PHYSICAL REVIEW D 83, 054013 (2011)
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Two theoretical descriptions of exclusive diffractive jets and Higgs production at the LHC were
implemented into the FPMC generator: the Khoze, Martin, Ryskin model and the Cudell, Hernandez,
Ivanov, Dechambre exclusive model. We then study the uncertainties. We compare their predictions to the
CDF measurement and discuss the possibility of constraining the exclusive Higgs production at the LHC
with early measurements of exclusive jets. We show that the present theoretical uncertainties can be

reduced with such data by a factor of 5.
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L. INTRODUCTION

The Higgs boson is the last particle of the standard
model remaining to be confirmed experimentally.
Inclusive searches in decay channels such as bb, WrwW—,
ZZ, yvy and associated production have been performed at
the Tevatron and are being started at the LHC. However the
search for the Higgs boson at low mass is complicated due
to the huge background coming from QCD jet events.
Especially the bb channel, dominant for m; = 120 GeV,
is very difficult at the Tevatron and literally impossible at
the LHC. Thus other possibilities have been investigated,
in particular, using the exclusive diffractive production
[1,2]. In such processes both incoming hadrons, pp at
the Tevatron and pp at the LHC, remain intact after the
interaction and the Higgs decays in the central region. The
process involves the exchange of a color singlet and large
rapidity gaps remain between the Higgs and the outgoing
hadrons. At the Tevatron it is not possible to produce
exclusively the Higgs boson due to the tiny cross section.
However other particles, or systems of particles, can be
produced, i.e. a pair of jets (a dijet), y,. or yvy, as long as
they have 0" * quantum numbers [1]. Note that production
of exclusive y, with quantum numbers 17+ or 277 [3,4]
and dijet in 2** state [5] can also be noticeable but the
dominance of the zero state still holds.

Since the incoming hadrons remain intact, lose a part of
their energy and are scattered at very small angles, it is
experimentally possible to measure all final state particles,
including the scattered protons. This can be done using
detectors inserted close to the beam pipe at a large distance
from the interaction point. Besides, at the Tevatron and for
low luminosity at the LHC, it is also possible to use the
rapidity gap method to select such events. A big advantage
of the exclusive production of the Higgs boson is a very
accurate mass determination from the measurement of the
scattered proton energy loss [6,7]. In addition, if the Higgs
is observed in this mode at the LHC it ensures it is a 0% ™
particle.
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The plan of this paper is as follows. In Sec. II we give an
introduction to the theoretical description of exclusive
production and introduce two models: the Khoze, Martin,
Ryskin (KMR) and the Cudell, Hernandez, Ivanov,
Dechambre exclusive (CHIDe) model, and also discuss
the sources of their uncertainties. In Sec. III the Forward
Physics Monte Carlo (FPMC) program is presented and the
implementation of both models is discussed. Section IV
focuses on the CDF measurement of exclusive jets produc-
tion and shows that both models give similar, reasonable
descriptions of the data. In Sec. V we analyze the uncer-
tainties using the CHIDe model as an example. Predictions
for exclusive production at the LHC are given in Sec. VI,
where in addition we study the possibility of constraining
the Higgs production at the LHC from early LHC exclusive
jets measurement. Finally, conclusions are given in
Sec. VIL

II. THEORETICAL DESCRIPTION

The exclusive production can be modeled in the QCD
framework where the process was described as a two-gluon
exchange between quarks—one gluon involved in the pro-
duction and the other one screening the color. Such calcu-
lation requires an analytic evaluation of a set of Feynman
diagrams that describe the production of a color singlet and
keep the color of initial particles, e.g. Fig. 1(a). The
calculation is well known and under theoretical control
[1,8—11]. It can be performed using cutting rules or direct
integration within the kinematic regime where the momen-
tum lost by the initial particles is small.

However this simple model is not enough and, to make a
description more realistic, soft and higher order corrections
need to be added, see [1,12]:

The impact factor [13—15] regulates the infrared diver-
gence and embeds quarks inside the proton as represented
in Fig. 1(b). The impact factor is based on a skewed
unintegrated gluon density but its exact form depends on
the model considered.
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FIG. 1 (color online). Schematic representation of the standard
scheme of the exclusive cross section calculation with its various
steps. (a) Parton level calculation, (b) impact factor, (c) Sudakov
form factor and (d) rescattering corrections.

