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ABSTRACT: We examine the contribution of Multiple Parton Interactions to Z + n-jets
production at the LHC, n = 2, 3,4, where the Z boson is assumed to decay leptonically.

We compare the results obtained with the correlated GS09 double parton distribution
function with those obtained with two instances of fully factorized single parton distribution
functions: MSTW2008LO and CTEQG6L1.

It appears quite feasible to measure the MPI contribution to Z+2/3/4 jets already in
the first phase of the LHC with a total luminosity of one inverse femtobarn at 7 TeV. If as
expected the trigger threshold for single photons is around 80 GeV, Z + 2-jets production
may well turn out to be more easily observable than the ~ + 3-jets channel. The MPI
cross section is dominated by relatively soft events with two jets balancing in transverse
momentum.
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1 Introduction

The QCD-improved Parton Model forms the basis of our understanding of high-energy
hadron scattering. In this framework each hadron is described as a collection of essentially
free elementary constituents. The interactions between constituents belonging to different
colliding hadrons are the seeds of the complicated process which eventually leads to the
particles observed in the detector. In this conceptual scheme it is quite natural to envisage
the possibility that more than one pair of partons might interact in a single hadronic
impact. This kind of events are referred to as Multiple Parton Interactions (MPI) while
those in which only a single pair of partons produce a hard scattering are described as
Single Parton Interactions (SPI).

Multiple Parton Interactions have been detected in high transverse momentum hadron
collisions both at the ISR at CERN [1] and at the Tevatron at Fermilab [2-4]. The mea-
sured cross sections imply that MPI could provide a non-negligible background to all sort of
interesting reactions since MPI rates at the LHC are expected to be large. At smaller trans-
verse momentum MPI have been shown to be necessary for the successful description of the
underlying event both in Pythia [5-7] and in Herwig [8, 9]. The wide range of phenomena
in which MPI are involved highlights the urgency of a more thorough understanding of
these reactions both experimentally and from a theoretical point of view.

The theoretical investigation of MPI has a long history [10-14] and have experienced
a renewed interest in more recent times [15-23].

The basic formalism can be readily described starting from the standard expression

for the SPI cross section:
oty =3 [ Flernt)oh @ n)Fn.t) dodn (1.1)
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where t; is the factorization scale which characterizes the interaction and at which the

parton distribution functions Fj(x1,t1) for parton ¢ to have momentum fraction z; are



evaluated. Eq. 1.1 can be rewritten in term of parton distributions which depend on the

transverse coordinates as well as on the longitudinal momentum fraction as:

Tl = Z/Fi(ﬂfl, b1, t1)oj (w1, y1)Tj(y1, by — B, 1) dy dyy d°by d° 8 (1.2)
i,J
where [ is the usual impact parameter. Making the reasonable assumption that the de-
pendence on the momentum fraction and that on the transverse position factorize

Ty(2,b) = Fy(z) x f(b) (13)

and that the latter is a universal function for all kind of partons fixes the normalization of
the transverse distribution:

/f B)d*bd*B = / (1.4)

where we have defined the overlap function T'(3) = [ f(b) 3) d?b.
Analogously we can write the Double Parton Interactlon (DPI) cross section as follows:

A,B 2' Z/ i, $1,b1,t1,$2,b2,t2) fk(xl,yl)o-fl($2,y2) (15)
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where t1 and t9 are the factorization scales of the two scatterings; m is a symmetry factor
which is equal to one if the reactions A and B are identical and equal to two if they are not.

Separating the transverse part, I'; j(z1,b1,t1,22,b2,t2) = Fj j(x1,t1,22,t2) x f(b1) X
f(b2) eq. (1.5) becomes

J(l,)cl,B) 2,JH E / V(T w, t2) oy (w1, 1) 0 (2, y2) (1.6)
€
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where
1
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If one makes the further assumptions that double parton distributions reduce to the

product of two independent one parton distributions, F; ; = F; x F};, the DPI cross section

can be expressed in the simple form

D m o7 () ‘
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This last assumption however, even though rather common in the literature and quite
convenient from a computational point of view, is clearly incorrect. In ref. [15, 16] it was
shown that correlations between the value of the double distribution functions for different
values of the two momentum fractions x1, z9 are to be expected, even under the assumption
of no correlation at some scale g, as a consequence of the evolution of the distribution



functions to a different scale @), which is determined by an equation analogous to the usual
DGLAP equation [24-26].

