Pis’ma v ZhETF, vol. 120, iss. 3, pp. 169 – 170 © 2024 August 10

Jet quenching for hadron-tagged jets in pA collisions

B. G. Zakharov^{1)}

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

Submitted 29 June 2024 Resubmitted 29 June 2024

Accepted 1 July 2024

We calculate the medium modification factor IpA for 5.02 TeV p + Pb collisions. We use the Monte-Carlo Glauber model to determine the parameters of the quark-gluon plasma fireball in pA jet events. Our calculations show that the jet quenching effect for IpA turns out to be rather small. We have found that the theoretical IpA as a function of the underlying event charged multiplicity density, within errors, agrees with data from ALICE [18] for 5.02 TeV p + Pb collisions. However, the experimental errors are too large to draw a firm conclusion on the possible presence of jet quenching.

DOI: 10.31857/S0370274X24080014, EDN: XFHYGF

The observation of the quark-gluon plasma (QGP) formation in AA collisions has sparked new interest in the idea of the QGP formation for small systems [1]. The analysis of [2] in the scenario of the strongly coupled QGP shows that even the smallest droplet of the QCD matter produced in pp/pA collisions can be described within hydrodynamics. In [3] it was argued that for pp/pA collisions the lower bound for applicability of hydrodynamical description is dN_{ch}/dη ∼ 3. This is close to the estimate of [4].

Experimentally, the formation of a mini QGP in pp/pA collisions is supported by the observation of the ridge effect [5–8] in pp/pA collisions at the LHC energies and by the steep growth of the midrapidity strange particle production at charged multiplicity dN_{ch}/dη ≳ 5 [9]. The earlier analysis [10] of ⟨p_T ⟩ as a function of multiplicity, employing van Hove’s arguments [11], also supports the onset of QGP regime at such charged multiplicity density. There were suggested alternative non-hydrodynamical explanations of the ridge effect in pp/pA collisions [12–14] due to the initial state parton effects. However, these models do not explain the anomalous variation with the charged multiplicity density of the midrapidity strange particle production and of ⟨p_T ⟩.

The QGP formation in pp/pA collisions should lead to jet modification due to parton energy loss in the QGP fireball. It is important that the typical charged multiplicity of soft (underlying event (UE)) hadrons in jet events is bigger than the ordinary minimum bias multiplicity by a factor of ∼ 2−2.5 [15]. For the LHC energies the typical midrapidity UE charged multiplicity dN^{ue}_{ch} /dη ∼ 10−15 in pp jet events. One of the possible experimental methods to probe jet quenching in the

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

small size QGP produced in pp/pA collisions is investigation of the UE multiplicity dependence of the jet fragmentation functions (FFs) for photon/hadron tagged jets [16] described by the modification factors I_{pp/pA}. Formally, I_{pp,pA} can be defined as the ratio of the pertrigger particle (h^t) yield of the associated hadron (h^a) production, Y_{pp,pA}, to the yield for pp collisions calculated without the medium effects, Y^0_{pp}. However, Y^0_{pp} is unobservable quantity. For this reason, it is convenient to characterize the medium effects in pc collisions in terms of the UE multiplicity dependence of the ratio of the experimental yields Y_{pc} and the average yield for pp collisions ⟨Y_{pp}⟩

Y_{pc}({p_T }, {y}) ⟨Y_{pp}({p_T }, {y})⟩

, (1)

where {p_T } = (p^a_T , p^t_T ) and {y} = (y^a, y^t) are the sets of the transverse momenta and rapidities of the trigger particle and the associated hadron, and ⟨...⟩ means averaging over the UE multiplicity. In terms of the modification factors I_{pc} (defined via the unobservable yield Y^0_{pp}) the ratio (1) should be equal to the ratio I_{pc}/⟨I_{pp}⟩. Recently, the ALICE collaboration [17, 18] measured the UE multiplicity dependence of the ratio (1) for the hadron tagged jets in pp and p + Pb collisions at √ s = 5.02 TeV. The ALICE [18] measurement has been performed for the hadron momenta 8 < p^t_T < 15 GeV, 4 < p^a_T < 6 GeV, and the UE activity has been characterized by the charged multiplicity N^T_{ch} in the transverse kinematical region π/3 ≤ |ϕ| ≤ 2π/3, |η| < 0.8, and p_T > 0.5 GeV. As compared to the UE charged multiplicity density dN^{ue}_{ch} /dη, defined in the whole ϕ and p_T regions for the pseudorapidity window |η| < 0.5, N^T_{ch} of [17, 18] is smaller by a factor of ≈ 4.4. For pp collisions, in [19] it was found that I_{pp} decreases by

