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Soft double-diffractive Higgs boson production at hadron colliders
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We evaluate the nonperturbative contribution to the double-diffractive production of the Higgs boson, which
arises due to the QCD scale anomaly if the mass of the Higgs boson,MH , is smaller than the mass of the top
quark,MT , MH,MT . The cross section appears to be larger than expected from perturbative calculations; we
find sH50.019–0.14 pb at Fermilab Tevatron energies, andsH50.01–0.27 pb at the energy of the CERN
LHC.
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I. INTRODUCTION

In this paper we suggest a new mechanism for ‘‘so
double-diffractive production of the Higgs boson. We co
sider three reactions

p1p→p1@LRG#1H1@LRG#1p, ~1!

p1p→X11@LRG#1H1@LRG#1X2 , ~2!

p1p→p1@LRG#1H1@LRG#1X2 , ~3!

where LRG denotes the large rapidity gap between produ
particles andX corresponds to a system of hadrons w
masses much smaller than the total energy. These reac
have such a clean signature for experimental searches@see
Fig. 1, where the lego plot is shown for the reaction of E
~1!# that they have been the subject of continuing theoret
studies during this decade~see Refs.@1–7#!.

The main idea behind all calculations, starting from t
Bialas-Landshoff paper@2#, is to describe the reactions o
Eq. ~1! and Eq.~2! as double Pomeron~DP! Higgs boson
production~see Fig. 2!. In Fig. 2, the Pomerons are the s
called ‘‘soft’’ Pomerons for which one uses the phenome
logical Donnachie-Landshoff form~see Ref.@8#!, while the
vertexg can be calculated in perturbative QCD~PQCD!.

We can demonstrate the problems and uncertaintie
such a kind of approach by considering the simplest PQ
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diagram for double-Pomeron Higgs boson product
~DPHP! @see Fig. 3~a!#. This diagram leads to the amplitude1

@2,6#

M ~qq→qHq!5
2

9
2gHE d2Q'

Q'
2 Q1,'

2 Q2,'
2

4aS~Q'
2 !

3~QW 1,'•QW 2,'!, ~4!

wheregH is the Higgs coupling that has been evaluated
perturbative QCD@10#. For the reaction of Eq.~1!, ut1u
5uQW '2QW 1,'u'ut2u5uQW '2QW 2,'u'2/Bel and, therefore,

M ~q1q→q1H1q!}E d2Q'

Q'
4

. ~5!

Equation~5! has an infrared divergence which is regulariz
by the size of the colliding hadrons. In other words, one c
see that already the simplest diagrams show that the
Higgs boson production is, in a sense, a ‘‘soft’’ proce
Taking into account the emission of extra gluons denoted
Fig. 3~b! as Pomeron builders, we recover the exchange
the ‘‘soft’’ Pomerons.

Nevertheless, the emission vertex for the Higgs boson
still be calculated in PQCD since the typical distances ins
the quark triangle in Fig. 3~a! are rather short,}1/MT ,

1In Ref. @2# all calculations have been performed in detail but t
numerical factor in front was corrected in Ref.@6#. At high energy
the Weizsa¨cker-Williams approximation is used which leads to
simple form@9# of the propagators for thet-channel gluons in Fig.
3~a!:

Gmn5
1

qi,'
2

2qi,',mqi,',n

qi,1qi,2
1OS1sD.

This form of the propagator allows us to sum over gluon polari
tions and to obtain a simple formula of Eq.~4!.
©2001 The American Physical Society04-1
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DMITRI KHARZEEV AND EUGENE LEVIN PHYSICAL REVIEW D 63 073004
whereMT is the mass of thet quark. The couplinggH has
been evaluated in Ref.@10# and is given by

gH
2 5A2GFaS

2~MH
2 !N2/9p2, ~6!

whereN is a function of the ratioMT /MH which was calcu-
lated in Refs.@10,4#.

