Pis’ma v ZhETF, vol. 108, iss. 11, pp. 747 – 748 © 2018 December 10

Effect of giant resonances on fluctuations of electromagnetic fields in heavy ion collisions

B. G. Zakharov^{1)}

L.D. Landau Institute for Theoretical Physics, 117334 Moscow, Russia

Submitted 23 October 2018 Resubmitted 25 October 2018

DOI: 10.1134/S0370274X18230017

A very strong magnetic field can be generated in heavy ion collisions at RHIC and LHC energies: eB ∼ 3m^2_π for RHIC ( √ s = 0.2 TeV) and eB ∼ 45m^2_π for LHC ( √ s = 2.76 TeV) [1–4]. In the last years effect of the magnetic field on the processes in the quark-gluon plasma produced in AA collisions attracted much attention (e.g., the charge separation along the magnetic field direction due to the anomalous current ∝ B (the chiral magnetic effect) [1, 5], the synchrotron photon emission [6, 7], anisotropy in the heavy quark diffusion [8, 9], the magnetohydrodynamic flow effects [10, 11]). To a good approximation [4], the initial fields after intersection of the Lorentz contracted nuclei are determined by a sum of the fields generated by the colliding nuclei. But at later times the plasma response can modify them [4]. If one neglects it, the average electric, ⟨E⟩, and magnetic, ⟨B⟩, fields of each nucleus are simply given by the Lorentz transformation of its Coulomb field in the nucleus rest frame. The average magnetic field, in the center of mass system of the nucleus-nucleus collision, at y = 0 (here y is the axis transversal to the reaction plane) turns out to be transversal to the reaction plane. However, the field fluctuations can generate nonzero reaction plane components, δB_{x,z}. Usually, in the literature (see, e.g., [12–15]) fluctuations of the electromagnetic fields in AA collisions are treated using the classical Lienard–Weichert potentials of the protons within the Monte-Carlo simulation with the Woods–Saxon (WS) nuclear distributions. This approach gives rather strong event-by-event fluctuations of the magnetic field. However, the classical treatment has no serious theoretical justification. The deviations from the classical approach may come both from the dynamical quantum effects in the colliding nuclei and from the quantum effects for the electromagnetic fields. Indeed, the field fluctuations should be most sensitive to the large scale fluctuation of the electric charge density in the colliding nuclei. They are dominated by the collective giant resonances (see, e.g., [16, 17, 18]). The potentially important collective excitations are the isovector giant dipole resonance (IV-GDR) and isoscalar/isovector gi-

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

ant quadrupole resonances (IS/IV-GQRs) with the excitation energy ω_R ∼ 10−25 MeV [18]. But the factorized WS nuclear distribution ignores the collective quantum effects. From the side of the electromagnetic field the classical treatment should be invalid when the distance from the nucleus, R, in the nucleus rest frame, becomes bigger than 1/ω_R.

The quantum calculation of the electromagnetic field fluctuations can be performed using the general formulas of the fluctuation-dissipation theorem [19] for the electromagnetic fluctuations given in [20]. In the case of interest the field fluctuations can be expressed via the nuclear dipole and quadruple polarizabilities. The contribution of the dipole mode have been addressed in [21]. In the present letter we address the field fluctuations accounting for both the GDR and GQRs.

We consider the spherically symmetrical even-even 208Pb nucleus. In this case the dipole and quadrupole polarization tensors can be written in terms of two scalar polarizabilities α_d and α_q . We parametrize them by a single Lorentzian form

α_i(ω) = c_i [ 1 ω_i − ω − iΓ_i/2 + 1 ω_i + ω + iΓ_i/2 ] . The parameters ω_d, Γ_d, c_d for the GDR have been obtained in [21] from the data on the photoabsorption cross section [22]. In the present analysis we obtained ω_q, Γ_q for the IS-GQR and IV-GQR from the parameters of the GQRs obtained in [23, 24], and the normalization constants c_q for the IS and IV modes have been obtained from the exhaustion of the energy weighted sum rule (100 % [23] and 56 % [24]).

