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Abstract. Exclusive double diffractive (EDD) Higgs boson production is analyzed in the framework of
the Regge-eikonal approach. Total and differential cross-sections for the process p +p — p+ H + p are
calculated. Experimental possibilities to find the Higgs boson at LHC are discussed.

1 Introduction

LHC collaborations aimed at working in the low
(TOTEM)- and high (CMS)-pr regimes related to typ-
ical undulatory (diffractive) and corpuscular (point-like)
behaviors of the corresponding cross-sections may offer a
very exciting possibility to observe an interplay of both
regimes [1]. In theory the “hard part” can be (hopefully)
treated with perturbative methods whilst the “soft” one
is definitely non-perturbative.

Below we give an example of such an interplay: ex-
clusive Higgs boson production by diffractively scattered
protons, i.e. the process p +p — p + H + p, where +
means also a rapidity gap. There are still big differences
in the predictions of different authors (see [2] and refer-
ences therein). Nevertheless, some of them are reconciled
by introducing suppressing factors, as will be seen below.
In the present paper we will calculate the cross-section of
the process in the improved Regge-eikonal model [3].

This process is related to the dominant amplitude of
exclusive two-gluon production. The driving mechanism of
the diffractive processes is the pomeron. Data on the to-
tal cross-sections unambiguously demand a pomeron with
larger-than-one intercept, from which follows the need in
“unitarization”.

As will be seen below the detection of the Higgs boson
(in the bb mode) at LHC in the double diffractive regime
looks fairly well possible.

2 Calculations

In Figs. 1 and 2 we illustrate in detail the process p+p —
p+ H + p. Off-shell proton—gluon amplitudes in Fig. 2 are
treated by the method developed in [3], which is based on
the extension of the Regge-eikonal approach, and success-
fully used for the description of the HERA data [4].
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Fig. 1. Unitarization of the processp+p —->p+ X +p

The amplitude of the process p+p — p+ H + p con-
sists of two parts (see Fig.2). The “hard” part F' is the
usual gluon—gluon fusion process calculated in the stan-
dard model [5]. “Soft” amplitudes T} o are obtained in the
Regge-eikonal approach.

We use the following kinematics, which corresponds to
the double Regge limit. It is convenient to use light-cone
components (+,—; L). The components of the momenta
of the hadrons in Fig. 2 are

Fig. 2. The “bare” amplitude of the process p+p — p+H +p
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The &2 are the fractions of protons momenta carried
by gluons. For two-dimensional transverse vectors we use
boldface type. From the above notation we can obtain the
relations
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The physical region of diffractive events with two rapidity
gaps is defined by the following kinematical cuts:

0.01 GeV? < [t 2] < 1GeV2. (3)
M2
gmin ~ Sf H S {1,2 S fmax - 017 (4)
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k= E1&as — My < M.

The discussion on the choice of the cuts (3)—(5) for
diffractive events and references to other authors have
been given in [6,7]. Whereas large rapidity gaps are pro-
duced for &; 2 — 0, heavy particle production requires that
neither & nor &, be too close to zero. We assume &§; » < 0.1
since the cross-sections then become mainly diffractive [8].
The relations in terms of y; 2 and yy (hadron and Higgs
boson rapidities, respectively) take the form
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The calculation of the amplitude is based on the non-
factorized scheme. The contribution of the diagram de-
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picted in Fig.2 is obtained by integrating over all inter-
nal loop momenta. It was shown in [7] that the lead-
ing contribution arises from the region of the integration
where the momentum ¢ is “Glauber-like”, i.e. of the order
(kym?/y/s,k_m?//s,km), where the k’s are of the order
1. A detailed consideration of the loop integral like

/ d4q f(Qaplap27A17A2)
(2m)* (¢ +10)(¢3 +10)(¢3 +i0)’

shows that the main contribution comes from the poles

(7)

gl =V2s&q- —qi> =0,
@ = —V2sqr —qx* =0.

In this case
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In this region |¢?/M?%| < 1, and for the ggH vertex
F#” in the first order of the strong coupling we have the
usual [5] expression
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where n = M% /4m?, and Gy is the Fermi constant. The
NLO K-factor of 1.5 for the g9 — H process is included
to the final answer.

