Pis’ma v ZhETF, vol. 122, iss. 5, pp. 259 – 260 © 2025 September 10

Nuclear modification factor I_{AA} in AA collisions at RHIC and LHC energies in scenarios with and without quark-gluon plasma formation in pp collisions

B. G. Zakharov^{1)}

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

Submitted 30 July 2025 Resubmitted 4 August 2025

Accepted 4 August 2025

We calculate the away-side hadron-triggered modification factor IAA in AA collisions at RHIC and LHC energies for scenarios with and without quark-gluon plasma formation in pp collision. We find that for both scenarios theoretical results for IAA agree well with the available data for 2.76 TeV Pb + Pb and 0.2 TeV Au + Au collisions. We make predictions for IAA in 7 TeV O + O collisions that are planned at the LHC. Our results show that measuring IOO in the whole centrality interval and at small centrality (≲ 5 %) may give information on the presence of jet quenching in pp collisions.

DOI: 10.31857/S0370274X25090024, EDN: UPLNFH

The experimental observation of the collective flow effects and the strong suppression of high-p_T hadrons in heavy ion collisions at RHIC and LHC provides a strong evidence of quark-gluon plasma (QGP) formation in AA collisions (for reviews see, e.g., [1, 2]). The observation at LHC energies of the ridge effect in pp collisions [3, 4] supports the idea [5] that QGP formation is possible in hadron collisions as well. The steep growth of the strangeness production in pp collisions at charge multiplicity density dN_{ch}/dη ∼ 5 [6] also may be interpreted as strong evidence in favor of the QGP formation in pp events with sufficiently high multiplicity. The scenario with the onset of the QGP formation regime in pp collisions at charge multiplicity density dN_{ch}/dη ∼ 5 is also supported by the analysis of ⟨p_T ⟩ as a function of multiplicity [7], employing van Hove’s arguments [8]. If a liquid like droplet of the QGP is formed in pp collisions, then, similarly to AA collisions, there must be some jet modification (jet quenching) due to radiative [9–13] and collisional [14] parton energy loss in the QGP. In recent years the QGP formation and jet quenching in small systems has received considerable experimental and theoretical attention (see, e.g., a recent review [15]).

The suppression of high-p_T spectra in AA collisions is quantified by the nuclear modification factor R_{AA}. It is defined as ratio of the particle yield in AA collisions to the one in pp collisions times the number of hard binary collisions. An alternative method to probe the medium jet modification is measuring the away-side

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

factor I_{AA} describing the two-particle correlations with the hadron/photon triggers [16, 17]. Experimentally, the factor I_{AA} is defined as the ratio

I_{AA} =

Y_{AA}({p_T }, {y}) Y_{pp}({p_T }, {y})

, (1)

where Y_{AA}(Y_{pp}) is the per-trigger particle (h^t) yield of the associated (h^a) hadron production in AA(pp) collisions, and {p_T } = (p^a_T , p^t_T ), {y} = (y^a, y^t) are the sets of the transverse momenta and rapidities of the trigger particle and the associated hadron. A unique advantage of the factor I_{AA}, as compared to the R_{AA}, is that it is defined in terms of the self-normalized quantities Y_{AA,pp}. For this reason, for I_{AA} there is no problem with the determination of the number of hard process. Also, it is important that by measuring the away-side I_{AA} at different p^a one can probe the medium modification of the jet fragmentation functions in the broad range of z_T . The factor I_{AA} has a weaker sensitivity to the nuclear PDFs than R_{AA}. This makes it a good observable to probe jet quenching in light ion collisions, where the jet modification is weak. The comparison with the heavy ion data on I_{AA} is interesting, since comparison with data on I_{AA} allows one to test the jet quenching scheme in a different region of the variable z_T (for the available heavy ion data on I_{AA} [18–20] it is z_T ∼ 0.1 − 0.5) as compared to the case of R_{AA}, which is sensitive to the fragmentation functions at z_T close to unity.

