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We explore an alternative process for diffractive Higgs boson production in peripheral pp collisions

arising from double Pomeron exchange in photon-proton interaction. We introduce the impact factor

formalism in order to enable the gluon ladder exchange in the photon-proton subprocess, and to permit

central Higgs production. The event rate for diffractive Higgs production in central rapidity is estimated to

be about 0.6 pb at Tevatron and LHC energies. This result is higher than predictions from other approaches

of diffractive Higgs production, showing that the alternative production process leads to an enhanced

signal for the detection of the Higgs boson at hadron colliders. Our results are compared with those

obtained from a similar approach proposed by the Durham Group. In this way, we may examine future

developments in its application to pp and AA collisions.
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I. INTRODUCTION

A new way to produce the Higgs boson in peripheral
collisions at Hadron Colliders is calculated assuming an
interaction through double Pomeron exchange (DPE) [1].
In pp collisions, the interaction will occur between the
colliding proton and the photon emitted from the electro-
magnetic field around the second proton [2–4]. Thus, the
only way for an interaction to occur by DPE in a photon-
proton process is to consider the photon splitting into a
quark-antiquark pair, which enables one to use the impact
factor formalism [5]. Adopting this mechanism to an elas-
tic process, the final state of the exclusive event will be
characterized by the presence of rapidity gaps between the
proton and the Higgs, and between the photon and the
Higgs.

Considering peripheral collisions, the gluons in the DPE
will be exchanged in the t channel of the photon-proton
subprocess instead of the proton-proton system, allowing
the impact factor formalism to be used to describe the
splitting of the photon into a color dipole. In this model,
it is convenient to consider the null momentum transfer
(t ¼ 0) for the photon impact factor during the collision.
Taking the Higgs mass as a hard scale, it is possible to
safely compute the event rate in a perturbative way based
on the vector meson dominance model [6].

The plan of this paper is as follows: In Sec. II, the
scattering amplitude is calculated for the partonic ��q
subprocess with the photon virtuality applied for a quasi-
real photon (Q2 ’ 0). Section III will be dedicated to
analyzing the process in a realistic way, where the quark
contribution in the scattering amplitude will be replaced by
a nondiagonal and nonintegrated gluon distribution func-
tion in the proton of the exclusive �p process. Section IV
provides the numerical results for the diffractive Higgs

boson production, and we analyze the robustness of this
approach. Finally, Sec. V discusses the important features
of this approach, and Sec. VI summarizes the ideas con-
cerning the study of this physical process and the conclu-
sions of this work.

II. PARTONIC PROCESS

The study of diffractive Higgs boson production in ��q
processes is based on the kinematical variables used in the
description of the deeply virtual Compton scattering,
where the splitted photon interacts with the proton by a
gluon ladder exchange [7,8]. The interaction between the
colliding particles through DPE is the main feature of this
proposal, which provides the leading process for the Higgs
production in the range MH < 200 GeV. This kind of
process is commonly studied in peripheral collisions,
where the impact parameter between the colliding particles
(protons or nuclei) is larger than their diameter. The pro-
tons only interact through the electromagnetic force [2],
enabling the �p or �� subprocesses, where the photons are
described by a Weizsäcker-Williams distribution for each
proton. Thus, in peripheral collisions the photons are
treated as quasi-real particles due to the softness of its
momentum.
Figure 1 shows the Feynman diagram for the ��q sub-

process, which represents only one contribution to the
process; other possibilities are obtained exchanging the
fermion lines in the color dipole. Moreover, the central
exclusive production by the gluon-annihilation vertex
yields four distinct diagrams, all of them needed to fully
account for the process. In Ref. [9], it is shown that the sum
of the four possible diagrams results in the discontinuity of
the diagram shown in Fig. 1. The two upper blobs represent
the effective vertices of the photon-gluon coupling, which
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can be obtained through the impact factor formalism. The
same formalism is used to explore the process with a
nonzero momentum transfer with two gluons exchanged
in the t channel [10]. The other blob represents the gluon
distribution function in the proton.

The process that we study in this paper is based on the
partonic subprocess ��q ! �� þH þ q shown in Fig. 2.
The central line cuts the diagram and expresses the use of
the Cutkosky rules in order to obtain the imaginary part of
the scattering amplitude, which is given by

ImA ¼ 1

2

Z
dðPSÞ3ALAR; (1)

with AL and AR being the amplitudes on the left- and
right-hand side of the cut, respectively, and dðPSÞ3 is the
volume element of the three-body phase space. The scat-
tering amplitude of the process is treated essentially as an
imaginary quantity in view of the vacuum quantum num-
bers of the exchanged particle [11]. Moreover, the fermion
loop is divided in two distinct parts, each representing the
splitting of the photon. In the dipole model [12] the split-
ting of the photon into a quark-antiquark pair requires a
wave function, where its product with the complex con-
jugate represents the fermion loop. In the photoproduction
approach, the impact factor formalism is used to describe
the color dipole.

