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1. Introduction

Khoze, Martin and Ryskin developed a QCD approach for ekauproduction of Higgs
boson [1]. The approach can be easily generalized to othdugxe processes. Recently we
have applied this approach to Standard Model Higgs bosarkeantiquark and digluon exclusive
production [2, 3, 4, 5].

Since the cross section for exclusive Higgs boson produgtaather small, onl)bB final
state can be used to identify Higgs boson. This means fhatantinuum background is of crucial
importance. We discuss this irreducible background here.

In our calculations we include exact matrix elements anduloféur-body calculations for
all considered processes. The kinematically completeutatlons allow to include any cut on
kinematical variables which is very usefull in order to fihe tHiggs boson signal.

2. Formalism

Let us concentrate on the simplest case of the productigg phir in the color singlet state.
Color octet state would demand an emission of an extra glugohaconsiderably complicates the
calculations. We do not consider thigg contribution as it is higher order compared to the one
considered here.

We write the amplitude of the exclusive diffractigg pair productionpp — p(qq)p in the
color singlet state as

BB (Dl K ke) = 5+ TP 5% 0 el VR, Oy ) L0 BB iS0e Bt
(2.1)

where)q, Ag are helicities of heavy andq, respectively. Above‘fff and fgff are the off-diagonal
unintegrated gluon distributions in nucleon 1 and 2, repeyg. The longitudinal momentum
fractions of active gluons are calculated based on kinealatariables of outgoing quark and anti-
guark. The bare amplitude above is subjected to absorptioaations. The absorption corrections
are taken here in a simple multiplicative form.

The color singletyq pair production amplitude can be written as [4]

VClCZ(QLQL ki, ko) = nZnJV;:)(\:;’W(QLQL ki, kz) - (2.2)

The tensorial part of the amplitude reads:
V)\uXE(QLQZ,klakZ) = g3, (k1) <VV( L L2 V“#%V >V/\q(k2)- (2.3)

The coupling constantg — gs(ufl)gs(ufz). In the present calculation we take the renormalization
scale to beu? = p% = Mg The exact matrix element is calculated numerically. Atiedy
formulae are shown explicitly in [4].

The off-diagonal parton distributions (i=1,2) are caltethas

d 2 2
VR (x, QR 2. t) = Ry SR, R () (2.4)
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Figure 1. The bb invariant mass distribution foy/s = 14 TeV and forb and l:_)jets for—25<n <25
corresponding to the ATLAS detector. The left panel show®lyuheoretical predictions, while the right
panel includes experimental effects due to experimentainty in missing mass measurement.

whereS, ,(?, %) is a Sudakov-like form factor relevant for the case undessictenation. It is
reasonable to take a factorization scalefas:= 3 = M.

The factorRy here cannot be calculated from first principles but can benastd in the case
of off-diagonal collinear PDFs whexi < x andxg= x*(1—x)". Typically Ry~ 1.3-1.4at
the Tevatron energy. The off-diagonal form factors are patazed here aB (t) = exp(Bost). In
practical calculations we tak, = 2 GeV 2. In evaluatingf; and f, needed for calculating the
amplitude (2.1) we use different collinear distributions.

3. Results

In our papers we have calculated differential cross sestimrn only for exclusive Higgs boson
production but also fobb and gg. In all our calculations we take into account off-shellness
the gluons initiating a relevant hard subprocess. Theldetbout the off-shell matrix element for
Higgs boson production can be found in Ref. [6]. In contrasthe exclusive production gfc
mesons, due to a large factorization scalMy, the off-shell effects fog*g® — H give only a few
percent change compare to the calculation with on-shellixnelements used in the literature. We
use the same unintegrated gluon distributions for Higgsticoum bb and digluon production.

The Higgs boson differential cross sections are calculagsliming a three-body process
pp— pHp. Assuming full coverage for outgoing protons we construat-tlimensional distri-
butionsda /dyc? p; in Higgs rapidity and transverse momentum. The distrilbuisoused then in a
simple Monte Carlo code which includes the Higgs boson dimaythebt;channel. It is checked
subsequently whethérandb enter into the central detector.