In this paper we consider an alternative approach
DPHP, in which we estimate the value of the cross sec
from nonperturbative QCD. In Sec. II we review a nonp
turbative method suggested by Shifman, Vainshtein, and
kharov @11# for the evaluation of the coupling of the Higg
boson to hadrons; it is valid if the mass of the Higgs boso
smaller than the mass of the top quark. In Sec. III we deve
a method of obtaining the DPHP cross section using
approach of Ref.@11#. The problem of the survival of large
rapidity gaps~LRGs! will be discussed in Sec. IV. We con
clude in Sec. V with a discussion of our results and of
uncertainties inherent in our approach.

II. COUPLING OF THE HIGGS BOSON TO HADRONS
IN NONPERTURBATIVE QCD

To evaluate the nonperturbative coupling of the Hig
boson to hadrons, we need to have a closer look at the p

FIG. 1. Lego plot for the double Pomeron Higgs boson prod
tion process.

FIG. 2. Double-Pomeron Higgs boson production process.
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erties of the energy-momentum tensor in QCD. The trace
this tensor is given by

Qa
a5

b~g!

2g
GabaGab

a 1 (
l 5u,d,s

ml~11gml
!q̄lql

1 (
h5c,b,t

mh~11gmh
!Q̄hQh , ~7!

wheregm are the anomalous dimensions; in the following w
will assume that the current quark masses are redefine
(11gm)m. The appearance of the scalar gluon operator
Eq. ~7! is the consequence of a scale anomaly@12,13#. The
QCD beta function can be written as

b~g!52b
g3

16p2 1•••, b592
2

3
nh , ~8!

wherenh is the number of heavy flavors (c,b, . . . ). Since
there is no valence heavy quarks inside light hadrons
scalesQ2,4mh

2 one expects a decoupling of the heavy fl
vors. This decoupling was consistently treated in the fram
work of the heavy-quark expansion@11#; to order 1/mh , only
the triangle graph with external gluon lines contributes. E
plicit calculation shows@11# that the heavy-quark term
transform in the piece of the anomalous gluonic part ofQa

a :

(
h

mhQ̄hQh→2
2

3
nh

g2

32p2 GabaGab
a 1•••. ~9!

It is immediately clear, from Eqs.~9!, ~7!, and ~8!, that the
heavy-quark terms indeed cancel the part of the anoma
gluonic term associated with heavy flavors, so that the ma
element of the energy-momentum tensor can be rewritte
the form

Qa
a5

b̃~g!

2g
GabaGab

a 1 (
l 5u,d,s

mlq̄lql , ~10!

where heavy quarks do not appear at all; the beta functio
Eq. ~10! includes the contributions of light flavors only:

b̃~g!529
g3

16p2 1•••. ~11!

Because the mass of the Higgs boson,MH , is presumably
large, its coupling to hadrons involves knowledge of ha

-

FIG. 3. Double Pomeron Higgs boson production in the Bo
approximation@Fig. 3~a!# and in leading log approximation@Fig.
3~b!# of PQCD.
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SOFT DOUBLE-DIFFRACTIVE HIGGS BOSON . . . PHYSICAL REVIEW D63 073004
ronic matrix elements at the scaleQ2;MH
2 , at which the

heavy quarks in general are not expected to decouple. H
ever, if the Higgs boson massMH is smaller than the mass o
the top quark,MT , one can still perform an expansion in th
ratio MH /MT ; we expect this to be a reasonable procedur
MH<100 GeV. In this case, one finds

MTt̄ t→2
2

3

g2

32p2 GabaGab
a 1•••. ~12!

Since the mass of the hadron is defined as the forward m
element of the energy-momentum tensor, the expression~12!
leads to the following Yukawa vertex for the coupling of
Higgs boson to the hadron:

21/4GF
1/2Hfh

2^huMTt̄ tuh&521/4GF
1/2Hfh

2 2M2

27
; ~13!

this relation is valid in the chiral limit of massless ligh
quarks@see Eq.~10!#; MT is the mass of the heavy quark an
M is the hadron mass. We put the number of light quar
NF53, and the number of colors,Nc53; fh , and H are
hadron and Higgs operators. Note that, as a consequen
scale anomaly, Eq.~13! does not have an explicit depen
dence on the couplingas .

