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Abstract. We critically re-examine the calculation of central production of dijets in quasi-elastic
hadronic collisions. We find that the process is not dominated by the perturbative contribution, and
discuss several sources of uncertainties in the calculation.
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Central exclusive production (CEP) of high-mass systems, suggested almost twenty
years ago in [1], has recently become one of the hot topics in hadronic diffraction.
The main interest here is the possibility to detect the Higgsboson at the LHC in a
very clean environment. If the forward detectors, such as those developed by the FP420
collaboration [2], can measure the energy of the scattered protons, the mass of the central
system can be reconstructed with high accuracy and the Higgssignal can be seen.

In the last decade several attempts have been made to predictthe Higgs CEP, with
results differing by orders of magnitude [3]. Although there is now a broad consensus
on the general structure of the CEP amplitude, debates continue on how to implement
the various ingredients. CDF has recently published their data on central production of
dijets [4], which can be used to contrain theoretical modelsof CEP and, hopefully, to
make the estimates of the Higgs CEP cross section at the LHC more reliable.

Recently, we calculated the cross section of dijet CEP, see details in [5]. We followed
the standard line of calculations, trying, however, to keepan eye on various assumptions
and uncertainties that arise along the way. We came to the conclusion that the uncer-
tainties are much larger than usually stated, and that the claim of the domination of the
perturbative contribution is not justified. Besides, we argued that the link between the
dijet and Higgs CEP might be not as direct as it is often assumed.

THE STANDARD SCHEME FOR HARD DIJET CEP

The standard scheme for the calculation of CEP of systemX consists in the following
steps: (1) calculate the Born-level amplitudeqq→ q+X +q, (2) put quarks into protons
via the proton form factors, (3) take into account double-log enhanced corrections via
the Sudakov form factor; (4) suppress inelastic rescattering by introducing a gap survival
probability. For dijet production, one has in addition to convert produced gluons into
final jets.
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FIGURE 1. Diagrams contributing to the CEP of hard gluons

One begins with the lowest-order pQCD calculation of theqq→ q+gg+q amplitude,
where the two-gluon system is a color singlet and there is no overall color exchange in
thet-channel. The kinematical conventions are the following (see Fig. 1): the transverse
momentum transfers to the two protons,k1 andk3, are small, while the relative momen-
tum of the two gluons,k2, is large. The gluons are produced at mid-rapidity, so that the
lightcone components of their momenta are much smaller thanthe corresponding quark
components.

There are many diagrams contributing to the amplitude. However, if we focus on the
imaginary part, which is expected to be dominant, and take into account kinematics,
we observe massive cancellations among contributions. What remains is the standard
diagrams with the two gluons emitted from the samet-channel gluon, such as in Fig. 1a.
The cross section can then be written as

dσ =
α6

s

8π6

N2−1
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2)
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dβ1

β1

dβ2
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d2k1d2k2d2k3

×
∫

d2k d2k′

k2(k+k1)2(k+k3)2 k′2(k′ +k1)2(k′ +k3)2(C0|M̃0|2+C2|M̃2|2) , (1)

whereβi are the fractions of lightcone momentum carried by the two produced gluons,
C0, C2 are some products of transverse momenta, whileM̃0 andM̃2 aregg→ gg ampli-
tudes with total helicity 0 and 2 (see details in [5]).

Two gluon production in the collision of two protons can be written schematically as
dσpp = dσqq⊗∏i

[√
Ti ·NcΦi

]

. HereΦi are the proton form factors,Ti are the Sudakov
form factors, and the symbol⊗ indicates that the corresponding factors are introduced
inside the gluon loop integrals. The proton form factors areusually rewritten via unin-
tegrated gluon distribution functions. We used the parametrizations of [6] adapted for
non-forward kinematics. As for the Sudakov form factor, we used the standard expres-
sion based on the Monte Carlo approach to parton branching:

T = exp(−S) , S(µ2, ℓ2) =
∫ µ2

ℓ2

dq2

q2

αs(q2)

2π

∫ 1−∆

0
dz

[

zPgg+Nf Pgq
]

.