A large number of studies have evaluated the MPI contribution to several high energy
processes [27-40], including Higgs and electroweak vector boson production. Other stud-
ies [41-43] have in addition focused on the differences between final states produced in SPI
and in MPI as a tool to reduce the background due to MPI or alternatively to separate
MPI processes from SPI ones and gain more detailed experimental information on Multiple
Parton Interactions. All the aforementioned studies have assumed complete factorization
of double Parton Distribution Functions (dPDF).

In [44] the corrections to the factorized form for the dPDF have been estimated. They
depend on the factorization scale, being larger at larger scales (), and on the = range,
again being more important at larger momentum fractions. For Q = My and = ~ 0.1 the
corrections are about 35% for the gluon-gluon case.

Recently Gaunt and Stirling [45] have developed a set of dPDF which satisfy a collec-
tion of momentum and number sum rules. These sum rules are preserved by the evolution
equations [15, 16] and therefore are obeyed at any scale @ once they are satisfied at an
input scale QQg. The GS09 set is based on the MSTW2008LO single Parton Distribu-
tion Functions (sPDF) [46]. Gaunt and Stirling also provide a program which evolves the
dPDF from the input scale to any scale and a set of publicly available dPDF grids. In
their published form the GS09 set deals with the case of two identical scales t; and 9 in
the distribution functions Fj ;, but this limitation has been recently dropped.

In ref. [47] the GS09 dPDF have been employed in a study of same-sign W pair
production at the LHC, including the background due to W*Z(v*) production. From
the ratio R = dowy+w+ow-w- /a%,ww, , which is equal to one for factorized dPDF, a
violation of factorization at the 20% to 30% level is reported.

In this paper we examine the contribution of MPI to Z 4 n-jets production at the LHC,
n = 2,3,4, where the Z boson is assumed to decay leptonically. These processes have the
advantage of a much larger cross section than same-sign WW production and therefore are
more likely to allow detailed studies of MPI at the low luminosity, about 1fb~!, foreseen
for the first two years of operation at the LHC with /s = 7TeV. While the cross section
for Z + nj is smaller than for W + nj because of the smaller leptonic branching ratio,
the former is cleaner from an experimental point of view since isolated, high pT charged
leptons, which are the main tool for W detection, can be copiously produced in B-hadron
decays [48-50] while no comparable mechanism exists for generating lepton pairs of mass
in the My region. As pointed out in [47] Z(v*) + jets production, with one of the leptons
undetected, can also mimic W 4 nj processes.

Z + nj production probes initial state parton combinations which are different from
those probed in W*W processes. The latter, at lowest order, are always initiated by
four-fermion states, mainly udud. The former, on the contrary, typically have at least two
gluons in the initial state since the largest component [42, 43] involves a two jet process
which is dominated by gluon-gluon scattering.

For comparison we also present the predictions for v+ 34 production, the reaction from
which the most recent and precise estimates of o.g have been extracted at the Tevatron.
This measurement will undoubtedly be performed again at the LHC [51].



NLO QCD corrections are or will soon be available for all SPI processes leading to
an electroweak vector boson in association with up to four jets [52-59]. The Drell-Yan
cross section is known at NNLO [60]. Measurements at the Tevatron show good agreement
between NLO calculations and data [61, 62]. These new developments open the possibility
of validating the predictions using events with large visible energy, where the MPI contri-
bution is small, and then using them for a direct measurement of the MPI cross section at
smaller total invariant masses in parallel with more data driven analysis similar to those
of CDF and DO.

In the following we compare the results obtained with the GS09 dPDF with those ob-
tained with two instances of fully factorized sPDF: MSTW2008LO [46] and CTEQ6L1 [63].
Hence we can estimate, even in the absence of a proper dPDF set based on CTEQG, the
dependence of MPI predictions on the choice of PDF, a study that to our knowledge has
not been performed before.

We have considered three center of mass energies for the LHC: /s = TTeV, /s =
10 TeV and /s = 14 TeV. This allows us to study the properties of MPI processes while
the relevant range of momentum fractions for the dPDF shifts to smaller values as the
energy increases.

Given the strong similarities between the production mechanism of Z + jets, W + jets
and v + jets we expect that the conclusions reached in the present paper for Z + jets
production concerning the ratio of the MPI to the SPI contribution, the effect of correlations
in MPI and the dependence on the PDF choice will be applicable also to W + jets and
v + jets production.

We will confine ourselves to Double Parton Interactions and neglect Triple and Higher
Order Parton Interactions. Triple Parton Interactions are expected to be significantly less
abundant than Double ones, even though it has been argued that they could be indeed
detected at the LHC [42, 43].