III. ESTIMATES FOR DOUBLE-POMERON HIGGS
BOSON PRODUCTION CROSS SECTIONS

A. General formulas for double-Pomeron Higgs boson
production

The amplitude for Higgs boson production in th
Pomeron approach is given by~see, for example, Refs
@2,14#!

M ~h1h→h1H1h!5g1~ t1!g2~ t2!g~ t1 ,t2!h1~ t2!h1~ t1!

3S s

s2
D aP(t2)S s

s1
D aP(t1)

, ~14!

wheres15(P11q1)2 ands25(P21q1)2 (P1,2 are momenta
of incoming hadrons!; h1(t i) is a signature factor, which fo
the Pomeron is

h1~ t i !5 i 1tan21S paP~ t i !

2 D , ~15!

where aP(t) is the Pomeron trajectory,aP(t)511DP

1aP8 t, with DP'0.08 @8#; all other notations are eviden
from Fig. 2.

The cross section for DPHP in the central rapidity reg
(yH50, whereyh is the rapidity of the produced Higgs bo
son! can be written as
07300
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ds

dyHdt1dt2
U

yH50

5
1

2s
uM ~h1h→h1H1h!u2

3 )
i 51,2

d3Pi8

~2p!32Pi ,08

d2pH,'

2~2p!3

3~2p!4d (4)~P11P22P182P282pH!

~16!

where Pi8 are momenta of recoil hadrons, whilepH is the
momentum of the produced Higgs boson.

Performing all integrations and recalling thats1•s2

5MH
2
•s we obtain

ds

dyHdt1dt2
U

yH50

5
2g1

2~ t1!g2
2~ t2!g2~ t1 ,t2!

p~16p!2 S s

MH
2 D 2DP

3eaP8 ln(s/MH
2 )[ t11t2] . ~17!

We will assume thatg(t1 ,t2) is a smooth function oft1 and
t2 in comparison withg1(t1) and g2(t2). Indeed, thet de-
pendence ofgi is related to the quark distribution inside th
hadron while thet dependence ofg is determined by the
mean transverse of the gluon inside the Pomeron. The typ
scale for this momentum is 1/aP'4 GeV2 which is much
larger than the typical momentum of a quark in a hadro
('0.1 GeV2).

Using this assumption together with the simple
Gaussian parametrization for the vertex,gi(t i)
5gi(0)exp(2R0

2ut i u), we obtain

ds

dyH
U

yH50

5
8g1

2~0!g2
2~0!

p@16pBel~s/MH
2 !#2

g2~ t150,t250!S s

MH
2 D 2DP

.

~18!

Recalling now the well-known relation between the total a
elastic cross sections for one Pomeron exchange, name

Rel~s!5
sel~s!

s tot~s!
5

g1~0!g2~0!

16pBel~s! S s

s0
D DP

, ~19!

whereBel54R0
212aP8 ln s, one can derive

ds

dyH
U

yH50

5g2~ t150,t250!3
8

p
Rel

2 S s

MH
2

s0D . ~20!

There is only one unknown factor in Eq.~20!, namely,
g2(t150,t250). In the next subsection we present estima
for this factor using the nonperturbative approach that
been discussed in the Sec. II.

B. Production vertex g„t1Ä0,t2Ä0…

Our estimate ofg(t150,t250) consists of two steps:~1!
For positive values oft15t25mglueball

2 we can obtaing(t1

5mglueball
2 ,t25mglueball

2 ) from Eq. ~13!; ~2! using Eq.~14!
4-3
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DMITRI KHARZEEV AND EUGENE LEVIN PHYSICAL REVIEW D 63 073004
we can make an analytic continuation to the regiont1,0 and
t2,0, which corresponds to the scattering process.

We will assume that there exists a tensor 211 glueball
which lies on the Pomeron trajectory, namely, that its m
satisfies the following relation:

aP~ t5mglueball
2 !511D1aP8 ~0!mglueball

2 52. ~21!

