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Double parton scattering background to Higgs boson production at the CERN LHC
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The Higgs boson production and decay via theWw channel is one of the most promising discovery
channels at the CERN LHC if the Higgs boson mass is below\li&Vv~ threshold. We point out that double
parton collisions represent a sizable source of background to the process.

PACS numbgs): 13.85.Hd, 11.80.La, 12.38.Bx

[. INTRODUCTION duced partons. Those are in fact also the conditions where
the process was observed]. In such a kinematical regime
The problem of identifying the most convenient signa-one _does not expect strong initial state cor_relations in the
tures to detect the Higgs boson at the CERN Large Hadroffactional momenta of the partons undergoing the double
Collider (LHC) has been widely discussed in the literaturecollision process and, with this simplifying hypothesis, the
[1]. Most results are summarized in REZ], where various double parton scattering cross section is proportional to the
backgrounds are also estimated. Hiechannel is the most product of two single scattering cross sections. All the new
favorite Higas boson decav mode when the Hidas bosom®"” perturbative information on the structure of the colliding
mass is begllgw thav W th?leshold[l] and smcebgé]uark Madrons provided by the process, in the specific case the

: identified with hiah effici final ith information on the two-body parton correlation in transverse
jets are identified with high efficiench8], final states with o506 “reduces to a scale factor with dimensions of a cross

bb pairs have a great potential for discovering the Higgssection(the “effective cross section[6]). In the case of two
boson at the LHC, if the Higgs mass is in the rangeidentical parton interactions, as for producing four lagge
80 GeW<My <150 GeV. An efficient way to reduce the jets, the inclusive cross section assumes therefore the sim-

huge QCD background is to look fdxb pairs accompanied Plest factorized form
by an isolated lepton, resulting from the decay & doson.
The process of interest for detecting the Higgs boson through op(Jety =

the bb decay channel is therefope+ p—WH-+ X, with W 2 oo

—Iv, H—Dbb, wherel =e,n _ _ _ and o, is the usual single scattering inclusive cross section:
The purpose of the present Brief Report is to point out

that the samd,bb final state can be produced also by a

different mechanism, namely by a double parton collision UJ=E dxd>(d2pt {(X)Gsr (X! )
process, which represents therefore a further background to i Jpep d?p,
be taken into account. In fact as a result of the present analy-

sis we find that double parton scatterings represent a rath hereG(x) is the parton distribution, as a fl_mctlon of the
sizable background source. momentum fractiorx and at the scalp;. The different spe-

The possibility of hadronic interactions with double par- ¢i€S Of interacting partons are indicated with the laband
ton scatterings was foreseen on rather general grounds Iorﬁbfff'/d p: represents the elementary partonic interaction.
ago[4]. The process has been recently observed by the Colress IS the effective cross section and it enters as a simple
lider Detector at FermilalfCDF) [5]: In a hadronic interac- proportionality factor inop . The value ofo¢; is therefore
tion with a double parton scattering two different pairs ofthe whole output of the measure of the double parton scat-
partons interact independently at different points in transiering process in this simplest scheme, which on the other
verse space, in the same inelastic hadronic event. The pr&and has shown to be in agreement with the available experi-
cess is induced by unitarity and, as a consequence, it hagental evidencé5]. In the case of two distinguishable par-
been considered mostly in the regime where the partoniton scatteringsA and B the factor 1/2 in Eq(1) is missing
cross sections become comparable to the total inelastic haénd one may write
ronic cross section, namely large c.m. energy in the hadronic
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2

interaction and relatively low transverse momenta of the pro- AOB
y P oo (AB)= 278 &)
Oeff
*Email address: delfabbr@ts.infn.it The effective cross section is a geometrical property of the
"Email address: daniel@trieste.infn.it hadronic interaction, related to the overlap of the matter dis-
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tribution of the two interacting hadrons in transverse space. NN
The expectation is that its value is independent of the c.m. » do,/ d MgxBR(W—> Lv)
energy of the hadronic collision and on the cutpff'” [6]. 1F
Moreover, although different kinds of partons may be dis- [
tributed in different ways in transverse space, one does not
expect a strong dependenceaf;; on the different possible
partonic reactions. The simplest possibility to consider is
therefore the one where the scale factors in(Egand in Eq.

(3) are the same.

In the intermediate Higgs boson mass range the partonic
center of mass energy needed for producing the Higgs boson o1
is relatively low, as compared to the overall energy involved i
in the hadronic collision at the LHC, and one may expect
that the factorization in E¢3) may still be a good approxi-
mation. We will therefore estimate the double parton scatter-
ing background to the procegs+p—WH+X, with W |
—lv, andH—bb, by using the simplest expression in Eq. PR TR SR A S - m P
(3). We will also consider the value afq as a universal %0 Y "E"Gev] 12 10
property of all double parton interactions and we will use the oe
actual value which was measured by C[3#. In this respect FIG. 1. Double parton scattering background to the Higgs boson
one has to point out that in the experimental analysis of CDFyrquction as a function of theb invariant mass compared to the
the measure of the double parton scattering cross section hagpected Higgs signal for three possible values of the Higgs mass:
been performed by removing all triple parton collision eventsgo, 100 and 120 GeV. The dashed line is the background at the
from the sample of inelastic events with double parton coldowest order in perturbation theory. The solid line is the result for
lisions. The double parton scattering cross section measurgfle double parton scattering background when computingbthe
in the experimental analysis does not correspond therefore {@oss section at order2 [11].
the inclusive cross section written here above and usually
considered in the literature, which allows the simple inverse ) — .
proportionality relation betweerrp and ogr;. The double % With W—lw, H—Dbb, have been estimated to be rather
parton scattering cross section measured by the CDF expel‘-i)-f order of 1 pb[2]. By integrating th_e double parton scat-
ment is in fact smaller as compared to the double partof€ring cross section over all possiti configurations one
scattering cross section discussed here. As a consequence @gains a value three orders of magnitude larger than the
resulting value of the effective cross sectian|cpr, is  €xPected signal from Higgs boson decay. Obviously, rather
somewhat largef6] with respect to the quantity suitable to than the integrated cross sections, one is interested in com-
the actual purposes. By using in the present nqtglcpe as  Paring the two differential cross sections as a function of the
a scale factor for the double parton scattering process, wiavariant mass of théb pair.
will therefore underestimate the size of the double parton In Fig. 1 we show the cross section to prodWeé, fol-

