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FIG. 3. (Color online) HT-BW results for the nuclear modifi-
cation factor at mid-rapidity for neutral pion spectra in 0−5%
central Au + Au collisions at

√
s = 200 GeV/n (upper panel) and

charged hadron spectra in 0–5% central Pb + Pb collisions at
√

s =
2.76 TeV/n (lower panel) with a range of values of initial quark jet
transport parameter q̂0 at τ0 = 0.6 fm/c in the center of the most
central collisions, as compared to PHENIX data [77,78] at RHIC and
ALICE [27] and CMS data [26] at LHC.

calculation of the hadron density at a given temperature T and
zero chemical potential. A full 3 + 1D ideal hydrodynamic
model [63,64] is used to provide the space-time evolution of
the local temperature and flow velocity in the bulk medium
along the jet propagation path in heavy-ion collisions. The
initial highest temperatures T0 in the center of the most
central heavy-ion collisions are set to reproduce the measured
charged hadron rapidity density. The initial spatial energy
density distribution follows that of a Glauber model with
Wood-Saxon nuclear distribution. At the initial time τ0 =
0.6 fm/c, T0 = 373 and 473 MeV for Au + Au collisions at
RHIC and Pb + Pb collisions at LHC, respectively.

With the above medium modified fragmentation functions
and temperature dependence of the jet transport coefficient,
one can calculate the nuclear modification factors and compare
to the experimental data as shown in Fig. 3. From χ2 fits to
experimental data at RHIC and LHC as shown in Fig. 4, one
can extract values of quark jet transport parameter q̂0 at the
center of the most central A + A collisions at a given initial
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FIG. 4. (Color online) The χ 2/d.o.f. as function of the initial
quark jet transport parameter q̂0 from fitting to the PHENIX
data [77,78] (combined 2008 and 2012 data set) at RHIC for
pT > 5 GeV/c and combined ALICE [27] and CMS [26] data at
LHC for pT > 15 GeV/c by the HT-BW model calculation of the
nuclear suppression factor RAA(pT ) as shown in Fig. 3.

time τ0. Best fits to the combined PHENIX data on neutral
pion spectra [77,78] in 0–5% central Au + Au collisions at√

s = 0.2 TeV/n gives q̂0 = 1.20 ± 0.30 GeV2/fm (at τ0 =
0.6 fm/c). Similarly, a best fit to the combined ALICE [27]
and CMS [26] data on changed hadron spectra in 0–5% central
Pb + Pb collisions at

√
s = 2.76 TeV/n leads to q̂0 = 2.2 ±

0.5 GeV2/fm (at τ0 = 0.6 fm/c).
The charged hadron pseudorapidity density at midrapidity

dNch/dη = 1584 ± 4(stat.) ± 76(sys.) in the most central
0–5% Pb + Pb collisions at

√
s = 2.76 TeV/n as measured

by the ALICE experiment [85] is 2.3 ± 0.24 larger than
dNch/dη = 687 ± 37 for 0–5% Au + Au collisions at

√
s =

0.2 TeV/n [86]. Taking into account the difference in nuclear
sizes, the ratio of the transverse hadron density in central
Pb + Pb at LHC and Au + Au at RHIC is about 2.2 ± 0.23. If
one assumes that the jet transport coefficient is proportional to
the initial parton density or the transverse density of charged
hadron multiplicity in midrapidity, this should also be the ratio
of the initial jet transport parameters in these collisions at LHC
and RHIC, which is very close to the value of 1.83 ± 0.26 one
obtains from independent fits to the experimental data at RHIC
and LHC on hadron suppression factors.

IV. THE HIGHER-TWIST MAJUMDER (HT-M) MODEL

Similar to the HT-BW model, the HT-M approach [48,87]
is a straightforward evaluation of the first power correction
to the vacuum evolution of a fragmentation function. It,
however, goes beyond the single scattering and includes
multiple induced gluon emission through a set of effec-
tive modified QCD evolution equations. One calculates the
medium modified fragmentation function by evolving an input
fragmentation function using a vacuum plus medium modified
kernel. As such, the formalism explicitly imbibes the concept
of factorization [88]: the initial parton distribution functions
are factorized from the hard scattering cross section; these are
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