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Abstract

We evaluate inclusive Higgs boson and dijet cross-sections at the Tevatron and
the LHC colliders via double Pomeron exchange allowing for the presence of Pomeron
remnants. Sizeable cross-sections and encouraging event selection signals are found
for the LHC, demonstrating especially for small Higgs boson masses the impor-
tance to study the diffractive channels. Tagging of the Pomeron remnants can
be exploited to achieve a good resolution on the Higgs mass for inclusive diffrac-
tive events, by optimizing an analysis between higher cross-sections of the inclusive
mode (all Pomeron remnants) and cleaner signals of the exclusive mode (without
Pomeron remnants).

1 Introduction

It has been suggested [1, 2] that diffractive Higgs boson production via Double Pomeron
Exchange (DPE) is an interesting channel to study the Higgs boson at hadron colliders.
Recently [3], the possibility of a better determination of the cross-sections and event
rates was proposed. The model provides a joint description of Higgs boson production
and of the observed high mass dijet production at the Tevatron (run I) [4], allowing to
compare and normalize the predictions to the data using a (simplified) simulation of the
detector. One important difference with previous (purely ezclusive) estimates lies on the
consideration of inclusive production pp — p+ X + H +Y + p, see Fig. 1, namely with
particles accompanying the Higgs/dijet production in the central region. We will call
X, Y the “Pomeron remnants” in the following. The presence of the Pomeron remnants
is vital for the good description of the dijet mass spectrum as discussed in [3].
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2 Theoretical framework

Let us introduce the formulae for inclusive Higgs boson production cross-sections ! via

DPE [3]:
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where z{, 29 define, on each side (see Fig.1), the fraction of the Pomeron’s momentum
carried by the gluons involved in the hard process and G'p(z{ 5, it), is, up to a normaliza-
tion, the gluon structure function in the Pomeron extracted [5] from HERA experiments;
p? is the hard scale (for simplicity kept fixed at 75GeV?, the highest value studied at
HERA).

The formulae (1) are written for a Higgs boson of mass My. The Pomeron trajectory
isaft) =1+e+a't (e~.08,a/ ~.25 GeV~?), &5 (< 0.1) are the Pomeron’s fraction of
longitudinal momentum, v; o, the 2-transverse momenta of the outgoing pp, ki 2 those of
the outgoing quark jets, Ay ~ 2 GeV =2 the slope of the non perturbative coupling for the
Higgs boson, and the constant C'y is a normalization including a non-perturbative gluon
coupling [1], appreciably cancelled in the ratio Cy/C} ;.

The dijet cross-section [3] depends on the gg — Q7Q7 and gg — gg cross-sections [6].

The physical origin of formulae (1) is the following: since the overall partonic config-
uration is produced initially by the long-range, soft DPE interaction, we assume that, up
to a normalization, the inclusive cross-section is the convolution of the “hard” partons —
Higgs boson, (or partons — jets) subprocesses by the Pomeron structure function into
gluons, see Fig.1. The expected factorization breaking of hadroproduction will appear in
the normalization through a renormalization of the Pomeron fluxes, which are not the
same as in hard diffraction at HERA.

i=1,2

{Gp(xf, 1) dz?d*v; 2% exp (—QU?AH)} , (1)

3 Predictions for the Tevatron

3.1 Comparison with the CDF run I measurement

Let us compare our results with the measurements performed in the CDF experiment at
Tevatron [4]. To this end, we interfaced our generator with SHW [7] a fast simulation of the
DO and CDF detectors. We chose as gluon content of the Pomeron the result of the H1
“fit 17 performed in Ref. [5], up to a normalization of the flux determined by comparison
with CDF results.

We first compared our results for the dijet mass fraction with the measurement of
the CDF collaboration [4] in double Pomeron events (see Fig.2 in the first reference of
Ref. [3]). The dijet mass fraction spectrum is well reproduced if radiation (namely the
promeron remnants) is introduced.

