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1. Introduction

In hadronic collisions, the most basic form of the strongiattion at short distances is the
scattering of a coloured parton off another coloured parfExperimentally, such scattering can be
observed via the production of one or more jets of hadronk with large transverse energy. In
QCD, the scattering cross section has the perturbativensiqra

2
do = z / [ d NL°+<§—;) d6\NC + o (ad)| filx) fj()dxadxe  (1.1)

where the sum runs over the possible parton ty@esl j. The single-jet inclusive and di-jet cross
sections have been studied at next-to-leading order (NLO)ahd successfully compared with
data from the TEVATRON.

The theoretical prediction may be improved by including thext-to-next-to-leading order
(NNLO) perturbative predictions. This has the effect of (@lucing the renormalisation scale
dependence and (b) improving the matching of the partor theeretical jet algorithm with the
hadron level experimental jet algorithm because the jatgire can be modeled by the presence of
a third parton. The resulting theoretical uncertainty atllINs estimated to be at the few per-cent
level [2].

In this talk, we will focus only on the NNLO contribution inkong gluons and will drop the
parton labels. At NNLO, there are three distinct contribagi due to double real radiation radiation
dofiyLo, Mixed real-virtual radiation q\,NLO and double virtual radiationail’ﬁl_o, that are given

by
dBanio :/ 6% +/ 6L +/ 462 1.2
NNL o, JONNLOF [ GOnnoF [ dONNLo (1.2)
where the integration is over the appropri&teparticle final state subject to the constraint that

preciselym-jets are observed,
/ - / oy I (1.3)
dody

As usual the individual contributions in tien+2), (m+ 3) and (m+ 4)-parton channels are all
separately infrared divergent although, after renorratite and factorisation, their sum is finite.
For processes with two partons in the initial state, thegpelevel cross sections are related to the
interference oM-particlei-loop andj-loop amplitudeg(.#®|.# 1))y by

A6fo ~ (4014
Ao ~ (A1) + (P )|
Ao ~ (A VA D)+ (A Ol )+ (P )] (1.4)

In this talk, we specialise to the gluonic contributions tietdoroduction. Explicit expressions for
the interference of the four-gluon tree-level and two-laopplitudes is available in Refs. [3], while
the self interference of the four-gluon one-loop amplitiglgiven in [4]. The one-loop helicity
amplitudes for the five gluon amplitude are given in [5]. Téestribution contains explicit infrared
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divergences coming from integrating over the loop momenthimplicit poles in the regions of
the phase space where one of the final state partons beconesslvad. This corresponds to the
soft and collinear regions of the one-loop amplitude thatensnalyzed in [6]. The double real
six-gluon matrix elements were derived in [7]. Here the slagties occur in the phase space
regions corresponding to two gluons becoming simultarigaast and/or collinear. The “double”
unresolved behaviour is universal and was discussed if.[8, 9

2. The antenna subtraction for malism

There have been several approaches to build a generaldidstracheme for the double real
contribution at NNLO [10, 11, 12]. We will follow the antenmsabtraction method which was
derived in [13] for NNLO processes involving only (mass)efasal state partons. This formalism
is being extended to include processes with either one oirtitial state partons [14, 15, 16].

To render the contributions with different final states safaly finite, the general structure of
the subtraction terms at NNLO is

o ' AR ~S . 5S
donnLo = / (d6xnLo — d6RnLo) +/ doNnLo
d¢m+2 d¢m+2

AV1 AVS1 AVS1
+ (dUNNLo - daNNLO) +/ dOynio
d®Pmi 1 dPmyy 1

+ / dév:2 o, 2.1
APy, NNLO ( )

where B3y, o (dSynio) is the subtraction term for the double radiation (reatudl) contributions
respectively.

In this talk, we concentrate on the double unresolved scititraterm dig,, o relevant for the
six-gluon contribution two-jet production in hadronic kigibns. It is made up of several different

contributions, that depend on how the unresolved partansarnected in colour space,
~S ~ ~Sb A ~Sd AA
dGinLo = Ao + deL0 + dBNLo + dBnLo + dGhiio
(a) One unresolved parton but the experimental observal#ets onlym jets from the(m+ 1)
partons.