There is no undisputed experimental evidence for such a
son but lattice calculations give for its massmglueball
52.4 GeV @15#. This mass is a little bit higher than can b
expected from Eq.~21! with the experimentalaP8 (0)
50.25 GeV22 @8#. On the other hand, it is possible to d
scribe experimental data using a smaller value ofaP8 (0)
'0.17 GeV22 which is needed to satisfy Eq.~21! with
mglueball52.4 GeV, assuming the presence of substan
shadowing corrections@16#.

For the diagram in Fig. 4 the vertexgglueball can be easily
evaluated from Eq.~13!; it is equal to

gglueball521/4GF
1/2

2mglueball
2

27
. ~22!

One can see that Eq.~14! leads to the contribution describe
by Fig. 4. Indeed, fort i→mglueball

2 ,

h1~ t i !→
2

paP8 ~mglueball
2 2t i !

. ~23!

~A more detailed discussion of the analytic properties
Reggeon exchange can be found in Ref.@17#.! Using Eq.
~23! and comparing Eq.~14! with the diagram of Fig. 4, we
conclude that

g~ t15mglueball
2 ,t25mglueball

2 !5
p

2
aP8 ~0!gglueball .

~24!

The Reggeon approach cannot tell us anything about the
lation betweeng(t15mglueball

2 ,t25mglueball
2 andg(t150,t2

FIG. 4. Higgs boson emission from the glueball.
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50). The only thing that we can claim is that the signatu
factor takes into account the steepest part of thet behavior.
Therefore, in the next subsection we will assume that

g~ t15mglueball
2 ,t25mglueball

2 !5g~ t150,t250!; ~25!

this is an extreme assumption which can be used to obtai
upper bound on the cross section. Uncertainties relate
this and other assumptions we make will be discussed
detail in Sec. III D and in the summary, Sec. V.

Using Eq.~14!, Eq. ~17!, and Eq.~22! we can calculate
the width of Higgs boson decay into two glueballs, which
equal to

G„H→2 glueballs~211!…

5
gglueball

2

32MHp S MH
2

2mglueball
2 D 2

'100– 200 KeV!G~H→hadrons!. ~26!

It should be stressed that no extra factorsMH
2 /2mglueball

2 will
appear for the width of the decay into glueballs with high
spins, due to the analytical continuation given by Eq.~14!
and Eq.~17!.2

C. Magnitude of the cross section

Using Eq.~22!, Eq. ~24!, and Eq.~25! we can rewrite Eq.
~20! in the simple form

ds

dyH
U

yH50

52p~aP8mglueball
2 !2

4A2GF

272
R2S s

MH
2

s0D .

~27!

For MH5100 GeV, the factorS/MH
2 s0 is equal to 400 GeV2

for s051 GeV2. Therefore, we can takeRel.0.175~see Fig.
5! for Fermilab Tevatron energies. Equation~27! leads to

ds

dyH
U

yH50

~Mh5100 GeV, As51800 GeV!56.4 pb.

~28!

This is a very large number, especially if we recall that t
total inclusive cross section for Higgs boson production
perturbation theory is on the order of 1 pb@18#. However,
this estimate does not yet contain the suppression due to
~small! probability of the rapidity gap survival, which will be
discussed in Sec. IV, where we present our final resu
Since Rel grows with energy,Rel}sD, we expect that the
cross section at the CERN Large Hadron Collider LHC e
ergy is approximately 2 times larger than the one in Eq.~28!.

2We would like to thank V. Khoze and M.Ryskin for drawing ou
attention to the danger that a partial width of the decay in t
glueballs could be large due to longitudinal polarization of the p
duced glueballs.
4-4
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D. Uncertainties of our estimates

~1! Let us start with the value ofRel . We took it from the
experimental data, but we nevertheless have two uncer
ties associated with it. First, Eq.~19! is written for one
Pomeron exchange while in experimental data atAs
'20 GeV we have about 30% contamination from the s
ondary Reggeons@8#. If we try to extract the one Pomero
exchange from the data, it reduces the value of the c
section for DPHP by 1.7 times. Therefore, the value for
cross section can be about 3.8 pb rather than Eq.~28!. The
second uncertainty in evaluation ofRel is the value ofs0;
even thoughs051 GeV appears in all phenomenological a
proaches@8,16#, we have no theoretical argument for th
value ofs0. However, since the ratioRel in Fig. 5 is a rather
smooth function of energy, we do not expect that the unc
tainty in the value ofs0 can introduce a large error.

