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Improved possibilities to find the Higgs boson in diffractive events, having less hadronic activity,
depend on whether the cross section is large enough. Based on the soft color interaction models that
successfully describe diffractive hard scattering at DESY HERA and the Fermilab Tevatron, we find that
only a few diffractive Higgs events may be produced at the Tevatron, but we predict a substantial rate at

the CERN Large Hadron Collider.
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The Higgs boson is predicted as the physical manifes-
tation of the mechanism giving masses to the fundamental
particles in the standard model. The discovery of this
missing link is of top priority in particle physics. Based
on the discovery [1,2] of diffractive hard scattering pro-
cesses [3], it has been considered whether the Higgs can be
more easily observed in diffractive events at high energy
hadron colliders. The lower hadronic activity in such
events with large rapidity gaps should improve the possi-
bilities to reconstruct the Higgs from its decay products.

In single diffraction a beam hadron emerges quasielas-
tically scattered with a large fraction of the original
momentum and separated by a gap in polar angle (pseudo-
rapidity n = — In tan/2) from a produced hadronic sys-
tem X. Particularly clean events are produced in so-called
double Pomeron exchange (DPE), where both beam ha-
drons emerge intact separated by rapidity gaps from a
centrally produced X system. An extreme possibility
is exclusive Higgs production, pp — ppH, where the
central system is just a Higgs boson that may be recon-
structed using a missing mass method [4]. The crucial
question for the usefulness of these diffractive Higgs
production processes is whether their cross sections are
large enough.

Predicted cross sections vary by orders of magnitude
between calculations based on different models [5]. Some
predictions for the Fermilab Tevatron are large enough to
be of experimental interest, whereas others are not. The
more limited energy, compared to the CERN Large Hadron
Collider (LHC), implies a stronger kinematical suppres-
sion to produce the heavy Higgs boson in such an X
system, having only a fraction of the overall invariant
mass of the collision. In this Letter we improve on this
theoretical uncertainty by presenting results on diffractive
Higgs production based on the recently developed soft
color interaction models. In contrast to other models used
for estimating the diffractive Higgs cross section, our
models have proven very successful in reproducing experi-
mental data on diffractive hard scattering processes both
from the DESY ep collider HERA and from pp collisions
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at the Tevatron [6]. This puts us in a good position to give
predictions on diffractive Higgs production.

The soft color interaction (SCI) model [7] and the gen-
eralized area law (GAL) model [8] were developed in an
attempt to better understand nonperturbative QCD dynam-
ics and provide a unified description of all final states. The
basic assumption is that soft color exchanges give varia-
tions in the topology of the confining color string fields
which then hadronize into different final states, e.g., with
and without rapidity gaps or leading protons. Also other
kinds of experimental results are described in a very eco-
nomical way with only one new parameter. Particularly
noteworthy is the turning of a c¢ pair in a color octet state
into a singlet state producing charmonium [9] in good
agreement with observed rates.

The SCI model [7] is implemented in the Lund Monte
Carlo programs LEPTO [10] for deep inelastic scattering
and PYTHIA [11] for hadron-hadron collisions. The hard
parton level interactions are given by standard perturbative
matrix elements and parton showers, which are not altered
by the softer nonperturbative effects. The SCI model then
applies an explicit mechanism where color-anticolor (cor-
responding to nonperturbative gluons) can be exchanged
between the emerging partons and hadron remnants. The
probability for such an exchange cannot be calculated and
is therefore taken to be a constant given by a phenomeno-
logical parameter P. These color exchanges modify the
color connections between the partons and thereby the
color string-field topology, resulting in different final states
after the standard Lund model [12] has been applied for
hadronization (Fig. 1).

The GAL model [8] is similar in spirit, but is formulated
in terms of interactions between the strings and not the
partons. Soft color exchanges between strings also change
the color topology, resulting in another string configuration
(Fig. 1). A generalization of the area law suppression e %4
in the Lund model gives the probability for two strings to
interact as P = Py[1 — exp(—bAA)] depending on the
resulting change AA of the areas swept out by the strings
in momentum space. The exponential factor favors
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FIG. 1. Higgs production in pp collisions with string top-
ologies (double-dashed lines) before and after soft color inter-
actions in the SCI or GAL model, resulting in events with one or
two rapidity gaps (leading particles).

making ‘“‘shorter” strings, e.g., events with gaps, whereas
making “longer” strings is suppressed. The fixed proba-
bility for soft color exchange in SCI is thus in GAL
replaced by a dynamically varying one.

The Monte Carlo implementations of SCI and GAL
generate complete events with final state particles. This
allows an experimental approach to classify events depend-
ing on the final state: e.g., gaps or no gaps, leading (anti)-
protons, charmonium, etc. Thus, one obtains predictive
models where a single parameter (P and Py), regulating
the amount of soft color exchanges, has a universal value
determined from HERA rapidity gap data.

