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Abstract. We discuss the different models of central diffractive production of the Higgs boson at the
Tevatron and the LHC. We also describe how the models can be tested using diffractive production data
being taken at the Tevatron. We finally discuss the advantages of using diffractive events to reconstruct

the mass of the Higgs boson especially at the LHC.

PACS. 12.38.-t — 12.38.Qk

1 Inclusive Higgs production

Factorisable inclusive Higgs production. The factorisable
inclusive Higgs and dijet production cross sections have
been presented in [I]. In this model, the diffractive gluon
density is taken from the H1 measurement [2] at HERA
and is used to compute the diffractive dijet, diphoton or
Higgs boson cross sections, by convoluting this parton den-
sity with the standard hard subprocess (diquark or Higgs
boson production via a top loop). In this model, factori-
sation breaking between HERA and Tevatron is assumed
to give a factor 0.1 in normalisation for the Higgs or di-
jet production cross sections at the Tevatron. Since this
number is not known at LHC energies, no factor has been
applied for the Higgs boson production cross sections at
the LHC. The cross section is found to be very low at the
Tevatron and quite high at the LHC, provided the survival
gap probability is not too small (see [3]).

Non factorisable inclusive Higgs production. The non fac-
torisable inclusive Higgs, dijet, diphoton and dilepton pro-
duction cross sections have been presented in [4]. The main
difference with the previous model is that the usual soft
hadron-hadron cross section is assumed to produce the
hard scattering, and this cross section is then convoluted
with the partonic densities in the pomeron taken from the
H1 experiment (see the third item of [4] to get a detailed
description of the theoretical framework of this model).
A soft gluon is present between the two protons which
implies in this model a natural factorisation breaking bet-
ween the Tevatron and HERA. The pomeron intercept is
thus the soft one in this model (e = 0.08) whereas a hard
value of the pomeron intercept is used in the previous mo-
del (e =0.2).

This model has been interfaced with PYTHIA for ha-
dronisation. The generator has also been interfaced to a
fast simulation of the D@ and CDF detectors, which al-
lowed to scale the prediction to the CDF Run I measu-

Gy, ()

LHC

Total

/

a
N
b

77

P IR R W B
140 160 180 200
M, (GeV)

PR/ RS R
80 100 120

Fig. 1. Higgs boson production cross-section at the LHC. Va-
rious decay channels are plotted as a function of the mass of
the Higgs boson

rement [5], namely o ~ 43.6 £ 4.4 (stat.) = 21.6 (syst.)
nb when the antiproton is tagged in the roman pot detec-
tors in the following kinematical domain in ¢ and ¢ of the
proton and the antiproton (0.035 < &5 < 0.095, || < 1
GeVZ, 0.01 < &, <0.03).

The results concerning the Higgs boson cross sections
at the LHC are given in Fig. [l We note that the cross
sections at the Tevatron are quite low like in the previous
model and quite large at the LHC. In this model, there is
no need to apply a survival gap probability since the cross
section has been rescaled to the CDF measurement. It is
however important to note that the scaling factor might
be different at the LHC while the same factor between the
Tevatron and the LHC has been assumed.

One assumption concerning both models was to take
the gluon and quark densities in the pomeron measured at
HERA, in the H1 experiment [2] to compute the Higgs bo-
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Fig. 2. Differential diphoton and dilepton production cross-
sections (fb) at the Tevatron. The dilepton cross-section corre-
sponds to a single lepton flavour. The transverse energy of the
central particles satisfies Er > 10 GeV, and their rapidity is
limited to |y| < 4

son production cross section. In [6] is shown the recent de-
termination of the gluon density inside the pomeron made
by the H1 collaboration using the most recent diffractive
structure function data. The result is compared to the
CDF gluon density determination and both results show
largely different normalisations but similar shapes. This
justifies a priori to take a constant normalisation factor
difference between HERA and the Tevatron, while keeping
the same gluon density. More precise measurements at the
Tevatron being performed using the CDF roman pot de-
tectors or the new implemented Forward Proton Detector
from D@ will be needed and available soon to test further
this hypothesis.

Tests of the models at the Tevatron and differences bet-
ween the factorisable and non factorisable models. Even if
the diffractive Higgs boson production cross sections are
too low at the Tevatron, important tests of the models
concerning dijet, diphoton and dilepton production can be
done, which will allow to make more precise predictions
for the LHC. All models give predictions for these cross
sections and we give in Fig. 2 [4] the predictions for the
non factorisable inclusive model. All these measurements
will be performed soon by the CDF and D@ experiments
and will perform good tests of the model [7].

2 Exclusive diffractive Higgs boson
production

In this kind of models [8] a direct perturbative calculation
is performed using the gluon density in the proton. This
leads to very clean events where the protons are scattered
at very small angle in the beam pipe (and can be tagged
in roman pot detectors or microstations) and the Higgs
boson which decays centrally in the main detector, and
nothing else. The problem is that one needs to suppress
totally QCD radiation. The price to pay to get this kind of
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events is an exponential Sudakov form factor to suppress
QCD radiation which leads to a low cross section. One may
wonder if these events exist (no soft gluon can be emitted
after interaction), which can be tested at the Tevatron [9].
The diffractive Higgs boson cross section for this process
(see [BIF])is extremely small for the Tevatron and quite
large enough for the LHC provided that the gap survival
probability is not too small (1.4 fb for a Higgs of 120 GeV
at the LHC).