The Sudakov form factor [16—18] is one of the most
important ingredients of the calculation. It corresponds to
virtual vertex correction [see Fig. 1(c)] and depends on two
scales. The hard scale is linked to the hard subprocess
(gg — X). The soft scale is related to the transverse mo-
mentum of the active gluons—the scale from which a
virtual parton can be emitted. The Sudakov form factor
suppresses the cross section by a factor of the order of 100
to 1000.

Finally, additional pomeron exchanges between the ini-
tial and final state protons can occur [19], as schematically
shown in Fig. 1(d). This can lead to the production of
additional particles that might fill the gap created at the
parton level. It is taken into account by introducing the
rapidity gap survival probability, which is a probability of
not having any additional soft interactions.

Each piece of the calculation can be investigated sepa-
rately and its uncertainties can be estimated. The important
point is that some of the corrections are identical in all
exclusive processes so that they can be studied in one
particular process and used to predict the cross section of
any process.

A. The KMR Model

The most quoted and first complete calculation is done
in the Khoze, Martin and Ryskin (KMR) model from the
Durham group. One can find here the main lines, referring
the reader to [1,16] for a review.

The cross section (o) of the process represented sche-
matically in Fig. 2(a), is assumed to factorize between the
effective luminosity £ and the hard subprocess 4

o= L Xb(gg—X), €))

where X is the centrally produced system. In particular,
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FIG. 2. Schematic representation of the exclusive diffractive
production amplitude in the: (a) KMR model, (b) CHIDe model.
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The different variables are, the energy in the center-of-
mass frame s, the rapidity of the centrally produced system
y and the transverse momenta of the final protons P? and
Q2. One can also recognize in turn, the gap survival
probability $? and the ¢ slope of the cross section with
B = 4 GeV? (taken from the fit to the soft hadronic data
[1]), introduced assuming that the dependence of the hard
cross section on the final proton transverse momentum is
small. The subprocess cross section for Higgs production,
0(gg — H), includes an additional factor K fixed to 1.5,
which takes into account next-to-leading-order correc-
tions. The effective luminosity is given by

dk?

0L .
dsdy B ((N27T_ 1) _[?fg(x’ x1, K2 u?) fo(x, xp, K2, ,ﬂ)) )
3)

m is the hard scale and the variables are defined in
Fig. 2(a). The function f, stands for the unintegrated
skewed gluon density related to the conventional integrated
gluon distribution function and taken here in their simpli-
fied form [13]:

0 [~
fg(-x! X1 > X, k2’ /-Lz) = Rg ngz[ T(k’ M)xg(x’ kz)]
“

The factor R, account for the skewness (the fact that
x; > x; g(x, k?) describes the forward gluon density only
when x = x;) and is found to be about 1.2 at the LHC
energy of 14 TeV. One can note that the Sudakov form
factor T(Kk, w)

1 dq® a,(q?
T(k,m=exp[—f 44" 2a)
2 q 2

XLIA<Zng(Z)+§qu(Z))dZ:|, 5)

with q and z the transverse and longitudinal components of
the additional emission, is here included in the differentia-
tion. P,, and P,, are the quark and gluon splitting
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functions. In the KMR model, the presence of the Sudakov
form factor makes the integration infrared stable and it is
assumed to provide applicability of perturbative QCD.
According to a calculation at single-log accuracy of the
Durham group [1]:

__ldl
lal + p’
where my is the mass of the centrally produced system.

These results were recently reevaluated in [17] giving new
values for Higgs production:

m = 0.62my, (6)

sl
M

This correction leads to approximately a factor 2 suppres-
sion in the cross section.

The KMR model has been developed for years and is
one of the most complete since it includes different types
of exclusive diffractive production, i.e. from Higgs, dijet,
vy, di-quark, Y, ... to supersymmetric particles, and
shows results in agreement with the available data [20].

