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1. Introduction

The search for the Higgs boson is a primary goal of the CERNé_&tadron Collider (LHC),
and is a central part of Fermilab’s Tevatron program. Régaht Tevatron collaborations reported
a 95% confidence level exclusion of a Standard Model Higg®magith a mass in the range
160—170GeV [1]. The dominant production mode at both the Tevedrad the LHC, gluon fusion
through top-quark loops, receives important QCD radiativeections [2—4]. The inclusive result
increases by a factor of 2 at the LHC and 3.5 at the Tevatromwlgurbative QCD effects through
next-to-next-to-leading order (NNLO) are taken into acttdd]. The theoretical uncertainty from
effects beyond NNLO is estimated to be ab&ii0% by varying renormalization and factorization
scales. At this level of precision, electroweak correditm the Higgs signal become important.
A subset of diagrams, where the Higgs couples to the W and @nisoshich subsequently couple
to light quarks, was investigated in [6, 7]. These terms atesappressed by light-quark Yukawa
couplings, and receive a multiplicity enhancement fromsimg over the quarks. A careful study
of the full 2-loop electroweak effects was performed in R8J. They increase the leading-order
cross section by up to-56% for relevant Higgs masses. An important question is wdretiese
light-quark contributions receive the same QCD enhancémeithe top quark loops. If they do,
then the full NNLO QCD result is shifted by5— 6% from these electroweak corrections. If not,
this 5— 6% increase from light quarks would be reduced te 2% of the NNLO result. As this
effect on the central value of the production cross sectiwh therefore on the exclusion limits
and future measurements is non-negligible, it is importawgfuantify it. The exact computation of
the mixed electroweak/QCD effects needed to do so requitesBdiagrams with many kinematic
scales, and 2-loop diagrams with four external legs foré¢laéradiation terms. Such a computation
is prohibitively difficult with current computational tenigues.

In Ref. [9], the QCD corrections to the light-quark terms lire tHiggs production cross section
via gluon fusion were computed using an effective theoryaggh. This approach was rigorously
justified by applying a hard-mass expansion procedure tduth8-loop corrections. In addition
to that, the most up-to-date QCD prediction for the Higgsomogroduction cross section in this
channel was provided for use in setting Tevatron exclusioitd. In this contribution, we sketch
the calculational approach and the results of this invastg discussed in detail in [9].

2. Calculational approach

The cross section for Higgs boson production in hadronisiamhs can be written as

. L 1 M2
o(sMZ) = z,/o [ e iy, (00, 12) i, 2 E) | 0z (Z_ xlXH25>

x 20ij (z as(HR), Oew, MA /& MG /L) - (2.1)

Here, /s is the center-of-mass energy of the hadronic collisipr,and ur respectively denote
the renormalization and factorization scales, andftfedenote the parton densities. The quantity
z6 is the partonic cross section for the process~ H + X with i, j = g,q,q. As indicated, it
admits a joint perturbative expansion in the strong andteleeak couplings. Considering QCD
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and electroweak corrections and suppressing the scaledepee for simplicity, the partonic cross
section can be written as:

s _ (0) ~(0) 0 = (%s\" ~(n)

6 —otwe) @+ 3 (T) &' (2.2)
The QCD corrections to the one-loop diagrams coupling tlggslboson to gluons via a top-quark
loop are given by

Gij(z as) = i (%)ne-(-”)(z)
J & T ij
The cross section in Eq. (2.2) includes corrections to thditeg-order result valid through

O(a) in the electroweak couplings and #o(a?) in the QCD coupling constant in the large top-
mass limit upon inclusion of the known results téi?jl’z). Since the perturbative corrections to the
leading-order result are large, it is important to quantifg effect of the QCD corrections on the
light-quark electroweak contributions. This would reguknowledge of the mixed’(aas). In

lieu of such a calculation, the authors of Ref. [8] studied mgsumptions for the effect of QCD
corrections on the 2-loop light-quark diagrams.

e Partial factorization no QCD corrections to the light-quark electroweak diaggare in-
cluded. With this assumption, electroweak diagrams doutiei only a+1 — 2% increase to
the Higgs boson production cross section.

e Complete factorizatianthe QCD corrections to the electroweak contributions asiamed
to be identical to those affecting the heavy-quark diagrams

In this case the light-quark diagrams increase the full NNQOD production cross section by
+5—-6%. The last assumption was used in an earlier exclusion d¥ldi®gs boson of 170
GeV by the Tevatron collaborations. The calculation of #h@ras), which allows to check these
assumptions, can be done in the framework of an effectivd fledory where the W-boson is
integrated out

