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Hadron production in semi-inclusive deep-inelastic scattering of leptons from nuclei is an ideal tool to
determine and constrain the transport coefficient in cold nuclear matter. The leading-order computations
for hadron multiplicity ratios are performed by means of the SW quenching weights and the analytic
parameterizations of quenching weights based on BDMPS formalism. The theoretical results are compared
to the HERMES positively charged pions production data with the quarks hadronization occurring outside
the nucleus. With considering the nuclear geometry effect on hadron production, our predictions are
in good agreement with the experimental measurements. The extracted transport parameter from the
global fit is shown to be § = 0.74+0.03 GeV?/fm for the SW quenching weight without the finite energy
corrections. As for the analytic parameterization of BDMPS quenching weight without the quark energy E
dependence, the computed transport coefficient is § = 0.20 + 0.02 GeV?/fm. It is found that the nuclear
geometry effect has a significant impact on the transport coefficient in cold nuclear matter. It is necessary
to consider the detailed nuclear geometry in studying the semi-inclusive hadron production in deep
inelastic scattering on nuclear targets.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
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1. Introduction

Hadron production in semi-inclusive deep inelastic scattering of
leptons from nuclei is a good tool to understand the parton prop-
agation and hadronization processes in cold nuclear matter. In the
semi-inclusive deep inelastic scattering on nuclei, a virtual photon
from the incident lepton is absorbed by a quark within a nucleus,
the highly virtual colored quark propagates over some distance
through the cold nuclear medium, evolves subsequently into an
observed hadron. It is expected that the hadron multiplicities ob-
served in the scattering is sensitive to whether the hadronization
occurs within or outside the nucleus in a semi-classical picture.
Therefore, the detailed understanding of the parton propagation
and hadronization processes in cold nuclear matter would greatly
benefit the study of the jet-quenching and parton energy loss phe-
nomena observed in ultra-relativistic heavy-ion collisions [1].
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Hadron production in deep-inelastic scattering was first per-
formed at SLAC [2] followed by EMC [3], E665 [4]. The more
precise experimental measurements were reported by the HERMES
[5-8] and CLAS [9,26]. The experimental data are usually presented
in terms of the multiplicity ratio R" , which is defined as the ratio
of the number of hadrons h produced per deep-inelastic scattering
event on a nuclear target with mass number A to that for a deu-
terium target. However, the experimental results on Rfl\'/, were only
a function of one kinematic variable (so-called one-dimensional
dependences) except that a two-dimensional dependence was re-
ported for a combined sample of charged pions [8]. Recently,
the hadron multiplicities in semi-inclusive deep-inelastic scatter-
ing were measured on neon, krypton, and xenon targets relative
to deuterium at an electron (positron)-beam energy of 27.6 GeV
at HERMES [10]. The multiplicity ratios were measured in a two-
dimensional representation for positively and negatively charged
pions and kaons, as well as protons and antiprotons. The two-
dimensional representation consists in a fine binning in one vari-
able and a coarser binning in another variable. The published two-
dimensional data will further help us to study the space (time)
development of hadronization in more detail.
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In our preceding articles, we have calculated the nuclear mod-
ifications of hadron production in semi-inclusive deep inelastic
scattering in a parton energy loss model. By means of the short
hadron formation time, the relevant data with quark hadroniza-
tion occurring outside the nucleus are picked out from HERMES
experimental results [8] on the one-dimensional dependence of
the multiplicity ratio R’,}/, as a function of the energy fraction z
of the virtual photon carried away by the hadron. Our theoret-
ical results show that the nuclear effects on parton distribution
functions can be neglected. It is found that the theoretical results
considering the nuclear modification of fragmentation functions
due to quark energy loss are in good agreement with the selected
experimental data. The obtained energy loss per unit length is
0.38 = 0.03 GeV/fm for an outgoing quark by the global fit [11].
Furthermore, the leading-order computations on hadron multiplic-
ity ratios for the production of positively and negatively charged
pions and kaons are compared with the selected two-dimensional
data from the HERMES experiment [10] by means of the hadron
formation time [8,27], which is estimated from the Lund model.
For the case where the quark hadronization occurs inside the nu-
cleus [12], it is shown that with increase of the energy fraction
carried by the hadron, the nuclear suppression on hadron multi-
plicity ratio from nuclear absorption gets bigger. The nuclear ab-
sorption is the dominant mechanism causing a reduction of the
hadron yield. The atomic mass dependence of hadron attenuation
is confirmed theoretically and experimentally to be proportional
to A'/3. For the case where the quark hadronization occurs outside
the nucleus [13], the atomic mass number dependence is theoret-
ically and experimentally in good agreement with the A2/3 power
law. It should be noted that in these studies, the outgoing quark
energy loss is employed in the form of the mean energy loss. The
length traveled by the quark in the nuclear matter is taken as the
average path length L = (3/4)R4 where R4 is the nuclear radius.