pb/GeV

005

scatterings background. lowed byW—1»,, H—bb, and the double parton scattering
background as a function of the invariant mass of Ithe
Il. DOUBLE PARTON SCATTERING BACKGROUND pair. In the calculations of the background and signal we
PROCESS used, for the matrix elements, the package®GRAPH [7]

. andHELAS [8], and the integration was performed BgGAS
A backgr(yhd to the process+ p—'>WH+).(, with W [9] with the Martin-Robertg-StirIing 1989MR899 pgarton
—lv, H—bb is represented by the interaction where theisyibutions[10]. The estimated signal of Higgs boson pro-
intermediate vector bosdV and thebb pair are produced in  duction corresponds to the three possible values for the mass
two independent partonic collisions. The corresponding inteof the Higgs boson: 80, 100 and 120 GeV. The curves refer
grated rate is easily evaluated by combining the expectegh the background cross sectiavp/dM;. The dashed
cross sections fow andbb production at LHC energy with  |ine is obtained by evaluating the cross sectiobbfproduc-
oerr @s in Eq. (3). If one usesa(W)XBR(W—l») tion at the lowest order g and by using as a scale factor
=40 nb[10], o(bb)=5x10Pub, and as a value for the in agthe transverse mass of thequark. The solid line is a
scale factor rescaling of the lowest order result by a factor 1.8 and it
corresponds to the order: calculation of thebb cross sec-
oer=14.5 mb 4 ton [11]. The estimated background from double parton

) 17 scatterings is therefore a factor 4 or 5 larger than the ex-
(the observed value isq ¢ cpp=14.5+1.7" 55 mb[5]), one pected signal.

obtains that the cross section for a double parton collision |n Fig. 2 we compare the signal and the background after
producing aW—l v, and abb pair is of the order of 1.4 nb. applying all the typical cuts considered to select the Higgs
The Higgs boson production cross sectiopst p—WH  signal:
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WK o T ] ising channel to detect the Higgs boson signal at the LHC,

] the Wbb channel. Multiple parton collisions are in fact en-
L\ ] hanced at relatively small energies of the partonic sub-
sof N . process and states with invariant masses in the range of 100—
\ bb,W—> Lv ] 200 GeV have a small enough energy, at LHC, to receive
\ important contributions from multiple parton interactions.

The production of a)Hpair with an isolated lepton is in fact
\\ ] affected by a sizable background due to double parton colli-

\ sion processes, since the large rateba‘pairs expected at
N the LHC (the corresponding cross section is of order of

500 ub) makes it relatively easy to createbd pair in the
10 [ 1N . .
i 1 process underlying the production o/dboson.
e, ] It is rather obvious that the considerations above are not
NG ] limited to theWbb channel. Similar arguments hold also in
e J several other cases. In addition to the obvious case of the
| " N | N 1 " 1 e 1 —_—
60 80 100 120 140 Zbb channel, a few examples where we expect that multiple

My [GeV] parton scatterings might give a non-secondary effect are the

following:
FIG. 2. Backgrounds to Higgs boson production after the cuts . . . Whbt
(see main text Dotted line: single scattering contribution to the (i) W_ﬂets' V\/_b+]ets andWbbr+ jets.

Wbb channel. Dashed line: double parton scattering background. (i) tt—1lvvbb.
Solid line: total estimated background. (iii ) tb—bbl v.
(iv) bb+jets.
(v) production of many jets whep""=25 GeV.
I, b Although after the cuts we find that the signal to back-
(i) For the wob quarks: p;>15 GeV, |7°<2 and ground ratio is still a favorable number, the actual discussion
Ava?l ) ) ) ) — is a good example of the importance of multiple parton col-
As in the previous figure the Higgs signal in tb& in- |isions for the physics at the LHC. In many cases cuts need
variant mass corresponds to three possible values of the maggerefore to be rediscussed and more efficient selection cri-
of the Higgs boson: 80, 100 and 120 GeV. The dotted line igeria have to be worked out to keep into account the presence
the single parton scattering background, wheréttigb state  of this further background source, which on the other hand
is produced directly in a single partonic interaction. Thecan be isolated and measured in a rather precise way, given
dashed line is the background originated by double partothe well-defined characterization of the states produced by
scatterings evaluated by estimating thie production cross multiple parton scatterings.
section at(’)(ag). The solid line is the total expected back-
ground.
Figure 2 summarizes our result; also after using the more ACKNOWLEDGMENTS
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(i) For the lepton;p}>20 GeV, |7'|<2.5 and isolation
from theb’s, AR, ,>.7.
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