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Abstract

Exclusive double diffractive events (EDDE) and their semiinclusive counterparts (SI DDE) are consid-
ered in the framework of the Regge-eikonal approach and perturbative calculations for ”hard” subpro-
cesses. Total and differential cross-sections for processesp+p! p+M+p andp+p! p+XMY+p
are calculated, whereX andY are ”soft” radiation products inside the central region. Some applica-
tions of these processes to the future investigations at LHCare proposed.



1 Itroduction
With the first LHC run coming closer the hopes for confirmationof various theory predictions get heated. The
huge amount of works is related to the search of fundamental particles of the Standardt Model or its extensions
(Higgs boson, Superpartners, gravitons and so on) and to theinvestigations of so called ”hard” QCD processes,
which correspond to very short space-time scales. ”Soft” diffractive proceses take in this raw its own, distinctive
place.

LHC collaborations aimed at working in low and highpT regimes related to typical undulatory (diffractive) and
corpuscular (point-like) behaviours of the correspondingcross-sections may offer a very exciting possibility to
observe an interplay of both regimes [1]. In theory the ”hardpart” can be (hopefully) treated with perturbative
methods whilst the ”soft” one is definitely nonperturbative.

Below we give several examples of such an interplay: exclusive particle production by diffractively scattered
protons, i.e. the processesp + p ! p +M + p, where+ means also a rapidity gap and M represents a particle
or a system of particles consisting of or strongly coupled tothe two-gluon state [2]. Also in this paper we extend
exclusive processes to the casep + p ! p + X M Y + p, when we have additional ”soft” radiationX andY
inside the central rapidity region.

These processes are related to the dominant amplitude of exclusive and semiinclusive two-gluon production. Driv-
ing mechanism of the diffractive processes is the Pomeron. Data on the total cross-sections demands unambiguosly
for the Pomeron with larger-than-one intercept, thereof the need to take into account the ”soft” rescattering (i.e.
”unitarisation”).

EDDE gives us unique experimental possibilities for particle searches and investigations of diffraction itself. This
is due to several advantages of the process: a) clear signature of the process; b) possibility to use ”missing mass
method” that improve the mass resolution; c) background is strongly suppressed; d) spin-parity analysis of the
central system can be done; e) interesting measurements concerning the interplay between ”soft” and ”hard” scales
are possible [3]. All these properties can be realized in common CMS/TOTEM detector measurements at LHC [4].

SI DDE is important as a source of main backgrounds for the exclusive processes.

2 Exclusive double diffraction
The exclusive double diffractive process is related to the dominant amplitude of the exclusive two-gluon produc-
tion. Driving mechanism of this processes is the Pomeron.

To calculate an amplitude of the EDDE, we use an approach which was considered in detail in Ref. [2]. In the
framework of this approach, the amplitude can be sketched asshown in Fig. 1. After the tensor contraction of the
amplitudesT1;2 with the gluon-gluon fusion vertex, the full “bare” amplitudeTM depicted in Fig. 1 looks likeTM = 2� 
2gp eb(t1+t2) �� sM2��P (0) Fgg!M Is : (1)

Here b = �0P (0) ln�psM �+ b0 ; (2)b0 = 14 (r2pp2 + r2gp) ; (3)

with the parameters of the “hard” Pomeron trajectory, that appears to be the most relevant in our case, presented in
Table 1. The last factor in the RHS of (1) isIs = �2Z0 dl2l4 Fs(l2; �2)� l2s0 + l2=2�2�P (0) ; (4)

wherel2 = �q2 ' q2, � = M=2, ands0 is a scale parameter of the model which is also used in the global fitting
of the data onpp (p�p) scattering for on-shell amplitudes [1]. The fit givess0 ' 1 GeV2. If we take into account
the emission of virtual ”soft” gluons, while prohibiting the real ones, that could fill rapidity gaps, it results in a
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Figure 1: Model for EDDE Figure 2: AmplitudeTM for SI DDE.

Sudakov-like suppression [5]:Fs(l2; �2) = exp264� �2Zl2 dp2Tp2T �s(pT 2)2� 1��Z� zPgg(z)dz + 1Z0 Xq Pqg(z)dz375 ; (5)Pgg(z) = 6(1� z(1� z))2z(1� z) ; (6)� = pTpT + � : (7)

The off-shell gluon-proton amplitudesT1;2 are obtained in the extended unitary approach [6]. The “hard” part of
the EDDE amplitude,Fgg!M , is the usual gluon-gluon fusion amplitude calculated perturbatively in the SM or in
its extensions.

Table 1: Phenomenological parameters of the “hard” Pomerontrajectory obtained from the fitting of the HERA
and Tevatron data (see [2], [7]), and data onpp (p�p) scattering [1].The value of the
gp is corrected in accordance
with the latest data from CDF [8], which is depicted in the Fig. 3 with the range of possible curves. The best fit
corresponds to the value
gp = 2:85.�P (0) �0P (0), GeV�2 r2pp, GeV�2 r2gp, GeV�2 
gp