In this paper, we employ the two-dimensional data from HER-
MES on the multiplicity ratios for positively charged pions pro-
duction on neon nucleus with respect to deuterium target [10],
seeing that the CLAS data [9,26] are suitable for studying the
hadron production inside the nuclei. The experimental data with
quark hadronization occurring outside the nucleus are selected by
means of the hadron formation time in order to investigate the
quark energy loss in cold nuclear matter. Because the mean energy
loss cannot reflect the dominant parton energy loss mechanism,
the present study will use the Salgado-Wiedemann (SW) quench-
ing weights [14], and the analytic parameterizations of quenching
weights [28] based on Baier, Dokshitzer, Mueller, Peigné and Schiff
(BDMPS) formalism [22]. In addition, the nuclear geometry effect
on the extracted transport coefficient is investigated. It is hoped
to gain new knowledge about quark energy loss in a cold nuclear
medium.

The remainder of the paper is organized as follows. In Section 2,
the brief formalism for the hadron multiplicity in semi-inclusive
deep inelastic scattering on the nucleus and nuclear modification
of the fragmentation functions owing to quark energy loss are
described. In Section 3, The results and discussion obtained are
presented. Finally, a summary is presented.

2. The hadron multiplicity in semi-inclusive deep inelastic
scattering on nuclei

Hadron production in semi-inclusive deep inelastic scattering
can be computed within the QCD improved parton model. At lead-
ing order in perturbative QCD, the hadron multiplicity is given by

1 dNt 1

dold
_ § : 2_A 2 A 2
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where N (N2 is the yield of semi-inclusive (inclusive) deep-
inelastic scattering leptons on nuclei A, v is the virtual photon
energy, ey is the charge of the quark with flavor f, q}‘(x, 02
is the nuclear quark distribution function with Bjorken variable
x and photon virtuality Q2, D?lh(z, Q?) is the nuclear modified
fragmentation function of a quark of flavor f into a hadron h. The
differential cross section for lepton-quark scattering at leading or-
der, do'4/dxdv, is given by

2

Iq 4
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where M and «e; are respectively the nucleon mass and the fine
structure constant, y is the fraction of the incident lepton energy
transferred to the target.

In semi-inclusive deep inelastic scattering, the initially pro-
duced energetic quark will have to go through multiple scattering
and induced gluon bremsstrahlung as it propagates through the
medium. The induced gluon bremsstrahlung effectively reduces the
leading parton energy. The quark energy fragmenting into a hadron
shifts from E =v to E' = v — AE, which results in a rescaling of
the energy fraction of the produced hadron:

E E

7= — 7=t 4)
v v—AE

where E, and AE are respectively the measured hadron energy

and the quark energy loss in the nuclear medium. The fragmenta-
tion function in the nuclear medium [15],

(1-2)v

Dz Q)= [ dAE)P(AE, 1)< Dy, Q%),

1
— AE/v

(5)

where Dy, is the standard (vacuum) fragmentation function of
a quark of flavor f into a hadron h, the characteristic gluon fre-
quency w. = (1/2)4L?, P(AE, w., L) denotes the probability for a
quark with energy E to lose an energy AE which originates from
the quark radiating gluons. This probability distribution, the so-
called quenching weight, depends on the path length L covered by
the hard quark in the nuclear medium and the transport coeffi-
cient q.

