely believed that the observed in AA collisions at RHIC [2–4] and LHC [5] excess of the photon yield (above the photons from hadron decays and from the hard perturbative mechanism) at k_T ≲ 3−4 GeV is related to photon emission from the QGP. It is surprising that the thermal photons exhibit a significant azimuthal asymmetry v_2 (“elliptic flow”) comparable to that for hadrons. It is difficult to reconcile with the expectation that the thermal photons should be mostly radiated from the hottest initial stage of the QGP where the flow effects should be small (it is usually called “the direct photon puzzle”).

It was suggested by Tuchin [6] that the azimuthal anisotropy of the direct photons may be due to synchrotron mechanism of the photon emission in a strong transverse (to the reaction plane) magnetic field in the noncentral AA collisions. The synchrotron contribution obtained in [6] can explain a significant fraction of the photon yield in the central rapidity region at k_T ∼ 1−3 GeV. However, the calculations performed in [6] are of a qualitative nature. In particular in [6] it was ignored the fact that multiple scattering of quarks, which they undergo in the thermal bath, will suppress the synchrotron emission (because of reduction of the coherence/formation length of the photon emission). In fact for the photon emission in the QGP with magnetic field one cannot distinguish between the synchrotron radiation and the bremsstrahlung due to multiple scattering. One can only define the difference between the photon emission rate from the QGP with and without magnetic field. On the other hand, in [6] there was not taken into account the contribution of the synchrotron annihilation qq̄ → γ which increases the the photon emission. It is known that for the QGP without magnetic field the annihilation contribution is more important than bremsstrahlung at the photon momenta k_T ≫ T [7].

In the present work we address the effect of the magnetic field on both the processes q → γq and qq̄ → γ. We develop a formalism which treats on an even foot-

1)e-mail: bgz@itp.ac.ru

ing the effect of multiple scattering and curvature of the quark trajectories in the collective magnetic field in the QGP. Our analysis is based on the light cone path integral formalism [8], which was previously successfully used [9] for very simple derivation of the well known photon emission rate from the higher order collinear processes q → γq and qq̄ → γ obtained by Arnold, Moore and Yaffe [7] using methods from thermal field theory with Hard Thermal Loop resummation. It is known that the higher order diagrams corresponding to these processes contribute to leading order [10], and turn out to be as important as the leading order 2 → 2 processes q(q̄)g → γq(q̄) and qq̄ → γg. Contrary to the collinear processes the 2 → 2 processes should not be affected by the presence of the magnetic field.

Our results differ drastically from that of [6]. We find that even for very optimistic magnitude of the magnetic field (eB ∼ m^2_π) for RHIC and LHC conditions the effect of the magnetic field on the photon emission from the QGP is very small. For this reason the synchrotron mechanism cannot solve “the direct photon puzzle”.

This work has been supported by the Russian Scientific Foundation grant # 16-12-10151.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364016160025

1. E. V. Shuryak, Phys. Lett. B 78, 150 (1978). 2. A. Adare et al. (PHENIX Collaboration), Phys. Rev.

Lett. 104, 132301 (2010).

3. A. Adare et al. (PHENIX Collaboration), Phys. Rev.

Lett. 109, 122302 (2012).

4. A. Adare et al. (PHENIX Collaboration), Phys. Rev.

C91, 064904 (2015).

5. J. Adam et al. (ALICE Collaboration), Phys. Lett. B 754, 235 (2016).

6. K. Tuchin, Phys. Rev. C 91, 014902 (2015). 7. P. B. Arnold, G. D. Moore, and L. G. Yaffe, JHEP 0112, 009 (2001).

8. B. G. Zakharov, JETP Lett. 63, 952 (1996); Ibid 65, 615 (1997); 70, 176 (1999); Phys. Atom. Nucl. 61, 838 (1998).

9. P. Aurenche and B.G. Zakharov, JETP Lett. 85, 149 (2007).

10. P. Aurenche, F. Gelis, and H. Zaraket, Phys. Rev. D 61, 116001 (2000).

Письма в ЖЭТФ том 104 вып. 3 – 4 2016 215