Lo, A0 233

BROOKHAVEN NATIONAL LABORATORY

September 1994 BNL - 60769
DISCLAIMER
. N TRy r.u\ q o e et
This report was prepared as an account of work sponsored by an agency of the United States S (J o g Yo H’/
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 6 CT g 5 ?9@
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or I

process disclosed, or represents that its use would not infringe privately owned rights. Refer-

ence herein to any specific commercial product, process, or service by trade name, trademark, @ 8 T ﬂ
, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-

mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof.

QCD CORRECTIONS TO HIGGS BOSON PRODUCTION:

AN UPDATE"

S. Dawson

Physics Department, Brookhaven National Laboratory, Upton, NY 11973

. and

R. Kauffman
Physics Department, Franklin and Marshall College, Lancaster, PA 17604

* To appear in the Proc. of XXVII International Conference on High Energy Physics,
Glasgow, Scotland, June 20-27, 1994.

This manuscript has been authored under contract number DE-AC02-76CH00016 with the U.S. Depart-
ment of Energy. Accordingly, the U.S. Government retains a non-exclusive, royalty-free license to publish or
reproduce the published_ form of this contribution, or allow others to do so, for U.S. Government purposes.

vomner. MASTER

CradTION GF THIS DOCUMENT 1 Lyt 1

Nk T el

B e A I n Pl i Y5 AN IS AL M e, 5 i v 2 R i gt B Rl e~ e ane e i et e s e e e T — - N— \. P——



© ey e Y

DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.




QCD CORRECTIONS TO HIGGS BOSON PRODUCTION:
AN UPDATE

S. Dawson® and R. Kauffman'

* Physics Department, Brookhaven National Laboratory, Upton, N.Y. 11793
tPhysics Department, Franklin and Marshall College, Lancaster, PA.

Abstract

We compute analytic results for the QCD corrections to Higgs boson production in hadronic
collisions in the limit in which the top quark is much heavier than the Higgs boson. The first
non-leading corrections of O(a3MZ /m?) are given and numerical results presented for the LHC.

1. INTRODUCTION

One of the prime motivations for the construction
of high energy hadron colliders is to unravel the
mechanism of electroweak symmetry breaking. In the
standard model of electroweak interactions there exists
a physical scalar boson, called the Higgs boson, whose
interactions generate the non-zero masses of the W and
Z gauge bosons. The couplings of the Higgs boson are
completely specified in the standard model; the only
unknown parameter is the mass. For a given mass,
therefore, it is possible to predict the properties and
production mechanisms of the standard model Higgs
boson unambiguously. In this note, we discuss the
two-loop QCD radiative corrections of O(al) to the
production of the Higgs boson in hadronic interactions.

A particularly interesting mass region in which to
search for the Higgs boson is the intermediate mass
region, 80 < My < 150 GeV. The dominant decay
mode for the intermediate mass Higgs boson is H — bb.
However, the formidable QCD background to this decay
will probably necessitate using rare decay modes such
as H — 77 to search for the intermediate mass Higgs
boson. Since the number of events remaining after cuts
to remove backgrounds is small, it is vital to understand
the effects of radiative corrections in this region in order
to determine the viability of the signal.

In the intermediate mass region, the primary
production mechanism is gluon fusion through a top

quark loop. For a heavy top quark, m; > 150 GeV,
it makes sense to expand the results in powers of
r = M2/m?. In such a limit, the computation
of the two loop QCD radiative corrections becomes
greatly simplified and it is possible to obtain analytic
results. The leading corrections for m; — oo have been
computed previously and found to significantly increase
the cross section.[1, 2]

Here we present analytic results for the first non-
leading corrections of @(alr) to Higgs boson production
in hadronic collisions and confirm the pumerical results
of Ref.[2], valid for arbitrary M,,/m;.

2. PREVIOUS RESULTS

The lowest order amplitude for the gluon fusion of a
Higgs boson is sensitive to all of the quarks which can
couple to the gluon and to the Higgs boson, but has
the property that it primarily depends on the heaviest
quark mass (in practice, on the top quark mass). The
contribution to the amplitude from a single heavy quark
with mass m; has the form,

3. CALCULATIONAL TECHNIQUES

The evaluation of the two-loop diagrams arising in the
virtual corrections to gg — H is an extension of the




techniques used in the case of vy — H .[3] The basic
strategy is to expand the loop integrals in powers of
the external momenta over m; at every stage. This
technique has been successfully used to compute the
2—loop contribution to the p parameter from a heavy
top quark.[4] Each two loop graph gives a result of the
form
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E,j'; (aig* k1 - ka2 + bik{ kY + cik{k3)
(2)
where the incoming gluons have momenta k; and k2,
polarization indices p and v/, and colors A and B. Gauge
invariance requires that

Ee=-Th @

where the sum runs over all the diagrams (the ¢; terms
do not contribute for on-shell gluons). In order to reduce
the number of tensor structures and deal with scalar
quantities only, we compute three contractions of each
diagram : A¥gu., A ki ks, and ALY kipkz,. From
the contracted amplitudes the values of a; and b; can
easily be found.

The various two-loop diagrams have ecither one,
two or three gluon propagators.  Diagrams with
one gluon propagator can be written such that the
gluon propagator contains no external momenta. For
those diagrams with more than orne gluon propagator
we employ Feynman parametrization to combine the
massless gluon propagators (top quark propagators are
left alone); the loop momenta are then shifted to move
the external momenta into the top-quark propagators.

