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The International Linear Collider (ILC) is a next-generation high-energy electron-
positron linear collider whose design and development are being promoted through
international collaboration and has been proposed to study physics at the tera-scale
and beyond.

In the ILC, electrons and positrons, which are elementary particles, collide with each
other, thus enabling clean initial conditions. This clean initial state is ideal for high-
precision measurements and is expected to extend and complement the results of the
Large Hadron Collider (LHC).

This thesis consists of two major parts. The first part is tau reconstruction and tau
polarisation measurements at the International Large Detector (ILD) which is one of
the detector concepts at the ILC. The second part is about the Time Projection Chamber
(TPC), which is the central tracker of the ILD which plays a central role in the
measurements and about the optimisation of Gas Electron Multiplier (GEM), one of the
Micro Pattern Gaseous Detector (MPGD).

In the first part of the thesis, the reconstruction of tau lepton pair and the
measurement of the tau polarisation at the ILC operation at 250 GeV with polarized
electron and positron beams with (P,- P,+) = (—0.8,+0.3) and an integrated luminosity
of 1ab™! were investigated using Geant4 simulation in ILD. Collision of electron and
positron generates tau lepton pair in the ILC and this process can be used to search
for new interactions, also making use of our ability to measure the tau polarisation.
Correct reconstruction of the tau decay mode is important for the tau polarisation
measurement. In the Standard Model (SM), the properties of the fermion pair
production process can be precisely predicted both within the SM including extensions
to describe new physics. This thesis describes the reconstruction of the tau pair at a
high-energy electron-positron collider and the use of the tau decays to measure their
polarisation.

In the last half of the thesis, the optimisation study of the TPC equipped with a GEM
is described. The physics program at collider experiments requires essentially perfect
efficiency to reconstruct charged particles produced in collisions to measure their
direction, their origin with respect to the interaction vertex to identify displaced
vertices and to estimate their momentum. The analysis of tau leptons, as described in

the first part of the thesis, relies on the good performance of the charged particle



tracking system. In the ILC, MPGDs such as GEMs are used in the TPC endplate to
amplify and detect ionized electrons in the reconstruction of charged particle
trajectories.

In the GEM-based module currently under development, Gas gain non-uniformity was
found by measurement. The difference is about 50% at maximum. If the applied voltage
is increased to obtain a sufficient signal even at a place where the gas gain is small,
the gas gain becomes too large at a place where the gas gain is large, and the possibility
of discharge will be too high. This discharge causes a part of the GEM to carbonize,
resulting in a short circuit and making it impossible to apply voltage and to form the
high voltage necessary for gas amplification. In this thesis, the study of GEM design
optimisation has been performed by theoretical approach to find the conditions under
which the thickness dependence of the gas gain is minimum. Derived is an analytic
equation of the gas gain variation and found the stability condition for the first time

in this thesis.
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