In Figure 1 we show our results for t-dependence of the ratio ⟨δB^2_x⟩^{1/2}/⟨B_y⟩ (which gives the typical angle between the magnetic field and the perpendicular to the reaction plane) at r = 0 for the impact parameters b = 3, 6 and 9 fm for RHIC energy √ s = 0.2 and LHC energy √ s = 2.76 TeV. For comparison we also show predictions of the classical Monte-Carlo calculations for the WS nuclear density. Figure 1 shows that in the quantum picture ⟨δB^2_x⟩^{1/2}/⟨B_y⟩ is considerably smaller than in the classical one. One can see that the relative quadrupole contribution falls steeply with in-

Письма в ЖЭТФ том 108 вып. 11 – 12 2018 747

748 B. G. Zakharov

Fig. 1. Ratio ⟨δB^2_x⟩^{1/2}/⟨By ⟩ versus t at r = 0 for Pb + Pb collisions at √ s = 0.2 (upper) and √ s = 2.76 (lower) TeV for impact parameters b = 3, 6 and 9 fm. Results of quantum calculations: solid line is for the total contribution of the GDR, IS-GQR and IV-GQR, dotted line is for the contribution of the GDR, dashed line is for sum of the contributions of the IS-GQR and IV-GQR. Long-dashed lines show results of the classical Monte-Carlo calculation with the WS nuclear density

crease of t. The reduction of the field fluctuations in the quantum picture comes partly from smaller fluctuations of the dipole and quadrupole moments and partly from the dynamical quantum effects in the electromagnetic fields. The latter lead to an increase of the difference between the quantum and the classical models with increasing t. The fact the classical treatment based on the WS nuclear density overestimates the fluctuations of the dipole and quadrupole moments means that it overestimates the ellipsoidal fluctuations of the nuclear density. This may be very important for the event-by-event hydrodynamic simulations of AA collision that presently ignore possible collective effects in the nuclear distributions.

This work is supported by the RScF grant 16-12- 10151.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364018230042

1. D. E. Kharzeev, L. D. McLerran, and H. J. Warringa, Nucl. Phys. A 803, 227 (2008); arXiv:0711.0950.

2. V. Skokov, A. Yu. Illarionov, and V. Toneev, Int. J. Mod. Phys. A 24, 5925 (2009); arXiv:0907.1396.

3. K. Tuchin, Phys. Rev. C 88, 024911 (2013);

arXiv:1305.5806.

4. B. G. Zakharov, Phys. Lett. B 737, 262 (2014);

arXiv:1404.5047.

5. D. E. Kharzeev, Prog. Part. Nucl. Phys. 75, 133 (2014);

arXiv:1312.3348.

6. K. Tuchin, Phys. Rev. C 91, 014902 (2015);

arXiv:1406.5097.

7. B. G. Zakharov, Eur. Phys. J. C 76, 609 (2016);

arXiv:1609.04324.

8. K. Fukushima, K. Hattori, and Y. Yin, Phys. Rev. D 93, 074028 (2016); arXiv:1512.03689.

9. S. I. Finazzo, R. Critelli, R. Rougemont, and J. Noronha, Phys. Rev. D 94, 054020 (2016).

10. V. Roy, S. Pu, L. Rezzolla, and D. H. Rischke, Phys.

Rev. C 96, 054909 (2017); arXiv:1706.05326. 11. A. Das, S. S. Dave, P. S. Saumia, and A. M. Srivastava, Phys. Rev. C 96, 034902 (2017); arXiv:1703.08162.

12. J. Bloczynski, X.-G. Huang, X. Zhang, and J. Liao, Phys. Lett. B 718, 1529 (2013); arXiv:1209.6594.

13. A. Bzdak and V. Skokov, Phys. Lett. B 710, 171 (2012);

arXiv:1111.1949.

14. W.-T. Deng and X.-G. Huang, Phys. Rev. C 85, 044907 (2012); arXiv:1201.5108.

15. V. Roy and S. Pu, Phys. Rev. C 92, 064902 (2015);

arXiv:1508.03761.

16. A. Bohr and B. R. Mottelson, Nuclear Structure, W.A. Benjamin, Inc., Massachusetts, U.S.A. (1975), v. I, II. 17. W. Greiner and J. A. Maruhn, Nuclear models, Springer, Berlin (1996).

18. S. Kamerdzhiev, J. Speth, and G. Tertychny, Phys.

Rept. 393, 1 (2004); nucl-th/0311058.

19. H. B. Callen and T. A. Welton, Phys. Rev. 83, 34 (1951). 20. E. M. Lifshits and L. P. Pitaevski, Statistical Physics, Part 2 (Landau Course of Theoretical Physics v. 9), Pergamon Press, Oxford (1980).

21. B. G. Zakharov, JETP Lett. 105, 758 (2017):

arXiv:1703.04271.

22. A. Tamii, I. Poltoratska, and P. von Neumann-Cosel et al. (Collaboration), Phys. Rev. Lett. 107, 062502 (2011); arXiv:1104.5431.

23. D. H. Youngblood, Y. W. Lui, H. L. Clark, B. John, Y. Tokimoto, and X. Chen, Phys. Rev. C 69, 034315 (2004).

24. S. S. Henshaw, M. W. Ahmed, G. Feldman, A. M. Nathan, and H. R. Weller, Phys. Rev. Lett. 107, 222501 (2011).

Письма в ЖЭТФ том 108 вып. 11 – 12 2018