arxiv:1008.0255v1 [hep-ph] 2 Aug 2010

PROCEEDINGS

OF SCIENCE

Exclusive diffractive Higgs and jet production
at the LHC

Christophe Royon*
CEA/IRFU/Service de physique des particules, CEA/Saclay
E-mail: chri st ophe. royon@-ea. f r|

Rafal Staszewski®

CEA/IRFU/Service de physique des particules, CEA/Saclay
Institute of Nuclear Physics, Polish Academy of Sciencesdv
E-mail: | af al . st aszewski @fj . edu. pl|

Alice Dechambre
IFPA, Dept. AGO, Université de Lieége
E-mail: pl i ce. dechanbre@l g. ac. be|

Oldrich Kepka
Center for Particle Physics, Institute of Physics, Acadeffrfycience, Prague
E-mail: kepkao@ zu. cZ|

The implementation of exclusive diffractive productionHifjgs boson and dijets in the FPMC
(Forward Physics Monte Carlo) framework is presented falhg the models by Khoze, Martin,

Ryskin and Cudell, Dechambre, Hernandez and Ivanov. Thaigtiens of the models are com-
pared to the CDF measurement of exclusive jets and the @ittes on the Higgs boson and jet
production cross sections at the LHC are discussed.

XVIII International Workshop on Deep-Inelastic Scattgrand Related Subjects
April 19 -23, 2010
Convitto della Calza, Firenze, Italy

*Speaker.
TSpeaker.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/


http://arxiv.org/abs/1008.0255v1
mailto:christophe.royon@cea.fr
mailto:rafal.staszewski@ifj.edu.pl
mailto:alice.dechambre@ulg.ac.be
mailto:kepkao@fzu.cz

Exclusive diffractive Higgs and jet production at the LHC Rafal Staszewski

1. Introduction

The Higgs boson is the last particle of the Standard Modehieimg to be discovered. Inclu-
sive searches have been performed at the Tevatron and agedteited at the LHC. However the
search for the Higgs boson at low mass is complicated — dépgot the decay channel — either
due to the low branching ratio or due to the huge backgroundgrgp from QCD jet events. Thus
other possibilities have been investigated, in particukng the exclusive diffractive production.
In such processes both incoming hadropp,at the Tevatron angp at the LHC, remain intact
after the interaction and the Higgs decays in the centrébned he process involves the exchange
of a color singlet, thus large rapidity gaps can remain betwtbe Higgs and the outgoing hadrons.
Other particles, or systems of particles, can also be pemtjecy. a pair of jets. The great advan-
tage of such production mechanism is the possibility toaldtdly exclusive events by tagging
both outgoing hadrons. This can lead to good mass resolatidrbakground rejection.

2. Theoretical models

The exclusive production can be modeled within QCD. In timepdest case the process can
be described as a two-gluon exchange — one gluon involveldeipitoduction and the other one
screening the color(gFig. 1). Such calculation is well understood and under ttzal control,
however to make the description realistic following coti@ts need to be added: impact factor,
Sudakov form factor and rapidity gap survival probability.

The impact factor[J1] regulates the infra-red divergenatembeds quarks inside the proton. It
is modeled phenomenologicaly and includes soft physice.Stdakov form factof]2] corresponds
to virtual vertex corrections and depends on two scales kdleescale linked to the hard subprocess
(gg — X) and the soft scale related to the transverse momentum cfidiinee gluons — the scale
from which a virtual parton can be emitted. The Sudakov famnidr suppresses the cross section
by a factor of the order of 100 to 1000. Finally, additionaft Soteractions of initial and final
state protons can occtf [3], which are taken into accounhbrgducing the rapidity gap survival
probability.

In this work we study two models of exclusive Higgs and jetsdoiction: the Khoze, Martin
and Ryskin (KMR) model[[4]4] and the Cudell, Hernandez, txgiDechambre exclusive (CHIDe)
model [$]. The models are in fact very similar — both use pedtive calculations and have similar
ingredients. However they differ in details, which leadslifterent predictions.

There are three main differences between the KMR and

CHIDe models. The first difference is the collinear approx- P
imation used in the KMR model contrary to the exact kine- S
matics used in CHIDe. The second one is the variable used d Syg gkr

as the upper scale of the Sudakov form factor in the exclusive ?WWWW

jet case. Itis chosen as the gluon-gluon invariant mggsin P p

the KMR model, whereas in the CHIDe model the transverse

momentum squared of the gluda,, is used (see Fig. 1). The Figure 1. Feynman diagram of ex-
last difference is the impact factor in CHIDe model that sup-Slusive jet production.

presses very soft gluon emissions from the proton, whiclotigpresent in the KMR model.
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3. FPMC - Forward Physics Monte Carlo

The Higgs and jet exclusive production in both KMR and CHIDed®sls have been imple-
mented in the Forward Proton Monte Carlo (FPM[E) [6], a getoethat has been designed to study
forward physics, especially at the LHC. It aims to provide tiser a variety of diffractive processes
in one common frameworle.g. the following processes have already been implementediesin
diffraction, double pomeron exchange, central exclusioglpction and two-photon exchange.