Based on the above formalism, the path length L is fixed, only
the transport coefficient ¢ remains to be determined.

3. Results and discussion

In order to explore the outgoing quark energy loss, we will pick
out the experimental data with quark hadronization outside the
nucleus from the two-dimensional data on the multiplicity ratio
R’fw for positively charged pions production on neon nucleus in
three z slices as a function of v, and in five v slices as a func-
tion of z [10]. Unlike our previous researches with using the mean
path length L = (3/4)R4, we set t > 2R, with the hadron for-
mation time t = z%3°(1 — 2)v/k (k =1 GeV/fm) [8,11,27], which
is defined as the time between the moment that the quark is
struck by the virtual photon and the moment that the prehadron
is formed. This assumption can make sure that the hadron is pro-
duced outside target nucleus rather than inside the nucleus. Using
the criterion, the number of points in selected experimental data
is 4 for Rﬁ(u) for positively charged pions produced on neon tar-

. . T . +
get in the z region of 0.2 < z < 0.4. For the multiplicity ratio RY,
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Fig. 1. The calculated multiplicity ratios R
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’,\7 in one v slice and three z slices for positively charged pions production on neon target from the non-reweighted SW quenching

weight (solid curves) and the parameterization of BDMPS quenching weight for the quark energy E independence (dotted curves). The HERMES data [10] are shown with the

total uncertainty (statistical plus systematic, added quadratically).

Table 1

The values of § and x?/ndf extracted from the selected data on the hadron multi-
plicity ratios for positively charged pions produced on neon target by means of the
SW quenching weights [14].

Non-reweighted Reweighted
q (GeV?/fm) X2 /ndf 4 (GeV?/fm) x?/ndf
L= (3/4)Ra
02<z<04 1.30+0.06 0.02 1.44+0.09 0.009
14<v<17 1.29+0.05 0.13 1.44+0.02 0.19
17<v <20 1.10 £ 0.09 0.53 1.14+0.06 0.58
20<v <235 0.94+0.06 0.62 0.94+0.01 0.61
Global fit 1.15+0.03 0.47 1.20 £0.02 0.54
L=,/R% —b2 —
02<z<04 0.84+0.02 0.013 1.02 £ 0.06 0.006
14<v<17 0.83+£0.04 0.05 1.07 £0.02 0.13
17<v <20 0.71+£0.05 0.37 0.79 £0.05 0.47
20<v <235 0.60 £0.05 0.53 0.60 £0.02 0.55
Global fit 0.74+0.03 0.36 0.83+0.02 0.46

as a function of z, there are 15 data points in three v regions of
14 <v <17 GeV, 17 <v <20 GeV and 20 < v < 23.5 GeV. In to-
tal, our analysis has 19 data points.

To comparing to the selected experimental data, we compute at
leading order the hadron multiplicity ratios R”+.

)//
(6)

In our calculation, the vacuum fragmentation functions [17] is em-
ployed together with the CTEQ6L parton density in the proton [16].
By means of the CERN subroutine MINUIT [18], the transport co-
efficient § is obtained by minimizing x2. One standard deviation
of the optimum parameter corresponds to an increase of x2 by 1
unit from its minimum x2. .

We use the SW quenching weight [14] in the soft multiple scat-
tering approximation with the mean path length of the outgoing

1 th (u 2)
DIS

1 dN“ (v z)

RT" v@)]= —2 " 2 dz(v).
M Ngls

quark in the nuclear medium L = (3/4)R4. In this case, the de-
termined transport coefficient § and x? per number of degrees of
freedom (x2/ndf) are summarized in Table 1 for positively charged
pions production on neon nuclei in a z slice and in three v slices
from the HERMES experiments [10]. The solid curves in Fig. 1 are
our numeric results which are compared with the selected exper-
imental data. It is shown that the computed hadron multiplicity
ratio increases with v, and decreases with z. It is found that the
theoretical results are in good agreement with the experimental
data. The global fit of all data makes § = 1.15+0.03 GeV?/fm with
the relative uncertainty 8qG/q ~ 2.6% and x?2/ndf = 0.47.