The representation of the partonic subprocess by the
diagram in Fig. 2 shows a single process of ��q interaction.
The other diagrams can be obtained exchanging the cou-
pling of the gluon lines to each fermion of the loop, and so
the effective vertices are calculated with the help of the
Feynman rules

��� ¼ ���
ðLÞ þ ���

ðRÞ

¼ igseeqðtaÞAB

�
ð��Þij

�ðl6 1 � q6 Þjk
ðl1 � qÞ2

�
ð��Þkl

þ ð��Þlk
�ðl6 1 � k6 Þkj
ðl1 � kÞ2

�
ð��Þji

�
; (2a)

and

��� ¼ ���
ðLÞ þ ���

ðRÞ

¼ igseeqðtbÞBA

�
ð��Þmn

�ðk6 � l6 2Þnp
ðk� l2Þ2

�
ð��Þpq

þ ð��Þqp
�ðq6 � l6 2Þpn
ðq� l2Þ2

�
ð��Þnm

�
; (2b)

where the indices obey the assignment as follows:
(�; �;�; . . . ) for the four-vectors, ða; bÞ are the color in-
dices, (i; j; k; . . . ) are the matrix elements of the four-
vectors, and (A;B; C; . . . ) for the elements of the color
matrices.

FIG. 2. Diagram representing the diffractive Higgs boson pho-
toproduction. The quarks circulating into the dipole have mo-
menta l� and q� � l�. The photon impact factor is calculated in
the t ¼ 0 limit, and the coupling of the gluons ðk�; r�Þ to the
proton is treated in the eikonal approximation.

FIG. 1. Feynman diagram representing the ��p subprocess.
The upper blobs represent the photon-gluon coupling which
generate the color dipole. The momentum flux in the diagram
is built in a way that the photon has no momentum transfer
during its interaction with the proton. The lower blob represents
the gluon distribution function in the proton, where two gluons
are emitted with momentum fraction x and transverse momen-
tum k.

FIG. 3. Diagrams that contribute to the effective photon-gluon
vertex. The product of its amplitude with the complex conjugate
results in a diagram for the fermion loop. The sum of the four
possibilities results in the whole contribution for the color dipole.
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Attaching each side of the diagram, there will be two
distinct contributions to the fermion loop, which can be
computed whether one couples the diagrams in Fig. 3 at
each side of the central line. The product of the diagrams in
the left-hand side with the right- ones results in a possible
diagram for the fermion loop, being the latter the complex
conjugate of the former. This physical process is similar to
that obtained in the dipole model: the wave function de-

scribes the photon splitting and its subsequent sprouting.
Preventing an unnecessary calculation, one needs only to
take into account two of the diagrams, since the other ones
lead to the same contributions.
Computing the imaginary part of the amplitude defined

in Eq. (1), the product of the amplitudes in the left- and
right-hand side is given by

ALAR ¼ ð4�Þ3�2
s�

X
q

e2q

�
	�	

�
�

k4r2

�
Vba

�

Nc

ðtbtaÞ4p�p
�

� 2

�
Tr½ðq6 � l6 Þ��l6 ��ðk6 þ l6 Þ��l6 ���

l4
þ Tr½ðq6 � l6 Þ��ðk6 þ l6 � q6 Þ��ðk6 þ l6 Þ��l6 ���

l2ðkþ lþ qÞ2
�
; (3)

where 	� and 	�� are the polarization vectors of the initial
and final photons, respectively, the vector l� is the four-
momentum of the quark circulating into the fermion loop,
and p� is the four-momentum of the colliding proton.
Mathematically, the traces represent the fermion loop,
which can be calculated with a numerical algorithm [13].
The Gell-Mann tmatrices will appear as a trace of the color
matrices when the product of ALAR with its complex
conjugate is performed. The quantity Vba


� represents the
ggH vertex, which is known as [14]

Vab
�� ¼ 
ab

�
g�� �

k2�k1�
k1 � k2

�
V;

V ¼ F

�
M2

H

m2
t

�
M2

H�s

4�v
� 2

3

M2
H�s

4�v
:

(4)

The approximation for FðxÞ is valid for the production of a
nonheavy Higgs boson (MH & 200 GeV).