~2! We can take into account also the reactions of Eq.~2!
and Eq.~3!. In Eq. ~27! we would then have to substitute

Rel→RD5Rel1
sDD~s!

s tot
, ~29!

wheresDD is the cross section of the double-diffraction d
sociation. Unfortunately, we do not have conclusive data
this cross section. However, recent Collider Detector at F
milab ~CDF! measurements@19# show that this cross sectio
could be rather large~about 4.7 mb at the Tevatron energy!.

~3! The principal uncertainty, however, is associated w
the continuation fromt5mglueball

2 to t50. This is a question
which at present can only be addressed in the framewor
different models. For example, in the Veneziano model@20#
instead ofh1(t) @see Eq.~15!# a new factor appears, namel

h1
V ~ t i !5G~22aP~ t i !!eipaP(t i )/2. ~30!

FIG. 5. Experimental data for the ratioRel(s)5sel(s)/s tot(s).
Heres051 GeV2 and the logarithm is taken on base 10.
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Equation~30! does not give the factor ofp/2 in Eq.~24! and,
therefore, decreases the value of the cross section give
Eq. ~27! by a factor of 2.5. We will return to the discussio
of the analytic continuation in the summary section.

~4! As we have discussed in Sec. II, we can evaluate
value of g(t15mglueball

2 ,t25mglueball
2 )5gglueball only if

MH /MT,1. The accuracy of Eq.~22! is O(MH
2 /MT

2) and we
thus believe that Eq.~22! gives a reasonable estimate
gglueball for Higgs mesons withMH<100 GeV.

IV. SURVIVAL OF LARGE RAPIDITY GAPS

As has been discussed intensively during the past dec
~see Refs.@1,21–30#!, the cross section of Eq.~27! has to be
multiplied by a factorSspect

2 , which is the survival probabil-
ity of large rapidity gap processes. The ‘‘experimenta
cross section is therefore given by

ds~pp→ppH!

dy U
y50

5Sspect
2 dsP~pp→ppH!

dy U
y50

.

~31!

Here, dsP(pp→ppH)/dy denotes the cross section calc
lated in Eq. ~27!. The factor Sspect

2 has a very simple
meaning—it is the probability of the absence of inelas
interactions of the spectators which could produce hadr
inside the LRG. We have rather poor theoretical control
the value of the survival probability; this fact reflects the la
of knowledge of the ‘‘soft’’ physics stemming from nonpe
turbative QCD. Different models exist~see, for example,
Refs. @25–28# and references therein!, leading to the values
aboutSspect

2 '1021–1023 at Tevatron energies. Therefore,
the moment we have to use additional experimental inform
tion to obtain an estimate forSspect

2 ; we use a ‘‘theoretical
approach’’ only to discuss rather qualitative properties of
survival probability. For double-Pomeron processes, t
Sspect

2 has been discussed in Ref.@31#. The result of this
analysis is that the value of the survival probability f
double-Pomeron production is almost the same as
‘‘hard’’ dijet production with the LRG between them. Fortu
nately, the value ofSspect

2 has been measured@32#, and is
equal to 0.07 for the highest Tevatron energy.

Multiplying Eq. ~28! by Sspect
2 50.07 and taking into ac-

count suppression due to the factor of Eq.~30!, we obtain

ds

dyH
U

yH50

~Mh5100 GeV, As51800 GeV!50.2 pb.

~32!

