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1. Introduction

The quest for the Higgs boson [1, 2], the relic of the electroweak (BEMvinsetry breaking in
the Standard Model, is one of the key searches at the current Fermilatroreand CERN LHC
colliders. Whereas the LHC is still awaiting for at least 1 ¥f data to have significant results,
the Tevatron experiments are already sensitive to a Higgs signal at nvssed65 GeV [3].

The two main search channels at the Tevatron are the gluon—gluon fggien,H, known
up to next-to-next-to-leading-order (NNLO) in QCD in the infinkg approximation [4, 5, 6,
7, 14, 15] with mixed NNLO QCD+EW corrections [8, 9], followed by — WW* decay, and
the Higgs—strahlung procesg — HV known up to NNLO in QCD [10, 11, 12] with NLO EW
corrections[13], followed byH — deecay.

In this talk we discuss an update of the theoretical prediction for the ptiodwzross sections
[18] and a detailed analysis of the uncertainties which affect them: the soa&rtainties due
to missing QCD higher—order terms, the PBdr uncertainties taking into account a theoretical
uncertainty oras and the uncertainties due to the use of an effective field theory approach

We will focus on thegg — H process for which the sensitivity at the Tevatron is the highest
and which allowed the CDF and DO collaboration to set exclusion boundkdddiggs boson in
the mass rang®ly = 158-175 GeV [3]. A detailed discussion of the Higgs—strahlung process
which is relevant a lower Higgs masses, can be found in Ref. [18].

2. Theoretical predictions and uncertainties in the gg—fugin channel

The starting point of our calculation of tiggg — H cross section is the Fortran progratGLU
[16] in which we have made modifications in order to incorporate the NNLO @@dthe elec-
troweak corrections. The cross section is evaluated at the central paleeur = My for the
renormalisation scalgr which defines the strong coupling constagtand on the factorisation
scaleur at which the matching between the partonic calculation and the non—penmrpation
distribution functions (PDF) terms is done. This choice, contrary to the ehgic= ur = %MH,
does not allow to indirectly include the soft—gluon resumation contributionshrtightly increase
the cross section [14]. A detailed discussion for this more suitable scaleaten be found in the
addendum of Ref. [18]. For the parton densities, the latest set of NMBEDOW PDFs [19] will be
used but other sets will be discussed too.

The theoretical uncertainties are included as follows.

a. Higher orders and scale variation

In a perturbative calculation, the series is truncated, which implies that tss sections
are dependent on the renormalisation sggdend on the factorisation scalg-. The uncertainty
obtained by the variation of the two scales is taken as an estimate of the unkighwnbrder terms
and is in general the dominant source of uncertainties. Starting with the mschéaLy = My
for which the central prediction is obtained, the two scalgsur are varied within the interval
Ho/K < URr, Ur < K/ Mo, With a chosen valug = 2, 3,4, etc... In order to make a suitable choice of
the k value, we compare™-© with the centraloNN-C and we require the error band on the NLO
results to catch the latter cross section. As seen on Fig. 1 (left) we needat te 3 according to
this procedure.
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Figure 1: Left: the scale dependence @¥-°(gg — H) at the Tevatron as a function My for variations
M /K < Ur, UF < KMy with k = 2,3.4 compared taNN-© evaluated at the central scalg = Ur = My.
Right: the scale uncertainty bands @N-© for a variation in the domaiMy /k < pgr, Ur < KMy with
K=273.

Using this range fopir, ur for the NNLO cross section we obtain a scale variatioh%f'% ~
20% for the relevant range dly values, nearly twice the much smaller variatidii®éo ~ 10—
12% adopted by the CDF/DO collaborations.

b. The PDFs andag uncertainties

The second most important source of uncertainties ingthe> H mechanism comes from
the PDFs uncertainties together with the experimental and theoretical @nrtive strong coupling
constantrs. We estimate the PDF uncertainties with the help of the2® PDF sets errors provided
not only by the the MSTW collaboration [19], but also by the CTEQ [20] 8KM [21] collabora-
tions. We take into accounts the spread of both uncertainties and the eahiesd obtained within
these different sets. The calculation gives 8&-10% error within all sets, but the ABKM central
value is~ 25% smaller than the CTEQ/MSTW central values as can be seen in Fig. 6. 1 &e