= my. (7)

B. The CHIDe Model

In this paper, we also consider the Cudell, Hernandez,
Ivanov, Dechambre exclusive (CHIDe) model [5] for jets
and SM Higgs boson production. The structure of this
model is similar to the one of the KMR model but differs
in the implementation and details of the different ingre-
dients. Namely, the same kind of exclusive mechanism is
used for exclusive production, but, in particular, nonper-
turbative ingredients are treated differently. The CHIDe
model separates the Sudakov form factor from the skewed
gluon density definition. We detail the differences between
both models in the following. In the CHIDe model the
cross section for the exclusive process shown in Fig. 2(b) is
given by

‘7252[f d’kd’k d*k,
k?(k + k)’ (k + k,)?
X CD()C, X1, k, k + k])(I)(.X, X9, k, k + k2)

AT Mg — XN TG [ ®

where ® is the impact factor, T(€;, ) is the Sudakov form
factor, M(gg — X) is the hard subprocess amplitude,
and the transverse momenta k, k;, k, are defined as in
Fig. 2(b). In the whole calculation of the exclusive cross
section, the exact transverse kinematics is kept in all
ingredients and the possibility of final state, in particular,
dijet system, with quantum numbers 2% is taken into
account. Contrary to the KMR model the color neutrality
of the proton is implemented independently of the Sudakov
suppression in the impact factor. It includes the skewed
unintegrated gluon density and this phenomenological
model of the proton includes soft physics based on both
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the data (elastic cross section, proton structure functions)
and theory (dipole picture, light-cone wave functions). It
takes into account the proton wave function as the impact
factor goes to zero if one of the transverse momentum of
the t-channel gluons goes to zero and the nonzero trans-
verse momentum transfer is introduced via a universal
exponential factor. The unintegrated gluon density is built
on the sum of two terms that take care, respectively, of the
hard and soft behavior of the proton structure function. The
hard component is based on direct differentiation of the
well-known gluon density (GRV [21], MRS [22] and
CTEQ [23]). The soft component models soft color singlet
exchanges in the nonperturbative regime in the spirit of
the dipole picture. This gives space for a contribution of the
nonperturbative regime of QCD. It was made in a phe-
nomenological way and therefore is not unique. Actually,
four different fits are provided, all giving similar y?> when
adjusted to the F, data [24,25]. The main difference be-
tween the fits is the parametrization of the soft region—in
particular, the transition scale from the soft to the hard
regime. They represent the present uncertainty on the
unintegrated gluon distributions.

The Sudakov form factor is identical to Eq. (5). The
upper limit is taken at the Higgs mass according to the
recent result [17] in the Higgs case but for dijet production
it is fixed to the hard-transverse momentum in the vertex.
Note that in this model A = |q|/u and NLO corrections
(K factor) were also introduced for the Higgs production.

C. Theoretical uncertainties

The parton level computation is well understood and
very precise. However the impact factor, Sudakov form
factor and rapidity gap survival probability cannot be
calculated perturbatively and have to be modeled or
parametrized. This introduces non-negligible uncertainties
that need to be discussed.

Three main sources of uncertainties can be identified
concerning the prediction of the exclusive jet or Higgs
boson cross section. The first one is the uncertainty on
the gap survival probability. At pp or pp colliders addi-
tional soft interactions can destroy the gap in forward
region or even the proton itself. While the Tevatron mea-
surement leads to a survival probability of 0.1, the value at
the LHC is still to be measured. We assume in the follow-
ing a value of 0.03 at the LHC [26] and all mentioned cross
sections need to be corrected once the value of the survival
probability has been measured.

The two other sources of uncertainties and their effects
on the exclusive cross sections, namely, the uncertainty on
the unintegrated gluon distribution in the proton and the
constant terms in the Sudakov form factor, will be dis-
cussed in the next paragraphs. In the CHIDe model, the
gluon density in the impact factor contains a soft and a hard
part. The hard part is known very well, mainly from the
DIS structure function F, and vector meson data [15], but
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the soft one comes from a phenomenological parametriza-
tion which leads to uncertainties in both the dijet and the
Higgs calculation.

In the dijet exclusive cross section, the main uncertainty
comes from the limits of the Sudakov integral, which have
not yet been fixed by a theoretical calculation. The lower
limit is related to the transverse momentum of the active
gluons and the upper to the hard scale of the process. In the
case of a pointlike-vertex, these values were estimated first
by KMR [1] then corrected afterward by Coughlin and
Forshaw [17], they are fixed independently to reproduce
the dominant log contribution from the vertex correction. If
the vertex is not pointlike, it exists no calculation of the
Sudakov correction, the log structure is not known and
the choice of the limits is not dictated by QCD except to be
related to the soft and hard scale of the process. Therefore
instead of Eq. (5) in the CHIDe model the following is
used:

w/xdq® a(q?)
Tl ) = expl - [ 7745 21
B Q- 2w

3 R O YORE) 72 RO

where two additional parameters, x and x/, are included. We
did not want to diverge too much from the prediction of the
pointlike case and choose to vary the two parameters as
described in Sec. V. In the Higgs exclusive case, the log
structure of the Sudakov form factor has been calculated to
single-log accuracy and the complete one loop result can be
taken into account by adjusting the upper limit to . = my,
the lower limit is k + k; with i = 1, 2. However, this
calculation does not take into account the importance of
the constant terms that cannot be exponentiated but have
important contributions when the coupling is running [5].
To evaluate this theoretical uncertainty, we include the
effect of changing the constant terms by changing the lower
scale. It is possible as it was shown in [27] that this change
mimics the uncertainty coming from a factor 2 in the
constant terms. Eventually, it gives a upper bound for the
uncertainty on the Higgs exclusive calculation because no
uncertainty is related to the lower scale itself [28].

We discuss these uncertainties in more detail in Sec. V,
where we study the effect of varying these parameters and
changing the gluon densities. We also compare the results
to the existing data.

III. THE FORWARD PHYSICS MONTE CARLO

All models described above have been implemented in
the Forward Physics Monte Carlo (FPMC) [29], a genera-
tor that has been designed to study forward physics, espe-
cially at the LHC. It aims to provide the user a variety of
diffractive processes in one common framework using
HERWIG [30] for hadronization. In particular the follow-
ing processes have been implemented in FPMC: single
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diffraction, double pomeron exchange, central exclusive
production (including the direct implementation of KMR
and CHIDe models) and two-photon exchange (including
anomalous couplings between gauge bosons).

The implementation of the KMR and CHIDe models in
FPMC allows a direct comparison of both models using the
same framework. In Fig. 3, we display the cross section of
exclusive Higgs boson production at the LHC for a center-
of-mass energy of 14 TeV as a function of the Higgs boson
mass. In addition, we display the predictions from the
KMR original calculation [31] and the results of the im-
plementation of the KMR model in the ExHUME generator
[32]. The difference in the results between the FPMC and
ExHuME implementations of the KMR model is the effect
of two factors. The first one is the different treatment of the
gluon distribution in Eq. (3). In EXHuME the value of the
gluon distribution is frozen for small k? (about 1 GeV),
whereas in FPMC we integrate from k> = 2 GeV?2. In fact
both solutions can lead to uncertainties, therefore the better
way is to introduce the modeling of the soft region, which
has been done in the CHIDe model. The other reason of the
disagreement between FPMC and ExHuME is the different
implementation of the hard subprocess. In FPMC the
Higgs is produced and then its decay is performed, whereas
the ExHuME implementation involves calculation of the
Higgs propagator. The difference on the Higgs production
cross section between the KMR and CHIDe models is
clearly visible. The CHIDe model leads to a smaller cross
section and shows a steeper dependence on the Higgs
boson mass. A similar difference between models can be
observed for the exclusive jet production at the LHC, see
Fig. 4. The cross section obtained with the KMR model is
higher than the CHIDe prediction and a difference in slope
is also visible. However, as we will see in the following,
these differences are within the uncertainties of the models.

pp -> pHp, Vs = 14 TeV
T T

' KMR (2002)
EXHUME KMR --------
= FPMC KMR ———-
2 10k FPMC KMR corrected - - - - -
E f FPMC CHIDe
N S
S L T ...
o [ Tem—a T e
S FTTme—— T
o T T el T T~ T e
@ T~ T Tee T T =TT e
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FIG. 3. Cross section for exclusive Higgs boson production at
the LHC as a function of the Higgs boson mass. Predictions of
CHIDe and KMR implemented in FPMC are presented. For
comparison the implementations of the original KMR model
[31] (black point) and ExXHuME generator are given. In addition
the effect of changing the upper scale from 0.62my to my in
Eq. (7) on the KMR model is presented (FPMC KMR corrected).
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pp -> pjip, Vs = 14 TeV
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FIG. 4. Cross section for exclusive jet production at the LHC
as a function of of the minimum jet E;. Predictions of CHIDe
and KMR are presented. For comparison the results of the
ExHuME generator are given.