In section 2 the main features of the calculation are discussed. Then we present our
results in section 3. Finally we summarize the main points of our discussion.

2 Calculation

The MPI processes which contribute at leading order to Z + n-jets through Double Parton
Interactions are those in which an event producing k jets is superimposed to an event
producing a Z-boson and (n — k) jets, k =2,...,n.

At the Tevatron, CDF [2, 3] has measured oog = 14.5+ 1.7757 mb, a value confirmed
by DO which quotes oo = 15.1 £ 1.9 mb [4]. In ref. [17] it is argued, on the basis of
the simplest two channel eikonal model for the proton-proton cross section, that a more
appropriate value at /s = 1.8 TeV is 10 mb which translates at the LHC into UeLff{ ¢ =12
mb. Treleani then estimates the effect of the removal by CDF of TPI events from their
sample and concludes that the CDF measurement yields oo =~ 11 mb at Tevatron energies.
In the following we use geg = 12.0 mb for all LHC center of mass energies, with the
understanding that this value is affected by an experimental uncertainty of about 15% and



that it agrees only within 30% with the predictions of the eikonal model. Since o.g appears
as an overall factor in our results it is easy to take into account a different value.

It is worth mentioning that at present there is a discrepancy between the value of
oot extracted by CDF and DO and the one which is effectively employed by Pythia whose
normalization is derived mainly from comparisons with small py data which dominate the
total cross section. The description of MPI in PYTHIA8 [64] assumes that interactions can
occur at different pp values independently of each other inside inelastic non-diffractive
events. The expression for a DPI cross section becomes therefore:

o =< fimpact > 01 - UQ/UND/k (21)

where o p is the total non-diffractive cross section and fimpact is an enhancement /depletion
factor chosen event-by-event to account for correlations introduced by the centrality of the
collision. This quantity is typically averaged during an entire run to calculate < fimpact >
in eq. (2.1). Typical values at the center of mass energy of 10 TeV are 1.33 for < fimpact >
and 51.6 mb for o p. Comparing eq. (2.1) with eq. (1.8) tells us that PYTHIA8 predicts an
effective oeg=0nD/< fimpact > which is about a factor three larger than the one actually
measured at the Tevatron. I believe that this issue deserves careful consideration and that
new measurements of high py MPI reactions would be quite welcome.

All samples have been generated with the following cuts:

v

pr; > 30 GeV, [n;| <5.0,
pr, = 20 GeV, || < 2.5, (2.2)
pr, > 30 GeV, [ny| <25,

ARj; > 0.1, ARj>0.1, ARj, >0.1

V

where j = u,,d,d,s,5,¢,¢b,b,gand | =et, e, u", ut.

The Z + 4-jets sample has been generated with PHANTOM [65-67], while all other sam-
ples have been produced with MADEVENT [68, 69]. Both programs generate equal weight
events in the Les Houches Accord File Format [70]. All samples have been generated using
CTEQG6L1 [71] parton distribution functions. The QCD scale (both in a5 and in the parton
distribution functions) has been taken as

Q* = ki (2.3)
i=1

where n is the number of final state partons, for all reactions with the exception of qq —
1~ for which the scale has been set at Q? = M%. The scale in eq. (2.3) is similar, though
not identical, to the scale advocated in refs. [58, 59] for vector boson plus jets production
at NLO.

The results shown in the following under the CTEQ heading have been obtained com-
bining at random one event from each of the reactions which together produce the desired
final state through MPI. When needed, we have required that each pair of colored par-
tons in the final state have a minimum AR separation. This implies that the combined



cross section does not in general correspond to the product of the separate cross sections
divided by o because the requirement of a minimum separation for all jet pairs induces
a reduction of the cross section when additional pairs are formed in superimposing events.

The results shown under the MSTW and GS09 headings have been obtained through
a reweighting procedure by the appropriate ratio of parton distribution functions and
coupling constants. For instance, an event like (¢;q; — glT1™) ® (99 — gg), constructed
from two events generated separately with CTEQ6 PDF, can be transformed in a weighted
event with MSTW2008 PDF multiplying its original weight by

MSTW MSTW MSTW MSTW
po B CEOE ) e () By @)F () e ()
ﬂCTEQ (tl)P%CTEQ (tl) OZSTEQ (tl) FgCTE‘Q (tQ)FgCTEQ (tQ) OZSCTEQ (t2)2 .

