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Study on jet angular correlations
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Summary of thesis contents
Azimuthal angle correlations among jets produced in association with heavy objects
have been the subject of several studies. It has been found that experimental
determination of such correlations can provide important information of the spin and
CP properties of the objects. For example, the azimuthal angle difference between the
two hardest jets in the gluon fusion production of the Higgs boson plus multi-jet is
sensitive to the CP property of the Higgs boson. Currently observing the CP odd
admixture accurately in this approach is difficult due to large theoretical uncertainties
in the Monte Carlo event simulation arising from the matching between parton shower
and the matrix element. It is needed to make theoretical predictions as accurately as
possible by including effects of both soft and hard QCD radiation. The process is also
limited statistically.

The experimental technique to measure such an angular correlation between jets
should be established first by using standard model processes which have larger cross
sections. Recently, it has been pointed out that the two partons in the top quark pair
plus two partons process show a large azimuthal angle correlation near the threshold
of the top quark pair, which is similar to the case of the CP odd Higgs boson. It is,
therefore, hoped that experimentalists use the real data of the top quark pair
production to improve our simulation tools, which is then used to probe the CP
property of the Higgs boson. More precisely, they measure the azimuthal angle
difference between two jets produced in association with a top quark pair and tune the
Monte Carlo event generator to reproduce the data quantitatively. If an event
generator tuned in this way is used, the theoretical uncertainty of the prediction of the
azimuthal angle correlation between two jets produced in association can be reduced
significantly. This will help achieve precise measurements of the CP property of the
Higgs boson.

In this thesis, the top quark pair plus multi-jet process at the 14 TeV LHC is simulated
and an azimuthal angle correlation between the two jets is studied. An algorithm for
combining a fixed order calculation of matrix elements and the parton shower, which
is called the merging algorithm, plays a crucial role in the study, because the top
quark pair plus 2 partons matrix elements have to be included in the calculation in
order to accurately predict the azimuthal angle correlation. A short introduction to the
azimuthal angle correlation between two partons produced in association with the
Higgs boson and the top quark pair is given to explain a motivation of the study. The
parton shower algorithm is explained without technical details, because it is necessary
to introduce the ideas of the merging algorithm. The CKKW-L merging scheme is
explained in some details by considering the case of e+e- annihilation. Our practical
implementation of the scheme with the parton shower model in PYTHIAS is presented.
The consistency of the merging algorithm is confirmed by comparing obtained results
with experimental data of e+e- annihilation and proton proton collisions. The event
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samples of the top quark pair plus multi-jet process are generated by merging the top
quark pair plus up to 3 partons matrix elements with the parton shower, according to
the validated merging algorithm. The generated event samples exhibit a strong
azimuthal angle correlation between the two highest p_T jets with large rapidity
separation, when the top quark pair plus up to 2 or 3 partons matrix elements are
properly merged. The results are compared to the result of a naive approach in
which parton shower evolution is applied to the matrix element event samples of only
the top quark pair plus 2 parton process. They find a non-negligible difference in the
distribution of the azimuthal angle correlation, which is induced by the strong
Sudakov suppression of events with relatively low p_T jets. The impacts of including
the top quark pair plus 3 partons matrix elements in the merging are studied carefully.
When the two highest p_T jets are selected for studying the azimuthal angle
correlation between jets, a non-negligible amount of the correlation is lost by
accidentally selecting a jet which has its origin in a parton generated by the parton
shower, if the 3 partons matrix elements are not included in the merging. They also
confirm that the loss of the correlation can be avoided by including the 3 parton
matrix elements in the merging algorithm, thus the prediction of the azimuthal angle
correlation can be improved significantly.
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Summary of the results of the doctoral thesis screening
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