In order to compare the KMR and CHIDe models with
the measurements performed by the CDF Collaboration at
the Tevatron the output of the FPMC generator was inter-
faced with a cone jet algorithm of radius 0.7 as used by the
CDF Collaboration.

IV. COMPARISON TO THE CDF MEASUREMENT

To test the KMR and CHIDe models and their imple-
mentation in FPMC, the first step is to compare their
predictions with the measurements performed in the CDF
Collaboration at the Tevatron. The advantage of FPMC is
that we can compare directly the theoretical calculations
with the CDF measurement since we use, at the particle
level, a 0.7 jet cone algorithm as used by the CDF
Collaboration. CDF measured the so-called dijet mass
fraction as a function of the jets minimum transverse
energy EPM after tagging the antiproton in dedicated ro-
man pot detectors, and requesting a rapidity gap devoid of
any activity in the proton direction to ensure that only
double pomeron exchange events are selected. The dijet
mass fraction is defined as the ratio of the dijet mass
divided by the total mass of the event computed using
the calorimeter. If an exclusive event is produced, it is
expected that the dijet mass fraction will be close to 1
since only two jets and nothing else are produced in the
event. On the contrary, inclusive diffractive events show
some energy loss due to pomeron remnants and the dijet
mass fraction will be mainly distributed at values lower
than 1. The dijet mass fraction distribution allowed the
CDF Collaboration to separate the exclusive and inclusive
diffractive contributions and to measure the exclusive dif-
fractive dijet cross section as a function of the minimum jet
E7 [33].

The predictions of the KMR and CHIDe models are
compared to the CDF measurement in Fig. 5. A good
agreement is found between the CDF measurement and
the predictions of both CHIDe and KMR models and the

1

10 T T T T T

FPMC CHIDe
FPMC KMR ———-

= 10° CDF +—e—i 4
A=
c 10 .
i)
8
o 102 b 9
I3
Q
© 0% F 3

10-4 1 1 1 1 1 1

10 15 20 25 30 35
Jet E;™" [GeV]

FIG. 5. Exclusive jet production cross section at the Tevatron
as a function of the minimum jet £;. The CDF measurements are
compared to the CHIDe and KMR models displayed after
applying the CDF jet algorithm.

difference between the models is small compared to the
data uncertainties. One should notice that the data suggest
slightly different dependence on EP" that the models,
however it can just be a matter of statistical fluctuation.

Figure 6 displays the dijet mass (M ;) distribution pre-
dicted by the KMR and CHIDe models. The difference in
slope is very small, KMR leading to a slightly steeper
dependence.

In addition to the jet E7 threshold dependence, the CDF
Collaboration published the exclusive jets cross section as
a function of the dijet mass. The dijet mass cross section is
not a direct measurement but was extracted by the CDF
Collaboration from the jet E; threshold cross section data.
The method is to compare the prediction of a given model
(for instance KMR) with the direct measurement of the jet
Er threshold cross section. The MC predictions are then
reweighted to the CDF measurement in each bin of EF"
(namely 10, 15, 20, 25, and 30 GeV) to obtain the CDF
exclusive dijet mass cross section ‘“measurement’”. The
CDF measurement can then be compared to the KMR or
CHIDe models. It is worth noticing that this method is

pp -> pjip, Vs = 1.96 TeV, E;™">10 GeV

2
10 T T T T T T T 3
FPMC CHIDe E
S FPMC KMR ———- 1
1L
= 10
[
Q
g
= 10%F
=
<
&=
© 10t
10-2 1 1 1 1 1 1 1 1

30 40 50 60 70 80 90 100 110 120
Dijet mass ij [GeV]

FIG. 6. Dijet mass cross section for exclusive jet production at
the Tevatron for the CHIDe and KMR models.
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pp -> pjip, Vs = 1.96 TeV, E;™">10 GeV
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FIG. 7. Dijet mass distribution extracted from the CDF mea-

surement of exclusive jet production compared to the KMR
model.

pp -> pjip, Vs = 1.96 TeV, E;™">10 GeV
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'CHIDe
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101%— II}I} ]

doy/dM;; [pb/GeV]
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Dijet mass M;; [GeV]

FIG. 8. Dijet mass distribution extracted from the CDF mea-
surement of exclusive jet production compared to the CHIDe
model.

clearly MC dependent since there is not a direct correspon-
dence between the jet E; and dijet mass dependence. This
is why we had to redo this study independently for each
model, namely, KMR and CHIDe.

