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I. Introduction.

**The discovery of the SM Higgs boson is one he
most important goals and pressing issues of presgit
and future colliders.

*An Iimportant prerequisite for Iidentifying the mo
convenient signatures for detecting Higgs boson needs
a precise knowledge of the various production cros
sections and decay branching ratios to derive thelr
masses, their decay width, their couplings to othe
particles.

**The precision with which calculations of Higgs bos@n
Cros sections are know for the most sub-process a
ver last years and has been widely discuss

lterature.
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In particular:

1) Next-leading order corrections are now known for
most sub-process.

2) Knowledge of parton distribution functions has
Improved as more deep Inelastic data become
available.

3) The range of possible Iinput parameter values
decreased.

* Recently, much progress has been made In the
detection of a Higgs boson. The dominant
production of a SM Higgs boson in hadronic
Interactins is gluon-gluon fusion.
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**Various channels can be explored to se
Higgs boson at hadron colliders. There ar
a few Higgs production mechanism which
to detectable cross-section. Each use
preference of coupling of the SM Higgs t
heavy particles either massive vector bosons
massive quarks. They are:

1.Gluon-gluon fusion
2.\WW, ZZ fusion
3.Associate production with W and Z

%te production with bottom and t
S




** The associated production of a Higgs boso ith a
pair of pp quarks has a small cross-section (

small size of Yukawa coupling g,, -"=002) In the

**In some extensions of the SM, such as the MSSM
Yukawa coupling of b-quarks can become stron
enhanced, the associate production of a Higgs boso
with a pair of bb quarks can dominate over othgr
production channels and this production mechanis
can be a significant source of Higgs bosons.

% Nt +1 A V.V IhAtt W l,
% peileCting two 00tiodm quarks

identifies uniquely the Higgs coupling responsible for
the enhanced cross-section and drastically reduces the
b nd. This corresponds to an experimefit
uring the Higgs decay along two high p, botto
jets
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* In a four-flavor-number scheme with no b
the initial state, the lowest order process are t
level contributionsgg — bbh and qg — bbh
illustrated in Fig. 2.

“*Requiring one or two high p, bottom quarks in t
final state reduces the signal cross-section, but it als
greatly reduces the background, moreover, it assures
that the detected Higgs boson has been radiated off
bottom or anti-bottom quark and the correspondi
cross section Is therefore unambiguously proportion
to the bottom quark Yukawa coupling.

*» Therefore, a transverse momentum cuts on the
b@iom.quark jets reduces the cross section , but algo
tfy reduces the background and ensure that th
was emmitted from a bottom quark.
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At high energies and due to large flux
In particular at the LHC, another type
of scattering mechanism contributes to
the cross section besides to single|
scattering.Thus,for b b h production
there would be two computing
mechanisms:

single parton scattering and doubleb
parton scattering featuring two Drell-
Yan processes happening

Simultaneously. ( P. Landshof and J. Polkinghone;F.
Halzen, D. Hoyer and W. stirling; CDF Collaboration;......)




“*The purpose of the present work is to p
that the same bbh final state can be pro
also by double parton scattering co
process.

‘*The large rate of production of pp pal
expected at the LHC gives rise to a relative
large probability of production of a pph In the
process underling the H production.

*In fact as a result of the present analysis it
found that double parton scattering m
represent a rather sizable source f
background.
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1. DOUBLE SCATTERING MECHANIS

‘*Multiple parton Interaction proce
where different pairs of partons have
scattering in the same hadronic collisio
become experimentally important at hi
energies because of the growing flux Qf
partons. Recently, the Iimportance
double parton scattering at the Larg

Hadron Collider (LHC) has beén
redressed. ( D. Treleani, N Paver and A. Del Fabbro....... )
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“*The multiple parton scattering occurs w two
or more different pairs of parton ter
iIndependently in the same hadronic collisio

Xal—=\ : -
~ :} Fig.(1) Double parton scattering
\ mechanism
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* With the only assumption of factorization of the t
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double parton scattering in a hadronic collision is express
Opng) = Z (04, %: 0083 (%, X) G731 (%, %) (4, % b)dx dxid,

| ).K

< Where Lj(X,%:b) are the double parton distribution function
depending on the fractional momenta x,, X, and the relati
transverse distance b of the two parton undergoing the hayd
processes A and B, the |nd|ces | and | refer to the different
parton species and 6, and G, are the partonic cross sectioff.

The factor m/2 is for symmetry, specifically m=1 f
Indistinguishable parton processes and m=2 for distinguishab
processes.

