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Inclusive Higgs Boson and Dijet Production via Double Pomeron Exchange
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We evaluate inclusive Higgs boson and dijet cross sections at the Fermilab Tevatron collider via double
Pomeron exchange. Such inclusive processes, normalized to the observed dijet rate observed at Run I,
noticeably increase the predictions for tagged (anti)protons in Run II with respect to exclusive production,
with the potentiality of Higgs boson detection.
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It has been shown [1] that Higgs boson and dijet pro-  included in [1]) . We show that we are able to reproduce
duction via double Pomeron (DP) exchange may be non-  up to a rescaling (which will be fixed from experiment) the
negligible. However, the lack of solid QCD theoretical ~ observed distributions, in particular, the dijet mass fraction
framework for diffraction makes an univocal theoretical  spectrum. Using the same framework, we give predictions

determination difficult [2,3]. An evaluation [4] of experi-  for inclusive Higgs boson production via DP exchange at

mental possibilities using outgoing (anti)proton tagging  the Tevatron.

and a missing mass method predicts a discovery potential The main lesson of our study is that an interesting dis-

for the Higgs boson, but it strongly depends on the theo-  covery potential for the Higgs boson particle at the Teva-

retical framework. tron Run II can be expected in double (anti)proton tagged
Our aim is to give predictions based on inclusive Higgs ~ experiments. It is materialized in Table I for the number

boson and dijet production at the Fermilab Tevatron col-  of events as a function of My depending on experimental

lider via DP exchange. So far, the predictions have been  cuts and decay products.

based on exclusive production without accompanying Note that these estimates are sizably higher than the

radiation, which is indeed present, e.g., in DP dijet = more recent exclusive production predictions [3]. One rea-
production at the Tevatron [5]. Thus, we (i) normalize  son is the absence of a damping quark mass factor in in-
the theoretical predictions to the observed dijet rate  clusive dijet production. This renormalization enhances
and obtain a more constrained prediction for the Higgs  the 77 loop contribution for Higgs boson production. One
boson, (ii) find sizable cross sections, and (iii) make  may not, however, exclude the possibility of having a larger
the first step in evaluating the specific inclusive signal/  exclusive production cross section, as was obtained in pre-

background ratio. vious analyses [1,2], if the rescaling factor for exclusive
In the following we use as a starting point the Bialas-  production is different from the one determined using in-

Landshoff exclusive model for Higgs boson and heavy fla-  clusive dijet production.

vor jet production [1]. We modify it in order to take into Let us introduce the formulas for inclusive Higgs boson

account inclusive Higgs boson and dijet production, adding  and dijet production cross sections via DP exchange.
also contributions from light quark jets and gluon jets (not
|

do-m“—cﬁ<xfxgs> (flfz %)H{Gp(x,,mdx’ AEi 2y, 2 exp(—zAv%)},

MH X1 X287 i=12 xi o &
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ol = CQQ<W2S> Fyy8° >< > (i + k,»)) [ {Gp(x, B o g g xp(—ZAv,-z)}, W
MJJ i=1,2 i=1,2 Xi fz
where xf,xg define the fraction of the Pomerons’ momen- | Ref. [1] (except gg — gg, not included in [1]) are recov-
tum carried by the gluons involved in the hard process,  ered by the substitution Gp(xf, u) — 8(xf — 1).
see Fig. 1, and GP(Xf,z, W), are, up to a normalization, the The formulas (1) are written for a Higgs boson of

gluon structure function in the Pomerons extracted from  mass My and two jets (of total mass Mj,), respectively.
HERA experiments; see [6]. w? is the hard scale (for sim- ~ The Pomeron trajectory is a(f) =1+ € + o't (e ~
plicity kept fixed at 75 GeV?, the highest value studied at ~ 0.08, a' ~0.25 GeV™?), £1,(<0.1) are the Pomerons’
HERA; we neglect the small [6] contribution of quark ini- fraction of longitudinal momentum, v, the 2-transverse
tiated processes in the Pomeron). By construction of our =~ momenta of the outgoing p, p, k;, those of the outgoing
model, the known formulation for exclusive channels in  quark jets, A ~ 4 GeV~? the slope of the Pomeron pp
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TABLE 1. Number of Higgs boson events for 1 fb™!: 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 column gives the number
of events decaying into bb tagged in the dipole roman pot de-
tectors (see text), the third one requiring additionally at least two
jets of pr > 30 GeV, the fourth one gives the number of recon-
structed and tagged events when the Higgs boson decays into 7,
and the fifth one when the Higgs boson decays into W* W~ (in
this channel, the background is found to be negligible).