The SCI and GAL models give various diffractive hard
scattering processes by simply choosing different hard
scattering subprocesses in PYTHIA. Rapidity gap events
containing a W, a dijet system, or bottom quarks are found
to be in agreement with Tevatron data [6]. The CDF data
[13] on dijets in DPE events are also reproduced [6,14],
both in cross section and in more exclusive quantities such
as the dijet mass fraction. Thus, our models successfully
pass these tests given by processes with similar dynamics
as diffractive Higgs production.

The properties of the Higgs boson in the standard model
are fixed, except for its mass. The present lower limit is
114.1 GeV and y? fits to electroweak data favors my <
212 GeV [15]. The latest LEP data give an indication
(~2.10) of a Higgs with a mass of 115.6 GeV [16]. We
therefore use my = 115 GeV as our main alternative, but
also consider myg up to 200 GeV.

Higgs production at the Tevatron and the LHC can
proceed through many subprocesses, which are included
in PYTHIA version 6 [11]. The dominant one is gg — H,
which accounts for 50% and 70% of the cross section (for
115 < myz <200 GeV) at the Tevatron and LHC, respec-
tively. In this process (see Fig. 1), the gluons couple to a
quark loop with the dominant contribution from the top due
to its large coupling to the Higgs. Other production chan-
nels are ¢;,9;, — H, ¢q;9;,— ZH, q;q;,— WH, q;q;—
qrxq:H, and gg — q,qH. Their relative contributions de-
pend on both the Higgs mass and the center of mass energy.
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The overall cross sections are obtained by folding the
subprocess cross sections with the parton density distribu-
tions (we use CTEQSL [17]). This basic factorization is
proven for inclusive hard scattering processes. It is as-
sumed to hold in our model also since the soft hadroniza-
tion processes should not influence the cross section for the
hard subprocess, but affect only the distribution of hadrons
in the final state.

After the standard parton showers in PYTHIA, SCI or
GAL is applied using the parameter values P = 0.5 and
Py = 0.1, respectively. This gives a total sample of Higgs
events, with varying hadronic final states. Single diffractive
Higgs events are selected using one of two criteria: (1) a
leading (anti)proton with xz > 0.9 or (2) a rapidity gap in
2.4 <|n| <59 as used by the CDF Collaboration.
Applying the conditions in both hemispheres results in a
sample of DPE Higgs events. The resulting cross sections
and relative rates are shown in Fig. 2 as a function of the
Higgs mass and for myz = 115 GeV in Table I. The results
have an uncertainty of about a factor of 2 related to details
of the hadron remnant treatment and choice of parton
density parametrization.

The cross sections at the Tevatron are quite low in view
of the luminosity to be achieved in Run II. Higgs in DPE
events are far below an observable rate. For mpy =
115 GeV, only tens of single diffractive Higgs events are
predicted. Only the most abundant decay channel, H —
bb, can then be of use, and a very efficient h-quark tagging
and Higgs reconstruction is required. The conclusion
for the Tevatron is that the advantage of a simplified
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FIG. 2. Predictions from the SCI model for Higgs production
in single diffractive events defined by a leading proton or
rapidity gap criterion at the Tevatron and LHC. Absolute cross
sections and relative ratio (single diffractive to all Higgs) versus
the Higgs mass.
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TABLEI. Cross sections at the Tevatron and LHC for Higgs in
single diffractive (SD) and DPE events, using leading proton or
rapidity gap definitions, as well as relative rates (SD/all and
DPE/SD) and number (#) of events, obtained from the soft color
exchange models SCI and GAL.

Tevatron LHC

my = 115 GeV J5 = 1.96 TeV J5 = 14 TeV

L =20fb"! L =30fb"!
o [fb] Higgs total 600 27000

SCI GAL SCI GAL
Higgs in SD:
o [fb] leading-p 1.2 1.2 190 160
o [fb] gap 2.4 3.6 27 27
R [%] leading-p 0.2 0.2 0.7 0.6
R[%] gap 0.4 0.6 0.1 0.1
#H + leading-p 24 24 5700 4800
— #H — yy 0.024 0.024 6 5
Higgs in DPE:
o [ab] leading-p’s 0.12 0.24 190 160
o [ab] gaps 2.4 7.2 0.27 5.4
R [%] leading-p’s  0.01 0.02 0.1 0.1
R [%] gaps 0.1 0.2 0.001 0.02
#H + leading-p’s 0.0024 0.0048 6 5

reconstruction of the Higgs in the cleaner diffractive events
is not really usable in practice due to a too small number of
diffractive Higgs events being produced.