In above calculation, the employed quenching weight is com-
puted in the eikonal limit of very large quark energy [14]. For the
case of realistic initial quark energy, the finite energy correction
need to be taken into account. To illustrate the theoretical un-
certainty associated with finite energy corrections, we shall com-
pare results without such corrections to those from the reweighted
probability [19]

P(AE/we, L)
[/ d(AE/wc) P(AE /o, L)

Prw(AE /o, L) = ©(1 — AE/E).

(7)

Regarding the reweighted quenching weight, the global fit of all
data gives G = 1.20 £ 0.02 GeV?/fm with the relative uncertainty
5G/G ~1.6% and x?2/ndf = 0.54 (see Table 1). It is clear that the
determined transport coefficient § is about 4% greater than that
from non-reweighted quenching weight.

Now let us to study the nuclear geometry effect in the semi-
inclusive lepto-production of hadrons off nuclei. The nuclear ge-
ometry is described by the nuclear density distribution pa(b, y),
where y is the coordinate along the direction of the outgoing
quark and b its impact parameter. The center of the target nucleus
lies at (0, 0) (see Fig. 2). If we assume that the interaction of the

virtual photon with the quark is located at (b, y), the colored quark
produced at y will travel the path length L = ,/R% — b2 —y, along

a direction with impact parameter b. Then the averaged modified
fragmentation function [20,27,29] should be
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Fig. 2. Illustration of the geometry of hadron production in deeply inelastic scatter-
ing in the nucleus target rest frame. See details in text.

D}z, Q%) = f d’bdy pa (b, y)
(1-2)v
x / d(AE)P(AE,wC,L)l

— AE/v
0

X Df|]—,(Z/,Q2). (8)

For simplicity, we use the uniform hard-sphere nuclear density
normalized to unity, pa(v/b2+ y2) = (po/A)O(Ra — /b% + y?)
with pg is the nuclear density, R4 = rgA'/3, and ro = 1.12 fm.
By combining Eq. (8) and Eq. (1), the calculated corresponding
transport coefficient § and x? per number of degrees of free-
dom (x?/ndf) are summarized in Table 1 with the reweighted
and non-reweighted quenching weights. It is shown that the global
fit of all data gives separately § = 0.74 + 0.03 GeV?/fm with the
relative uncertainty §G/§ ~ 4.0% and y?2/ndf = 0.36 for the non-
reweighted quenching weight, and § = 0.83 + 0.02 GeV?/fm with
the relative uncertainty 8§/§ ~ 2.4% and x?2/ndf = 0.46 for the
reweighted quenching weight. It is obvious that the nuclear ge-
ometry effect could reduce the transport coefficient by as much
as 36% for the non-reweighted quenching weight and 31% for the
reweighted quenching weight, respectively.

As can be seen from Table 1, the values of § are too high to
be understandable in perturbation theory. The reason is that the
coefficient of the discrete part pod(AE) of the quenching weight,
Do, is very large when using the finite-length medium in the SW
quenching weights. The calculated value of pgo reveals that pg (§ =
0.8 GeV?/fm) reduces nonlinearly from 1.07 to 0.2 in the range
1.0<L <6.0 fm (2Rne =~ 6.0 fm). As for the same L, po decreases
as the increase of §. Therefore, the small-L SW quenching weights
result in the large values for g.