The comparisons between the CDF ‘“‘measurements’
and the models predictions are given in Figs. 7 and 8 for
the KMR and CHIDe models, respectively. We stress once
more that the CDF measurements, displayed in both figures
as black points, are model-dependent because of the
method used to extract them, and the “data” points are
different in both figures. We note a good agreement be-
tween the CDF extracted measurements and the KMR and
CHIDe models displayed as gray histograms.

V. MODEL UNCERTAINTIES

After having compared both KMR and CHIDe predic-
tions to the present available high-mass measurements
from the Tevatron, we discuss in this section the uncertain-
ties of the model predictions especially for exclusive Higgs
boson production at the LHC. In the following we discuss
the uncertainties of the CHIDe model.

PHYSICAL REVIEW D 83, 054013 (2011)

To check the uncertainty due to the gluon distributions
four different parameterizations of unintegrated skewed
gluon densities are used to compute the exclusive jets
and Higgs boson cross sections. As we mentioned in
Sec. 11, these four gluon densities represent the uncertainty
spread due to the present knowledge on unintegrated par-
ton distribution functions. The first step is to check if these
different unintegrated gluon distributions are compatible
with data. Figure 9 shows the comparison between the
CDF measurement and the predictions of the CHIDe model
using the four different gluon distributions described
above. All gluon densities lead to a fair agreement with
the data. The measurement seems to favor FIT 4, but one
needs to remember that other parameters of the model,
such as the cutoff used in the Sudakov form factor can
modify the cross section as we will see in the following.
There is an interplay between the different gluon distribu-
tions and the scales used in the model. The default gluon
density used in the CHIDe model is FIT 4, which shows the
highest soft contribution and predicts the highest cross
section. Figures 10 and 11 show the predictions of the
CHIDe model with the same four gluon densities for
the exclusive dijet and exclusive Higgs at the LHC.
The uncertainty on the exclusive cross sections due to the
different gluon distributions is about a factor of 3.5 for jets
and 2 for Higgs boson, respectively.

For Higgs boson production at the LHC the uncertainty
coming from the different FITs is given by Fig. 11. Using
FPMC, one has the possibility to study the uncertainty
coming from the use of unintegrated gluon density in
models similar to the KMR model. This is done by chang-
ing the lower cutoff in the unintegrated gluon. The bands
showed in Figs. 10 and 19 correspond to a variation of this
cutoff on the gluon distribution from 1.26 GeV? (the mini-
mal value at which the gluon distribution MRST2002
is known) to 3 GeV?. The difference is small but not
negligible.

In addition to the uncertainty due to the unintegrated
gluon distribution, we consider the additional uncertainties
due to the values of integration limits in the Sudakov form

pp -> pjjp, Vs = 1.96 TeV

10" | T T T T T T
3 FIT1 —-—-
0 FIT2 ———-
— 10" F FIT3 ----v--- g
2 N FIT4 —
= N
c 10k .
el
8
o 102 L 9
»
17
Q
© 0% F 3
10-4 1 1 1 1 1 1

10 15 20 25 30 35
Jet E;™" [GeV]

FIG. 9. Effect of changing the gluon distribution on the ex-
clusive jet production at the Tevatron.
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; pp -> piip, Vs = 14 TeV, 0.002 < &,,&, < 0.2
10" F T T T

ICHIDe =
KMR o

Cross section oj [nb]

10-5 [ 1 1 1 1 1 1

20 40 60 80 100 120 140 160
Jet E;™" [GeV]

FIG. 10. Effect of changing the gluon distribution on the ex-
clusive jet production at the LHC.

; pp -> pHp, Vs = 14 TeV, 0.002 < &,,&, < 0.2
10 T T T

CHIDe ==
KMR

g
I 10°
c
S
3
3
3 10"
Q
§)
-2
100 110 120 130 140 150 160
Higgs mass [GeV]
FIG. 11. Effect of changing the gluon distribution on the

exclusive Higgs production at the LHC.

factor, see Eq. (9). Contrary to the KMR model, the CHIDe
model does not fix the limits of integration in the Sudakov
form factor in the dijet case. In the Higgs case, the upper
scale is fixed to my and only the lower scale can be varied
as explained in Sec.IIC .