!The same formalism gives formulae for dijet, diphoton and dilepton production, see [3].
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To be more detailed, a tagged antiproton with 0.035 < & < 0.095 and [¢| < 1 GeV?
was required. This quantity is reconstructed using the roman pot detectors installed by
the CDF collaboration. To get correct predictions for the Higgs boson production cross
section cross sections at the Tevatron and the LHC in the following, we adjusted our dijet
cross section to the CDF Run I measurement.

3.2 Diffractive Higgs boson cross section at the Tevatron

We can now give predictions for the Higgs boson production cross sections in double
diffractive events at the generator level and after a fast simulation of the detector. The

results are given in Table 1. We note the low values of the cross-sections 2.

4 Predictions for the LHC

4.1 Higgs boson production cross section at the LHC

We can now give predictions for the Higgs boson production cross sections in DPE events
at the LHC. The results are given in Table 2 (first column) and in Fig. 2. We note the high
values of the cross-sections. Since the typical luminosity for the LHC will be of the order
of 10-100 fb~! /year, this leads to several thousand Higgs particles diffractively produced
per year, even at low luminosity. Hence for the inclusive channel the cross section is large,
much larger than recent calculations for the exclusive channel (see Ref.[8]-b). In Ref.[§8]-a,
similar conclusions are reached (note however [8]-c).

In Fig. 2, we show the effects of the acceptance of the possible roman pots detectors at
the LHC, which are used in conjunction with a central detector. As an example, following
ideas presently discussed in a common study group of the central detector CMS [9] and the
elastic/soft diffraction experiment TOTEM [10], which both will use the same interaction
region at the LHC, we choose four possible configurations for roman pot detectors to
measure the scattered protons. The used acceptance numbers are based on [11]. The
first one (see, Config.1 on Fig.2) has roman pot detectors located in the warm region of
the LHC respectively at 140-180 meters and 240 meters and assumes a good acceptance
for protons with [t| < 2 GeV?, and ¢ > 0.01. The second one (Config.2) considers only
roman pots at 140-180 meters [10] and gives a good acceptance only for |t| < 1.5 GeV?,
and & > 0.02. Config.3 assumes the presence of roman pot detectors in the cold region
of the LHC at about 425 meters and gives a good acceptance for |t| < 2 GeV?, and
0.002 < ¢ < 0.02. Certainly the latter will be challenging both from the machine and
experimental point of view, but Fig.2 demonstrates that such detectors are needed to
obtain a good acceptance for low mass Higgs production. Config./ corresponds to the full
system using all detectors. In Table 1, the acceptance of the roman pot detectors in the
case of Config.4 is taken into account, and we give the number of events for 10 fb™! in
the different Higgs decay modes.

2The expected luminosity is about 15 fb—! per experiment for run II.
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4.2 Higgs boson mass reconstruction

The advantage of DPE events with respect to standard Higgs boson production lies in
offering a potential to reconstruct the Higgs particle parameters more precisely. For
example, one can hope to obtain a very precise Higgs mass reconstruction if one can
tag and measure both the protons in the roman pot detectors as well as the Pomeron
remnants.

‘ MHz‘ggsboson H (1) ‘ (2) ‘ (3) ‘ (4) ‘ (5) ‘

100 7.7152116]0.510.0
110 47129113103 0.1
120 27115(108]01]0.3
130 1.4106(040.0]|04
140 06(01]0110.010.3

Table 1: Number of Higgs boson events for 1 fo~!. The first column gives the number of
events at the generator level (all decay channels included), and the other columns after
a fast simulation of the detector. The second colum gives the number of events decaying
into bb tagged in the dipole roman pot detectors of the D@ Collaboration, the third one
requiring additionally at least two jets of pr > 30GeV, the fourth one gives the number
of reconstructed and tagged events when the Higgs boson decays into 7, and the fifth one
when the Higgs boson decays into WHW ™ (in this channel, the background is found to
be negligible).