Taking the general form for T-amplitudes that satisfy
the identities

T, =0, ¢!TH, =0, (11)

and neglecting terms of the order o(&;), the following ex-
pression is found at |t;] < 1GeV?:
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For T’Z _,op We use the Regge-eikonal approach [3,9]. At
small ¢; it takes the form of the Born approximation, i.e.
the Regge factor:

Tg’;)ﬁgp(sia tiv QQ'L)
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= cgp (e E T efofi . (13)
80 = qgi —m

1
bo:z (;p—f—T‘gp) 5 (14)
where
ap(0) =1.203, a/»(0) = 0.094GeV ™2,
2, =2477GeV > (15)
are found in [9]. The parameters
cgp = 3.5, 17, =254GeV 2, (16)

are defined from fitting [10] the HERA data on J/¥ photo-
production, which will be published elsewhere. It is found
that the Born term corresponding to the “hard” pomeron
with parameters (15) of the trajectory gives the main con-
tribution to the amplitude. The upper bound for the con-
stant cyh ~ 2.3 (3.3) can also be estimated from the exclu-
sive double diffractive di-jet production at Tevatron, if we
take CDF cuts and the upper limit for the exclusive total
di-jet cross-section [11]. The effective value ¢4y, = 2.3 cor-
responds to the case when the Sudakov suppression factor
is absorbed into the constant, and cg, = 3.3 is obtained
when explicitly taking into account this factor.

The full amplitude for Higgs boson production looks
as follows:

Tpp—spHp =
/ diq 8F"™(q1,q2)TE (1, ¢ )T R (P2, —4, 42)
(2m)* (4% +10)(gf +10)(g5 +i0)

The factor 8 arises from the color index contraction. Let

(17)
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and contract all the tensor indices; then the integral (17)
takes the form
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where My = 100 GeV and sy — m? ~ 1 GeV? is the scale
parameter of the model that is used in the global fitting of
the data on pp(pp) scattering for on-shell amplitudes [9].
It remains fixed in the present calculations.

If we take into account the emission of virtual “soft”
gluons, while prohibiting the real ones, that could fill the
rapidity gaps, it results in the Sudakov-like suppression
[12]:

Mpy?/4

Fy(1?) = exp —% /

dPT2 2 MH2
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pTQ «Q (pT ) n 4pT2 ( )
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and to the new value of the integral (20):

M7 472 2 2ap(0)
I :/ %FS(ZQ) lf

~ 0.38GeV 2, My =100GeV. (22)
In this case the total cross-section becomes 24 times
smaller than without the factor Fj.

Unitarity corrections can be estimated from the elastic
pp scattering by the method depicted in Fig. 1, where

Tx = TppspHp (23)
V(s,qr) = 4s(2m)%6%(qr)
+4s / d®bear® [el0rrorr — 1] (24)
TUN (1 po, Ay, Ay) = 1 /dqu d?qlp V(s,qr)
16ss’ J (2m)2 (2m)?
-Tx(p1 — g,p2 + qr, A1r, Do)V (5', q7) (25)

Avr = A1 —qr — ¢,
Agp = Ay + g1 + g7,

and dpp—pp can be found in [9]. Tx is the “bare” ampli-
tude (17), which is depicted in Fig. 2. Left and right parts
V represent “soft” rescattering effects for initial and final
states, i.e. multi-pomeron exchanges. It reduces the inte-
grated cross-section by a factor of about 14 for the given
kinematical configuration.

3 Results and discussions

We have the following expression for the differential cross-
section:

do _ TC|T1}]I)IE>tpHp‘2
dtydtadéidEe  8s(2m)5v/ =N

A= k2 +2(t) + )k + (1 —t2)* < 0. (26)

By partial integrating (26) we obtain the cross-sections
do /dt and do/d€. The first result of our calculations is de-
picted in Fig. 3. The antishrinkage of the diffraction peak
with increasing Higgs boson mass is a direct consequence
of the existence of the additional hard scale Mg, which
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Fig. 3. t-distribution do/dt/ctot of the process p+p — p +
H + p for two different values of the Higgs boson mass

makes the interaction radius smaller. The £ dependence is
shown in Fig. 4.

The second result is the total cross-section of the EDD
Higgs boson production, which can be found in Table1
and in Figs. 5 and 6. The form of the dashed curve in Fig. 6
originates from the standard gluon—gluon-Higgs vertex
and has a peak near My ~ 2m;. For the case of Sudakov-
like suppression the cross-section vanishes faster with Mpg.

It is useful to compare our result with other studies.
Results quite close to ours (with the normalization to the
CDF data, ¢4, = 3.3) were given in [12], where the value of
the total cross-section is about 3 fb. In both cases the most
important suppression in the mass region My > 100 GeV
is due to (perturbative) Sudakov factors, while the non-
perturbative (absorptive) factors play a relatively minor
role.