However, the value of the traces involving a product of
Dirac � matrices is obtained adopting a particular parame-
trization to the four-momenta presented in this process. In
this way, the Sudakov parametrization is adopted, where
the four-momenta are decomposed under three base vec-
tors: two light-type vectors p� and q0�, where q0� ¼ q� þ
xp�, and a third vector lying in the plane perpendicular to
the incident axis. The main kinematical variables are

s ¼ ðqþ pÞ2 x̂ ¼ Q2=2ðp � qÞ � Q2=s; (5)

where s is the squared center-of-mass energy of the
photon-quark system, x̂ is the Bjorken variable, and Q2 ¼
�q2 is the photon virtuality. Thus, the decomposed four-
momenta can be written as

‘� ¼ �‘q
0� þ �‘p

� þ ‘
�
?; (6a)

k� ¼ �kq
0� þ �kp

� þ k
�
?; (6b)

r� ¼ �rq
0� þ �rp

� þ r
�
?: (6c)

This set of decomposed four-vectors enables one to rewrite
the denominators under the traces in Eq. (3) as

l2 ¼ �
�
�‘ð1� �‘ÞQ2 þ l2

1� �‘

�
� � D1

1� �‘

;

(7a)

ðlþ k� qÞ2 ¼ �
�
�‘ð1� �‘ÞQ2 þ ðlþ kÞ2

�‘

�
� �D2

�‘

:

(7b)

The final step is to write out the volume element of the
three-body phase space under the Sudakov parametrization
in order to obtain the imaginary part of the scattering
amplitude. The definition of the volume element reads

Z
dðPSÞ3 ¼

Z d4f1
ð2�Þ3

d4f2
ð2�Þ3

d4f3
ð2�Þ3 
ðf

2
1Þ
ðf22Þ
ðf23Þð2�Þ4

� 
4ðqþ p� f1 � f2 � f3Þ
¼ 1

ð2�Þ5
Z

d4ld4k
ð½q� ‘�2Þ
ð½‘þ k�2Þ
� 
ð½p� k�2Þ; (8)

which expressed under the Sudakov parametrization reads

Z
dðPSÞ3 ¼

Z
d�‘d�‘d

2l

�
Z

d�kd�kd
2k


�
�‘ þQ2

s
þ l2

sð1� �‘Þ
�

� 


�
�k þ ðlþ kÞ2

�‘s
þ �‘

�

½�ksþ k2�: (9)

Considering the Cutkosky rules to calculate the scatter-
ing amplitude, the quarks are on-mass shell due to the delta
functions in Eq. (8), which allows one to perform the
following approximation to the gluon momentum:

k2 ’ �k2 r2 ’ �r2 � �k2: (10)

Physically, this approximation is an important feature,
since it accesses the kinematical region of the H ! b �b
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decay mode and experimentally expresses that the quarks
are scattered in small angles [15].

The integration of the delta functions results in the
following imaginary part of the amplitude:

ImA ¼ V

�
2�2

s�

�2s

�X
q

e2q

�
	�	

�
�

Nc

�
ðtataÞ

�
Z

d�‘

d2k

k6
d2l

�ð1� �‘Þ
�‘

T����

ðD1Þ2
þ T����

D1D2

�

�
�
p�p� � ðk � pÞ

k2
p�r�

�
; (11)

with the quantities T���� and T���� being the traces
present in Eq. (3), and the decomposed vectors acquire
its coefficients from the integration of the delta functions

l� ¼ �‘q
0� �

�
Q2 þ l2

1� �‘

�
p�

s
þ l

�
?; (12a)

k� ¼ �k2

s
q0� þ

�
Q2 þ l2

1� �‘

þ ðlþ kÞ2
�‘

�
p�

s
þ k�?:

(12b)

For completeness, one can write the momentum transfer of
the process as

t̂ ¼ ðkþ rÞ2 � �ðkþ rÞ2 � �4k2 ¼ M2
H: (13)

In this proposal of Higgs boson photoproduction, the last
variables to be determined are the polarization vectors of
the initial and final photons. As said in Sec. I, we apply the
impact factor of the photon for t ¼ 0. Thus, the polariza-
tion vectors do not depend on the t variable, being its sum
over transversal1 and longitudinal components expressed
by [5]

	L�	
L�
� ¼ 4Q2

s

p�p�

s
; (14a)

X
	T�	

T�
� ¼ �g�� þ 4Q2

s

p�p�

s
: (14b)

These relations complete the set of information necessary
to fully compute the imaginary part of the scattering am-
plitude for transversal and longitudinal modes. Never-
theless, in this kinematical regime, � is approximately
equal to 1, and �k can be neglected as well as the product
ðk � pÞ present in the Eq. (11) [8].