The implementation of the KMR and CHIDe models in FPMC alld¥wsir direct compari-
son using the same framework. In Fig. 2, we present the cexgimos of exclusive Higgs boson
production at the LHC as a function of the Higgs boson massadtition, we show the predic-
tions from the KMR original calculatior{J4] and the resulttbe implementation of the KMR
model in the ExHUME generatof][7]. The difference in resbitéween the FPMC and ExHUME
implementations of the KMR model is the effect of two factoFsrst, in EXHUME the value of
the gluon distribution is frozen for smal)?, whereas in FPMC it vanishes to 0. The other reason
of the disagreement is a different implementation ofgge— H vertex — in FPMC the HERWIG
implementation is used whereas in ExXHUME the vertex is dirémplemented.
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Figure 2: Cross section for exclusive Higgs pro- Figure 3: Exclusive jets production cross section
duction at the LHC for various models. at the Tevatron as a function of jeE§"".

The predictions of the KMR and CHIDe models are compared ¢0GbF measurement of
exclusive jets production at the Tevatron (Fig. 3). A goodeaqent is found between the CDF
measurement and the predictions of both CHIDe and KMR modehe difference between the
models is small compared to the data uncertainties.

4. Uncertainties of the models

In this section, we discuss the uncertainties associattotiae models of exclusive diffractive
processes. For the analysis we use the CHIDe model, expdtinresults for the KMR model
to be qualitatively similar. There are three main sourceshefuncertainties. The first one is
the uncertainty on the gap survival probability which wié lmeasured using the first LHC data.
In this work we assume a value of 0.1 at the Tevatron and 0.@8eatHC [8]. An additional
source of uncertainty originates from the gluon densityiclvltontains the hard and the soft part.
Contrary to the hard part, the soft one is not know precisety @mes from a phenomenological



Exclusive diffractive Higgs and jet production at the LHC Rafal Staszewski

pp -> pHp, Vs = 14 TeV, 0.002<§,,§,<0.2 pp -> pHp, Vs = 14 TeV, 0.002 < §;,§,<0.2
10t T T T T T E 10! ¢ T T T T T
GLU 1 E E lower limit uncertainty E—
r CHIDe default
£ ) C
= = oL E
OI DI 10 \
c c [
R o [
k3] 3] L
< g 107 F 3
@] ©] [
10-2 1 1 1 1 1 l0-2 1 1 1 1 1
100 110 120 130 140 150 160 100 110 120 130 140 150 160
Higgs mass [GeV] Higgs mass [GeV]

Figure 4: Uncertainty due to the gluon distribu-  Figure 5: Uncertainty due to the lower Sudakov
tions for exclusive Higgs at the LHC. form factor limit for exclusive Higgs at the LHC.

parametrisation. The last uncertainty comes from the diroftthe Sudakov integral, which have
not yet been fixed by theoretical calculations (apart fromuhper limit for the Higgs case) and
thus are not known precisely.

To check the uncertainty due to the gluon distributions fhifferent parametrisations of un-
integrated skewed gluon densities are used to compute ttlesase jet and Higgs boson cross
sections. These four gluon densities represent the untgrspread due to the present knowledge
of unintegrated parton distribution functions. All of thégad to a fair agreement with the Tevatron
exclusive jet measurement and they lead to an uncertairapamit a factor of 3.5 for jets and 2 for
Higgs boson exclusive production at the LHC, Here we regattthe Higgs case are presented in
Fig. 4.

To analyse the uncertainties coming from the Sudakov foatofaboth upper and lower limit
of integration were varied by a factor 2. The study showedl ttha effect of changing the upper
scale is smaller than for the lower scale. This is espectally at the LHC energies, where the
upper scale uncertainty can be usually neglected. In Fige Slvow the uncertainty of the lower
scale for the Higgs case at the LHC.

5. Predictions at the LHC

To make predictions for exclusive production at the LHC, wedhto constrain the model using
the Tevatron data. The basic idea is to fit the model param&teghe CDF measurement and use
the obtained values at the LHC energy. We take into condidarhoth the gluon uncertainty and
the dominant, lower limit of the Sudakov form factor caldida. The principle is simple: for each
gluon density (GLU1 to GLU4), we choose a range of lower liaities which are compatible with
the CDF measurement, taking into account the CDF data éFhar.same limit values are used at
LHC energies to predict the jet (Fig. 6) and Higgs (Fig. 7)sreections. The obtained uncertainty
is large, the factor between the lower and upper edges ofribertainty is greater than 10 for jets
and about 25 for Higgs production.

In order to the previously obtained uncertainty on the Higgson cross section, we study
the possible constraints using early LHC measurement diigixe jets — we assume a possible
measurement for 100 pb. In addition to the statistical uncertainties, we cons@eonservative
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Figure 6: Total uncertainty for exclusive jets atthe Figure 7: Total uncertainty for exclusive Higgs
LHC: constraint from the CDF date and possible production at the LHC: constraint from the CDF
LHC data with a low luminosity of 100 pb-. data and possible LHC data with 100 3b

3% jet energy scale uncertainty as the dominant contributiothe systematic error. A possible
result of such measurement is presented in Fig. 6. Usingatine prescription as before, we fit the
model parameters and obtain the possible constrainedcimedfor Higgs (Fig. 7).

6. Conclusions

Both KMR and CHIDe models describe fairly the CDF measurdréexclusive jets, but at
the LHC energy their predictions differ. This is becausedlare several sources of uncertainties
of such theoretical description and in fact the total uraety for exclusive production at the LHC
is large (factor 25). Itis possible to constrain the Higgsdyocross sections within a factor 2 using
early LHC measurement of exclusive jets.
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