C
Lot = —aslewaGa“". (2.3)

The Wilson coefficien€C; arising from integrating out the heavy quark and the W-bdsatefined
through

1
C = _51{1+AEW [1+3-5C1w+a§c2w] +a5c1q+a§CZQ}’

11 2777 19 67 1
= Cag= oo+ L+ Ne [ — e+ 2L
4 "M~ g8 Tt T F< 96+3t>’
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AEW= —5 13— |- —= s 4
EW 16n§v{c$N [4 3T 93Nh }
whereas = as/1, Nr = 5 is the number of active quark flavolls, = In(u3/n¢) andsy,cy are

respectively the sine and cosine of the weak-mixing anghe Wilson coefficient obtained from
using the complete factorization assumption is given by

1
C]f.ac = _g_[(l"i‘)‘EW) {1+35C1q +a§C2q} .
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Figure 1. Example three-loop light-quark diagrams contributing to the Cy,, term in the Wilson coef-
ficient.

Factorization holds i€y, = C1q andCyy = Cyq. To test this assumption, ti@&yy coefficient was
calculated in [9] by expanding the 3-loop QCD correctionthlight-quark electroweak diagrams,
keeping the leading term of that. The numerical effect ofotes choices foC,,, was also studied.
In Fig. (1), sample diagrams involved in this calculatioa sihown.

3. Results

After a computation following the approach outlined abave,obtain the following result for

Ciw== (3.1)
1w 6 -

Two points should be noted regarding the comparison of thik the factorization hypothe-
sis C/3° = Cyq = 11/4. First, there is a fairly large violation of the factoriwat result: (Cq —
Ciw)/Caiw =~ 1.4. However, both expressions have the same sign, and a ldfgeicce from the
+5—6% shift found before does not occur. In table (1), the nuoa¢results for the new prediction
of the gluon fusion cross section including all currentlynputed perturbative effects on the cross
section, are shown. These are: the NNK&actor computed in the largey limit and normalized
to the exactn-dependent LO result, the full light-quark electroweakreotion and the’ (as) cor-
rection to this encoded i@y, the bottom-quark contributions using their NLO K-factarish the
exact dependence on the bottom and top quark masses any firealiewest MSTW PDFs from
2008 [10]. The new numerical values are- 6% lower than the numbers in Ref. [11] used in an
earlier exclusion of a SM Higgs boson mass of 170 GeV with 99% C

4. Conclusions

In this contribution, we have briefly sketched the calcolatdf the mixed QCD-electroweak
corrections to the Higgs boson production cross sectioméngiuon-fusion channel, due to di-
agrams containing light quarks. The leading term of thistrdoution was derived based on an
effective Lagrangian obtained by integrating out the WeposThis result allows us to check the
factorization of electroweak and QCD corrections propadseRef. [7, 8]. Despite a fairly large
violation of the factorization hypothesis, a significantrrarical difference from the prediction of
this hypothesis is not observed due to the structure of thB @&rections. A new prediction for
the Higgs production cross section via gluon fusion was pitsesented. The new numerical values
are 4— 6% lower than the numbers in Ref. [11] used in an earlier exaluof a SM Higgs boson
mass of 170 GeV with 95% CL.
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[mulGeVI[  o™fpb] [ mu[GeVI[  o™fpb] |
110 | 1.417 €7% pdf) 160 | 0.4344 (-9% pdf)
115 | 1.243 (7% pdf) 165 | 0.3854 (-9% pdf)
120 | 1.094 (7% pdf) 170 | 0.3444 (£10% pdf)
125 | 0.9669 (7% pdf) || 175 | 0.3097 ¢-10% pdf)
130 | 0.8570 (8% pdf) || 180 | 0.2788 ¢-10% pdf)
135 | 0.7620 (8% pdf) || 185 | 0.2510 ¢-10% pdf)
140 | 0.6794 (£8% pdf) || 190 | 0.2266 ¢-11% pdf)
145 | 0.6073 8% pdf) || 195 | 0.2057 ¢-11% pdf)
150 | 0.5439 (£9% pdf) || 200 | 0.1874 ¢-11% pdf)
155 | 0.4876 (-9% pdf) - -

Table 1. Higgs production cross section (MSTWO08) for Higgs mass esltelevant for Tevatron, with
M= HR= M = My/2. 0= o(0 + ofN-C [9]. The theoretical errors PDFs are shown in the Table;
the scale variation iéﬁ/?%, roughly constant as a function of Higgs boson mass.
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