We calculate the away-side hadron-triggered modification factor I_{AA} in AA collisions at RHIC and LHC energies for scenarios with and without QGP formation

Письма в ЖЭТФ том 122 вып. 5 – 6 2025 259

260 B. G. Zakharov

in pp collision. We perform calculations within the jet quenching model of [21] without free parameters using α_s obtained by fitting the LHC heavy ion data on R_{AA} for the scenarios with and without QGP formation in pp collisions. We find that for both scenarios theoretical results for I_{AA} agree well with the available data for 2.76 TeV Pb + Pb and 0.2 TeV Au + Au collisions. We make predictions for I_{AA} in 7 TeV O + O collisions that are planned at the LHC in 2025. The results for I_{AA} at LHC energies are shown in Fig. 1 (there we also plot

Fig. 1. The away-side IAA versus p^a_T in AA collisions at LHC energies in the scenarios with (solid) and without (dashed) QGP formation in pp collisions in (a) 2.76 TeV Pb + Pb collisions for 0–10 % centrality and 8 < p^t_T < < 16 GeV, (b) in 7 TeV O + O collisions for (top to bottom) 0–100 % and 0–5 % centrality at 8 < p^{tr}_T < 15 GeV. Long-dashed curves show I^{pdf}_{AA} , and dotted curves show Ipp. Data points are from ALICE [20]

results for the medium modification factor I_{pp} in pp collisions, and the factor I^{pdf}_{AA} , which quantifies the effect of the difference between proton and nuclear PDFs). Our results show that measuring I_{OO} in the whole centrality interval and at small centrality (≲ 5 %) may give information on the presence of jet quenching in pp collisions.

Funding. This work was supported by the state program FFWR-2024-0011. No additional grants to carry out or direct this particular research were obtained.

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

1. P. Romatschke and U. Romatschke, arXiv:1712.05815, and references therein.

2. M. Connors, C. Nattrass, R. Reed, and S. Salur, Rev.

Mod. Phys. 90, 025005 (2018); arXiv:1705.01974. 3. V. Khachatryan et al. (CMS Collaboration), JHEP 1009, 091 (2010); arXiv:1009.4122.

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

116, 172301 (2016); arXiv:1509.04776. 5. E. V. Shuryak, Phys. Lett. B 78, 150 (1978). 6. J. Adam et al. (ALICE Collaboration), Nature Phys.

13, 535 (2017); arXiv:1606.07424.

7. R. Campanini, G. Ferri, and G. Ferri, Phys. Lett. B 703, 237 (2011).

8. L. van Hove, Phys. Lett. B 118, 138 (1982). 9. R. Baier, Y. L. Dokshitzer, A. H. Mueller, S. Peigné, and D. Schiff, Nucl. Phys. B 483, 291 (1997); hep-ph/9607355.

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

hep-ph/9607440.

11. U. A. Wiedemann, Nucl. Phys. A 690, 731 (2001);

hep-ph/0008241.

12. M. Gyulassy, P. Lévai, and I. Vitev, Nucl. Phys. B 594, 371 (2001); hep-ph/0006010.

13. P. Arnold, G. D. Moore, and L. G. Yaffe, JHEP 0206, 030 (2002); hep-ph/0204343.

14. J. D. Bjorken, Fermilab preprint 82/59-THY (1982). 15. J. F. Grosse-Oetringhaus and U. A. Wiedemann, arXiv:2407.07484.

16. X.-N. Wang, Phys. Lett. B 595, 165 (2004);

nucl-th/0305010.

17. A. Adare et al. (PHENIX Collaboration), Phys. Rev. C 78, 014901 (2008); arXiv:0801.4545.

18. N. J. Abdulameer et al. (PHENIX Collaboration), Phys.

Rev. C 110, 044901 (2024); arXiv:2406.08301. 19. K. Aamodt et al. (ALICE Collaboration), Phys. Rev.

Lett. 108, 092301 (2012); arXiv:1110.0121.

20. J. Adam et al. (ALICE Collaboration), Phys. Lett. B 763, 238 (2016); arXiv:1608.07201.

21. B. G. Zakharov, JHEP 09, 087 (2021);

arXiv:2105.09350.

Письма в ЖЭТФ том 122 вып. 5 – 6 2025