Hence, the two modes of the imaginary part of the
scattering amplitude are given by

ðImAÞL ’
�

1

�s3

�
4Q2�2

s�
X
q

e2q

�
N2

c � 1

N2
c

�
V
Z

d�‘d
2l
d2k

k6

�
�ð1� �‘Þ�1

�‘ðD2
1Þ

þ �2

D1D2

�
; (15a)

and

ðImAÞT ’ V

�2s3
X
q

e2q

�
N2

c � 1

N2
c

�Z
d�‘d

2l
d2k

k6

�
�ð1� �‘Þð�s2g���

��
1 þ 4Q2��1Þ

�‘D
2
1

þ ð�s2g���
��
2 þ 4Q2��2Þ
D1D2

�
; (15b)

where �i and �
��
i are trace functions of the form

�1 ¼ Tr½ðq6 � l6 Þp6 l6 p6 ðl6 þ k6 Þp6 l6 p6 �; (16a)

�2 ¼ Tr½ðq6 � l6 Þp6 ðk6 þ l6 � q6 Þp6 ðk6 þ l6 Þp6 l6 p6 �; (16b)

���
1 ¼ Tr½ðq6 � l6 Þ��l6 p6 ðl6 þ k6 Þp6 l6 ���; (16c)

���
2 ¼ Tr½ðq6 � l6 Þp6 ðk6 þ l6 � q6 Þ��ðk6 þ l6 Þp6 l6 ���: (16d)

Computing these traces, the transversal mode of the scat-
tering amplitude results in

ðImAÞT ¼
�
V

�2

�
�2
s�

X
q

e2q

�
2CF

Nc

�Z 1

0
d�‘

�
Z 1

0
d2l

d2k

k6

�
�1

D2
1

þ �2

D1D2

�
; (17)

with D1 and D2 defined in Eq. (7), and the terms �1 and �2

read

�1 ¼ 4Q2�‘ð1� �‘Þð1� �‘ þ �2
‘Þs; (18a)

and

�2 ¼�½4k2 þ 4Q2�‘ð1��‘Þ�ð1��‘ þ�2
‘Þs� 4ðk � lÞs

¼ �0
2 � 4ðk � lÞs: (18b)

To perform the integration over the transversal vector l,
the Feynman parameter is introduced as

1

AB
¼

Z 1

0

1

½Aþ ðB� AÞ�2 d; (19)

and one obtains the following results

Z d2l

D1D2

¼
Z 1

0

d

k2ð� 2Þ þQ2�‘ð1� �‘Þ
; (20)

and also the second integration can be performed as

Z
d2l

1

½l2 þQ2�‘ð1� �‘Þ�2
¼ �

Q2�‘ð1� �‘Þ
: (21)

After performing these integrations, one gets the scat-
tering amplitude in transversal mode

1The transversal mode and the transversal vectors lie in the
plane perpendicular to the incident axis; however, they have
different meanings. To avoid confusion, the scattering amplitude
in transversal mode implies that the transversal polarization
mode was assumed in the calculation. There is no mention of
the transversal vectors, which are integrated at the end.
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ðImAÞT ¼ � s

3

�
M2

H

�v

�
�3
s�

X
q

e2q

�
2CF

Nc

�Z dk2

k6

�Z 1

0

½2 þ ð1� Þ2�½�2
‘ þ ð1� �‘Þ2�k2

k2ð1� Þ þQ2�‘ð1� �‘Þ
d�‘d

�
; (22)

being v ¼ 246 GeV the vacuum expectation value from the Higgs mechanism. Following the same procedure, the
longitudinal mode of the amplitude reads

ðImAÞL ¼ 4s

3

�
M2

H

�v

�
�3
s�

X
q

e2q

�
2CF

Nc

�Z dk2

k6

�Z 1

0

½ð1� Þ�½�‘ð1� �‘Þ�k2
k2ð1� Þ þQ2�‘ð1� �‘Þ

d�‘d

�
: (23)

Nonetheless, a longitudinal mode for a real photon is an unphysical property and then only the transversal one is taken into
account. Integrating the Eq. (22) over �‘ and , one finds

ðImAÞT ¼ � 4s

9

�
M2

H

�v

�
�3
s�

X
q

e2q

�
2CF

Nc

�Z dk2

k6

�
1þ 24k8 � 226Q2k6 � 733Q4k4 � 670Q6k2 � 186Q8

24Q8 þ 72Q6k2 þ 72Q4k4 þ 24Q2k6

�
: (24)

Finally, only the transversal mode is retained to compute
the event rate, which is expressed as a central-rapidity
distribution of the Higgs boson (yH ¼ 0) through the rela-
tion d3 ~qH ¼ �EHdq

2
HdyH, then

d�

dyHdp
2dt

��������t;yH¼0
¼ 1

162�4

�
M2

H

Ncv

�
2
�4
s�

2

�X
q

e2q

�
2

�
�
�sCF

�

Z dk2

k6
Xðk2; Q2Þ

�
2
; (25)

where Xðk2; Q2Þ is the function inner the parenthesis in
Eq. (24).