(b) Two colour-connected unresolved partons (colour-ected).

(c) Two unresolved partons that are not colour connectedhmte a common radiator (almost
colour-unconnected).

(d) Two unresolved partons that are well separated from etiwr in the colour chain (colour-
unconnected).

(A) Correction for the over subtraction of large angle sattiation.

Contribution (a) is precisely the same subtraction termsasidor the NLO(m+ 1)-jet rate,
and is the product of a three-parton antenna and red(roedl)-particle matrix elements. Con-
tributions (b)—(d) are derived from the product of doubleasolved factors and reducéah+ 2)-
parton matrix elements. Subtraction terms for these corgiguns can be constructed using either
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Figure1: (a) Example configuration of a double soft event véijw s,2 = s. (b) Distribution ofR for 10000
double soft phase space points.

single four-parton antenna functions [17] or products of¢hparton antenna functions. For glu-
onic processes, one encounters the four-gluon antefifiar the first time. Finally, the large-angle
soft subtraction terms (A) contains soft antenna functishi&h precisely cancel the remnant soft
behaviour [18] associated with the antenna phase spaceimyagior the final-final, initial-final
and initial-initial configurations. Explicit formulae fahe various contributions todg,, o are
available in [19]

Note that the subtraction terms are also needed in intejfaten. When both radiators are
in the final state, as needed for electron-positron antiibilathe integrated antennae are given in
ref. [13]. For processes with one hard radiator in the ihdtiate, the integrals are known [15] while
the work is still in progress for processes with two hadrdnital radiators [16].

3. Numerical results

To numerically test that the subtraction term correctlyroepces the same infrared behaviour
as the matrix element, we generate a series of phase spaute thait approach a given double or
single unresolved limit. For each generated point we comfh ratio,

AR
R— d‘fgﬂ (3.1)
donLo
which should approach unity as we get closer to any sindylari

As an example, we consider the double soft limit. A doublé soffiguration can be obtained
by generating a four particle final state where one of theriana masses;; of two final state
particles takes nearly the full energy of the eveas illustrated in figure 1 (a).

In figure 1(b) we generated 10000 random double soft phase gmnts and show the distri-
bution of the ratio between the matrix element and the satitraterm. We show three different
values ofx = (s—sj)/s[x=10"* (red),x = 10"° (green) x = 10 (blue)] and we can see that for
smaller values of the distribution peaks more sharply around unity. ¥er 106 we obtained an
average oR = 0.9999994 and a standard deviationaf= 4.02 x 10~°. Also in the plot we give
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Figure2: (a) Example configuration of a triple collinear event watfx — 0. (b) Distribution ofR for 10000
triple collinear phase space points.

the number of outlier points that lie outside the range ofttis¢ogram. As expected this number
decreases as we approach the singular region.

As a second example, we perform a similar analysis for tipetgollinear limit with three
hard particles sharing a collinear direction as shown inréidi(a). In this case the variable that
controls the approach to the triple collinear regiox is s;jx/s. We show results fox = -107
(red),x = —108 (green),x = —10~? (blue). For 10000 phase space points with —10°, we
obtained an average value Rf= 0.99954 and a standard deviation @f= 0.04. As before, the
number of outliers systematically decreases as we apptbadhiple collinear limit.

Similar behaviour is obtained for all of the remaining daubhresolved limits.

4. Conclusions

In this contribution, we have discussed the applicatiorhefdntenna subtraction formalism
to construct the subtraction term relevant for the gluowialde real radiation contribution to dijet
production. The subtraction term is constructed using-fiarton and three-parton antennae. We
showed that the subtraction term correctly describes thbldainresolved limits of thgg — ggag
process. The construction of similar subtraction termspfocesses involving quarks should in
principle be easier. Together with the integrated formshefantenna functions (see Refs. [15]
for the initial-final and Ref. [16] for the initial-initial enfigurations), these double real subtraction
terms will provide a major step towards the NNLO evaluatiérthe dijet observables at hadron
colliders.
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