In contrast, the high energy and luminosity available at
the LHC facilitate a study of single diffractive Higgs
production, where the striking H — vy decay should
also be observed. Also a few DPE Higgs events may be
observed. The quality of a diffractive event changes, how-
ever, at LHC energies. Besides the production of a hard
subsystem and one or two leading protons, the energy is
still enough for populating forward detector rapidity re-
gions with particles. As seen in Fig. 3, the multiplicity of
particles is considerably higher at the LHC, compared to
the Tevatron. The requirement of a ‘“‘clean” diffractive
Higgs event with a large rapidity gap in an observable
region cannot be achieved without paying the price of a
lower cross section. Requiring gaps instead of leading
protons gives a substantial reduction in the cross section,
as seen in Table 1. Note that the high luminosity mode of
LHC cannot be used, since the resulting pileup of events
would destroy the rapidity gaps.

The Monte Carlo model does not include any specific
mechanism for the exclusive reaction pp — ppH, and our
simulations did not produce any such events.

For comparison we have also investigated single diffrac-
tive Higgs production in the Pomeron model. This is based
on the Regge framework with the exchange of a Pomeron
with vacuum quantum numbers [18], given by an effective
Pomeron flux [1]. In case of a hard scattering process,
which resolves an underlying parton level process, a parton
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structure of the Pomeron may be considered [1], and the
data on diffractive deep inelastic scattering from HERA
can be well described by fitting parton density functions in
the Pomeron [19]. Applying exactly the same model for
pp gives, however, diffractive hard scattering cross sec-
tions that are up to 2 orders of magnitude larger than what
is observed at the Tevatron. Although this can be cured
by appropriately modified Pomeron flux functions, it may
indicate a deeper nonuniversality problem of the Pomeron
model [6].

To get numerical estimates we use the Pomeron model
implemented in the POMPYT Monte Carlo [20]. The parton
densities in the Pomeron are from a fit (parametrization I in
[21]) to the diffractive structure function measured at
HERA. The Pomeron flux [22] has been renormalized
[23] so as to reproduce the observed relative rates of
diffractive hard scattering processes both at HERA and
the Tevatron.

The Pomeron model is constructed to give a leading
proton with a spectrum essentially as 1/(1 — xp). It is
developed for situations where xz — 1 dominates and is
usually taken to be trustworthy only for xp > 0.9. As
shown in Fig. 4, however, this distribution is strongly
distorted in this case due to the kinematical condition
imposed by the Higgs mass. At the Tevatron energy, the
cross section is dominated by smaller xz. This makes the
results of the model sensitive to a phase space region where
the Pomeron model cannot be safely applied. In particular,
the diffractive Higgs cross section will depend on whether
the usual requirement xp > 0.9 is applied or not. The
resulting cross section also depends strongly on what con-
ditions for diffraction are applied. The requirement at the
Tevatron experiments of no particles in the rapidity region
2.4 < |m| < 5.9 imposes a very strong reduction. If the gap
can be in a more forward rapidity region, based on ex-
tended detector coverage, a much larger rate of diffractive
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FIG. 3. Multiplicity (for LHC divided by 2.5) in the region

2.4 < |n| < 5.9 in the hemisphere of a leading proton with the
indicated minimum xz, for Higgs events from the SCI and the
Pomeron models.
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FIG. 4. Distribution in xp = p||/pmax of leading protons in
single diffractive Higgs production in the Pomeron model
(POMPYT Monte Carlo) applied to Tevatron and LHC energies.
Curves are for all such events (dotted line), events with no
particles in 2.4 < |n| < 5.9 (solid line), and with a gap of size
at least four units in rapidity (dashed line).

Higgs is obtained as illustrated in Fig. 4. Similar, but not as
strong, effects are also present at LHC energies.

In view of this, predictions for the diffractive Higgs cross
section will be somewhat uncertain in the Pomeron model.
To give some numbers, nevertheless, we use criterion (1)
with a leading proton with xp > 0.9, but no specific gap
requirement. This gives a cross section of 2.8 fb for single
diffractive Higgs production at the Tevatron and 410 fb at
the LHC. This includes reduction factors of 5.2 and 9.2,
respectively, from the Pomeron flux renormalization [23],
making HERA and Tevatron data compatible but leaving
an extrapolation uncertainty for the LHC energy.

In contrast to the Pomeron model, the SCI and GAL
models are constructed to describe different final states
through a general mechanism for soft color exchanges
giving a smooth transition between diffractive and non-
diffractive events. This implies a better stability with re-
spect to variations of the conditions used to define
diffractive events. Moreover, the energy dependence of
SCI and GAL has proven successful. Data on various
diffractive hard scattering processes at HERA and
Tevatron are well reproduced. The soft color exchange
models should, therefore, give more reliable predictions.

In conclusion, we have investigated the prospects for
discovering the Higgs boson in diffractive events having a
lower hadronic background activity that should simplify
the reconstruction of the Higgs from its decay products. We
find that the rate of diffractive Higgs events at the Tevatron
will be too low to be useful. Therefore, the Higgs must here
be searched for in normal events with their larger hadronic
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activity. At LHC diffractive events are not as clean as
expected, since the large available energy produces an
increased hadronic activity. Still, LHC should facilitate
studies of Higgs in single diffraction and the observation
of some DPE events with a Higgs boson.
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