MHiggs boson (1) ) 3) 4) 3)
100 26.6 18.5 5.7 1.9 0.2
110 21.6 14.0 5.3 1.3 0.7
120 17.4 9.8 4.8 1.0 1.9
130 13.8 6.1 3.2 0.6 3.3
140 10.6 2.9 1.8 0.3 4.2
150 8.0 1.0 0.8 0.1 5.0
160 5.7 0.2 0.1 0.0 4.5
170 3.7 0.0 0.0 0.0 2.9

coupling, and the constants Cy,Cgpo are normalizations
containing various factors related to the hard matrix
elements together with a common nonperturbative factor
due to a nonperturbative gluon coupling [1], absent in the
ratio Cy/Cpo.-

Fi; =D Forpr(p’) + 27F 4 (p®);
f

f f
__r_(_r
T m2 2f<1 2)(1

myy myyp

Foror

27 stands for the color factor fraction between gluon jets
and quark jets partonic cross sections [7].

Note that the gg — O/ Q/ cross section depends on
transverse and not on rest quark masses. Thus, all five
quark flavors sizably contribute to the dijet cross section.
This is to be contrasted with the exclusive case for which
one finds [1]

2f
f = f 4
3 p'(1 — pl) L5 _ 4mg
Foo(p)=""5>7,  p=15— O
myy myp Qfo

The corresponding cross section is proportional to mZQf
and thus is quasizero for light quarks. This reflects the
known zero helicity constraint of the quark jet production
mechanism of Ref. [1] (in fact, for light quarks, a zero ap-
pears in the forward anti(proton) direction; see dijet papers
in [2]).

The physical origin of our formulas (1) extended to the
inclusive case is the following: Since the overall par-
tonic configuration is produced initially by the long-range,
soft DP interaction, we assume that, up to a normaliza-
tion, the inclusive cross section is the convolution of the
“hard” partons — Higgs boson, partons — jets subpro-
cesses by the Pomeron structure function into gluons; see
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FIG. 1. Inclusive production scheme: x; =1 — &;,v; are
the longitudinal and transverse 2-momenta of the diffracted
(anti)proton, xf, the Pomeron fraction momentum brought
by the gluons participating in the hard cross section, k;,
the transverse 2-momenta of the outgoing jets in the central
region from quarks, gluons, or the bb decay products of the
Higgs boson.

The dijet cross section o ;; depends on the gg — O/ Q'
and gg — gg cross sections [7]. This gives for five quark
flavors (f =1 — 5)

foof

ol = dmymr; ez _ 4pTipT2
- 2 2 - 2 )
Mpior Mg,

@)

Fig. 1. The expected factorization breaking of hadropro-
duction will appear in the normalization through a rescal-
ing of the Pomeron fluxes, which are not the same as in
hard diffraction at HERA. Indeed, this ansatz remarkably
reproduces the dijet mass fraction seen in experiment; see
Fig. 2.

Let us compare our results with the measurements per-
formed in the CDF experiment at Tevatron [5]. To this end,
we interfaced our generator with SHW [8], a fast simulation
of the DO and CDF detectors. We chose as gluon content
of the Pomeron the result of the H1 “fit 1” performed in
Ref. [6], up to a normalization of the flux determined by
comparison with CDF results.

We first compare our results for the dijet mass fraction
with the measurement of the CDF Collaboration [5] in DP
events. As shown in Fig. 2, the dijet mass fraction spec-
trum is well reproduced. The CDF measurement could
clearly not be described without radiation since the ob-
tained dijet mass fraction would peak near one, up to de-
tector resolution effects.