Results of other authors were considered in detail in
[2]. The highest cross-section 2pb for My = 400 GeV at
LHC energies was obtained in [6]. These authors used a
non-factorized form of the amplitude and a “QCD in-

Table 1. Values of the total cross-section for the
EDD-Higgs production

Optp—ptHip (D)

cgp  Mu (GeV) LHC
no Sud. suppr. Sud. suppr.
3.5 100 — 500 110 — 57 4.6 — 0.14
2.3 100 — 500 20— 11 -
3.3 100 — 500 - 3.6 —0.11
w
250
200
150
100
50
0.01 0.02 0.03 0.04 0.055

Fig. 4. ¢-distribution do/d€/oet of the process p+p — p +
H + p for Mg = 100 GeV
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Fig. 5. The total cross-section (in fb) of the process p + p —
p + H + p versus Higgs boson mass for ¢y, = 3.5 without
Sudakov-like suppression (dashed curve) and with Sudakov-
like suppression (solid curve)

spired” model for gp — gp amplitudes, taking into ac-
count the non-perturbative proton wave functions. Even
if we multiply the result of [6] by the suppressing factor,
it will be much larger than ours. This could serve as an
indication of the possible role of non-perturbative effects.
Our model is based on the Regge-eikonal approach for
the amplitudes, which is primordially non-perturbative,
normalized to the data from HERA on vp — J/¥p and
improved by the CDF data on exclusive di-jet production.

To estimate the signal to QCD background ratio for
the bb signal we use the standard expression for the
gg — bb amplitude and the following assumptions [13—
16].
(1) The possibility to separate final bb quark jets from
gluon jets. If we cannot do this, it will increase the back-
ground by two orders of magnitude. The efficiency of b-
tagging is supposed to be 50%. ~
(2) Suppression due to the absence of color-octet bb final
states.
(3) Suppression of light fermion pair production, when
Jiot =0 (see also [17,18]).
(4) The cut Er > 50GeV (§ > 60°), since the cross-
section of diffractive bb jet production strongly decreases
“dth,lar.

The theoretical result of these numerical estimations
is

Signal(pp — pHp — pbbp)
QCD background

My

>95- 10_6|f|2BYH—>QQm ;

(27)
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Fig. 6. The total cross-section (in fb) of the process p+p — p+
H + p versus Higgs boson mass for ¢g, = 3.3 with Sudakov-like
suppression (solid curve) and for ¢4, = 2.3 without Sudakov-
like suppression (dashed curve)
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where |f|?> ~ 0.5 — 3 for Higgs boson masses 100 —
350 GeV and numerical factor arises, when we take into
account all the possible sources of the QCD background
in the analogous way as in the following [14].
(1) LO backgrounds:
(i) gg"F — bb, my # 0;
(i) ggf — gg —“bb” (1% possibility to misidentify
quark jets from gluon jets);
(iii) an admixture of |J,| = 2 production (from non-
forward going protons).
(2) NLO background: gg©'” — bbg, if the extra gluon is
collinear to either the b or b jet.

Other sources are strongly suppressed. For My =~
115 GeV

Signal(pp — pHp — pbbp) -3 8GeV
TAM’

2
QCD background - (28)

where AM is the mass resolution of the detector. A similar
result was obtained in [13,14]. More exact estimations of
the above ratio by fast Monte-Carlo simulations and the
total efficiency of EDD Higgs boson production will be
published in a forthcoming paper.

4 Conclusions

We see from the result that there is a real possibility to
detect the Higgs boson using the usual bb signal under the
luminosity greater than 1032 in EDD events at LHC. The
accuracy of the mass measurements could be improved by
applying the missing mass method [19].

The low value of the exclusive Higgs boson production
cross-section obtained in this paper is mainly due to the
Sudakov suppression factor (21), the full validity of which
is not obvious for us, because the confinement effects can
strongly modify the “real gluon emission”.

It is interesting that in spite of different models and
quite different ways of taking account of absorptive effects
in our paper and in [12], the final results (see Table1)
appear to be quite close.

Certainly, the cross-sections may be larger due to still
not very well known non-perturbative factors.

It is possible to generalize our approach for the exclu-
sive production of other particles like x .o, X0, radion, KK
gravitons and glueballs. In this case cross-sections can be
larger than for EDD Higgs boson production, and some
other important investigations like partial wave analysis
and measurements of the diffractive pattern of the inter-
action could be done.
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