PROCEEDINGS

OF SCIENCE

Higgs production @ NNLO: Up-to-date predictions
for inclusive cross-sections and differential
distributions in different decay channels

Stefan Bucherer*
ETH Zurich, ITP
E-mail: st ef abu@'t p. phys. et hz. ch

In this talk | will present up-to-date predictions for inslue and exclusive Higgs production
cross-sections at hadron colliders. | put emphasis on tiraa&son of uncertainties of total cross-
sections and technical difficulties in obtaining distribos.

RADCOR 2009 - 9th International Symposium on Radiative Corrections (Applications of Quantum Field
Theory to Phenomenol ogy)

October 25-30 2009

Ascona, Switzerland

*Speaker.

(© Copyright owned by the author(s) under the terms of the Cre&@vmmons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/



Higgs production @ NNLO: Up-to-date predictions Stefan Bucherer

1. Introduction

The detection or exclusion of the Higgs boson is the paramount purpasegoing collider
experiments at the Tevatron and the LHC. Since the Higgs boson will beigeddrery rarely - if
at all - the expected rate must be predicted very precisely. Furtherthengrecise measurement of
the Higgs cross-section might distinguish between different Beyond tinel&tModel models.

It is well known that the main production channel at hadron collider - glusion - suffers
from large higher order corrections in perturbative QCD. The neXxtdding order (NLO) QCD
corrections to the inclusive cross-section were computed already in tegesifl—3]. While the
corrections at NLO are known with the exact mass dependence due tiven@isarks in the loops
[3—6], next-to-next-to-leading order (NNLO) corrections are onlgwn in the approximation of
an infinitely heavy top quark and vanishing Yukawa couplings for all agoe@rks [7—9]. Recently,
sub-leading terms in the top mass have been computed [11-15] and vesgfeadttilent agreement
with the large top mass approximation.

The remaining theoretical uncertainty at NNLO is estimated by varying themmedization
and factorization scales to be around 10%. At this precision, electrosiimits become important.
The leading light fermion two-loop contribution has been computed in [16afd]higher order
corrections have been studied in [18-20]. Real radiation contributiongining weak gauge
bosons have been computed in [21].

Differential cross-sections including decays of the Higgs boson aiegatifor experimental
searches. In [10, 22—-25] distributions at NNLO in the heavy mass gjppation have been com-
puted.

In order to obtain up-to-date predictions for Higgs production crosteses we have merged
two independent Monte Carlo coddsgHIP [22] andHPRro [26]) into a new codefeEHIPRo [27].
Additionally, we have augmented the computation with electroweak correctimmg20] and [21]
and added new features to be described in the following sections.

2. Finitemass effectsat NLO

We start with a review of the full mass dependence at NLO summarizing [2Ghough
diagrams containing a top quark in the loops dominate, the bottom quark cdioimilzannot be
ignored for Higgs masses 200GeV. For studying the bottom quark effects in more details, we
distinguish ‘top-only’, ‘bottom-only’ and ‘top-bottom’ contributions, the irfemence of top and
bottom loops. The investigation of the higher order corrections for thifegesht contributions
(see left-hand side of upper row in Figure 1) shows that they are argal, i.e.

NLO _ | NLO ~LO _ wNLOLO , &NLO ~LO , wNLO ~LO
0 =Kip O =Kt 07 +Kixp Op + Ky Op

(2.1)
NLO NLO ( ~LO , ~LO LO

# Otac - = Ky (Ut + Otxb 1+ Op )
However, since the bottom contributions are small in size as demonstrated dgltthand side

of the upper row in Figure ]qf’;{éo still provides a rather accurate approximation.
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Figure 1. Upper row: On the left: K factors for top+bottom, top-onlgttom-only and top-bottom in-
terference contributions at NLO for LHC. On the right: Raitigpercentage of top-only, bottom-only and
top-bottom interference components with respect to thed tybss-section at NLO, for LHC. Lower row:
On the left: Relative difference with respecttp= o approximation for Higgs transverse momentum at the
Tevatronmy = 120GeV. On the right: Relative difference with respeatte= c approximation for Higgs
transverse momentum at the Tevatrop, = 150GeV.

Next, we study the influence of mass corrections to the shape of the Higgsdrae momen-
tum and the Higgs rapidity. For now and for future reference we intredue following notation:

top—only . _
gmor=2 _ glop=only . jim JnLo. X' = X = Xt (2.2)
(N)NLO — ~LO Migp—00 CTIEc)Op—onIy ’ - X Meop=00 .

The transverse momentum distribution (left-hand side of lower row in Figuiedffected rather
strongly in the large transverse momentum region while the difference ismmederate in the
low momentum region. Note that the- distribution is effectively leading order. The rapidity
distribution (right-hand side of lower row in Figure 1) is only affected in tighhrapidity region
where only a few events occur. The grey line indicates the rapidity abbighdess than 10° of
the events occur.

3. Inclusive cross-section at NNL O

AtNNLO, the full mass dependence is hot known and existing code2%22pmpute only the
large top mass approximation. We have used our implementation of the massivatazn at NLO
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to improve the prediction of the Monte Carlo codEHIP. We have also added light fermion two
loop contributions containing electroweak gauge bosons and QCD tiongas computed in [20]
in terms of an effective theory fany = 0. Furthermore, real radiation contributions involving
weak gauge bosons [21] are included.

