arXiv:1210.4782v2 [nucl-th] 24 Oct 2012

Jet probes of QCD matter:

single jets and dijets in heavy-ion collisions

Ben-Wei Zhang^{a,b}, Yuncun He^a, Enke Wang^a

aKey Laboratory of Quark and Lepton Physics (MOE) and Institute of Particle Physics, Central China Normal University, Wuhan 430079, China bNuclear Science Division, MS 70R0319, Lawrence Berkeley National Laboratory, Berkeley, CA 94720

Abstract

Modifications of jets in the existence of a hot and dense QCD medium have recently attracted a lot of attentions. In this talk, we demonstrate how jet-medium interactions change the behavior of jets by offering examples of inclusive jet and dijet productions at O(α^3_s ) in heavy ion collisions including initial-state cold nuclear effects and especially the final-state parton energy loss effect. The suppression of inclusive jet spectrum varying with jet radii and a flatter dijet momentum imbalance as compared to those in hadron-hadron collisions are observed in high-energy nuclear collisions.

1. Introduction

An Energetic parton traversing the QCD matter should lose energy due to its inelastic and elastic scattering with other partons in the medium [1, 2, 3, 4, 5]. This attenuation of parton energy will leave its fingerprint not only on leading hadron spectra but also on jet productions in relativistic heavy-ion collisions. In the following we will discuss single jets and dijets productions in high energy heavy-ion reactions to show how the jet-medium interactions in the QCD matter modify jet properties [6, 7, 8, 9]. The same approach has also been used to investigate electroweak boson associated jet productions in heavy-ion collisions [10].

2. Inclusive jet productions in HIC

With the jet differential cross section in p+p collisions as the input, we can obtain the medium-modified inclusive jet cross section with final-state parton energy loss effect [6, 7]: 1 ⟨N_{bin}⟩ dσ^{AA}(R) dy_1dE_{T 1} = ∑ q,g ∫_1

ϵ_1=0

dϵ_1 P_{q,g}(ϵ_1, E_{T 1}) × 1 ( 1 − [1 − f (R_1, p^{min}_{T 1} )_{q,g}]ϵ_1 ) dσ_{q,g}(E^′_{T 1}) dy_1dE^′_{T 1}

. (1)

where f (R_1, p^{min}_{T 1} )_{q,g} is the part of the fractional energy loss that is redistributed inside the jet cone, and p^{min}_{T 1} is a parameter which can be used to simulate processses responding for energy loss beyond bremsstrahlung. P_{q,g}(ϵ_1, E_{T 1}) is the probability that jet lose energy fraction ϵ_1. E^′_{T 1} is related to E_{T 1} as E^′_{T 1} = E_{T 1}/ ( 1 − [1 − f (R_1, p^{min}_{T 1} )_{q,g}]ϵ_1 ) . Fig. 1 displays the sensitivity of the suppression ratio for inclusive jet in central Pb+Pb collisions at √ s = 2.76 TeV to the jet size R. In the top plot of the left panel, it is the result involving

Preprint submitted to Nuclear Physics A October 25, 2012

Figure 1: The left panel: the dependence of suppression ratio for inclusive jet in central Pb+Pb collisions at √ s = 2.76 TeV on jet size. The right panel: ratios of R_{CP} values between R = 0.3, 0.4, 0.5 and R = 0.2 jets in central Pb+Pb collisions [11].

both initial state and final state effects, and different styles of lines present different coupling strength of jet with the medium. It is illustrated that the suppression is larger for the jet with the smaller size, and less pronounced with a larger jet size. We see that the inclusive jet spectrum is suppressed further with the initial state cold nuclear matter effects. The predicted continuous variation of single jet suppression with the jet size has been observed recently by ATLAS collaboration [11] as shown in the right panel of Fig. 1.

3. Dijet productions in HIC

Dijet spectrum in heavy ion collisions is ready to be given similarly as the inclusive jet [9], 1 ⟨N_{bin}⟩ dσ^{AA}(R) dy_1dy_2dE_{T 1}dE_{T 2} = ∑ qq,qg,gg

∫_1

ϵ_1=0

dϵ_1

∫_1

ϵ_2=0

dϵ_2

P_{q,g}(ϵ_1, E_{T 1}) ( 1 − [1 − f (R_1, p^{min}_{T 1} )_{q,g}]ϵ_1 ) P_{q,g}(ϵ_2, E_{T 2}) ( 1 − [1 − f (R_2, p^{min}_{T 2} )_{q,g}]ϵ_2 ) × dσ_{qq,qg,gg}(E^′_{T 1}, E^′_{T 2}) dy_1dy_2dE^′_{T 1}dE^′_{T 2}

. (2)

The two jets have symmetric final transverse momentum at leading-order. This symmetry is broken by 2 → 3 parton splitting processes at higher corrections. To quantify the transverse momentum imbalance between the leading jets, we define the dijet transverse momentum asymmetry,

A_J =

E_{T 1} − E_{T 2} E_{T 1} + E_{T 2}

, (3) 2 where E_{T 1} and E_{T 2} represent the transverse momentum for leading jet and subleading jet respectively. Thus the A_J differential distribution can be obtained through a change of variables, dσ dA_J = ∫_{ET 2 max}

E_{T 2 min}

dE_{T 2}

2E_{T 2} (1 − A_J )^2 dσ[E_{T 1}(A_J, E_{T 2})] dE_{T 1}dE_{T 2}

. (4)

The transverse momentum fraction z = E_{T 2}/E_{T 1} plays the same role with the asymmetry A_J . The z differential distribution can be achieved, dσ dz = ∫_{ET 2 max}

E_{T 2 min}

dE_{T 2}

E_{T 2} z^2 × dσ[E_{T 1}(z, E_{T 2})] dE_{T 1}dE_{T 2}

. (5)

Figure 2: The 3D suppression ratio of dijet cross sections in central Pb+Pb collisions at √ s = 2.76 TeV. The jet sizes are set R_1 = R_2 = 0.2.

