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The standard model (SM) of particle physics has been extremely successful in
describing measurements at past and current collider experiments. There are, however,
. phenomena that cannot be explained by the SM. The Higgs boson is a powerful
discovery tool for physics beyond the standard model (BSM) because the pattern of any
deviation of the Higgs couplings to SM particles from SM predictions tells us the nature
of the BSM physics. The International Linear Collider (ILC), a linear electron-positron
collider, is an ideal machine to precisely measure the absolutely normalised Higgs
couplings, thanks to the recoil mass technique usable only at lepton colliders. In order
to precisely measure the Higgs couplings at a centre-of-mass energy of 250 GeV, where
the W-fusion ete™ — vVh cross section is not large enough to model-independently
determine the total Higgs decay width, we need to use the SM effective field theory
(SMEFT).

It is desirable in SMEFT-based Higgs coupling analysis to improve the precision of
the hyZ coupling, which has not yet been measured precisely. In part 1 of this thesis,
we present a world-first full simulation study of the e*e™ —» hy process using a realistic
model of the International Large Detector (ILD), which is one of the detector proposals
of the ILC, to study the feasibility to constrain the SMEFT hyZ coefficient, Caz-

We generated the signal events and 2-fermion and 4-fermion backgrounds at a
centre-of-mass energy of 250 GeV with an integrated luminosity of 900 fb™* each for
beam polarisation combinations: (Pe-,Pe+) = (—0.8,+0.3) and (+0.8,—0.3). The simulated
events were fed into a full reconstruction chain from detector signals to reconstructed
4-vectors. The reconstructed events were analysed in the following two Higgs decay
modes: h— bb, and h - WW”* semi-leptonic channels. The signal significance was
estimated after the event selection combining cut-based analysis and multi-variate
analysis using TMVA.

The estimated combined signal significances are 0.40 and 0.06 for (Pe-,Pe+)=
(-0.8,+0.3) and (+0.8,—0.3), respectively. This result shows that if there is no BSM
contribution the e*e™ — hy process is much more difficult to observe than expected. We
thus put upper limits on the cross section of this process. The expected combined 95%

C.L. upper limits for fully polarised cross sections: (Pe-,Pe+)=(—1.0,+1.0) and

L R
(+1.0,—1.0) are ;ﬂ < 5.0 and :R# < 61.9, respectively. The corresponding 95% C.L. limit
SM SM



on {,z; is —0.020 < {4z < 0.003. Our expected limits turned out to be rather weaker than

naively expected.

A charged particle tracker with high momentum resolution is essential for precision
Higgs measurements, particularly the cross section measurement using the recoil mass
technique. The main tracker of the ILD is a Time Projection Chamber (TPC), and the
end-plane readout modules that can achieve high enough momentum resolution are
being developed. We describe R&D of the ILD-TPC in part 2 of this thesis.

Precision momentum measurement requires good spatial resolution in both r ¢
(transverse) and z (longitudinal) directions. In order to achieve the required spatial
resolutions, it is essential to prevent positive ions generated by gas amplification in
the TPC's end-plane readout modules from flowing back into its drift volume. To block
these positive ions, we have developed a gating device with an optical aperture of 80%
in collaboration with FUJIKURA company.

We carried out the world-first beam test of a prototype end-plane readout module
with our gating device at DESY, which has a large prototype of ILD-TPC, and evaluated
its performance in terms of spatial resolution. For the experiments, we used the 5 GeV
electron test beam and acquired data under a magnetic field of 1 T. We took test beam
data with and without the gating device. We decoded the collected data into detector
coordinates, estimated hit positions by combining the pulses readout into rows of
readout pads, and collected hits belonging to a single track and fit them to a helix. We
then look at the residual between the hit position and reconstructed track position in
each pad row to estimate the spatial resolutions.

Extrapolation of the prototype results to a full-scale ILD-TPC shows that the spatial
resolution requirements, better than 100 um in the r ¢ and 4 mm in z directions, are
achievable over the full drift length of 2.2 m with a magnetic field of 3.5 T with our
gatiﬁg device. In the course of this study, we tried various methods of coordinate

estimation and calibrations, details of which are also described.
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