The lower integration limit is given by the x’ parameter
and the default value for FIT4 is 0.5, originally chosen [27]
to describe the CDF data. Increasing the x’ value increases

pp -> pjip, Vs = 1.96 TeV

1
10 T T T T T T E|
X’ uncertainty =1
CHIDe default
— 10° | CDF measurement —s—
.g 4
.
c 10" F 3
Re]
8
o 102 3
(2]
%]
Q
© 0%k 3
10-4 1 1 1 1 1 1

10 15 20 25 30 35
Jet E;™N [GeV]

FIG. 12. Effect of varying the lower limit of the Sudakov form
factor on the exclusive jets production at the Tevatron.
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FIG. 13. Effect of varying the lower limit of the Sudakov form

factor on the exclusive jets production at the LHC.

the values of the integral and reduces the cross section.
Decreasing x' leads to the opposite. Varying x’ by a rea-
sonable factor of 2 up and down modifies the cross section
by a large factor up to 5 for all considered processes,
namely, jet production at the Tevatron (see Fig. 12), jet
production at the LHC (see Fig. 13) and Higgs boson
production at the LHC (see Fig. 14).

The upper limit of the integration is specified by the
parameter x. As already mentioned in Sec. I, the value of
the upper limit for the Higgs boson production has been
fixed by the calculation to 1.0 (& = mpy). Although it still
contributes to the total uncertainty for the jet production
cross section, its effect is much smaller for lower limit (see
Figs. 15 and 16 for the jet cross section at the Tevatron and
at the LHC, respectively). The default value of the x
parameter is 0.5, which we vary again by a factor 2.
Decreasing its value leads to an increase of the jet cross
section. The effect is indeed visible at Tevatron energies
(Fig. 15) while it is negligible at the LHC for EF" above
50 GeV (Fig. 16). It should be noted that this is quite
different from changing the x’' parameter.

From this analysis it follows that the uncertainty related
to the exclusive diffractive production is dominated by the
uncertainty of the lower Sudakov limit (that gives a rough

o pp -> pHp, s = 14 TeV, 0.002 < &,&, <0.2
T T T

X’ ancertain'(yI —|
CHIDe default

Cross section o} [fb]

100 110 120 130 140 150 160
Higgs mass [GeV]

FIG. 14. Effect of varying the lower limit of the Sudakov form
factor on the exclusive Higgs production at the LHC.
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FIG. 15. Effect of varying the upper limit of Sudakov form

factor on the exclusive jets production at the Tevatron.
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FIG. 16. Effect of varying the upper limit of the Sudakov form
factor on the exclusive jets production at the LHC.

estimation of the uncertainty coming from the constant
terms in the Sudakov form factor) for both jet and the
Higgs boson production. Also, at the LHC the uncertainty
of the upper limit can be neglected. However this does not
lead to a good estimation of the total uncertainties on the
Higgs cross section at the LHC. We need to check that the
variation of those parameters are compatible with the CDF
measurement. In the next section, we will study how to
calculate the total uncertainty and how to reduce it—for the
Higgs boson production—using a possible early measure-
ment of exclusive jet at the LHC.

VI. PREDICTIONS FOR THE LHC

To make predictions for Higgs boson production at the
LHC, we need to constrain the model parameters using the
Tevatron data. The basic idea is to fit the model parameters
to the CDF measurement and extrapolate the model to the
center-of-mass energy of the LHC. We already know that
the effect of the upper limit of integration in the Sudakov
form factor will be negligible for high E7 jets at the LHC
compared to the effects from the lower limit and the gluon
density uncertainty. Varying the upper limit is not relevant
for Higgs production as we already mentioned in the
previous section.

PHYSICAL REVIEW D 83, 054013 (2011)
pp -> pjip, Vs = 14 TeV, 0.002 <&;,&, < 0.2
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FIG. 17. Total uncertainty on the CHIDe model from the fit to
the CDF measurement (light gray) and possible exclusive jets
measurement with a low luminosity of 100 pb~! at the LHC
(dark gray).