where t1, to are the factorization scales for ¢;G; — gl™l~ and gg — gg respectively. The
factorization scales have been read off from the event files. The second and fourth factors
in eq. (2.4) take into account the different values of the strong coupling constants for the
two different sets of PDF: asCi]éQ (Mz) = 0.130 while a;V’IfST(MZ) = o (Mz) = 0.139.
The only difference for the GS09 case would be that the correlated dPDF Fj;(t1,t2) would
appear instead of the uncorrelated product F;(t1)Fj(t2) and so on. The resulting events
are no longer unweighted. The error on the cross section introduced by the reweighting
procedure is essentially negligible because of the large size, about 5 x 10° events, of the
samples. Reweighting can also be employed to estimate the sensitivity of our tree level
results to variations of the scale eq. (2.3) using a straightforward modification of eq. (2.4).

All results are obtained with the following values for the electroweak input parameters:
My = 91.188 GeV, My = 80.40 GeV, G = 0.116639 x 107° GeV 2.

We work at parton level with no showering and hadronization. Color correlations

between the two scatterings have been ignored.

3 Results

The total cross sections for SPI and DPI production for Z + 2-jets, Z + 3-jets and Z + 4-jets
are presented in table 1, table 2 and table 3 respectively. In all cases the cuts in eq. (2.2)
have been imposed. The analysis has been repeated requiring a larger separation between
jets; the results for AR;; = 0.5 and for AR;; = 0.7 are also shown. In our estimates
below we have only taken into account the muon decay of the Z boson. The Z — eTe™
channel gives the same result. The possibility of detecting high pr taus has been extensively
studied in connection with the discovery of a light Higgs in Vector Boson Fusion in the

77 channel with extremely encouraging results [72]. Therefore, the tau decay of the Z

-
can be expected to contribute significantly to MPI studies.

The total cross sections for SPI and DPI production for « + 3-jets are shown in table 4
with increasing jet-jet separation. It should be mentioned however that at the LHC trigger
thresholds for single photons are foreseen to be much higher than those for double lep-
tons [73-75]. While pair of leptons are expected to be triggered on for transverse momenta

of about 15 GeV, single photons will be detected only when their transverse momenta is



14 TeV 10 TeV 7TeV
Z+25 CTEQ MSTW GS09 CTEQ MSTW GS09 CTEQ MSTW GS09

SPI  56.71  65.35 3311  37.97 17.97 2048

DPI  11.27 1437 1550 480 635 668 188 261  2.66
ARjj = 0.5

SPT 5265  60.70 30.63  35.15 16.56  18.88

DPI  11.27 1437 1550 480 635 668 188 261  2.66
ARj; = 0.7

SPT 5153  59.41 20.95  34.38 16.17  18.45

DPI 11.27 14.37 15,50  4.80 6.35 6.68 1.88 2.61 2.66

Table 1. Z + 2-jets, Z — p™p~ cross sections in pb. Cuts as in eq. (2.2) with increasing angular
separation between jets, AR;;.

14 TeV 10 TeV 7 TeV
Z+3j CTEQ MSTW GS09 CTEQ MSTW GS09 CTEQ MSTW GS09
SPI 21.62 26.25 11.75 14.18 5.77 6.91
DPI 2.93 4.06 4.20 1.10 1.61 1.60 0.37 0.58 0.55
AR;j; = 0.5
SPI 15.71 19.10 8.46 10.23 4.11 4.93
DPI 2.70 3.75 3.88 1.02 1.49 1.48 0.34 0.54 0.51
ARj; = 0.7
SPI 14.13 17.18 7.59 9.18 3.67 4.41

DPI 2.59 3.60 3.73 0.97 1.43 1.42 0.33 0.52 0.49

Table 2. Z + 3-jets, Z — p™p~ cross sections in pb. Cuts as in eq. (2.2) with increasing angular
separation between jets, AR;;.

larger than about 80 GeV at the design energy of 14 TeV. At lower energies and instanta-
neous luminosities the threshold could be smaller. Even at design luminosity and center of
mass energy a lower threshold could be allowed with some pre-scaling. Since MPI processes
are known to decrease sharply with increasing transverse momenta, we present in table 5
the predictions for pz,, > 80 GeV while the results in table 4 are mainly intended for low
luminosity data taking.