Mhiggsoson | (1) ] @) [(3)] () [ () ](6)]

120 3219 | 2043 | 228 | 447 | 48 | O
150 2637 | 417 | 48 | 1827 | 222 | O
200 1995 | 3 0 | 1470 | 522 | O
300 1419 | 0 0 | 984 | 438| O
375 1674 | 0 0 | 1047 | 483 | 138

Table 2: Number of Higgs boson events for 10 fb=!. The first column gives the number
of events at the generator level (all decay channels included), and the other columns take

into account the roman pot acceptance and give the number of events for different Higgs
boson decay channels (2: bb, 3: 7777, 4: WW, 5: ZZ, 6: tt,).

In Fig. 3, we describe the results of the Higgs boson mass reconstruction assuming
one is able to select and measure the Pomeron remnants (the CMS collaboration has a
project to put some detectors at very high rapidity up to 7.5). The Higgs boson mass can
be reconstructed by applying quadri-momentum conservation to all particles in the final
state, namely the Higgs boson, the scattered protons in the roman pot detectors, and the
Pomeron remnants. The energy E = /&, &s [12] is used to produce the Higgs boson and
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the Pomeron remnants.

The quality of the reconstruction of the remnants needs to be demonstrated after
including hadronization and detector effects, and are subject to a future detailed study.
Meanwhile we assume it can be done with a resolution of 100%/vE (resp. 300%/vE )
in an optimistic (resp. more pessimistic) scenario.

In Fig. 3, we display the resolution (resp. 2.1, 4.0, 4.6 and 6.6 GeV) on the Higgs boson
mass reconstruction for four different cuts on the Pomeron remnant energy (resp. 20, 50,
100 and 500 GeV) and for the optimistic scenario. The plot with the best resolution (2.1
GeV) is shown for a luminosity of 30 fb~!. In the more pessimistic scenario, the resulting
Higgs mass resolution is about 7 GeV for a 120 GeV Higgs. A good coverage in pseudo-
rapidity will be essential to be able to precisely measure the Higgs boson parameters.
Note that the events showing little energy for the Pomeron remnants have a low value of
&, since My ~ +/€,&s, which leads to £& ~ 7.107°. Hence roman pot detectors in the
region of about 400 m from the interaction point will be essential.

At the LHC it is also important to consider background events. We determined that
the signal over background ratio is enhanced compared to the non diffractive case because
of the good resolution on the dijet mass and the cut on the mass window. Initial studies
indicate that the bb channel will be interesting to look for Higgs in the diffractive mode.
A full study will require a detailed simulation of the detectors and will be performed
in a near future. We also give in Table I the number of events in the 7 channel where
the background is found to be negligible, and thus is also a promising channel even if
the cross section is smaller. To summarize, the bb and 777~ Higgs boson decays are of
particular interest for low mass diffractive Higgs production because of mass resolution
and background rejection. Diffractively produced Higgs bosons at higher masses are less
interesting because of the clear signal already expected in the ZZ channel in standard
production.

To summarize, we have shown that the diffractive inclusive Higgs production leads
to large event rates at the LHC. A Higgs mass reconstruction with good precision is
possible if both protons in the final state can be tagged with roman pot detectors and if
the Pomeron remnants can be measured in the forward region with sufficient resolution.
This channel and method will be especially useful in the low mass Higgs region where the
standard methods for Higgs measurements at the LHC are challenging.
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Figure 1: Production scheme. z; = 1-¢;, v; are the longitudinal and transverse 2-momenta
of the diffracted (anti)proton (see formula (1) and text for the other kinematical nota-
tions).
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Figure 2: Diffractive Higgs boson production cross section. Upper plot: number of Higgs
boson events for 10 fb~! as a function of My obtained for different roman pot configu-
rations (see text). Bottom plots: Diffractive Higgs boson production cross section as a
function of My for the LHC (and the Tevatron). The standard inclusive Higgs boson
production cross section is also shown for comparison.
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Figure 3: Higgs mass resolution. The resolution on the Higgs boson mass is shown after
four different cuts on the Pomeron remnant energies at 20, 50, 100 and 500 GeV for a
luminosity of 30 fb=1.
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