To be more detailed, a tagged antiproton with 0.035 =
&5 = 0.095 and |t| < 1 GeV? was required. This quan-
tity is reconstructed using the roman pot detectors installed
by the CDF Collaboration. After the CDF cuts to tag an
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FIG. 2. A comparison of the dijet mass fraction obtained in our
model and CDF data (open circles). With radiation: the shaded
distribution is the dijet distribution after radiation and simulation
of the detector. Without radiation: dotted line: distribution at
generator level; dashed line: after simulation of the detector.

antiproton and the fast simulation of the detector, we ob-
tain a cross section of 14.4 nb, to be compared with the
CDF measurement of 43.6 nb. At the present stage, at
least two aspects are lacking in our study: first, our cross-
section formulas do not include dissociation of the out-
going (anti)protons. Second, some (difficult to evaluate)
fractions of the proton-tagged events seen in experiment
are in fact fake tags, coming namely from excited N*
states leaving an energetic decay proton in the detector.
(A factor of 3 coming from the inclusion of excited N*
states has been predicted in the first reference in [2] in the
context of exclusive Higgs boson production.) Both effects
contribute to enhance the measured cross section and thus
the difference between our prediction and the measured
value [9]. We thus scale up our cross sections by a factor
of 43.6/14.4 ~ 3.

We can now give predictions for the Higgs boson pro-
duction cross sections in double diffractive events, by scal-
ing our results by the above-determined factor. The results
are given in Table I, first column. We note the high values
of the cross sections, which predict more than ten events
per fb~! for a Higgs boson mass below 140 GeV. (The
expected luminosity is between 20 and 25 fb™! per ex-
periment for Run-II.)

After interfacing the generator with SHW [8], we can
estimate the rates which could be observed in the experi-
ments. The experimental resolution and acceptances of
the roman pot detectors have been chosen to be similar to
the DO ones for dipole detectors, namely, the ¢ resolution
is 0.1./7, t acceptance is |t| = 0.5 GeV?, ¢ resolution is
0.2%, and the ¢ acceptance is 100% if &€ > 0.04, 0% if
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FIG. 3. A comparison of diffractive dijet and Higgs boson dis-
tributions: The Higgs boson distributions are here always on the
right of the bb distribution. (a) shows the energy distribution of
the tagged proton or antiproton, (b) the leading dijet mass dis-
tribution, (c) the mean leading two jet transverse energy in case
radiation is added, and (d) is the same plot without radiation.
Normalization is arbitrary in all figures.

¢ < 0.01, and linear between 0% and 100% if 0.01 <
¢ < 0.04[10]. The tagging efficiency (see second column
of Table I) is quite good if one uses a dipole detector on
each side. To be able to trigger these events, some activity
inside the central detector will be required, and we give in
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FIG. 4. Higgs boson mass reconstruction: On top, with radia-
tion; on bottom, without. The grey distribution is the result of
the missing mass method, and the dashed line is the leading dijet
mass distribution.
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Table I, third column, the number of events after requiring
at least two jets of pr > 30 GeV [11].

To enhance the signal to background ratio, it is possible
to cut on the proton and antiproton tagged energy at
930 GeV (see Fig. 3a), on the jet topologies (the jets
coming from Higgs boson events are more central) and
on the reconstructed mass distribution using the missing
mass method [4] (see Figs. 3b and 4). We slightly
modified the original method to partly take into account

- ——— EputEpotE, TE;
radiation and define My = \[€,&ps 5 —"—"
where the Ej; are the leading two jets energies and E),
and Ej are the tagged p and p energies. We notice that
the missing mass method is not working so nicely when
radiation is included. It is, however, still a competitive
method to reduce background and reconstruct the Higgs
boson mass [12]. Since we obtain quite high cross
sections, other Higgs boson decay channels with smaller
branching ratios, such as H — 777~ (about 10% of
Higgs boson decay; see Table I) or H — W W™ are of
very high interest since the expected background is very
small. The background over signal ratio will be studied
in more detail in Ref. [13].
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