The main feature obtained in this result is the sixth-order
k dependence, since it is distinct from the result of the
Durham Froup, which presents a fourth-order dependence.
Such difference happens due to the presence of the photon
in the process, making the result more simplified, although
introducing a more complicated expression with a Q2

dependence.

III. PHOTON-PROTON COLLISIONS

The main interest of this work is the Higgs boson
production in a subprocess of peripheral collision [3,4],
where a photon from one of the protons (ions) under
collision can interact with the second one, which is shown
in Fig. 4. In this case, strong interactions do not occur due
to the large distance between the partonic content of the
hadrons, i.e., only the electromagnetic interaction can oc-
cur, being the basic assumption to consider the impact

parameter to be j ~bj> R1 þ R2 * 2R. Often, these parti-
cles are called quasi-real or equivalent photons, and have
an energy spectrum hardly dependent on collision energy
[2]. Another important aspect is the dependence of the
Coulomb field on the number of charged particles into
the hadron, and considering nucleus-nucleus collisions,
the equivalent photon number depends on

nð!Þ / Z2; (26)

yielding an important contribution in photon interactions.

For the Higgs photoproduction, the virtuality of the
photon exchanged in the peripheral proton-proton collision
needs to be estimated. The source of photons in this kind of
process is the Coulomb field around the protons under
collision, and the photon spectrum is calculated by the
equivalent photon method , obtaining the Weizsäcker-
Williams distribution [2,3]. The photons are soft particles
that have low virtuality with an upper limit determined by
the hadron radius

Q2 & 1=R2
p; (27)

which is Q2 & 10�2 GeV2 in pp collisions.
The calculations were performed at partonic level, i.e.,

considering the photon-quark interaction. A realistic case
of photon-proton interaction in peripheral collisions is built
if one replaces the contribution of the quark-gluon vertices
by a partonic distribution in the proton, as shown by the
lower blob of Fig. 1. This distribution is considered as a
nonintegrated distribution function regarding the coupling
of the gluons to the proton through a gluon ladder de-

FIG. 4. Presentation of the general dynamics of peripheral
collisions: the wave lines represent the photon field of the

hadrons under the Lorentz contraction, where the quantity ~b is
the impact parameter of the process, which is considered to be

j ~bj * 2R.
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scribed by theBalitsky-Fadin-Kuraev-Lipatov (BFKL)
equation [16]. Moreover, the diffractive Higgs production
is assumed to be an elastic process, where the momenta of
the gluons are much smaller than the other kinematical
variables under consideration. For a realistic description of
the process, the partonic distribution is assumed to be a
nondiagonal distribution, to express a more general situ-
ation, such that the proton loses a small fraction of its
momentum during the collision. The matrix considered
for the parton distribution in the proton is not diagonal,
which means that the proton vertex has nonzero momen-
tum transfer [17]. Thus, the following replacement is per-
formed to describe the �p interaction

�sCF

�
! fgðx; k2Þ ¼ K

�
@½xgðx; k2Þ�

@‘nk2

�
; (28)

where fgðx; k2Þ is the nondiagonal gluon distribution func-
tion in the proton evolved by the BFKL equation. The
nondiagonality of the distribution can be approximated
by a multiplicative factor K, which possesses a Gaussian
shape [18]

K ¼ ð1:2Þ expð�Bp2=2Þ; (29)

with B being the impact parameter, assumed to be B ¼
5:5 GeV�2 [19]. This factor can be seen as the representa-
tion of the proton-Pomeron coupling. However, in order to
assume the gluon ladder coupled to the proton, the consid-
eration of zero momentum transfer in the proton vertex is
not a sufficient condition. A small value for the momentum
fraction is required in this region of interest, like x ¼
MH=

ffiffiffi
s

p � 0:01, such that one can safely put tp ¼ 0, and

identify the distribution as the unintegrated gluon distribu-
tion function fgðx; k2Þ evolved by the BFKL evolution

equation [1].
Finally, the event rate has the form

d�

dyHdp
2dt

��������t;yH¼0
¼ ð1:2Þ2

162�4

�
M2

H

Ncv

�
2
�4
s�

2

�X
q

e2q

�
2

� e�Bp2

�Z dk2

k6
fgðx;k2ÞXðk2;Q2Þ

�
2
:

(30)

For momentum conservation, there is a relation between
the transversal components of the Higgs and the proton
momenta, being

dp2
H ! �dp2: (31)