To study the impact of the uncertainties on the Higgs and
jet cross sections at the LHC, we need to take into consid-
eration both the gluon uncertainty and the lower limit of
the Sudakov form factor calculation. The principle is sim-
ple: for each gluon density (FIT1 to FIT4), we choose the
x' values which are compatible with the CDF measurement
to ensure that the model is indeed compatible with
Tevatron data for this given gluon density. Taking into
account the CDF data error, the procedure leads to two
values of x/, namely x/ . and x/,,,, for each gluon density.
The same x' values are used at LHC energies to predict the
jet and Higgs boson cross sections—the total uncertainty
range is taken as the extreme values predicted by all gluon
densities, for appropriately x/ . or x{,,.. The results are
shown in Figs. 17 and 18. The obtained uncertainty is large,
being greater than a factor of 10 for jets and about 25 for
Higgs production.

To study how the uncertainties on exclusive Higgs boson
production can be reduced, it is useful to check what the
impact of the measurement of exclusive jets at the LHC
will be. This is quite relevant in order to reduce the present

pp -> pHp, Vs = 14 TeV, 0.002 < &,&, < 0.2

CDI-l constrainI —]
early LHC constrain

Cross section oy [fb]

100 110 120 130 140 150 160
Higgs mass [GeV]

FIG. 18. Total uncertainty on the CHIDe model for exclusive
Higgs production at the LHC: constraint from the fit to the CDF
measurement (light gray), constraint from possible early LHC
jets measurements with 100 pb~! (dark gray).
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FIT 1
FIT 2
FIT3 ==

g =

I

©

c

S 100t

[$]

[0

2]

[}

173

o

(&)

100 110 120 130 140 150 160
Higgs mass [GeV]

FIG. 19. Contributions to the total uncertainty on the CHIDe
model for exclusive Higgs production at the LHC. For each
gluon density (FIT1-FIT4) the x’ uncertainty is shown for a
luminosity of 100 pb~!.

uncertainty on the Higgs boson cross section. We assume a
possible early LHC measurement of exclusive jets cross
section for 100 pb~!. In addition to the statistical uncer-
tainties, we consider a 3% jet energy scale uncertainty as
the dominant contribution to the systematic uncertainty.
This is quite conservative but takes into account other
sources of uncertainties such as jet energy resolution and
we assume this measurement to be performed at the begin-
ning of the data taking of the LHC when all detectors are
not yet fully understood. A possible result of such mea-
surement is presented in Fig. 17. It is clearly visible that
even very early LHC data can constrain the models much
more than the Tevatron.

To check how this new measurement can constrain
further the model uncertainties, we follow the same pro-
cedure as in the beginning of this section when we used the
CDF data. For each gluon density, a range in x” describing
the exclusive jets measurement at the LHC is chosen. The
LHC early measurement can constrain the uncertainty on
the Higgs boson production cross section to about a factor
5, as shown in Fig. 18. The exclusive jet cross section
measurement at the LHC allows to constrain the x’

PHYSICAL REVIEW D 83, 054013 (2011)

parameter for each gluon distribution. Figure 19 shows
the uncertainty of each gluon density separately.
Although the uncertainty caused by the x’ values is small,
the remaining uncertainty due to the different gluon den-
sities is large. Therefore some other measurements such as
the exclusive photon production are needed to constrain
further the Higgs cross section at the LHC.

VII. CONCLUSIONS

The KMR and CHIDe models of the exclusive jets and
Higgs production have been implemented in the FPMC
generator. They both show very similar, good description
of exclusive jets measurement at the Tevatron energy.
Although the predictions for the LHC energy show large
differences, they are within the uncertainties of the models.

The main sources of uncertainties at LHC energies are
the uncertainties on the gluon density in the soft region and
the Sudakov form factor. Taking them into account, the
results of the KMR and CHIDe models are compatible. The
total uncertainty estimated from the CHIDe model predic-
tions is quite large—a factor 10 for jets and 25 for Higgs,
after taking into account the constraint coming from the
CDF exclusive jets measurement. In addition, the uncer-
tainty related to the variation of the limits in the Sudakov
correction can be part of the uncertainty on the gluon
unintegrated density and there is no obvious way to dis-
tinguish between them. This justifies the method of analy-
sis we used in the previous section. Further measurements
at the Tevatron (y, for which there is no Sudakov form
factor or exclusive photons) will constrain the model fur-
ther. We get the upper bound of the uncertainties that can
be greatly reduced when measurements of the exclusive
jets at the LHC are available. An early measurement using
100 pb~! can constrain the Higgs production cross section
by a factor of 5.
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