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As the LHC has ended its first years of operation, taking large sets of data at both 7 and 8 TeV,
theoretical predictions of hadronic final states with as small uncertainties as possible are of prime
importance for a large variety of processes. To this end a consistent combination of the available
next-to-leading order calculations and the resummation provided by parton showers is paramount:
it not only offers an improved description of the partonic short-distance interaction but also allows
Its connection to the non-perturbative description of long-distance interaction in an event, such as
the formation of primordial hadrons and their decay into stable particles. For such a combination,
denoted NLOPS, to be useful in a general purpose Monte-Carlo event generator, it of course needs
to be formulated observable independently.
Further, the tremendous energy available at the LHC necessitates not only the accurate description
of single-multiplicity events, but of whole event classes, e.g. the production of a W or Z boson in
association with any number of jets. For such multiscale processes higher-order matrix themselves
are not sufficient to reach the level of accuracy aimed for, but instead also the inherent hierarchy of
the scales involved has to be resummed. Well known methods with LO accuracy, collectively called
MEPS, therefore have to be extended to NLO. They then merge NLOPS calculations of successive jet
multiplicities into an inclusive description.

Methods

In order to match any resummed calculation to a fixed-order expression, terms included in both
ansatzes have to be identified and treated consistently. To this end two methods have appeared in
the literature: MCONLO and POWHEG, collectively denoted NLOPS. Both have been implemented in
a process independent way [3,6] within the SHERPA Monte-Carlo event generator framework [2].
Further, in [6] it was shown that both methods are formally identical differing only in their choice
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These methods have been (re)formulated and implemented within the course of my PhD thesis and
form the basis of the MEPS@NLO method [10,11]: the systematic elevation of the accuracy of the
description of higher jet multiplicities to NLO by merging NLOPS matched calculations of the

individual contributions in an extension of the CKKW method.

It is thus able to describe both the

inclusive process and its association with any number of jets at NLO accuracy, while at the same
time resumming hierarchies of scales with the parton shower's accuracy wrt. the inclusive process,
allowing a consistent assertion of its associated uncertainties [3,4,6,8,10,11,12].
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With the methods outlined above a number of important results
have been obtained both within my PhD thesis and, building
upon this work, thereafter. Fig. 1 shows exemplary results of
such a calculation of the transverse momentum of a W or Z
boson at the Tevatron and its associated uncertainties [3,4].
Similarly, more refined methods have been applied to the case of
dijet production, enabling a full assessment of all associated
perturbative and non-perturbative uncertainties of an NLOPS
calculation [12]. In Fig. 2 these uncertainties are evaluated for
the inclusive jet multiplicity and the three-jet-over-two-jet ratio.
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F1G. 2: Inclusive jet multiplicity (left) and three-jet-to-two-jet ratio (right) in inclusive jet

production at the LHC compared to ATLAS and CMS data.
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Contact Details and further Information

Fig. 3 then presents a calculation of the transverse momenta of
the two hardest jets in W-boson production with the MEPS@NLO
method, compared to data taken by the ATLAS collaboration,
[10]. Therein, the pp — W 40,1, 2 jet(s) processes have been o w0 s a0 s 5w
calculated at NLO accuracy, while the pp — W + 3, 4 jets exhibit
LO accuracy only. This is contrasted with a calculation using the
MENLOPS method. The uncertainties due to the truncation of
the perturbative series are shown as orange and blue bands,
respectively. It can be seen that both the theoretical accuracy
and data description are improved when including higher-order
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leading jets in 1¥-boson production in

association with at least one, two, or three jets at the LHC.

matrix elements for multijet processes, as is the case for both

least one or two jets.

observables in events with a W/ -boson in association with at
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Profit from the GK

M enabled participation in important workshops, conferences and schools (incl. GK courses)

M enabled collaboration/exchange of knowledge between theorists and experimentalists (e.g. [5])

M set the basis for successful start of scientific/postdoctoral work
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