Fig. 2 shows the suppression ratio of dijet at O(α^3_s ) in central Pb+Pb collisions at √ s = 2.76 TeV as the function of E_{T 1} and E_{T 2}. The suppression is the largest along the diagonal regime where E_{T 1} = E_{T 2}. It varies slowly in the wide regime until the regime E_{T 1} far away from E_{T 2} where the ratio is strikingly enhanced. The medium effects dissipate partial energy of jet so that jet yields are redistributed to smaller transverse energies. These would result in the features of dijet momentum imbalance distributions in heavy ion reactions.

Fig. 3 illustrates the normalized dijet momentum imbalance distributions in heavy ion reactions, and the black lines in the boxes present relevant results in p+p collisions. The left panel shows the dependence of A_J distributions in central Pb+Pb collisions at √ s = 2.76 TeV, as an example of the size R = 0.4, on coupling strength of jet to the medium. The distribution in Pb+Pb collisions is broadened relative to that in p+p collisions, due to the energy loss of jet induced by QGP medium. In the case of p^{min}_T = 0 GeV, the broadening does not reach the extent observed by experiments yet, and the dependence of this broadening to the variation of coupling strength is quite modest. However, when the collisional dissipation represented by red curves p^{min}_T = 20 GeV is taken into account , a significantly larger broadening is observed. In this case, the A_J distributions could describe experimental data by ATLAS [12] and CMS [13]. The right panel predicts the sensitivity of z distributions in central Au+Au collisions at √ s = 200 GeV 3

Figure 3: The left panel: the normalized dijet A_J distributions for different coupling strength in central Pb+Pb collisions at LHC. The right panel: the normalized dijet z distributions for different radii in central Au+Au collisions at RHIC.

with the coupling strength g_{med} = 2.0. The QGP medium effects shift the z distributions towards z = 0 and decrease the averaged ⟨z⟩. The strong dependence of imbalance distributions on jet size becomes weaker when collisional dissipation is included [14].

Acknowledgments: This research is supported by the US Department of Energy, Office of Science, and by the MOE of China with the Program NCET-09-0411, by NSF of China with Project Nos. 11075062 and 11221504, and in party by CCNU self-determined fundings.

References

[1] X. -N. Wang, M. Gyulassy, Phys. Rev. Lett. 68 (1992) 1480-1483.

[2] R. Baier, Y. L. Dokshitzer, A. H. Mueller, S. Peigne, D. Schiff, Nucl. Phys. B484 (1997) 265-282; B. G. Zakharov, JETP Lett. 73 (2001) 49-52; N. Armesto, C. A. Salgado, U. A. Wiedemann, Phys. Rev. D69 (2004) 114003.

[3] M. Gyulassy, P. Levai, I. Vitev, Phys. Rev. Lett. 85 (2000) 5535-5538; I. Vitev, Phys. Rev. C75 (2007) 064906. [4] X. N. Wang and X. F. Guo, Nucl. Phys. A 696, 788 (2001); B. W. Zhang and X. N. Wang, Nucl. Phys. A 720, 429 (2003); B. W. Zhang, E. K. Wang and X. N. Wang, Nucl. Phys. A 757, 493 (2005).

[5] R. B. Neufeld and I. Vitev, Phys. Rev. C 86, 024905 (2012).

[6] I. Vitev, S. Wicks and B. -W. Zhang, JHEP 0811, 093 (2008) [arXiv:0810.2807 [hep-ph]]. [7] I. Vitev and B. -W. Zhang, Phys. Rev. Lett. 104, 132001 (2010) [arXiv:0910.1090 [hep-ph]]. [8] Y. He, B. -W. Zhang and E. Wang, Eur. Phys. J. C 72, 1904 (2012) [arXiv:1110.6601 [hep-ph]]. [9] Y. He, I. Vitev and B. -W. Zhang, Phys. Lett. B 713, 224 (2012) [arXiv:1105.2566 [hep-ph]]. [10] R. B. Neufeld, I. Vitev and B. -W. Zhang, Phys. Rev. C 83, 034902 (2011); R. B. Neufeld and I. Vitev, Phys. Rev.

Lett. 108, 242001 (2012); W. Dai, I. Vitev and B. -W. Zhang, arXiv:1207.5177 [hep-ph]. [11] G. Aad et al. [ATLAS Collaboration], arXiv:1208.1967 [hep-ex]. [12] G. Aad et al. [ Atlas Collaboration ], Phys. Rev. Lett. 105, 252303 (2010). [13] S. Chatrchyan et al. [ CMS Collaboration ], Phys. Rev. C 84 (2011) 024906. [14] Y. He, I. Vitev and B. -W. Zhang, in preparation.

4