The Single Particle Interaction MSTW results are larger than those obtained with the
CTEQ PDF by an amount which varies between 15% for Z+2j to 27% for Z+47, increasing
as expected with the power of a; in the amplitude. The Double Particle Interaction MSTW
results are larger than those obtained with the CTEQ PDF by an amount which varies
between 30% and 90%. The larger shift is due to the smaller scales for the two individual
scatterings compared to a single interaction event with the same final state particles. The
predictions for the GS09 correlated dPDF are larger than those with MSTW uncorrelated



14 TeV 10 TeV 7TeV
Z+4; CTEQ MSTW GS09 CTEQ MSTW GS09 CTEQ MSTW GS09

SPI 880 1116 423 5.33 1.80 225

DPI  1.21 192 18 041 071 066 012 023  0.20
ARjj = 0.5

SPI 426 541 2.00 253 0.83 104

DPI 096 153 150 033 056 052 010 018  0.16
ARj; = 0.7

SPI 334 424 156 1.97 0.64  0.80

DPI 0.87 1.39 1.35 0.29 0.51 0.47 0.09 0.16 0.14

Table 3. Z + 4-jets, Z — p™p~ cross sections in pb. Cuts as in eq. (2.2) with increasing angular
separation between jets, AR;;.

ones for /s = 14 TeV and /s = 10 TeV while they are smaller for /s = 7 TeV. The
difference is at most of 15%. Taking into account the errors in the measurement of oeg
we conclude that the uncertainties due to the choice of PDF and to correlation effects are
reasonably under control.

These variations should be compared with the uncertainty due to scale variation in PDF
and in the strong coupling constant. In order to estimate the latter we have reweighted our
samples changing the scale in eq. (2.3) by a factor of two in either direction for two limiting
cases, namely Z + 2j production at /s =7 TeV and Z + 4j production at /s = 14 TeV.
In both instances we have used MSTW PDF and AR;; = 0.5. For Z + 2j production at
Vs = 7 TeV the cross section changes by +14%/-13% when the scale is halved/doubled;
in the case of Z +4j production at /s = 14 TeV the corresponding shifts are +57%/-29%.
The processes we are interested in therefore are not overly sensitive to scale variations.
The corresponding uncertainty is of the same order than that related to PDF choice.

The effects of higher order corrections are more difficult to estimate since no NLO
calculation for MPI processes is available. QCD one loop calculations are available for
vector boson production with up to four jets [52-59] and are typically of order 10% with
the exception of Drell-Yan inclusive production [76] where they are of the order of 50%.
NLO corrections for the inclusive jet cross section at the LHC have been presented in
ref. [77]. For small transverse momenta, as the ones we are interested in this paper, they
are of the order of 10%.

The ratio between the MPI and SPI cross sections increases with the collider energy,
that is with decreasing average momentum fractions carried by the incoming partons. It
also increases with the AR;; separation because of the absence of correlations between the
final state partons originating in the independent scatterings which compose MPI events.
For Z + nj processes and taking AR;; = 0.5 as an example, the ratio is of the order of
10% for /s = 7 TeV and grows to about 25% at /s = 14 TeV. The results for v + 3-jets
show a similar behaviour with somewhat smaller fractions of MPI events to SPI ones which
however depend drastically on the pr. cut. For pr, > 30 GeV they range between 5 and
10% while for p, > 80 GeV they are at the percent level.



14 TeV 10 TeV 7TeV
v+3j CTEQ MSTW GS09 CTEQ MSTW GS09 CTEQ MSTW GS09

SPI  5921.7 73414 34842 43025 1884.9  2317.1

DPI 4369 6127 6632 1764 2624 2738 644 1034  103.0
ARjj = 0.5

SPI  4516.7 5610.2 2637.2  3263.8 1415.8  1744.6

DPI  422.2 5937 6422 170.3 2541 2649 620 1000  99.4
ARj; = 0.7

SPI 41374 51429 2411.1  2986.4 1290.3  1591.3

DPI 407.5 574.6  621.0 164.1 2457 2559  239.7 96.6 96.0

Table 4. ~ + 3-jets cross sections in pb. Cuts as in eq. (2.2) with increasing angular separation
between jets, AR;;.

14 TeV 10 TeV 7TeV

~+3j CTEQ MSTW GS09 CTEQ MSTW GS09 CTEQ MSTW (GS09

SPT 9448 11424 524.0  629.9 9256.8  306.6

DPI 184 290 290 684  11.88 11.22 217 424  3.72
ARj; = 0.5

SPI 6715  813.0 368.30  443.38 1774 212.0

DPI 177 281 281 659 1149 1085 2.09  4.09  3.58
ARj; =07

SPT  599.7  726.4 32818 395.29 156.6  187.2

DPI 17.1 27.2 27.2 6.34 11.10  10.47  2.00 3.94 3.45

Table 5. 7 + 3-jets cross sections in pb. Cuts as in eq. (2.2) and pr, > 80 GeV, with increasing
angular separation between jets, AR;;.

