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magnitude smaller in energy and hence, probes the longer wavelength and “sees” QGP as a

nearly perfect liquid. This corresponds to the region between the orange color microscope

and the yellow color microscope.

A. Kumar, Nuclear Theory Seminar, BNL, December 6th, 2019 !13

High energy partons can be used to probe very short distance 
structure of QGP

ÒLong range plan of RHIC and LHCÓ philosophy

Figure 2.3: High energy partons can be used to probe very short distance structure of QGP.
This Fig. shows the Long range plan of RHIC and LHC philosophy presented in Ref. [8].

The modification of the leading parton through QGP at different temperatures and length

scales shall be encoded in terms of transport coefficients that characterizes the strength of

the interaction between the hard parton and QGP. Among existing transport coefficients of

jet energy-loss, q̂ is a leading coefficient that controls the modifications of the leading parton.

The transport coefficient q̂ is defined as the average of the squared transverse momentum

broadening per unit length for the leading parton through the QGP. The transport coefficient

q̂ introduces the momentum transverse to the leading parton’s direction by changing its

virtuality and, thus, controls the modification of the leading parton through QGP. Given

the multi-scale nature of the probe [Fig. 2.2(b)] and a wide plasma temperature range

(Fig. 2.3), we shall revisit the energy-loss formalism and attempt to characterize the inner
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structure of the QGP in terms of PDF similar to the case of DIS on the proton. This

study will demonstrate that there is a non-trivial scale dependence in addition to the known

temperature dependence in the transport coefficient q̂.

To understand the modification of the leading parton and nature of the QGP at different

length scales, we shall study the phenomenon [Fig. 2.2(b)] using three different techniques.

In the first approach, we shall focus on a regime in which the hard parton is highly energetic,

and the exchanged momenta between the leading parton and QGP are at a perturbative scale.

We shall reformulate the transport coefficient q̂ using perturbative QCD within the higher-

twist energy-loss framework. In the second approach, we shall include the momenta of all

scales, both perturbative and non-perturbative, within the framework of lattice QCD. In the

third approach, we shall formulate the modification of the leading parton by combining the

high-virtuality and low-virtuality phases of the parton energy-loss using the Monte-Carlo

approach within the framework of Jet Energy-loss Tomography with a Statistically and

Computationally Advanced Program Envelope (JETSCAPE). In this approach, we shall

perform hadron-RAA and as well as jet-RAA model-to-data comparisons to set constraints on

the mechanism of jet energy-loss. In the next subsections, we briefly discuss three approaches

explored in this thesis and present the layout of the thesis.

2.1.1 Constraints on the inner-structure of QGP using perturbative approach

In the first portion of this thesis, we shall focus on the process presented in Fig. 2.2(b)

in a regime where the exchanged momenta are at a perturbative scale. We shall consider

a realistic case where an energetic and highly-virtual hard parton undergoes transverse mo-

mentum broadening due to the multiple scatterings before escaping the plasma. Based on

the assumption that the multiple scatterings inside the plasma are incoherent in the high-

energy and high-virtuality phase of the parton shower, we introduced a new concept of the

Parton Distribution Function (PDF) for the struck portion of the plasma representing an

independent scattering center. The leading energy-loss coefficient q̂ characterizing the trans-

verse momentum broadening of the hard parton will be reformulated and expressed in terms