At the Tevatron, it is important to check if the exclu-
sive events exist or not and to measure their production
cross section since they have never been observed yet.
These events would be the ideal ones for the LHC. So far,
the CDF collaboration looked at these events in the dijet
channel and put a limit of 3.7 nb on their production cross
section [9]. The difficulty is to distinguish these exclusive
events from quasi-exclusive events produced in inclusive
events. Namely, it is possible to produce events inclusi-
vely where most of the energy in the pomeron is used to
produce dijets, diphotons, dileptons or Higgs bosons, or
in other words, where pomeron remnants show very little
energies. These ¢ quasi-exclusive” events will be very si-
milar to the exclusive ones and it is thus important to see
how one can distinguish between them, and see if exclusive
events exist or not. One way to distinguish between them
would be to measure the ratio of the diffractive dipho-
ton to dilepton cross sections at the Tevatron. In inclusive
models, this ratio is determined by the quark and gluon
distributions inside the Pomeron, and the presence of the
Z pole in the dilepton cross-section. In exclusive models,
it is only possible to produce diphoton diffractively but no
dilepton. The diphoton cross section obtained for a mass
fraction higher than 0.85-0.9 is of the order of 2 fb for
both the exclusive and inclusive cross sections, and the
ratio of the diphoton to dilepton cross section measured
at the Tevatron is expected to show an enhancement and
a change of slope as a function of the diphoton/dilepton
mass if exclusive events exist. This will be a very clean
test of the existence of exclusive events. Another possible
test will be to measure the y; or x. central diffractive
production cross section.

3 Higgs mass reconstruction using diffractive
events

Higgs mass reconstruction in the case of exclusive events.
Exclusive Higgs events are diffractive events where all the
energy (basically all diffractive mass) is used to produce
the Higgs boson. Kinematically, it is very easy to recon-
struct the Higgs mass if one is able to measure the £ of
both scattered protons detected in roman pot detectors
[10]: Muiggs = \/&p1&p2S. The mass reconstructed using
roman pot detectors with a resolution in £ of 0.2% , and in
t of 10% +/t leads to a perfect Higgs mass reconstruction
with a resolution better than 2%. This resolution allows a
very good signal over background separation.

Higgs mass reconstruction in the case of inclusive events.
In the case of inclusive events, the previous method to re-
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Fig. 3. Higgs mass reconstruction for inclusive events using
roman pot detectors, and central detectors up to a rapidity of
7.5 for a Higgs mass of 120 GeV at the LHC

construct the mass of the Higgs boson will not work so ni-
cely since the total energy is used not only to produce the
Higgs boson, but also lost in the pomeron remnants. The
natural idea is to cut on the energy of the pomeron rem-
nants to be able to get quasi-exclusive events where not
much of the available energy is lost in pomeron remnants.
The CMS collaboration [I1] will be able to tag particles
up to a rapidity of 7.5. In Fig. Bl we give the resolution
obtained on the Higgs mass reconstruction if one is able to
cut on the energy of the pomeron remnant (in these plots,
we assume that we are able to tag the remnants up to a
rapidity of 7.5, and the resolution of these detectors to
be 100%/+v/E). The resolution of the Higgs mass is found
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to be about 2.1, 4.0, 4.6 and 6.6 GeV if one requires the
remnant energies below a rapidity of 7.5 to be respectively
less than 20, 50, 100 and 500 GeV at the LHC. Of course
this method will work only during the first three years
at the LHC when the luminosity will be low because of
pile-up events. Of special interest are the cases when the
Higgs boson decays into 7 because of the low diffractive
background.

Acknowledgements. Most of these results come from a fruitful
collaboration with Maarten Boonekamp, Robi Peschanski and
Albert de Roeck.

References

1. B. Cox, J. Forshaw, and B. Heinemann: Phys. Lett. B 540,
263 (2002); R.B. Appleby and J.R. Forshaw: Phys. Lett.
B 541, 108 (2002)

2. H1 Collab., C. Adloff et al.: Z. Phys. C 76, 613 (1997)

3. For a short review, see C. Royon, hep-ph/0308283, to ap-
pear in Mod. Phys. Lett., and references therein

4. M. Boonekamp, R. Peschanski, and C. Royon: Phys. Rev.
Lett. 87 , 251806 (2001); M. Boonekamp, A. De Roeck, R.
Peschanski, and C. Royon: hep-ph/0205332, Phys. Lett.
B 550 93, (2002); M. Boonekamp, R. Peschanski, and C.
Royon: hep-ph/0301244, Nucl. Phys. B, to appear

5. CDF Collab., T. Affolder et al.: Phys. Rev. Lett. 85 , 5043
(2000)

6. P. Laycock: talk given at 10th Intl. Workshop on Deep
Inelastic Scattering (DIS 2002), Cracow, May 2002, Acta
Phys. Polonica B 33, N.11, 3413 (2002)

7. J.-L. Agram, M. Boonekamp, R. Peschanski, and C.
Royon: in preparation

8. V.A. Khoze, A.D. Martin, and M.G. Ryskin: Eur.Phys. J.
C 24, 581 (2002); Eur. Phys. J. C 23, 311 (2002); Eur.
Phys. J. C 25, 391 (2002)

9. CDF Coll.: Phys.Rev.Lett. 85,4215 (2000); D. Goulianos:
Talk at the low-x Meeting, Nafplio, June 2003

10. M.G. Albrow and A. Rostovtsev: hep-ph/0009336

11. CMS Collab.: Technical Design Report (1997); TOTEM
Collab.: Technical Design Report, preprint CERN/LHCC
99-7; R. Orava: talk at LISHEPO02, Rio de Janeiro, Fe-
bruary 2002



	Inclusive Higgs production
	Exclusive diffractive Higgs boson production
	Higgs mass reconstruction using diffractive events