If we consider the MPI processes as our signal and the SPI ones as the corresponding
background, we can estimate the prospect of measuring MPI in a given final state from the
standard S/v/B significance. Using for S the result obtained with GS09 PDF and for B
the result for the MSTW set and assuming a luminosity of one inverse femtobarn at 7 TeV,
the significancies extracted from tables 1-3, in the Z — pu*u~ channel alone, are 19/7/5
for Z+2/3/4 jets with AR;; = 0.7. The corresponding number of expected MPI events
are 2600/500/140. Therefore it appears quite feasible to measure the MPI contribution to
Z+2/3/4 jets already in the first phase of the LHC.

The significance of v+3-jets depends on the trigger strategies. If the threshold for single
photon detection can be brought in the 30 GeV range then the much larger production rate,
about ten times that of Z(uu)+27, provides the best opportunity for an early measurement
of MPI at the LHC. If, on the contrary, the photon trigger cannot substantially deviate
from about 80 GeV, Z + 25 production looks more promising than the v 4 3-jets channel
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Figure 1. On the left: distribution of the angular separation in the transverse plane between the
two highest pr jets in Z+4j events. On the right: distribution of the total visible mass, (>_;", p;)?,
in Z + 2j events. For both plots \/s =7 TeV, AR;; = 0.7.

whose significance becomes similar to that of Z 4+ 3j. Anyway, in order to go beyond
measuring o.g and start to extract the double parton distribution functions from the data,
one should measure the MPI fraction of as many channels as possible, exploiting the fact
that different reactions are initiated by different combinations of partons.

The contribution to the MPI Z + n-jets cross section due to two jet production in
association to Z + (n — 2)-jets processes is in all instances the largest one, therefore, even
with more than two jets in the final state, the majority of MPI events are expected to
contain a pair of jets which are back to back in the transverse plane. This is confirmed by
the left hand side of figure 1 which displays the distribution of the angular separation A¢
between the two highest pr jets in Z + 45 events at /s =7 TeV and AR;; = 0.7.

The right hand side of figure 1 presents the total visible mass distribution in Z + 2j
production with the same energy and angular separation. It clearly shows that MPI events
are produced with a smaller center of mass energy than SPI ones. Whether or not these
different kinematical distribution can be exploited to further increase the MPI fraction
in the event sample depends on the behaviour of the additional radiation produced in
association with the hard scattering(s) which is bound to distort both the total visible
mass and the relative orientation of jet pairs. A dependable estimate of these effects require
to pass the hard events to a showering Monte Carlo, keeping in mind the normalization

uncertainties mentioned in section 2.

The only MPI mechanism contributing at tree level to v 4 3-jets is the production of
two jets in one scattering and of a photon and a jet in the other. Therefore, when the
photon threshold is large, a jet of comparable transverse momentum is also present. This
feature could reasonably be expected to provide an additional tool to significantly reduce
the SPI contribution. Unfortunately, as shown in figure 2, only a modest reduction can
be achieved in this way since the pp spectrum of the highest transverse momentum jet is
quite hard in SPI events.

,10,
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Figure 2. Transverse momentum distribution of the hardest jet in v + 35 events. /s = 7 TeV,
AR]']' = 0.7 and pr, > 80 GeV.

4 Conclusions

In this paper we have estimated the contribution of Multiple Parton Interactions to Z +
2/3/4-jets and v + 3-jets production, comparing the traditional factorized double parton
distribution functions, using both MSTW2008LO and CTEQ6L1 PDF, and the new cor-
related set by Gaunt and Stirling.

The predictions for the GS09 correlated dPDF differ by at most 15% from those with
MSTW uncorrelated distribution functions. The uncertainty due to the choice of PDF is
in the 30 to 90% range.

It appears quite feasible to measure the MPI contribution to Z+2/3/4 jets already
in the first phase of the LHC with a total luminosity of one inverse femtobarn at 7 TeV.
If as expected the trigger threshold for single photons is around 80 GeV, the Z + 2-jets
process may well turn out to be more easily reachable than the + + 3-jets channel. It is
worth recalling that the results presented here are expected to be valid also for W +2/3/4-
jets with a larger cross section. The possibility of measuring the MPI fraction in several
channels could allow to extract double parton distribution functions from the data.
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