The SW quenching weight evolves from the BDMPS calcula-
tion to include finite-length effects. The original BDMPS calcula-
tion takes a limit in which the nuclear medium length goes to
infinity [22]. The analytic parameterization was given for BDMPS
quenching weight [28]. The quenching weight P(AE) for the quark
energy E independence follows with a great accuracy a log-normal
distribution,

P(AE = AE/w:) = w:P(AE)

B 1 exp (log AE — ;/,)2

- 27mo AE 202 '
with & = —1.5 and o = 0.73. The quenching weight P(AE, E) for

the quark energy dependence follows

(log AE — M(E‘))2
 20(E)2 (10)

(9)

o 1
P(AE,E)= ———
( ) V27 o(E)AE EXP[

where the 1 (E) and o (E) are given by the empirical laws

Table 2

The values of § and x?/ndf extracted from the selected data on the hadron multi-
plicity ratios for positively charged pions produced on neon target by means of the
analytic parameterizations of quenching weights [28].

E independence E dependence

q (GeV?/fm) X2 /ndf q (GeV?/fm) X2 /ndf
L=3/4)Ra
02<z<04 0.38 +0.07 0.04 0.41+0.09 0.03
14<v<17 0.37+0.07 0.51 0.40+0.09 0.52
17<v <20 0.26 = 0.05 0.98 0.27 +0.06 1.00
20<v <235 0.20+0.06 0.79 0.21+0.07 0.79
Global fit 0.29+0.03 0.83 0.30+0.04 0.84
2
L=,/R5 —b*>—y
02<z<04 0.26 = 0.05 0.04 0.30+0.06 0.02
14<v <17 0.254+0.05 0.33 0.29 +0.07 0.38
17<v <20 0.19+0.04 0.84 0.20+0.05 0.88
20<v <235 0.15+0.04 0.74 0.15+0.04 0.76
Global fit 0.204+0.02 0.70 0.224+0.02 0.74
p(E) = —1.540.81 x (exp (—0.2/E) — 1),
o(E)= 0.72+0.33 x (exp (—0.2/E) — 1). (11)

The analytic parameterization P(AE, E) reproduces qualitatively
the characteristics of the E dependence of the mean energy loss
< AE > from BDMPS formalism [30], e.g., the mean energy loss
< AE >« \/EI_EL at small quark energy (E < w¢).

Taking advantage of the analytic parameterizations of quench-
ing weights without and with the quark energy E dependence, the
computed transport coefficient ¢ and x2 per number of degrees
of freedom () 2/ndf) are listed in Table 2. The expected multiplic-
ity ratios R7,(,,+ (dotted curves) with L = (3/4)R 4 for the quenching
weight of quark energy E independence, are in good agreement
with the selected experimental data in Fig. 1. It is shown in Ta-
ble 2 that the smaller values of § are given with comparing the
SW quenching weights. The obtained value of ¢ should be much
more realistic from the BDMPS quenching weights.

As can be shown from Table 2, the global fit of all data by
the quark energy E independent quenching weight gives sepa-
rately g =0.29+0.03 GeV?/fm with x?2/ndf = 0.83 from the mean
length, and § = 0.20 & 0.02 GeV?/fm with x2/ndf = 0.70 from
the nuclear geometry effect. For the quark energy E independent
and dependent quenching weight, the values of ¢ from the global
fit are consistent in 1o range with (without) the nuclear geom-
etry effect. Moreover, the nuclear geometry effect could reduce
the transport coefficient by as much as 31% and 27% respectively.
Therefore, we should consider the nuclear geometry effect over the
course of studying the semi-inclusive hadron production in deep
inelastic scattering on nuclear targets.