In Eq. (30), one can perform the last integration over the
transversal component of the proton momentum, resulting
in the final expression for the diffractive production in �p
interaction

d�

dyHdt

��������t;yH¼0
¼ 2�4

s�
2

225�4b

�
M2

H

Ncv

�
2
�X

q

e2q

�
2

�
�Z dk2

k6
fgðx; k2ÞXðk2; Q2Þ

�
2
: (32)

An important feature considered by the Durham Group
is the suppression of the gluon emissions from the produc-
tion vertex, i.e., gluons bremsstrahlung [20]. The suppres-
sion probability S for the emission of one gluon can be
computed with the help of Sudakov form factors, such that

Sðk2;M2
HÞ ¼

Z M2
H=4

k2

CA�sðp2
TÞ

�

dp2
T

p2
T

Z MH=2

pT

dE

E

¼ 3�s

4�
‘n2

�
M2

H

4k2

�
; (33)

where E and pT are the energy and the transversal momen-
tum of an emitted gluon in the rest frame of the Higgs
boson, respectively. The above result is obtained using a
fixed strong coupling constant in the integration. The sup-
pression of many emissions exponentiates, and an expo-
nential term is introduced to the event rate

d�

dyHdt

��������t;yH¼0
¼ 1

18�3b

�
M2

H

Ncv

�
2
�4
s�

2

�X
q

e2q

�
2
�Z 1

k2
0

dk2

k6
e�Sðk2;M2

HÞfgðx; k2ÞXðk2; Q2Þ
�
2
; (34)

where a cutoff was included in the integration on the gluon
momentum to avoid infrared divergences [15].

A last important aspect regarded to the diffractive pro-
cess is the rapidity gaps present in the final state due to the
vacuum quantum numbers of the exchanged particle: the
Pomeron. It means that the final state has a particular
rapidity distribution, where the rapidity range between

the colliding particles is free of secondary particles, i.e.,
there is no production of particles in this region, only the
Higgs. However, the rapidity gaps predicted theoretically
are bigger than those observed in the experimental results.
This contradiction occurs due to the still poor theoretical
description of the interactions occurring by the presence of
secondary particles. The mechanism that provides the cor-
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rect prediction of the rapidity gaps is the rapidity gap
survival probability (GSP), which accounts for the proba-
bility that, during a process, the rapidity gap will survive to
interactions with the spectator particles. In other words, the
GSP is the probability of an event with no other interac-
tions except the hard collision. Thus, a multiplicative factor
S2gap is included in Eq. (34), which will account for the

reduction of the predicted cross section, reaching the cor-
rect value expected to be measured in the laboratory.

The survival probability was originally formulated by
Bjorken [21] as

S2gap ¼
R
d2b�HðbÞjPðs; bÞj2R

d2b�HðbÞ
; (35)

where �HðbÞ is the profile function and Pðs; bÞ is the
probability that inelastic interactions occur during the pro-
cess. For this proposal, the assumptions of our paper are
based in the previous works that calculate the GSP for
Higgs production [22–25]. As a kinematical consequence,
it has a dependence on the center-of-mass energy of the
process, such that it decreases as the energy increases.
Consequently, the Durham Group estimates the survival
probability for diffractive Higgs production considering a
similar approach than that of Bjorken. Their approach
consists in computing the GSP through

S2gap ¼
R jMðs; bÞj2e��ðbÞd2bR jMðs; bÞj2d2b ; (36)

whereMðs; bÞ is the scattering amplitude of the process in
the impact-parameter space at the squared center-of-mass
energy s. The function �ðbÞ is the opacity (or optical
density) of the interaction between the hadrons under

collision. A relevant feature of this approach is that the
GSP depends on the particular hard subprocess under
study, and its kinematical configurations [23]. Further-
more, there is a dependence of the GSP on the parton
distribution in the protons, which is described in the
impact-parameter space, and can be parametrized by sev-
eral proposals [26–29]. As a result of this approach, the
Durham Group estimates the survival probability for the
diffractive Higgs production to be 3% in LHC (

ffiffiffi
s

p ¼
14 TeV) and 5% in Tevatron (

ffiffiffi
s

p ¼ 1:96 TeV).

