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Understanding QCD jet substructure and its simulation
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Summary of thesis contents

In the high-energy physics experiments such as those at the Large Hadron Collider (LHC),
many scattering processes of elementary particles occur with several jets of hadrons in the final
state. The jet is understood as a set of daughter particles of initial high-energy quark or gluon
fragmented immediately after it is created in the elementary process. Once they become
sufficiently low energy, the fragments finally make hadrons. Therefore, a jet consists of many
collimated hadrons in the final state. A single bunch of hadrons is identified as a jet when they
distribute in a cone with a vertex at the interaction point. The series of processes to produce the
jet is a result of the strong interaction, and should be understood using Quantum
Chromodynamics (QCD), the fundamental theory of strong interaction. In fact, one can predict
that the jets originated from an initial gluon are wider in shape than those of quarks as an initial
particle, since the color degrees of freedom of gluon is larger and the associated jet tends to
fragment more frequently. Such mechanism for the formation of the jets are implemented in the
Monte Carlo simulators and widely used in the experimental analyses assuming some models of
the fragmentation and hadronization, but more detailed understanding has become relevant as a
lot of experimental data are accumulated and the their analysis is becomes more elaborated. This
is the reason why the studies on the substructure of jets have been extensively performed in
recent years. The jet substructure may contain the information of its initial particle, and thus its
study is important for the test of the Standard Model and the search for the physics beyond the
Standard Model at LHC.

In this thesis, we show that the detailed information on softer reconstructed jets (associated
jets) around a primary hard jet provides a useful set of information to discriminate between the
jets of light-quark origin and gluon origin. Without such information, one can not efficiently
distinguish the elementary processes including light quarks from those of gluons.

In particular, such analysis is relevant when one adopts a small radius parameter for the
reconstruction of the hadronic jets. We calculate the probability of having an associated jet as a
function of the primary jet transverse momentum p+, radius, the minimum associated jet pt and
the association radius up to next-to-double logarithmic accuracy (NDLA). We compare the
predictions with the results from the standard Monte Carlo (MC) generators such as Herwig++,
Pythia6 and Pythia8. We demonstrate the improvement of the quark-gluon discrimination by
using the associated jet rate variable with the help of a multivariate analysis. The associated jet
rates are found to be only mildly sensitive to the choice of parton shower and hadronization
algorithms, as well as to the effects of initial state radiation and underlying events. In addition,
the number of kt subjets and of an anti-kt jet is found to be an observable that leads to a rather
uniform prediction across different MC’s, in agreement with predictions at NDLA, compared to
the number of charged tracks observable, which is often utilized in the experimental analyses.

One of the problems in the studies of jet substructure is that the predictions of jet
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substructure are different among the MC event generators. The difference may be accounted for
by the details of the parton shower algorithm implemented in the MC event generators. For the
leading logarithmic parton shower, even though the evolution variable plays the core role among
other variables, the choice of that variable is not unique. We examine the dependence of the jet
substructure on the evolution variable by developing a parton shower generator that interpolates
between different evolution variables using a single parameter a. Jet shape variables and
associated jet rates for quark and gluon jets are used to demonstrate the a-dependence of the jet
substructure. We find that angular ordered shower predicts wider jets, while relative transverse
momentum (p;) ordered shower predicts narrower jets. This is in qualitative agreement with the
missing phase space of p; ordered showers. Such difference can be reduced by tuning other
parameters of the shower algorithm, especially in the low energy region, while the difference

tends to increase for high-energy jets.
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Summary of the results of the doctoral thesis screening
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