What we notice is in Table 2 that the extracted values of
q are consistent within 1o range by fitting the selected exper-
imental data in the z region of 0.2 <z < 04, and in two v
regions of 14 < v < 17 GeV and 17 < v < 20 GeV. However, in
20 < v < 23.5 GeV region, the smaller value of ¢ are given in com-
parison with those in other three kinematic ranges. The reason
is that in 20 < v < 23.5 GeV region, the value of R}V (z=0.54)
deviates normal trend obviously (see Fig. 1). If we remove this ex-
perimental data point, the calculated values of ¢ are respectively
0.18 + 0.05 GeV?/fm (x?2/ndf = 0.42, E independent quenching
weight) and 0.19 + 0.06 GeV?/fm (x?2/ndf = 0.43, E dependent
quenching weight) with considering the nuclear geometry effect.
Then the obtained values of ¢ can be consistent within 1o range
for the collected experimental data in four kinematic regions.
Hence, the precise experimental data can refine our theoretical
model.
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Fig. 3. The multiplicity ratios R’,\T,f. The solid, dotted and dashed lines correspond to the computed results by fitting the selected data (¢t > 2R, filled circles), the collected

data (2t > 2R, filled and empty circles) and the full data, respectively.

Table 3

The values of G and x2/ndf extracted from the selected data (2t > 2R,) and the
full data on the hadron multiplicity ratios for positively charged pions produced on
neon target by considering the nuclear geometry effect (L = Ri — b2 —y)and us-
ing the analytic parameterization of BDMPS quenching weight for the quark energy
E independence [28].

2t > 2Ry Full data

q (GeV?/fm) X2 /ndf q (GeV?/fm) X2 /ndf
02<z<04 0.2240.02 0.24 0.224+0.02 0.24
14<v<17 0.124+0.02 2.70 0.06 +£0.01 3.98
17<v <20 0.10+0.03 1.77 0.104+0.02 1.59
20<v <235 0.13+0.04 0.76 0.13+0.04 0.76
Global fit 0.146 £0.01 1.40 0.109 £0.01 2.59

In this work, the hadron formation time, t = z03°(1 — 2)v/«,
is quoted from HERMES Collaboration [8]. This idea was pursued
in Ref. [27]. The convenient parametrization can give its values as
a function of z closely resembling the ones obtained in the Lund
model [31]. However, the kinematic dependence for the formation
time as well as its magnitude is not clearly known. To investigate
the sensitivity of ¢ values on the hadron formation time, our anal-
ysis is repeated by multiplying the formation time by 2 and 1/2
in order to select more or less data. It is found that there is no
experimental data on R7I\T/,+ that meet the criteria of (1/2)t > 2Rz
for positively charged pions produced on neon target in the z re-
gion of 0.2 <z < 0.4, and in three v regions of 14 < v < 17 GeV,
17 < v < 20 GeV and 20 < v < 23.5 GeV. By using 2t > 2R,4, 30
data points are selected in total for the corresponding four kine-
matic regions (see Fig. 3). By considering the nuclear geometry
effect and using the analytic parameterization of BDMPS quench-
ing weight without the quark energy E dependence, the computed
transport coefficient § and x?2/ndf are summarized in Table 3. For
completeness, meanwhile, the values of § and x2/ndf are given in
Table 3 by fitting the full experimental data (34 data points, see
Fig. 3) in four kinematic regions. The calculated results are com-
pared with the experimental data on multiplicity ratios in Fig. 3.
The dotted and dashed lines are the results on multiplicity ratios
by fitting the selected data (2t > 2R4) and the full data, respec-
tively. For convenient for comparing, the calculated multiplicity

ratios are presented in Fig. 3 (solid lines) by using the selected
data (t > 2Ry).

As can be seen from Table 3 and Fig. 3, the extracted values of
q are identical except the region 14 < v < 17 GeV for the selected
data (2t > 2R4) and the full data. In the range 14 < v < 17 GeV,
the theoretical values of x2/ndf are 2.70 (2t > 2R4) and 3.98
(full data) separately. Moreover, the extracted value of ¢ from the
selected data (2t > 2R4) is bigger than that from the full data.
For the selected data (t > 2R4), the collected data (2t > 2Rjy)
and the full data, as a whole, the values of § by the global fit
are 0.20 & 0.02 GeV%/fm (x2/ndf = 0.70), 0.146 & 0.01 GeV?/fm
(x?/ndf = 1.40) and 0.109 & 0.01 GeV?/fm (x?2/ndf = 2.59), re-
spectively. As the included experimental data point increases, the
extent of hadron absorption contamination become bigger. Addi-
tionally, the degree of the accordance with experimental data be-
come worse. Although this assumption t > 2R4 results in a too
drastic data selection, the selection criteria can make sure that the
hadron is produced outside target nucleus. Up to now, the forma-
tion time is yet an open question. In order to learn about the quark
energy loss, on the one hand the in-depth study of the formation
time is necessary in theory, but on the other the much higher en-
ergy experiments are expected to isolate the parton energy loss
from any possible pre-hadron absorption effects.