IV. NUMERICAL RESULTS

The results for the Higgs photoproduction are obtained
with the help of a set of parametrizations of the gluon
distribution function in the proton [30].
The first step is to compare the results obtained for the

photoproduction approach with those for the Higgs pro-
duction in direct pp collisions carried out in Ref. [15].
Hence, the prediction for the differential cross section in
central rapidity for LHC is calculated using the parametri-
zationMRST2001 in leading order (LO) approximation for
the gluon distribution function, taking the initial momen-
tum at k20 ¼ 1:0 GeV2. The results are expressed in Fig. 5,

where the event rate is fitted in function of the Higgs boson
mass. The smallest figure represents the result in the mass
range where the approximation to FðxÞ, present in the
gg ! H production vertex, is valid. As the mass increases,
the curve seems to diverge, however extending the mass
range to largest values of the Higgs mass, one sees that this
growth is reduced, which is caused by the presence of the
Sudakov form factors. A distinct behavior between the
photoproduction results and those of direct pp collision
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FIG. 5 (color online). On the left-hand side: event rate d�=dyHðyH ¼ 0Þ for LHC energy in function of the Higgs mass in two
distinct ranges: the smaller figure shows the results in the intermediary mass range, and the larger figure presents the extended range.
The results are obtained using the MRST2001 parametrization in LO approximation. The curves show the predictions for different
virtualities: Q2 ¼ 1:0 GeV2 (rescaled) and Q2 ¼ 0:04 GeV2. These results are compared with the previous prediction of the Durham
Group carried out by Forshaw (solid line). On the right-hand side: the graph shows the dependence of the event rate on the photon
virtuality for different parametrizations.
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is present in virtue of the different approaches imple-
mented in both cases. In the direct pp collision approach,
there are two distribution functions expressing the content
of the two interacting protons, while the photoproduction
possesses only one distribution function. Thus, the behav-
ior of the photoproduction results is expected not to fit like
the results of direct pp collisions. Analyzing the depen-
dence on the photon virtuality, one sees a fast decreasing of
the event rate in the range below Q2 � 0:2 GeV2. In the
extended range of photon virtuality, the behavior of the
event rate is fitted up to Q2 ¼ 1:0 GeV2, showing a fast
decreasing to zero and a subsequent growth with distinct
rates in each parametrization. This behavior on Q2 occurs
due to the special form of the function Xðk2; Q2Þ, which
diverges for Q2 ¼ 0.

Extending this numerical analysis, the event rate is
predicted adopting some distribution functions for the
gluon content in the proton. As explained in Sec. III, the
nondiagonality of the distributions was approximated by a
multiplicative factor which permits one to employ the
usual diagonal distributions. Consequently, the event rate
is computed using one LO distribution and two distinct
next-to-leading order (NLO) distributions: MRST2004 and
CTEQ6. This second possibility expresses our intention to
analyze the impact of the gluon recombination effects in
Higgs production at LHC. All these distributions were
evolved from an initial momentum k20 ¼ 1:0 GeV2, as-

sumed as a mean value between the initial scales for each
parametrization. The results are shown in Fig. 6 for two
different mass ranges, and taking predictions for Tevatron
and LHC energies. In the result for LHC, the event rate has
a different shape in comparison to the results for Tevatron
in virtue of the energy scale. The momentum fraction in
Tevatron does not reach the necessary value x ¼ 0:01 to
permit one to consider the coupling of a gluon ladder to the
proton. At most, the momentum fraction in Tevatron

achieves x � 0:05, when considering the lower bound of
the Higgs mass (114.4 GeV [31]), which is not enough to
employ the unintegrated gluon distribution. This is an
important result and reveals the limitations of this ap-
proach. Otherwise, this kind of discrepancy is not observed
in LHC, since the necessary value of momentum fraction
can be easily achieved. Another important feature observed
in LHC is the difference between the LO and NLO dis-
tributions. In this energy scale, the contributions from the
recombination effects take place and reveal its importance
to correctly predict the cross sections. Having a smaller
energy compared with LHC, the Tevatron do not show the
same evidence. Further information about the Higgs pro-
duction and better knowledge on the recombination
effects in QCD should be obtained in the future data
from LHC. As made before in the LHC predictions, the
mass range is extended in order to observe the role of the
Sudakov form factors, showing the same behavior for all
parametrizations.
An analysis must be done to verify the sensitivity of the

results to the cut in the momentum integration, for that the
event rate is calculated for some values of the cut, as shown
in Fig. 7. There is a significative difference between the
results of Tevatron and LHC, where the contributions to the
event rate have very distinct behaviors as the cut value
varies. This comparison shows that there is a smaller
contribution to the event rate in LHC for higher cut values,
being almost 2 times smaller if one takes k20 ¼ 2:0 GeV2,

instead of k20 ¼ 1:0 GeV2. On the other hand, its contribu-

tion in Tevatron is quite distinct than the LHC results.
Analyzing it in the intermediary mass range, there is a
nonuniform behavior between the results of Tevatron,
where, roughly speaking, the results with the extreme
values have a leading contribution for the event rate.
However, the results obtained in the extended mass range
show that for higher values of the Higgs mass the contri-
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M. B. GAY DUCATI AND G.G. SILVEIRA PHYSICAL REVIEW D 78, 113005 (2008)