The denominators arising from the heavy-quark
propagators can be expanded in powers of the external
momentum, e.g.,
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To obtain the terms of O(M2/m?) each denominator
must be expanded up to terms containing two powers
of k; and two powers of k3. The Feynman integrals are
easily performed after the momentum integrations.

After contracting the two-loop amplitudes as in
Eq. (5) and expanding the denominators all the
contributions have the form
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where m? can be zero or a product of Feynman
paramaters times M2. Using the symmetries of the
numerators the powers of p- k; and ¢ - k; can be written
in terms of powers p?, ¢%, and p - ¢ times powers of
ky - k3 = M% /2. The integrals can then be reduced to

the symmetric form

d"p d”q 1
@x) J @n)r l(p—9)? — m?P(p? - mi)*(e® - "Z%))"

These integrals are well known in the literature.

4. RESULTS

To compute the radiative corrections for the inclusive
production of the Higgs boson from gluon fusion, we
need both the real contribution from gg — gH and the
virtual corrections from gg — H.

The final result for gg — gH can be written in the
compact form:(2,5]

O"ro'r(gg hand HX) = 60{6(1 - 2) + g#l [h'(z)
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-1 - z)]} +0(r?)
(7)

where o (with a, evaluated at p) is given in Eq. (1)
and the functions k(z) and h(z) are the same as those
of Ref. [5]:

h(z) = 8(1 - z)(?\'z + 1}) -Ra-ap

- _—z 2
+ CazPgy(z)log ((—I—TL)
R(z) = CazPyg(2)

ﬁ,,(:):z{(ljz)++ 1:’ +z(1—z)}.

The form of Eq. (7) makes it clear that the dominant
contributions to the result are just a rescaling of the
r = 0 result by the ubiquitous factor 1+7r/60. Note the
cancellation of the log(m:/Mpy) terms. There are also
no terms proportional to s/m? which would invalidate
the expansion.

The results for g — gH and gg — gH are given in
Refs. [2,5]. At LHC encrgies, these subprocesses give a
negligible contribution to the final result.

(8)

5. RESULTS

In this section we present numerical results for Higgs
production in pp collisions at /& = 15 TeV. For our
non-leading order parton distribution functions, we use
the S1 fit of Morfin and Tung|6] translated into the M5
prescription. For our leading order parton distribution
functions, we also use a set provided by Morfin and
Tung which is suitable for using with lowest order
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Figure 1. Lowest arder (dotted and dashcd) and radiatively carrected (snlid) cross scctions for pp -~ H.\ at the
LHC, /2 15 Tel" The curves labelled LO pdf and NLO pdf use the lowest arder and next to leading rder

parton distribution functions of Morfin and Tung, respectively.

predictions for hard scattering processes. We take the
rencrmalization scale p = My.

In Figure 1 we show the lowest order and the
radiatively corrected cross sections for m, = 150 GeV
and m; = 200 GeV at the LHC. In all cases, the
radiative corrections increase the cross section by a
factor between 1.5 and 2. In this figure we have shown
the contribution of changes in the structure functions
and a, by defining the lowest order cross section in two
ways. In the first definition, we use the 1-loop value for
a, and the lowest order parton distribution functions,
while the second definition uses the 2-loop value for o,
and the non-leading order parton distribution functions.
Both definitions of the lowest order cross section are
completely consistent to O(a?), but we see a significant
numerical difference between the two in Figures 1.

To emphasize this we have plotted the ratio of the
radiatively corrected cross section for gluon fusion of
Eq. (7) to the Born cross section of Eq. (1) in Fig. 2.
This ratio is often called “the” K factor. The results of
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Ref. [2] correspond to the dotted curves in Fig. 2 and
our results agree completely with theirs. It should be
stressed, again, that both definitions of a K factor as
shown in Fig. 2 are completely consistent to O(a}), but
differ by 50% numerically. From this figure we see that
many of the O(a?) corrections can be absorbed into a
redefinition of the parton distribution functions and the
running of ,.

It is also interesting to consider the pu dependence
of our results. Contrary to naive expectations,
the radiative corrections do not generally reduce the
dependence of the cross section on u. Indeed for a light
Higgs boson (Mp/m¢ <) the dependence on g of the
NLO result is more severe than the leading order result.

8. CONCLUSIONS

We have computed the O{adr) contributions to pp —
gH. They are dominated by the gluon fusion
contribution and typically increase the lowest order
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Figure 2. Ratio of the radiatively corrected cross section to the Born cross section at the LHC, | s = 15 TeV

with m, = 200 GelV .

cross séction by a factor of between 1.5 and 2. The
lowest order cross section is senmsitive to whether the
1-loop or 2-loop o, is used and which distribution
functions are used.

The dominant numerical corrections to the gluon
fusion contribution can be found from the my — o0
O(a?) results of Refs. [1] and [2] by rescaling the cross
section by the factor (1 + 7r/60). The smaliness of the
O(a?r) terms demonstrates the valididty of the my — oo
limit for the gluon fusion subprocess. Indeed, Ref. (2]
found that the m, — oo results were good to within 15%
even for Mg > m..
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