Here the lower scaleℓ2 is the virtuality of the colliding gluons, the upper scaleµ2 ∼ k2
2;

∆ is a kinematic cut-off,Pgg andPgq are the non-regularized splitting functions.
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FIGURE 2. Sensitivity of the differential cross section to the choiceof the upper scaleµ2 in the
Sudakov form factor

Finally, we used the gap survival probability of 15%, thougha more detailed analysis
is definitely needed, and took into account the splash-out effects via two prescriptions:
E j

T = 0.8kg
T or E j

T = kg
T(1−αs/2)−1GeV.

UNCERTAINTIES OF THE CALCULATIONS

We followed the above steps to get numerical results for the dijet production cross
section within the kinematical cuts used by the CDF collaboration. We found that with
appropriate choices of free parameters we could nicely describe the CDF data. The
corresponding curve is represented in Fig. 2 by the solid line.

However, we also found that there are several issues that make the numerical cal-
culations very uncertain. For example, we found that different choices of the uninte-
grated gluon distribution, which did an equally good job in describing the HERA data
on F2p(x,Q2) in very broadx andQ2 ranges, lead to dijet CEP differing by a factor
of 2–3. This result is not surprising, since the CEP cross section is proportional to the
fourth power of the unintegrated gluon distribution function and the CEP is dominated
by the non-perturbative contribution. Indeed, we checked that only∼ 1/3 of the cross
section comes from kinematical configurations in which all gluons inside the loop have
virtualities larger than 1 GeV2.

We also question the accuracy with which the Sudakov form factor is known. First,
we observed that for the CDF kinematics the constant terms inthe Sudakov integral are
equally important as double-log plus single-log terms. Variation of the constant terms,
which are not known for the virtual corrections, strongly affects the value of the Sudakov
form factor. In addition, reasonable variations of the scales of the Sudakov integral lead
to a significant spread of the resulting numerical calculations, which is illustrated by
Fig. 2.

We estimated the cumulative uncertainty due to these and similar sources to be a factor



of 20 up or down, which is much larger than usually claimed. Therefore, the CDF data
are indeed very important in constraining the models.

In addition to the uncertainties due to parametrizations, we identified diagrams, which
are usually neglected but which are not under theoretical control. Consider, for example,
the diagram in Fig. 1b. At the Born level, it is suppressed with respect to the leading
diagram by a power ofk2

2. However, these diagrams get very large corrections due to
logarithmically enhanced higher-order diagrams. After these corrections are taken into
account, the two diagrams shown in Fig. 1 compare to each other roughly as

1

k2
2

∫
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(k2)2 exp[−S(k2

2,k
2)] vs.

1
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2)

2

∫

d2k
k2 exp[−Snew(k2

2,k
2)] . (2)

HereSnew is an effective way of representing enhanced virtual corrections to the second
diagram. We do not have an expression forSnew, but we can argue that it is smaller (i.e.
less suppressive) than the usual Sudakov integralS. Note also that the second integral
extends to much harderk. Therefore, it might happen that after the corrections are taken
into account, the two diagrams can be comparable to each other. Since the diagram
shown in Fig. 1b is specific forgg production and is absent in Higgs CEP, one must
bring it under control before claiming the similarity between the dijet and Higgs CEP.
In addition to thisgg-specific correction, we have also identified a class of diagrams that
might be potentially important for any final state in CEP, seedetails in [5].

In conclusion, we argue that the calculations of the dijet CEP are much more uncertain
than usually claimed. We find large uncertainties due to the dominance of the soft
dynamics, freedom in choosing parametrizations for the unintegrated gluon distribution
functions, strong sensitivity to the details of the Sudakovform factor and, potentially,
additional diagrams. Even with the CDF data taken into account, estimates of the Higgs
CEP at the LHC remain rather uncertain.
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