113005-8



bution is exactly contrary than those obtained for LHC,
differing by 4 times the results between the extreme values.
This behavior in the results for Tevatron shows the con-
sequence of taking a higher value to the momentum frac-
tion (x� 0:05). Therefore, analyzing the results for these
two energy scales, the sensitivity is as was expected,
showing a small variation for different cut values, e.g.,
for a Higgs mass of 140 GeV, these results are 3 times
less sensitive than the KMR ones. In the results for LHC,
one can estimate an upper limit for the momentum cut,
such that the contributions to the event rate can be ne-
glected from this cut value: the result for k20 ¼ 30 GeV2 is

almost zero in all ranges. This sensitivity can be explained
by the form of the differential cross section obtained from
this approach if compared with the result of the Durham

Group, where there is a higher sensitivity. Despite of an
additional distribution function, in the photoproduction
approach the event rate has a dependence on k�6 and a
function depending on Q2 and k2.
To observe the dependence of the event rate on the

center-of-mass energy, the results are obtained in the func-
tion of the ECM for distinct Higgs masses and observing the
behavior with the distribution functions. This process is
analyzed for three values of the Higgs boson mass, as
shown in Fig. 8. As can be seen, the growth of the event
rate with ECM ¼ ffiffiffi

s
p

has a parabolic shape up to ECM ¼
2:0 TeV (Tevatron region) and a linear behavior for higher
energies. As explained in this section, this parabolic shape
occurs due to the values of x probed in this energy region,
showing approximately the same result for any chosen
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value of the Higgs boson mass. In the upper graphs in
Fig. 8, one observes the event rate in a lower range of
energy. As the Higgs mass varies, the results show a
nonuniform behavior if compared with the one observed
in the high-energy region: the contribution from MH ¼
120 GeV is smaller than the other ones, and grows as the
energy increases, assuming a leading contribution in the
very-high-energy limit. The dependence of the x variable
on the center-of-mass energy is the reason for the presence
of this transition region. Moreover, the Sudakov form
factors determine the lower contribution to the production
of a heavier Higgs boson. The same behavior occurs in the
results using distinct parametrizations, as shown in the
upper-right graph in Fig. 8. A similar contribution arises
among the curves in the left-upper and right-upper graphs,
although very distinct absolute values of the event rate. An
important aspect observed in the lower-right graph is the
same difference shown between MRST LO and NLO
distribution functions, as seen in all energy ranges. The
CTEQ6 parametrization has a transition behavior: this is
similar to MRST2001 up to ECM ¼ 8:0 TeV, and then
grows to achieve MRST2004 at very high energy.

V. DISCUSSION

The contribution to the Higgs production for distinct
virtualities shows a dependence upon the photon energy.
Observing the comparison with the results of [15], the
photoproduction results have a higher contribution in the
intermediary range as well as in the extended one.
However, when the full analysis in peripheral collisions
is taken into account, including the photon distribution in
the proton, this difference between the approaches is ex-
pected to be modified, in order for the photoproduction
results to achieve the same shape as those of the Durham
Group, although with a higher contribution in the interme-
diary range. Otherwise, the study of this process in
nucleus-nucleus collisions will show its dependence on
the photon energy and on the photon number, features
that should be drastically modified if compared with the
pp case. As one can see, the results obtained taking the
photon virtuality on the order ofQ2 & 10�2 GeV2 gives an

event rate going to infinity, such that the real-photon limit
is reached. Thus, even considering an overestimated pre-
diction to the Higgs production at small virtualities, the
results at Q2 ¼ 1:0 GeV2 reach values of a few femto-
barns, which agree with other predictions for diffractive
Higgs production at LHC [19,23,32]. Awaiting the data
coming from CMS and ATLAS experiments at LHC, these
results will be compared with the data in order to determine
the best options for Higgs photoproduction in peripheral
collisions. One of the main goals is to get suitable data to
specify the restrictions to the virtuality range.

VI. CONCLUSIONS

A new way to produce the Higgs boson was studied in
peripheral collisions, calculating perturbatively the event
rate for diffractive production through DPE. Previously,
some studies had been done exploring the photoproduction
process; however, none of them adopted the DPE as the
interaction between the colliding particles. The numerical
results obtained from the photoproduction approach pre-
dicts a reasonable event rate for Higgs production at LHC
if compared with previous estimates for the Higgs produc-
tion. The event rate was obtained for the �p interaction
with a dependence on k�6, unlike the result carried out in
[15]. To effectively compare the results presented in this
work with those of the Durham Group, a distribution
function for the photons in the proton should be introduced,
and then the results to the peripheral pp collisions will be
computed. Therefore, the results show the possibility to
produce the Higgs boson through peripheral collisions at
LHC with an event rate expected to be big enough to detect
this boson.
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