It is worthy of note that our obtained transport coefficients are
larger than Accardi’s fit of g = 0.5 GeV?/fm [20,29] and Dupré’s
fit of g = 0.4 GeV?/fm [26] at the center of a target nucleus by
using SW quenching weight. As for the quenching weights based
on BDMPS formalism, our results are bigger than Arleo’s value of
4 = 0.14 GeV?/fm [21]. In addition, Deng and Wang applied the
modified DGLAP evolution to quark propagation in the deep inelas-
tic scattering of a large nucleus within the framework of general-
ized factorization for higher-twist contributions to multiple parton
scattering. The extracted jet transport parameter at the center of
a large nucleus is found to be § = 0.024 + 0.008 GeV?/fm [23].
However, these research did not include x2 analysis, and did not
distinguish whether the hadronization occurs within or outside the
nucleus for the experimental data.

It is worth stressing that BDMPS evaluated the parton energy
loss in the multiple-soft scattering approximation, and took a limit
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in which the medium length goes to infinity. Salgado and Wiede-
mann improved the BDMPS calculation to include finite-length
effects with the multiple gluon emission using a Poisson ansatz.
The Higher-Twist formalism given by Wang and Guo [24,25] is an-
other framework of the parton energy loss. However, the obtained
transport parameter from the three set of parton energy loss cal-
culations exists a significant difference in magnitude. The similar
discrepancies between different parton energy loss formalisms are
found in case of heavy-ion collisions [32,33]. Therefore, the theo-
retical progresses should be made furthermore. With future preci-
sion and much higher energy semi-inclusive deep-inelastic scatter-
ing experiment and theoretical advances in the parton energy loss,
it should be possible to achieve a truly quantitative understanding
of the parton energy loss mechanism.

4. Summary

We study the hadron production from semi-inclusive lepton-
nucleus deep inelastic scattering, supplementing the perturbative
QCD factorized formalism with radiative parton energy loss. The
experimental data with the quark hadronization occurring outside
the nucleus are selected against the following criterion: the hadron
formation time is more than twice the nuclear radius. The frag-
mentation functions are modified with considering the energy loss
incurred by hard quarks propagating through the nuclear medium
by means of SW quenching weights and the analytic parameteriza-
tions of quenching weights based on BDMPS formalism. The lead-
ing order calculation of semi-inclusive hadron production on nuclei
has been done, and compared with the selected HERMES experi-
mental data. In a condition of considering the nuclear geometry
effect on the semi-inclusive hadron production, a good agreement
between our predictions and the experimental measurements is
observed. The extracted transport parameter from the global fit
is found to be G = 0.74 & 0.03 GeV?/fm for the SW quenching
weight without the finite energy corrections. By using the ana-
lytic parameterization of BDMPS quenching weight without the
quark energy E dependence, the computed transport coefficient
is G =0.20 & 0.02 GeV?/fm. It is found that the nuclear geome-
try effect has a significant impact on the transport coefficient in
cold nuclear matter. Therefore, we should consider the nuclear ge-
ometry effect in studying the semi-inclusive hadron production in
deep inelastic scattering on nuclear targets. In particular, we em-
phasized that the semi-inclusive hadron production on nuclei may
help us to determine and constrain the transport coefficient (hence
the quark energy loss) in cold nuclear matter. Furthermore, a bet-

ter understanding of the parton energy loss mechanism can be
achieved in the future.
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