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In high energy physics the experimental data of jet production processes are compared to
next-to-leading order (NLO) theory calculations to stringently test QCD. The predictions consist
of perturbative QCD calculation and a correction to account for effects beyond perturbation the-
ory. Shower Monte Carlo (SMC) event generators are used to estimate the correction factors to
be applied to NLO theory calculations to account for nonperturbative effects, due to multiparton
interactions and hadronization. In this article we present a new approach [1] treating the nonper-
turbative corrections in the context of matched NLO-shower MC generators.
At the LHC jets are measured over a much wider range than in previous collider experiments. The
ATLAS [2] and CMS [3] Collaborations measured inclusive jets up to the TeV scale in jet trans-
verse momentum and in rapidity up to 4.4 and 3.0, respectively. Comparisons of inclusive jet data
and NLO×NP theory predictions show good agreement in the central region but show differences
in the forward region. Motivated by this we studied the effect of the parton showers in the forward
region and define a new correction [1], which accounts for the effect of soft parton emissions. In or-
der to derive the nonperturbative and parton shower corrections with highest accuracy a NLO-MC
generator is used to determine the hard scattering. The events are generated within the POWHEG

BOX framework1 and are showered with the SMC PYTHIA6 [4] . In the POWHEG [5] method the
hard matrix element is determined at NLO and is matched with the parton showers, which take into
account higher order radiation contributions. In previous analysis [3] leading-order Monte Carlo
(LO-MC) generators [4, 6] are used to estimate the nonperturbative correction, which is defined
as the nominal generator setting including parton showers (ps), multiparton interaction (mpi) and
hadronziation (had) divided by the LO hard process supplemented with parton showers

KNP
0 = N(ps+mpi+had)

LO−MC /N(ps)
LO−MC. (1)

This is the most obvious way to define the nonperturbative correction with a LO-MC generator.
However, when combing the NLO calculation with parton shower and hadronization, the real cor-
rection of the first parton emission is treated differently in the NLO calculation and the parton
shower [1]. We propose an alternative method which uses a NLO-MC event generator to deter-
mine the corrections. Furthermore, we define an additional correction factor to the fixed-order
calculation due to parton showering effects. The parton shower correction is new and it singles out
contributions due to higher order parton emissions. The corrections are defined as [1]

KNP = N(ps+mpi+had)
NLO−MC /N(ps)

NLO−MC, (2)

KPS = N(ps)
NLO−MC/N(0)

NLO−MC, (3)

where N(0)
NLO−MC is obtained by switching of all components beyond NLO in the MC simulation.

The difference in the nonperturbative corrections obtained by a LO, eq. (1), or a NLO, eq. (2), cal-
culation is due to the matching of multiple parton interactions to the NLO calculation. The multi
parton interaction pT scale is smaller than the transverse momentum of the hard process, which
is defined by the average pT of the hard partons in the process. Thus in LO and NLO the hard
scale is different, which leads to a numerical difference in the nonperturbative correction factor.
In fig. (1) the comparison of the nonperturbative correction obtained by the LO generator PYTHIA

1http://powhegbox.mib.infn.it/
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Figure 1: The nonperturbative correction factors [1] to jet transverse momentum distributions obtained using
PYTHIA and POWHEG+PYTHIA. The jets are defined by the anti-kT algorithm for two different jet sizes and
are compared in the central and forward rapidity range.

from eq. (1) and the matched NLO generator POWHEG+PYTHIA from eq. (2) is shown. At small
transverse momentum the nonpertubative correction shows a non-negligible effect and a difference
between LO and NLO is observed. With increasing pT the nonperturbative corrections KNP

0 and
KNP both approach one. The correction factor to account for parton emission is shown in fig. (3).
The parton shower correction depends on pT and rapidity. Especially in the forward region the
correction gives a finite effect also at high pT. In general the effect of parton shower is largest
at large y. In fig. (2) the effect of initial- and final-state showers are considered separately. The
initial-state radiation is mainly contributing at low pT, while the final-state radiation is contributing
over the whole pT range. It has to be noted here that the effects of the initial-state radiation and
final-state radiation are interconnected. The combined effect of parton shower cannot be obtained
by simply adding up the two contributions. In addition the effect of parton showers can become
smaller than the individual contributions from initial- and final-state showers at large pT, coming
from migration effects in pT and y.
Kinematic effects in the longitudinal momentum fraction due to initial-state showering are consid-
ered in [7]. Motivated by this we studied the influence of the parton shower to the longitudinal
momentum fraction x of the partons at high rapidities. In general the cross section of a perturba-
tive process is factorized in the hard subprocess and the parton density functions of the incoming
partons with energy momentum fraction x. The momentum k(0)j = x j p j is treated collinear with
the beam hadron and the parton is on mass-shell. However when applying a shower algorithm, the
initial- and final-state partons emit QCD radiation and are no longer collinear with the beam hadron
k j 6= x j p j. Their transverse momentum has to be compensated by a change in the kinematics of the
hard subprocess. This implies a reshuffling in the longitudinal momentum fraction x j of the par-
tons, due to energy momentum conservation. In the case of inclusive jet production with pT > 20
GeV in rapidities |y| < 2.5, fig. (4) shows the distribution as a function of the parton longitudinal
momentum fraction x before and after parton showering. One can see that the longitudinal momen-
tum fraction is shifted to higher values of x when including QCD radiation. This effect is negligible
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Figure 2: The intial- and final-state parton shower effects [1] to jet transverse momentum distributions,
obtained from POWHEG+PYTHIA. The jets are defined by the anti-kT algorithm with two different jet radia
and compared in central and forward rapidities.
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Figure 3: The parton shower correction factors [1] to jet transverse momentum distributions, obtained from
POWHEG+PYTHIA. The jets are defined by the anti-kT algorithm with two different jet radia and compared
in central and forward rapidities.

for central rapidities but becomes important at |y| > 1.5. The momentum reshuffling is done after
the evaluation of the parton density functions (pdfs) and therefore can effect the determination of
the pdfs. The effect of the kinematic shift is common for different production processes. In [1]
further results for massive final states relevant at the LHC are studied.
To summarize, the use of matched NLO-MC generators can affect the comparison of theory pre-
dictions to inclusive jet data. The "new" parton shower corrections are significant over the whole
pT range, but mostly at large rapidities. The dependence on pT and y can influence the shape of
parton distribution functions. Furthermore, combining the collinear approximation and energy mo-
mentum constrains implies kinematic shifts in longitudinal momentum distributions. This effect is
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Figure 4: Distributions in the parton longitudinal momentum fraction x before (POWHEG) and after parton
showering (POWHEG+PS) [1], for inclusive jet production at different rapidities for jets defined by the anti-
kT jet algorithm with R = 0.5. Shown is the effect of intrinsic kT, initial- (IPS) and initial+final-state (IFPS)
parton shower.

negligible at central rapidities but is mostly pronounced at rapidities |y| > 1.5. We want to stress
that the proper treatment of nonperturbative and parton shower corrections by using matched NLO-
MC generators can influence fits for parton distribution functions and αS extraction using inclusive
jet data.
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