We compare the cross-section including the full mass dependence tia@kith (dashed
lines) and without (solid lines) electroweak corrections on the left-harddifligure 2. From this
plot it is obvious that electroweak contributions are at least as importahedsite mass effects
at NLO.
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Figure 2: Best predictions for cross-sections at Tevatron. Left: iBt@n fromm, = oo limit of different
approximations. Right: Cross-section with band from sgak&ation (dark blue) and PDF uncertainty (solid
light blue band) and PDFe; uncertainty (shaded light blue band).

Apart from truncated higher order corrections whose size is commotiipaged by varying
the renormalization and the factorization scales, the precise knowledge afabs-section is lim-
ited by the uncertainty in the parameterization of the parton densities. In alirwe use the
MSTW 2008 PDF sets which include error sets for estimating the PDF undgrt&ather than
assuming a fixedg(mz), the MSTW group uses(mz) as an additional fitting parameter and one
has to consider the combined PDdferror estimate for determining the MSTW uncertainty.

We have organized the computation such that cross-sections for diffarer sets (for fixed
a,) can be computed simultaneously, thus reducing the computational time caibdyder

On the right-hand side of Figure 2 we compare the P@fdncertainty (shaded light blue
band) with the scale uncertainty (dark blue band) for central valée ur = U = my /2 and
variation betweernu = my /4 andu = my. While the scale uncertainty is approximatei%
and —12% over the Higgs mass range 110Ge\iny < 200GeV at the Tevatron, the PD&g
uncertainty at the 90% C.L. increases from approximately % for low Higgs masses tp15/ —
13% atmy = 200GeV.

In summary, we assess the remaining uncertainties on the cross-secodoves.fl. PDF-
uncertainty: 8 - 15%. 2. Scale variation: 10%. 3. Resummation effects: As discussed in [8],
the scale choicgt = my /2 effectively reduces the effect of large logarithms. The comparison
to predictions including resummation [28] exhibits a deviation of less than 3%iflys masses
smaller than 200GeV. 4. Finite mass effects at NNLO1% [11-15]. 5. Unknown NNLO
coefficientCy, for mixed QCD-electroweak corrections:0.1% [20].



Higgs production @ NNLO: Up-to-date predictions Stefan Bucherer

4. Differential cross-section at NNLO

The main decay search channels for Higgs production in gluon fusiom aseyy, h —
WW — ¢vlv andh — ZZ — ¢¢0'¢'. The former two channels have been implemented before
in FEHIP while the latter channel has only been added in the newest vetsitiPro. In addition,
the interference frorh — ZZ — ¢v/v where the two charged (same flavor) leptons stem from one
Z has been added.

The NNLO computation ifFEHIPRo is performed using the method of sector decomposition
and a separate adaptation for each sector is required for a satisfaotomgrgence. However,
convergence for the inclusive cross-section does not lead automataallgood convergence for
distributions obtained by histogramming. This can be understood easily: whetas algorithm
optimizes the grid for the inclusive cross-section it will mostly sample the regiithshe largest
contributions. These regions are typically the ones with Born-like kinemafos distributions,
we are more interested in the regions with real kinematics.

To overcome this problem we have introduced a phase-space discriminant,

P}
Xdiscr = E C0SBz4 (4.1)

whereBs, is the angle between the two additional final state partons in a double rea(@ye= 0

if there are less than two final state partons). We then use a modified Uggashan from the
Cuba library [29] to sample also a distributiongscr, thus forcing the algorithm to sample the
relevant phase space more often and improve convergence for distmgu

In the upper row of Figure 3 we compare the distributions in the differefyskaion pseudora-
pidities,Y*, with and without this phase space discriminant. The running time for the cotigputa
was approximately the same for both results.

Finally, we assess the effects from finite mass dependence through iNLthe effects from
electroweak contributions. In Figure 3 we present a distributioff iwithout selection cuts as well
as a distribution in the average photon transverse momentum with selectiorppliésia Except
for rare events in the Iarge?"g region, the shape is not affected at all.

5. Summary

We have presented new results for Higgs production through gluomfasibadron collider
obtained with the Monte Carlo cod&HIPrRo. We have assessed the uncertainties on the inclusive
cross-section to be around 10% from higher orders and of the samefaoth uncertainties in the
PDF parameterization and the choiceoQf Other uncertainties are small and well under control.

We have shown that deviations from the large mass approximation due to firssecoiaec-
tions are negligible for most distributions in kinematic observables.

In order to improve the convergence for histograms in Monte Carlo compugatie have
introduced the concept of a phase space discriminant.

Acknowledgements: | am particularly grateful to my collaborators, Charalampos Anastasiou,
Radja Boughezal, Zoltan Kunszt, Frank Petriello and Fabian Stockli.
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Figure 3: Upper row: Left: Y* = |n&— nP|/2 distribution with adaptation to phase space discriminant
Right: Y* distribution without additional adaptation to phase spdiseriminant. Lower row: Comparison of
m; = oo approximation with full mass dependence through NLO witth aithout electroweak contributions.
Left: Shape foiv* distribution. Right: Shape fops'® distribution.
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