The double distribution T (X..%:;b) are the main reason of inter
In multiparton collisions. This distributions contain in fact all t
i n of probing the hadron in two different pol
mporarily through the hard processes A and B.




**The cross section for multiparton process is
when the flux of partons is large, namely at s
Given the large flux one may hence expect
correlations in momentum fraction will not b
major effect and partons to be rather correlated |
transverse space. Neglecting the effect of parton
correlations in X one writes:

Fij (X1’ X5 b) = L (Xl)FZ(XZ)Fji (b)

*Where LX) are the usual one boday parton
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normalized to one and representing the pair densit
In transverse space. The Inclusive cross sectio
ymplifies to:

O-(A B) — Z@:L Oj (A)G, (B),

Ijk|
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<Where 6;(A and %«(B) are the hadronic
cross section for the two partons labelled |
undergoes the hard interaction labelled A and f

partons k and | to undergo the hard intera
labelled B;

usive
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o} = [d*F, (b)F ' (b)

are the geometrical coefficients with dimension an
Inverse cross section and depending on variou

parton processes. These coefficients are t

llllll thin W +141 V4 +hh
experimentally accessible quantities carrying th

iInformation of the parton correlation Iin transverge
momentum.

s section for multiple parton collisions has
further simplified as:




D mo(A)o(B)
Oag) = 5
o

eff

Where all the information on the structure of the hadron
transverse space is summarized in the value of the scal
factor, O

* The experimental value measured by CDF yields

It is believed that is largely independent of the center-of-mass
energy of the collision and on the nature of the partonic
interactions.

The experimental evidence is not inconsistent with the simples
hypothesis of neglecting correlations in momentum fractions.




111. Cross-Section results
1. Results for bbh production

The evaluation of fully exclusive cross se
for pbh production by requiring that t
transverse momentum of both final sta
bottom and anti-bottom be larger than

GeV. This corresponds to an experime

measuring the Higgs decay products alon
with two high p, bottom quark jets.

The born diagrams, generic examples gf
‘ are displayed in Fig. (2)




Fig. (2) Feynman diagrams for gg — bbh
and qq — bbh at tree level.

The cross section for leading order sub-process f

Higgs-boson production In association with botto
r*umrlzc obtained ||Q|nm MRST r\::ri'nr\I distribution. th
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packages MadGraph and HELAS and the Integrati
was performed by VEGAS as function of Higgs mass
for the LHC with  Js=14Tev are displayed In Fig. 3.
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==y 3 Leading order cross section (pb) for Higgs boson
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*» The cross-section for Higgs production Iin ass
with bottom quarks are not large but may be u
high luminosity Is available, since the Higgs boso
be “tagged’ by trigging on the bottom quarks.

*+ A sizable rate of events where two bottom quar
associate with  Higgs boson are produced
contemporarily at the LHC, as a consequence of th
large parton luminosity.

& Thao r\nrrocnnnrhn iNtanra 'I'arl rata 1c avaliinta
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combining the Integrated cross section for Hig
boson and ppy production at LHC energy.
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 If one use the cross section for Higgs
production from Fig. (4), o(bb)=5x10* ub an
value for the scale factor o, =145 mb
observed value Is o4 =145£175; mb  one ob
the cross section for a double parton collisio
producing a Higgs boson and
pair pp .

e The large rate of bb pair at the LHC gives ri
to a relatively sizable production of Higgs boso
assoclated with

 Figure 4 shows the double parton scattering
lggs boson associated with botto
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- Single Scattering Mechanism
T N\ Double Scattering Mechanism
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Fig. (4) Total cross section for Higgs boson associated
with bottom quarks in the SM at LHC energy.




V. Summary

* In this work we have Iinvestigated ppnh producti
the LHC, which is Important discovery channel
Higgs boson in the SM and its extension in the MSS

at large values of tanf | where the bottom Yakaw,
coupling Is strongly enhanced.

= Our calculations corresponds to the cross section fc
Higgs boson in association with two tagged b jets
single and double parton scattering mechanism.

= Although the double parton collision cross section |
not large , but it should be taken In consideratign
because a sizable rate of events where pairs bb

ofquarks are produced at the LHC, as a consequen
ge parton luminosity.
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= However, IN the hadron co

nn\llrnnmnnf the larne
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backgrounds may cause the observat
Impossible for those events If Hig
bosons decay hadronically. Individual
channels with hadronic decays should
be studied on case by case.
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