This estimate is not our final result yet, since we still have
correct it by the additional suppression factorSpar

2 which
describes the probability of the absence of parasite gl
emission around the Higgs boson production vertex@see Fig.
4~b!# @6,7,33#. As was argued in Ref.@7#,

Spar
2 5e2^NG„Dy5 ln(MH

2 /s0)…&, ~33!

with
4-5
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DMITRI KHARZEEV AND EUGENE LEVIN PHYSICAL REVIEW D 63 073004
^NG„Dy5 ln~MH
2 /s0!…&5

Nhadrons„Dy5 ln~MH
2 /s0!…

Nhadrons ~one minijet!

'2 – 4. ~34!

It gives Spar
2 50.14–0.014.

The appearance of this factor can be illustrated by
following argument: one of the most important differenc
between the diagrams of Fig. 2 and of Fig. 4 is the fact t
the Pomeron exchange is almost purely imaginary while
glueball exchange leads to the real amplitude. The imagin
amplitude describes the production of particles and
Pomeron is associated with the inelastic process with la
multiplicity. Therefore, normally, in a large rapidity regio
Dy5 ln(MH

2 /s0) we expect to see a large number of produc
particles while in Fig. 2 we require that only one Higgs b
son be produced. Therefore, it seems reasonable to exp
suppression for double-diffractive Higgs boson producti
and this suppression can be described by Eq.~33! and Eq.
~34!.

It is worthwhile mentioning that in our approach, strict
speaking, there is no survival probability due to paras
emission; a smallness assigned to the factorSpar

2 therefore
has to be interpreted as a suppression due to analytical
tinuation fromqi

25mglueball
2 to qi

250. If we use a Gaussian

formula for such a form factore2r 2(mglueball
2

2qi
2), Eq.~33! and

Eq. ~34! mean that the value ofr 25(0.5– 1)/mglueball
2 . We

think that it is a reasonable estimate for possible suppress
which looks self-consistent both from the point of view
the analytical continuation and from the microscopic pictu
of gluon emisson.

Finally, for the Tevatron energy we expect

ds~pp→ppH!

dy U
y50

~As51.8 TeV!

5Sspect
2 Spar

2 dsP~pp→ppH!

dy U
y50

5~0.0038– 0.028! pb. ~35!

Extrapolating to the LHC energy, we have two effects th
work in different directions: the rise of the Pomeron cont
bution and the decrease of theSspect

2 with energy. From Ref.
@31# we expect that Sspect

2 (As514 TeV)/Sspect
2 (As

51.8 TeV)'0.75 while the rise of the Pomeron exchan
leads to an extra factor of 2 in Eq.~35!. Therefore, our final
estimate for the LHC is

ds~pp→ppH!

dy U
y50

~As514 TeV!

5Sspect
2 Spar

2 dsP~pp→ppH!

dy U
y50

5~0.0013– 0.040!pb. ~36!
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Equations~35! and~36! give significantly larger~by about 5
times! cross sections than expected for double-diffract
production in PQCD@33#. However, Ref.@7# contains an
estimate of the upper bound on double Pomeron Higgs bo
production in PQCD obtained by choosing the largest p
sible value forSpar

2 @see Eq.~34!#. This upper bound appear
to be about 7 times larger than the highest value in Eq.~35!.

V. SUMMARY AND DISCUSSION

The approach suggested in this paper is based entirel
nonperturbative QCD. We believe that such an approac
logically justified for diffractive Higgs boson productio
since even PQCD calculations show that this is, to a la
extent, a ‘‘soft’’ process@see Eq.~5! and the following dis-
cussion#. However, just because of this, we have to stre
again that the accuracy of our calculation is not very go
We feel, however, that our results support the idea@7# that in
the PQCD approach to diffractive Higgs boson product
the running QCD coupling has to be taken at the ‘‘sof
scale Q2;1 GeV2. As was argued in Ref.@7#, in the
Brodsky-Lepage-Mackenzie~BLM ! prescription@34# of tak-
ing into account the running QCD coupling one can ins
quark bubbles only in thet-channel gluon lines in Fig. 3
Therefore, the running QCD coupling depends on the tra
verse momenta of these gluons, and they are determine
the ‘‘soft’’ scale.3 However, this statement about the scale
the running coupling constant should be taken with gr
caution since, as is shown in Ref.@33#, a soft scale of the
running coupling constant appears only when parasite em
sions of Fig. 3~b! are taken into account in PQCD. Th
‘‘soft’’ scale is essential for both the running coupling co
stant and for the parasite emission@see Eq.~11! of Ref. @33##.
It is interesting to note that Eq.~13! indeed does not depen
on the QCD coupling, demonstrating the nonperturbati
‘‘soft’’ character of the discussed process.

