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Parton Energy Loss in the Generalized High-Twist Approach

Yuan-Yuan Zhang?, Guang-You Qin?, Xin-Nian Wang®"

2Key Laboratory of Quark and Lepton Physics (MOE) and Institute of Particle Physics,
Central China Normal University, Wuhan 430079, China
bNuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA

Abstract

We calculate the radiative parton energy loss in the deeply inelastic scattering (DIS) off a large nucleus
within a generalized high-twist approach. The final gluon radiation spectrum is a convolution of the hard
partonic part and the transverse momentum dependent (TMD) quark-gluon correlation function, without
the twist expansion in the transverse momentum of the initial gluons used in original high twist approach.
The TMD quark-gluon correlation function can be factorized approximately as the product of initial quark
distribution and TMD gluon distribution which can be used to define the generalized or TMD jet transport
coefficient. The radiation spectrum will recover the Gylassy-Levai-Vitev (GLV) result in the first order of
the opacity expansion, under the static scattering center and soft gluon radiation approximation. We also
investigate numerically the difference as a result of the soft gluon radiation approximation, under the static
scattering center approximation.
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1. Introduction

In high-energy heavy-ion collisions, the energetic parton undergoes multiple scattering and
losses energy along its path in the hot quark gluon plasma (QGP). This phenomenon is known as
jet quenching. Similar processes of multiple parton scattering and parton energy loss also occur in
deeply inelastic scattering (DIS) off a large nucleus. There are elastic and radiative energy loss for
the energetic parton tranversing the medium. We focus on the radiative energy loss.

There are several approaches based on perturbative QCD (pQCD) to calculate the radiative
energy loss : BDMPS-Z (Baier-Dokshitzer-Mueller-Peigne-Schiff and Zakharov), GLV (Gyulassy-
Levai-Vitev) and Wiedemann, AMY (Arnold, Moore and Yaffe), and High-Twist approach [1]. The
detailed comparison between these pQCD models can be found in Ref. [2].

In our study, we calculate the radiative gluon spectrum without twist expansion as in high-twist
approach [1] .
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Fig. 1. One central-cut digram of medium induced gluon radiation.

2. Medium induced Radiation

For semi-inclusive DIS process e(l;) + A(p) — e(ly) + h(l,) + Z, the cross section can be written
as a product of leptonic tensor and hadronic tensor. The hadronic tensor with final state vacuum
radiation is

th

The vacuum radiation is induced by the hard photon-quark scattermg and the final state parton
does not scatter with the medium. For processes with medium-induded radiation, there are 9
central cut diagrams, 7 left cut diagrams, and 7 right cut diagrams. The hadronic tensor can be
generically factorized as
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For one of the central cut diagrams in Fig. 1 as an example, we have
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For different diagrams, we have different combination of ¥, and T;‘g(x, X1, X2).

3. Quark-gluon correlation funtion and TMD é(l_é 1)

The generic quark-gluon correlation function is
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For the central, left and right cut diagrams, the 6(f1)0(f>) function are different. These 6 functions
contrain the integration regions of y7, y;. If the integration region is 0 <y < y; < y~, these are
just contact terms in which the intial quark and initial gluon come from the same nucleon. For
other terms whose y; and y; can run over the whole nuclei, the initial quark and gluon can come
from different nucleons, these terms have nuclear enhancement.

If we neglect the correlation between nucleons inside the nuclei, we can approximately factorize
the correlation function as
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The f;‘ (x) is the nuclear quark distribution function, and the ¢(x», 4 1) is the TMD gluon distribution

function, which relates to TMD jet transport parameter 61(]? 1) [3]-

The jet transport parameter is defined as the averaged transverse momentum broadening
squared per unit length gg = (o f dik? dd;;’* k). If one considers the process of one jet parton scatter-
ing with a nucleon, using its cross section dog in gg, we get
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The TMD gluon distribution ¢(x, k 1) emerges in the TMD jet transport coefficient @R(lz 1),
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4. Soft and static approximation

After getting the hadronic tensor in terms of TMD gluon distribution function, we can get the

radiative gluon spectrum d ‘ frorn the hadronic tensor % as
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The gluon spectrum can be simplified under different approximations.
1) Static scattering approximation: the energy transfer in the scattering between jet and medium
parton is negligible as compared to the hard scattering energy scale. In this case, xp > xi, lx—fz ,
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The gluon spectrum is simplified as
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There are three kinds of divergences: l_:_ =0, l_l - lzl =0 and l_:_ - zl_cl = 0, all of them belong to
collinear divergences and can be regularized by renormalized quark-gluon correlation, LPM effect
and renormalized quark fragmentation function respectively.

2) Static scattering center and soft radiative gluon approximation: In this limit, one requires
xg > Xz, lx—f’z when z — 0, z = [7/¢~ is the momentum fraction of the radiated gluon. The gluon
spectrum is
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For ¢(0, 4 1), we consider pQCD cross section for elastic scattering between jet and medium parton

in the jet transport coefficient 4. In Eq. (6), we get the expression ¢(0, €, )/k> = 4a,Co(T)/(K* +u2)2.
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Fig. 2. The scaled gluon spectrum N5%¢ and Ngs'tatic"'soft

Substitute it into the gluon spectrum, the gluon spectrum recovers that of GLV [4] in the first order
opacity approximation.

To compare gluon spectra under different approximations numerically, we define a dimensionless
scaled spectrum N,
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where N, is a function of z, ky=k,/l, and §, = yl’li/[2q’z(1 —2)] = y7 /7y (14 is the formation time
of the radiated gluon). We plot N:“‘“C and N;ta“”s‘)& with ¥, = 4,8 for different z = 0.1,0.2,0.3.

One can see the difference between N;t"“ic and N;tatm'soft increase when z increase from z = 0.1 to
z=0.3.

Such a approach of jet energy and medium energy scale dependent § has also been tried in [5],
in the limit of collinear factorization.

5. Summary

We compute the radiated gluon spectrum in DIS off a large nucleus, expressed in terms of TMD
gluon distribution function, which is also related to the TMD jet tranport coefficient. We also
discuss gluon spectra under different approximations.
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