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1. Introduction

The production of & boson in association with jets forms a key set of processhadibn
colliders. These processes are not just important ben&snraunderstanding the Standard Model
at colliders; they also constitute important backgroundsp-quark production and to new physics
signals. In addition, inclusivé/ production is a means for determining the (partonic) lursityo
at the LHC. An important aspect of such studies is to have goedretical control over Standard
Model predictions. Precise predictions are first obtairtatbat to leading order (NLO) in the QCD
coupling. In contrast, leading-order (LO) computationsally suffer from large renormalization
and factorization scale uncertainties. More importarghapes of distributions can be altered by
higher-order corrections.

NLO predictions have been available for processes invghghV boson and up to two jets
[1]. The bottleneck for the inclusion of a third jet had beka tomputation of the virtual matrix
elements. Recently, significant progress has been madéagrablem [2, 3]. In these proceedings,
we summarize results from the first complete NLO calculatibw + 3 jets [3].

NLO results are obtained by combining the Born-level matfiements with two additional
contributions, the virtual one-loop amplitude interferatth the tree-level amplitude, and the
squared real-emission matrix elements. These two addlt@mmtributions are provided by two dif-
ferent programsBl ackHat for the one-loop matrix elements astier pa for the real-emission
contribution.

Sher pa [4] is a Monte Carlo event generator framework written in C+¥he automatic
generation of the real-emission matrix elements, alony wisuitable set of Catani-Seymour [5]
subtraction terms, have been implemented [6] in its franmkewll the phase-space integrations for
the results presented below have been performed &g pa’s efficient multi-channel phase-
space integration.

Bl ackHat [7]is a C++ library aimed at automating the computation od-¢mop matrix ele-
ments, and based on the modern unitarity method [8, 9]. lem&none-loop matrix elements can
be decomposed into two terms. The first term, called the “actf pcontains all the functions that
have branch cuts. The second “rational part” only contaatiomal functions of spinor products.
The cut part itself can be decomposed at one loop into a sumefficdents multiplying scalar one-
loop scalar integrals. The coefficients of these integratsbe determined purely numerically at the
integrand level [10, 11, 12] in a way that meshes well withuhéarity method. 1Bl ackHat ,

a numerical version of Forde’s analytic approach [10, 13jatplishes this. The rational part
is computed irBl ackHat using either on-shell recursion [14, 7] or a variantDeflimensional
unitarity [15] along the lines of ref. [16].

2. Tevatron Results

The left panel of Figure 1 gives ther distribution of the third jet, and the right panel the dijet
mass distributions, fow + 3-jet production at the Tevatron. The former results agreg with
data from CDF [17]. The lower panels show the LO and NLO scat@tion bands, and the data,
normalized by the central NLO result, in order to illustréte shape difference between LO and
NLO. As expected, the NLO scale variation, represented éygltaded grey band, is much smaller
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Figure 1. Left panel: Er distribution of the third jet at the Tevatron. Right panejetimass distributions.
In both plots the LO and NLO results are represented by the &hd black lines, respectively. The (red)
data points in the left panel show tke distribution measured by CDF [17], including experimetabrs.
The lower panels show the data and the LO results normalizélaeoNLO result.

W jz
§ L
P P p P
) //\ \.3
h i
(@) (b)

Figure 2: Different kinematic configurations foW + 3 jets: in (a) th&V boson recoils against the three jets;
in (b) theW is relatively soft compared to the jets.

than the LO one, represented by the brown hatched bands. &\tbeti€TEQG6 [18] PDF sets. The
Tevatron data in the plots have been obtained using the@uransafe JETCLU jet algorithm [19].
We cannot use this algorithm in our NLO analysis, so we us&tBE€ONE [20] algorithm instead.

3. Scale choices

We choose the (common) factorization and renormalizataresdynamically, on an event-by-
event basis. The wide range of scales available at the LH@s&koosing a reasonable scale more
important than at the Tevatron. In multijet processes,clbhi more than one scale is involved,
which no single scale choice can fully model. A bad choicecalescan manifest itself as a strong
dependence of the ratio of NLO to LO cross section¥ dactor, as a function of the observable
considered. A poorly chosen scale can even turn the NLOrdiif@al cross section negative in
the tails of distributions, because of uncancelled largatithms between the chosen scale and the
typical scale in the process [3].

In particular, consider the two configurations shown in FégR for the case diV + 3 jets. In
case (a), the three jets recoil against\Wdoson, whereas in case (b) most of the energy is taken
by the jets and th@/ boson is soft. Choosing the transverse energy of#h&Y, as the scale is
a good choice for case (a) but rather poor for case (b), stra@es not capture the larger energy
scale of the jets. On the other hand, choosing the totalveaiss energyit (the scalar sum of the
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Figure 3: Comparison between two scale choices for the jet angularaBpnAR,, (left) and dijet mass
M2 (right) for the two hardest jets. The red line representsticep = M, and the black ling: = Hr.
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Figure4: The left panel shows ther distribution of the second hardest jet at the LHC, while fgbtrpanel
shows the third jeEt. In both graphs, the LO and NLO results are represented bpltiee(dashed) and
black lines respectively. The lower panel shows the LO an@®ktale variation bands, normalized by the
central NLO result.

jet, electron and neutringrs), as the scale interpolates better between cases (a))ard Ijght of
this, our default scale choice for the LHC is a partonic \ersif the total transverse enerd .

In order to assess the given scale choice, we plot in Figune &itio of LO to NLO for the jet
angular separatioAR;» and dijet mas#1, distributions for the two highedr jets in the event,
for both theEy and Hr scale choices. The curve corresponding to the sdalés much flatter,
indicating that this choice is better. A systematic distrssf scale choices, and their pitfalls, may
be found in ref. [3].

4. LHC results

Figure 4 shows the second and third gt distribution inW~ + 3-jet production at the LHC.
The lower panels show the reduced scale dependency of therbiuflt as compared to the LO
one.

5. Conclusion

In these proceedings we outlined some sample results frothMLfO calculation ofW + 3-jet
production at the Tevatron and the LHC. We also summarizeduitability of the total transverse
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energyHr (or a fixed fraction of it) as a suitable scale choice for otseles involving aV boson
in conjunction with many jets. A more detailed discussiargluding many more distributions,
may be found in ref. [3].
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