We obtain quite large values for the cross section of
diffractive Higgs boson production—after integration ov
the Higgs rapidityy in Eq. ~35! and Eq.~36! we get

s~pp→ppH!~As51.8 TeV!50.019– 0.14 pb. ~37!

and

s~pp→ppH!~As514 TeV!50.0095– 0.26 pb.~38!

Comparing our estimates with the ones based on PQ
@2–7# we conclude that the lowest of our values of the cro
section of double-Pomeron Higgs boson production is ab
the same as the highest one in the PQCD approach. H
ever, both our approach and the PQCD one suffer from la
uncertainties, stemming from the analytical continuation

3In this soft regime, the dependence on the coupling constan
the Pomeron can disappear as a consequence of the scale an
@35#.
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our approach and from the survival probability of the rap
ity gap and the absence of ‘‘parasite emission’’Spar

2 in
PQCD.

Let us point out that Eq.~37! shows that the double
Pomeron Higgs boson production constitutes a substa
part of the total inclusive Higgs boson production. Moreov
our calculations lead to an additional contribution to the
clusive cross section which is shown in Fig. 6.

~Note that the triple-Pomeron interaction gives a ve
small contribution to the process in Fig. 6 due to the sm
real part in the Pomeron exchange@37#.! Using the same
approach as in derivation of Eq.~17! we obtain

ds incl~pp→H1X!

dy U
yH50

5gR
2~ t150,t250!

2g1~0!g2~0!~GRR
P !2

p~16pBR!2

1

DR
2 S s

MH
2 D DP

,

~39!

whereDR'0.5. As a first approximation we can take@see
Eq. ~24!#

gR~ t150,t250!5
p

2
21/4G1/2

2aR8mf
2

27
, ~40!

wheremf is the mass of thef meson which is the first reso
nance on the secondary Reggeon trajectory, andaR8 mf

2

51.5. Substituting Eq.~40! into Eq. ~39! we obtain

FIG. 6. Mueller diagram@36# for ‘‘soft’’ inclusive Higgs boson
production.
07300
-

ial
,
-

ll

ds incl~pp→H1X!

dy U
yH50

5
~GRR

P !2

8BR

BR

Bel
21/2GF

1

3

3RS s

MH
2

s0D . ~41!

Equation~41! gives

ds incl~pp→H1X!

dy U
yH50

5S GRR
P

g D 2

3.431027 mb,

~42!

which does not yet contain the suppression arising from
analytical continuation. We take this suppression into
count by a multiplying Eq.~42! by factorSpar

2 50.14–0.014.
Unfortunately, we do not know the value for the ratioGRR

P /g.
In the triple-Pomeron parametrization of the cross section
diffractive dissociation in hadron reactions@38# this ratio
changes from 1 to 0. ForGRR

P /g51 we get for the ‘‘soft’’
inclusive cross section the value of 43–430 pb. On the ot
hand, taking the Field-Fox value@38# for this ratio we obtain
a much smaller, but still very sizable value of 0.43–4.28
It is thus clear that the evaluation of the ‘‘soft’’ contributio
to the inclusive Higgs boson production is plagued by la
uncertainties; however, it might be bigger than the PQC
one @18#.

We hope that this paper will help to look at diffractiv
Higgs boson production from a different viewpoint, and w
stimulate much needed further work. To our surprise, des
the very different nonperturbative method used here, our
timates for the double-diffractive production turn out to
not that far from the PQCD calculation@33# ~the average is
about 5 times larger!. It adds some confidence to both a
proaches and gives us hope that one will be able to perf
a reliable calculation in the nearest future.
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