Письма в ЖЭТФ том 120 вып. 3 – 4 2024 169

170 B. G. Zakharov

about 7–10 % with increase of the UE activity in the range 5 ≲ dN_{ch}/dη ≲ 20 for the jet quenching calculated within the light-cone path integral formalism [20–23] for the induced gluon emission. The results of [17] for I_{pp}/⟨I_{pp}⟩ agree qualitatively with calculations of [19]. It would be interesting to perform calculation of I_{pA} and comparison with data from [18] as well. The data of [18] for Y_{pA} also show a tendency of some decrease of Y_{pA} with increasing the UE charged multiplicity. But the effect seems to be somewhat smaller, at least visually, than that observed for pp collisions. However, one should bear in mind that in the case of pA collisions the observed UE charged multiplicity density may contain a considerable fraction of hadrons that come from interaction of the projectile with peripheral nucleons without the formation of the collective QCD matter. Because interaction with the peripheral nucleons may produce low density/entropy parton system, for which the energy/entropy density is not large enough to form the QGP. Thus, one can expect that the fireball of the QCD matter in pA collisions should have the corecorona structure (discussed previously for AA collisions [24]). The effect of hadrons from the corona region on jet quenching should be small since these hadrons should be in the free streaming regime. For this reason, for the jet quenching calculation of the variation of I_{pA} with the observed UE charged multiplicity dN^{ue}_{ch} /dη one needs a formalism for accounting for the difference between the observed dN^{ue}_{ch} /dη and the charged multiplicity related to formation of the QGP fireball. In the present paper we perform such jet quenching calculations of I_{pA} for conditions of the ALICE experiment [17] using the Monte-Carlo (MC) Glauber model of [25] for calculation of the QGP fireball parameters as a function of the total UE charged multiplicity density. The parameters of the QGP fireball depends on the free parameters of the MC Glauber model. However, our results demonstrate that predictions for I_{pA} turn out to be quite stable to the theoretical uncertainties of the MC Glauber scheme. The medium-modified FFs have been evaluated within the light-cone path integral approach to induced gluon emission [20–23]. We used parametrization of the running QCD coupling α_s(Q, T ) which has a plateau around Q ∼ κT (motivated by the lattice simulations [26]). The value of κ is fitted to the LHC data on the nuclear modification factor R_{AA} in 2.76 and 5.02 TeV Pb + Pb, and 5.44 TeV Xe + Xe collisions. Our calculations show that the jet quenching effect for I_{pA} turns out to be rather small: the ratio I_{pA}/⟨I_{pp}⟩ falls from ∼ 1.03 at dN^{ue}_{ch} /dη ∼ 10 to ∼ 0.95 at dN^{ue}_{ch} /dη ∼ 60. This, within errors, agrees with data from ALICE [18] for 5.02 TeV p + Pb collisions. However, the experimental errors are too large to draw a firm conclusion on the possible presence of jet quenching.

Funding. This work is supported by Russian Science Foundation grant # 20-12-00200 in association with Steklov Mathematical Institute.

Conflict of interest. The author of this work declares that he has no conflicts of interest.

1. E. V. Shuryak, Phys. Lett. B 78, 150 (1978). 2. P. M. Chesler, JHEP 03, 146 (2016); arXiv:1601.01583. 3. M. Spalinski, Phys. Rev. D 94, 085002 (2016);

arXiv:1607.06381.

4. P. Romatschke, Eur. Phys. J. C 77, 21 (2017);

arXiv:1609.02820.

5. G. Aad et al. (ATLAS Collaboration), Phys. Rev. Lett.

110, 182302 (2013); arXiv:1212.5198.

6. B. Abelev et al. (ALICE Collaboration), Phys. Lett. B 719, 29 (2013); arXiv:1212.2001.

7. V. Khachatryan et al. (CMS Collaboration), JHEP 1009, 091 (2010); arXiv:1009.4122.

8. G. Aad et al. (ATLAS Collaboration), Phys. Rev. Lett.

116, 172301 (2016); arXiv:1509.04776.

9. J. Adam et al. (ALICE Collaboration), Nature Phys.

13, 535 (2017); arXiv:1606.07424.

10. R. Campanini, G. Ferri, and G. Ferri, Phys. Lett. B 703, 237 (2011); arXiv:1106.2008.

11. L. van Hove, Phys. Lett. B 118, 138 (1982). 12. A. Kovner and M. Lublinsky, Int. J. Mod. Phys. E 22, 1330001 (2013); arXiv:1211.1928.

13. A. Dumitru, L. McLerran, and V. Skokov, Phys. Lett. B 743, 134 (2015); arXiv:1410.4844.

14. K. Dusling and R. Venugopalan, Phys. Rev. D 87, 094034 (2013); arXiv:1302.7018.

15. R. Field, Acta Phys. Polon. B 42, 2631 (2011);

arXiv:1110.5530.

16. B. G. Zakharov, Phys. Rev. Lett. 112, 032301 (2014);

arXiv:1307.3674.

17. S. Tripathy (for ALICE Collaboration), in 24th DAE- BRNS High Energy Physics Symposium, 14–18 December 2020, Jatni, India; arXiv:2103.07218.

18. S. Acharya et al. (ALICE Collaboration), Phys. Lett. B 843, 137649 (2023); arXiv:2204.10157.

19. B. G. Zakharov, JETP Lett. 116, 347 (2022);

arXiv:2208.10339.

20. B. G. Zakharov, JETP Lett. 63, 952 (1996);

hep-ph/9607440.

21. B. G. Zakharov, Nucl. Phys. B Proc. Suppl. 146, 151 (2005); hep-ph/0412117.

22. B. G. Zakharov, JETP Lett. 80, 617 (2004);

hep-ph/0410321.

23. B. G. Zakharov, JETP Lett. 88, 781 (2008);

arXiv:0811.0445.

24. K. Werner, Phys. Rev. Lett. 98, 152301 (2007);

arXiv:0704.1270.

25. B. G. Zakharov, JETP 124, 860 (2017);

arXiv:1611.05825.

26. A. Bazavov et al., Phys. Rev. D 98, 054511 (2018) arXiv:1804.10600.

Письма в ЖЭТФ том 120 вып. 3 – 4 2024