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1. Motivation

The Higgs boson — a direct consequence of W and Z mass
generation in the Standard Model via spontaneous symme-
try breaking of the SU(2)r ® U(1)y gauge group. Goldstone
(1961); Goldstone, Salam and Weinberg (1962); Higgs (1964,1966); Kibble
(1967); Brout and Englert (1964); Guralnik, Hagen and Kibble (1964)

The Higgs particle so far eluded direct observation.

Where is the SM Higgs ?

We know from direct (LEP2) and indirect searches
(EWK fits) that LHWG Note/2001-03, LEPEWWG Note/2001-02

114.1GeV < My 5200 GeV
Higgs discovery reach at the Tevatron Run IT (15fb™"):
Mp <180 GeV
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Higgs searches at the Tevatron are challenging:

Dominant production modes: q¢ — WH,ZH; g9 - H
Dominant decay modes:

My <135 GeV: H — bb with BR = 43%

My >135GeV: H - W™ W™~ with BR = 40%

J.D.Hobbs, hep-ph/9903494
M.Carena et al., hep-ph/0010338
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All possible production channels need to be explored, e.g.
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Including £ H production could yield a 15- 20% reduction in

pp — ttH

the luminosity threshold for discovery at Mg = 120 GeV.

J. Incandela (FNAL, May 2001), J.Goldstein et al, Phys.Rev.Lett.86 (2001)
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QCD corrections to ¢t H production at the Tevatron

AtNLO in a the cross section for pp — ttH includes virtual
and real gluon radiation:

Examples of real O(a,) corrections to pp — ttH
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Examples of virtual O(a ) corrections to pp — ttH
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NLO total inclusive cross section for pp — ttH:
onLo = Z/dxld:zrz.?:p(azl) P(52)3.5° (21, 22)

with the parton level cross section

\}(;W Aqq Aqq
qq :nf real

~ 2 ALO \f )
NLO _ O g5 + “ with d&

qq 4 ‘I‘J
A (.';
virt”
e UV divergences:
renormalized in d = 4 — 2¢ dimensions by suitable set
of counterterms (modified M S scheme, on-shell

subtraction for top)

e IR divergences:
regularized in d = 4—2¢ dimensions = soft and collinear
singularities appear as poles in =, .

IR singularities are completely canceled by

corresponding IR poles in

~qq
real’

e [R divergences:
extracted by suitable cuts on gluon phase space (phase
space slicing): two and one cut-off method using cross-
ing symmetry and color ordered amplitudes
Remaining initial-state IR singularities are absorbed in
PDFs (mass factorization).
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599 = / d(PS4)| Arcat(q7 — ttH + g)|*

Phase Space Slicing: isolate the region of the t¢H + g phase
space where

Sig = 2pi*pg = 2E;E¢(1 — Bicosbiy) — 0
by introducing suitable cutoff parameters

* 0s Eg<0851/8/2

—> (WO cut-off method : |
de 5 (1 —cosbig)<dc

—rh o
— one cut-off method : $min , Sig <Smin

(.; If."f

real

and compute

e analytically below the cut-off(s)

e numerically above the cut-off(s).

% Em o wofew e OVarrisand § Ouwens hep-gh 0102125

ke W. Gpele ebar, TRD Ye (1942), NVPBMo3 ((943)
§. ks and E-Laeman, TRD 51 (1q11)
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d. cut-off dependence cancels in on Lo
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from L.Reina, S.Dawson and D.W., Phys.Rev.D65 (2002)
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Main Result

Drastically reduced scale dependence of the total inclusive
production cross section:

pp — ttH X at the Tevatron (2TeV)
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from L.Reina, S.Dawson and D.W., Phys.Rev.D65 (2002),
L..Reina and S.Dawson, Phys.Rev.Lett.87 (2001)

see also W.Beenakker et al., Phys.Rev.Lett.87 (2001)
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Higgs mass dependence of the total inclusive production

Cross section:

pp — ttH X at the Tevatron
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from L.Reina, S.Dawson, and D.W., Phys.Rev.D65 (2002)
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Results foronro VS o0

pp — ttHX
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from L.Reina, S.Dawson, and D.W., Phys.Rev.D65 (2002)
Effective Higgs Approximation (EHA): S.Dawson, L.Reina
My < /sand Mg < my, p=my...2my + Mp:

Kega~06—-0.7

tt_ pI‘OdllCtiOI’l ([J, = mt): P.Nason et al., W.Beenakker et al.,

R.Boncianm et al.

Koo = 0.98
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Scale dependence of o 1,0 at the Tevatron: (2 Tev)
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Dependence on technical cut-off parameters o. and d5 of the
phase space slicing method cancels in on 0!
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QCD corrections to ¢t H production at the LHC

Main Result

Drastically reduced scale dependence of the total inclusive
production cross section:
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Summary

e ttH is a very interesting production mode at present and
future colliders:

» discover/confirm the Higgs
e measurement of Top Yukawa coupling
* SM? New Physics?

e [t is crucial to know the impact of QCD corrections.

e o(pp — ttH) at O(a?) has been calculated indepen-
dently by two groups:
S.Dawson, L.Reina, D.W., Phys.Rev.Lett.87 (2001), Phys.Rev.D65 (2002)
and W.Beenakker et al., Phys.Rev.Lett.87 (2001)

e strongly reduced scale dependence
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