In addition to the PDF uncertainties, the errors coming from the theoretidagxgverimen-
tal uncertainties in the determination of the value are considered. In the MSTW scheme we
haveas(M3) = 0.1171 %5393 (90%CL) at NNLO, and there is also a theoretical uncertainty esti-
mated by the MSTW collaboration [19] &8'as = 0.002 at most at NNLO. We have computed the
correlated PDFA®*Pag uncertainties using the MSTW set—up [22], and used the central fixed—
MSTW PDF set folA"as. The result is shown in Fig. 7 of Ref. [18]; with only the experimental
errors onas, the MSTW/CTEQ and ABKM predictions cannot yet be reconciled, butdaisbe
achieved with the addition of the uncertainty coming from the theoretical errois. We obtain
a much larger uncertainty af 20% compared to that of the 10% error obtained when using the
PDF error only, as assumed by the CDF/DO collaborations.

c. The use of an effective theory approach

The final set of uncertainties is specific to the gluon—gluon fusion meahamisch at NNLO
is evaluated in an effective theory (EFT) approach widges> My for the contribution of a quark
Q in the loop. It is very accurate for the top—quark loop with a belo¥®® correction with finite
top—mass effects faviy < 300 GeV [23], but not for the b—quark loop where at NLO its omission
leads to a~ 10% difference compared to the exact case.
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In order to estimate the error of ignoring theloop contribution at NNLO, we rescale the dif-
ference calculated at NLO where the exact result is known by the reldtid0/NNLO K—factors,
AR — Uexa%‘NLgEFLQ X glo. This gives a 1-2 % uncertainty. We then add a small uncertainty
which is related o the difference between the on-shell bottom Mgss 4.75 GeV and the mass
in theMS schemeim,(my,) = 4.23 GeV, this amounts te 1-2 % uncertainty in the b—loop contri-
bution, leading to a total error of a few % as shown in Fig. 4 of Ref. [18].

The last EFT error is related to the mixed QCD-EW electroweak correctibidwhave been
calculated withVlyy 2 > My [9]. As it is obviously not the case in practice, we should be cautious
in using this (small) correction and assign an error which is of the same sizenyyaring it with
the use of the exact NLO EW corrections ondygyy = (gNNEOQED-EW _ GNLO) / GNNLOQCD-EW,

This gives an error of 3% at most as shown in Fig. 5 of Ref. [18].

3. Total uncertainties in both channels and conclusion

The very important issue that remains is how to combine the various theoratioattainties
on the cross section discussed in the previous section. The CDF cotlabhadds quadratically
the scale variation (witk = 2) with the PDF—error only, leading to a a 1286ale © 10%(PDF) =
16% total error, while DO collaboration assumes a smaller error of 10%. ésethre theoretical
errors, we believe that such a combination is not adequate. On the otieerading the errors
linearly may appear to be too conservative. We thus propose a precetiich, to our opinion,
is more reasonable: one calculates the maximal/minimal cross sections witht resfier scale
variation, and apply on these cross sections the Bidk-analysis in quadrature, with a final linear
addition of the small EFT errors.
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Figure 2: Left: the production cross secti@(gg— H) at NNLO at the Tevatron with the uncertainty band
when all the uncertainties are added using our proceduris. citmpared tar(gg — H) at NNLL when
the scale and PDF errors given in Ref. [17] are added in qua@raln the insert the relative deviations
are shown when the central values are normalized\8-C+EW, Right: the same but for thgg — HV
production channel.

We then obtain a totat +40% uncertainty for the cross section in the gluon—gluon fusion
mechanisngg — H in the entireMy range that is relevant at the Tevatron; Fig. 2 (left). This error is
thus much larger than the 10— 15% uncertainty obtained in the CDF/DO analysis [3]. This means
thatag' could be a factor or two lower than what is assumed irpgie- H — W®W ) — ¢¢vy
analysis and that the 95% CL CDF/DO0 exclusion band &58ly < 175 GeV should then be

reconsidered in the light of these large uncertainties.
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The same analysis has been performed fordgdpe> HV channel and gives a totat +8%
uncertaintly, dominated by the PBférs uncertainties. This is much more under control than for
the gluon—gluon fusion channel, and twice the errors assumed by the ORBlRAborations.
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