In the left panel of Fig.1 we show the double diffractive eimition for CTEQ6 [7] collinear
gluon distribution and the contribution from the decay @ Higgs boson including natural decay
width calculated as in Ref. [8], see the sharp peaMgt= 120 GeV. The phase space integrated
cross section for the Higgs production, including absorpeffects with gap survival probability
S = 0.03 is less than 1 fb. The result shown in Fig.1 includes briawgcfraction for BRH —
bE) ~ 0.8 and the rapidity restrictions. The much broader BraWr type peak to the left of
the Higgs signal corresponds to the exclusive productiotheZ® boson with the cross section
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Figure 2: The bb invariant mass distribution fog/s = 14 TeV. In the left panel the rapidity difference is
limited to (—1,1) and in the right panel both pseudorapidities are flL<1.

calculated as in Ref. [9]. The branching fraction BR{- bb) ~ 0.15 has been included in addition.
In contrast to the Higgs case the absorption effects foZfaroduction are much smaller [9]. The
sharp peak corresponding to the Higgs boson clearly stio#geathe background.

In reality the situation is, however, much worse as bothgmetand in particulab and b jets
are measured with a certain precision which automaticaligl$ to a smearing M, . Experimen-
tally instead ofM,; one will measure rather two-proton missing méeés{). In our calculations
the experimental effects are included in the simplest waw bpnvolution of the theoretical dis-
tributions with the Gaussian smearing function with= 2 GeV which is determined mainly by
the precision of measuring forward protons. In the rightgbame show the two-proton missing
mass distribution when the experimental smearing is iredudNow the bump corresponding to the
Higgs boson is below thisb background.

In Refs.[3, 4] we have discussed in great detail how to im@tbe difficult situation. Examples
are shown in Fig.2. In the left panel we show the situationméaeut on pseudorapidiy difference
is limited to the interval (-1,1) and in the right panel wheniscon rapidity ot andb are imposed.
In both cases the situation seems much better. We have achdubwever, that this is an optimal
situation and further imporovement of the signal-to-baiokigd ratio is not possible.

e e o »
F L E 10°F T =
Fpp-piip \s=1.96TeV ] Epp-piip \s=1.96 TeV 3

108 =g © CDFRun i E 108 womg o CDFRunll 3
Eoo ] 1 I -
diagram A E gluons 3

2 CHID matrix element 3 10t ==== quarks -4

~ F 3 —~ 107F E

9 F — — diagram B improved ] 3 E

£ 10 W\ ---- diagramBrave £ 102 =

5 F O\ E 510°6 3

s F y 510 <

© 107 ‘}\ =
E O\ 10 - E
[ons2s 10° M.ls25 E

10'3?E.euz>E ,,,, NN = E gz, gmn ~- 3
F =1 =5 N E e T =T RN -
Fooo3st <008 o N\is, 10°E 0035 <008 el 3
10.4“\”””\HH\M\“?\HH\HH\H PR S N B R S B
10 15 20 25 30 35 CHT) 15 20 25 30 35
JetE™ (GeV) JetE™ (GeV)

Figure 3: The total cross section as a function Bfmin. The experimental data points are taken from
Ref. [12]. Left panel: standard digluon contribution foegam A with our matrix element (solid line)
and CHID matrix element (short-dashed line) and a new dautiin (long-dashed line) not discussed here.
Right panel: quark-antiquark (dash-dotted line) contidou
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Now we come to the distributions of dijets. The details camdomd in [5]. In Fig.3 we show
the total cross section as a function of mininggl. Already the gluonic contribution (thick solid
line) is slightly above the data. In the case of quark-amtifudijets we present the contribution of
uu, dd_,&s_, cC andbb. In the first three cases, we put the quark masses to zeronahd last two
cases we take explicit masses known from the phenomenolblgg. sum of all quark-antiquark
contributions is shown in the right panel by the dash-dotiedle. We conclude that the quark-
antiquark jet contribution is smaller by more than two osdef magnitude than the digluon one.
The rough agreement with the experimental data gives cordfi® the calculation of the exclusive
Higgs boson production.

4. Conclusions

We have shown and discussed differential distributiongHercontinuurrbb production. In-
clusion of the experimental resolution is necessary whenpewing the Higgs signal and thob
background. Our analysis shows that a special cuts can I tssee a signal above the back-
ground.

Our analysis indicates that a real experiment can be raiffeautt. The situation could be
better for some scenarios beyond the Standard Model [10, 11]

| am indebted to Rafat Maciuta and Roman Pasechnik for cotktibn on the issues pre-
sented here. | congratulate Johann Collot and collaba&orery good organization and friendly
atmosphere during EPS2011.
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