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We present results for Higgs boson production in khéactorization approach. Both leading-
order and next-to-leading-order results are presentedcoitrast to a recent calculation the
leading-ordelgg — H contribution is rather small compared to the ATLAS experita¢ data
(yy transverse momentum and rapidity distributions) for alhtegrated gluon distributions from
the literature. We include also higher-order contributign— H(— yy)g and find it to be rather
large. We argue that there is almost no double counting whleinggg — H andgg — Hg
contributions due to different topology of correpondingf@an diagrams.
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Figure 1: Dominant leading-order diagram for inclusive Higgs praditutin the two-photon channel.

1. Introduction

Both ATLAS and CMS collaborations at the LHC have discovenratkently the Higgs boson
[1]. We slowly enter era of more detailed studies.

It was advocated recently that precise differential datdaie Higgs boson in the two-photon
final channel could be very useful to test and explore unrated gluon distribution functions
(UGDFs) [2]. It was shown very recently [3] that tlkefactorization formalism with commonly
used UGDFs gives a reasonable description of recent ATLASalatained a{/s= 8 TeV [4]. We
perform similar calculation but draw somewhat differenbcaosions.

This presentation is based on our recent paper [5].

2. Sketch of formalism

In thek;-factorization approach the cross section for the Higgeb@soduction can be written
somewhat formally as:

“dxy d%, 20y d2ox
Opp—H :/X—1X—2 i 5((q1+q2)2_ME|)Ugg—»H(XLXZaQLQZ)
X ‘g;g(xlvq%bué)yg(qu%tvué) ) (21)

where.74 are so-called unintegrated (or transverse-momentumeadigng) gluon distributions and
Ogg—H IS gg — H (off-shell) cross section. The situation is illustratedgtiamatically in Fig. 1.

In the following we shall calculate also the higher-ordgr— Hg contribution also, taking
into account transverse momenta of initial gluons. In théactorization the NLO differential
cross section can be written as:

do(pp—HgX) 1 /dqutdzqZtM
dyH dygd? pH 102 pgy 16m2& T T g'g'—Hg

x &2 (Tt + Gt — Prt — Pot) - (X1, B, H2).Z (X2, B M2) . (2.2)
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This can be further simplified as discussed e.g. in Ref. [6].

Calculation of the off-shell matrix element for the processler consideration is rather com-
plicated in general case as it involves loops (trianglestan@s). Since the box diagrams with very
heavy top quarks/antiquarks dominate at high energies wecexhat the off-shell effects should
be relatively small. In the present approach we make thevidtlg replacement to simplify the
calculation:

f f—shell —
| Mgy g 12— Ay tis (S LU, (2.3)

where the latter is analytical continuation of the on-shalkrix element off mass shell.

3. Results

In order to cmpare results of our calculations with the pnedary ATLAS data [4] extra cuts
on photon rapidities and transverse momenta must be imposettition. We require:

—2.37<Ny1,Ny2 <237, (3.1)
max(pat, Pz) > 0.35x Myy, min(py, par) > 0.25x My, (3.2)
105 GeV< My, < 160 GeV. (3.3)

The distribution in transverse momentum of the photon plaos the Higgs boson decay
produced in thgg — H process is shown in Fig. 2 for different UGDFs from the litara together
with the ATLAS data [4]. The calculated distributions lay chbelow the ATLAS data in contrast
to the recent calculation in Ref. [3].

10—

R e L R B o a  RNRERE
pp-Vyy {s=8TeV ]
— — -Jung setA0 ]
---------- KMR
o~ 1 —
E \+ Kutak-S ;
3 ~ + utak-Sapeta ]
= Z —
8 N *
N~ S Tl —
10 DN
— . 1
<3 SS I
5 N
T 102 ~ el ]
~ -
~
~
- \\
10 e e e b N
0 20 40 60 80 100 120 140 160 180 200

P, (GeV)

Figure2: Transverse momentum distribution of the Higgs boson predurcthegg — H subprocess in the
yy channels for different UGDFs from the literature. The ATLASerimental cuts have been imposed.

In Fig. 3 we show similar distributions for the NLO procegs— Hgagain for the four UGDFs
used in the present study. It is worth to notice that the ®iolu of gluon transverse momenta
automatically removes singular behaviour of the cross@eet p; — 0. We observe that the cross
section for thegg — Hg mechanism is of the same order of magnitude as that shownelfeicthe
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gg— H one. We wish to notice here (a discussion will be given elsesvh [5]) that in contrast to
other gluon initiated processes the dominant piece ofithe Hgis not included in the calculation
ofgg—H..
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Figure 3: Transverse momentum distribution of the Higgs boson irythehannel produced in thgg— Hg
subprocess for different UGDFs from the literature. The ABLexperimental cuts have been imposed.

In Fig. 4 we show sum of the leadingd — H) and the next-to-leadingg — Hg) contri-
butions again for different UGDFs used so far. The resultglfe KMR and Jung CCFM s&0
UGDFs are already almost consistent with the new ATLAS data.
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Figure4: Transverse momentum distribution of the Higgs boson iny/thehannel produced in thgg — H
and in thegg — Hg subprocesses for different UGDFs from the literature. TREAS experimental cuts
have been imposed.

In Fig. 5 we present some contributions discussed herehitegeiith the ATLAS experimental
data. The NLOgg — Hg contribution (dashed line) is bigger, especially at intediate Higgs
boson transverse momenta, than the gg>— H contribution (solid line). Th&VW fusion gives
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sizeable contribution at larger Higgs boson transverse emban If we add all the contributions
together we almost describe the ATLAS data.
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Figure 5: Transverse momentum distribution of the Higgs boson inphehannels for different mecha-
nisms:gg — H (solid line),gg — Hg (dashed line) antvW — H (dash-dotted line). The ATLAS experi-
mental cuts have been imposed.

4. Conclusions

We have carefully analysed Higgs boson production inghehannel. This is important in the
light of new ATLAS data.

Here we have concentrated rather on QCD contributions. ggie H mechanism has been
considered withirk.-factorization approach. Different unintegrated gluostrifbutions from the
literature have been used. In contrast to recent claimsaititérature, the leading-ordgg — H
calculation does not describe the preliminary ATLAS data.

Higher-order corrections withik-factorization approach such gg — Hg have been dis-
cussed in addition. Their contribution turned out to be afikir order as that fogg — H. We
have argued that there is almost no double counting whem@dHte leading-ordegg — H and
next-to-leading ordegg — Hg contributions in thék-factorization approach.

The sum of all (QCD and electroweak) contributions givessalltevhich is almost consistent
with the ATLAS preliminary data. The production of the Higgsson in the/y channel can be used
to test unintegrated gluon distributions provided all cimitions to the cross section are carefully
taken into account.
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