1.203 0.094 2.477 2.54 2.7!3.8

The data on total cross-sections demand unambiguously the Pomeron with larger-than-one intercept, thereof the
need in unitarization. The amplitude with unitary corrections,T unitM , are depicted in Fig. 1. It is given by the
following analytical expressions:T unitarM (p1; p2;�1;�2) = 116 ss0 Z d2qT(2�)2 d2q0T(2�)2 V (s; qT )� TM (p1 � qT ; p2 + qT ;�1T ;�2T )V (s0; q0T ) ; (8)V (s; qT ) = 4s (2�)2 Æ2(qT ) + 4sZ d2b eiqTb �eiÆpp!pp � 1� ; (9)

where�1T = �1 � qT � q0T , �2T = �2 + qT + q0T , and the eikonal functionÆpp!pp can be found in Ref. [1].
Left and right parts of the diagram in Fig. 1b denoted byV represent “soft” re-scattering effects in initial and final
states, i.e. multi-Pomeron exchanges. As was shown in [9], these “outer” unitary corrections strongly reduce the
value of the corresponding cross-section and change an azimuthal angle dependence.
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Figure 3: The latest data from CDF and predictions
for EDDE.

Figure 4: gIP gIP luminocities for EDDE (solid
curve) and SI DDE (dashed curve) for the ”soft” ra-
diation withkT < 7 GeV andxg;hard > 0:8.

In the equation (1) we present only the Born terms from amplitudesT1;2. It is sufficient forjt1;2j < 1 GeV due
to fast decrease of the differential cross-section int1;2, and the contribution of these corrections to the total cross-
section are less than several percents. But when we considerthe diffractive pattern in the region of1 < jt1;2j <5 GeV, we have to take into account rescattering corrections inside the amplitudesT1;2. In this caseIs in the
equation (1) changes to the following expression:I
orrs = �2Z0 dl2l4 Fs(l2)� l2s0 + l2=2��P (t1)+�P (t2) (1 + h(v; t1))(1 + h(v; t2)) ; (10)h(v; t) = 1Xn=2 (�1)n�1n! � n � 
gp8� b1(v) exp �� i�(�P (0)� 1)2 � v�P (0)�1�n�1 exp �b1(n� 1)n jtj� ; (11)v = psM l2s0 + l2=2 ; (12)

andb to b1 = �0P (0) ln v + b0 : (13)

To calcuate differential and total cross-sections for exclusive processes we can use the formulad�EDDEdM2 dy d�gg!M jy=0 = L̂EDDE d�̂Jz=0d�gg!M ; (14)L̂EDDE = 
4gp25�6 � sM2�2(�P (0)�1) 14b2 IsS2 ; (15)S2 = R d2~�1d2~�2jTM j2R d2~�1d2~�2jT unitarM j2 ; (16)

whered�̂Jz=0=d�gg!M is the ”hard” exclusive singlet gluon-gluon fusion cross-section andS2 is the so called
”soft” survival probability. In this work the quantitŷL is calledgIP gIP luminocity.

3 Soft corrections to the exclusive process
We can extend our approach to the case of additional ”soft” radiation in the central rapidity region. This process is
depicted in Fig. 2. First of all we have to calculate unintegrated gluon distribution inside a gluon. For this task we
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use the method similar to the one presented in [10] (convenient for Monte-Carlo simulation) or [11]. For simplicity
we solve the modified evolution equation in pure gluodynamicsd �fg=g(x; p2T )Fs(p2T ; �2)�d ln� p2T�2QCD � = �s(pT )2� 1��Zx dz Pgg(z)fg=g(xz ; p2T )Fs(p2T ; �2) (17)

with the conditionfg=g(x; q20) = Æ(1� x), q0 = 0:3 GeV and obtain the unintegrated distribution [11]:f̂(x; p2T ; �2) = Fs(p2T ; �2)�s(pT )2� 1��Zx dz Pgg(z)fg=g(xz ; p2T ) (18)

After the loop integration and sum of all the contributions of ”soft” gluonic radiation we get the integrated lu-
minocity L̂SI , which is similar to the exclusive one with some replacements:L̂SI = 
4gp25�6 � sM2�2(�P (0)�1) 14b2 ISIs S2 ; (19)ISIs = �2Z0 dl2l4 FSIs (l2; �2)� l2s0 + l2=2�2�P (0) ; (20)FSIs = 264 k2T;maxZ dk2tk2t Z dx x2(�P (0)�1)f̂(x; k2t ; �2)3752 : (21)

And the differential cross-sections can be expressed in terms ofL̂SI :d�SIdM2 dy d�gg!M jy=0 = L̂SI d�̂d�gg!M : (22)

Hered�̂=d�gg!M is the inclusive singlet ”hard” gluon-gluon fusion cross-section.

Exclusive and semi-inclusive luminocities are presented in the Fig. 4. Here we consider the radiation with the
transverse momenta less than7 GeV, and the ratioMjj=Mjj+soft > 0:8.

Now we can estimate the backgrounds for exclusive Higgs production. Rates for these processes at the integrated
luminocity 100 fb�1 are summarized in the table 2 (parameter
gp = 3:8, i.e. we use more optimistic values).
From this table we can obtain signal to background ratio� 1. More exact estimations will be made in the nearest
future after Monte-carlo simulations.

Table 2: Rates for the exclusive Higgs production and different backgrounds at the integrated luminocity100 fb�1
and�Mmissing = 4 GeV. The probability to misidentify gluon jets with b-jets is taken to be 1%.

process N events�EDDE �H ! b�b� 27�SI �H ! b�b� 2�EDDE �b�b� 12�EDDE �b�bg� 1�EDDE (gg) � 10�4 14�EDDE (ggg) � 10�4 2
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