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Detailed description of the thesis subject:
DESCRIPTION AND CONTEXT
Direct searches for signatures of physics beyond the Standard Model and the complementary approach of looking for
deviations from Standard Model predictions in measurements of observables that can be computed with high
precision will both be possible by 2030 at an e+e- collider, either a linear collider (ILC) or a circular (FCC-ee). In all
cases, the detectors have to be of unequalled stability and precision, to allow measurement with a precision at the 10-5
level.
An attractive detection technique for charge particles is the Time Projection Chamer (TPC). The principle is to bend
the tracks corresponding to the charged particle trajectory in a magnetic field. The measurement of the curvature
radius of the tracks gives a measurement of the particle momentum. When they cross the gaseous volume of the
TPC, the particles leave an ionization trail of electron-ion pairs called primary ionization. The electrons from the
primary ionization drift under the combined effect of the magnetic field and an electric field towards the end flanges of
the detector. They are then amplified by avalanche effect by gaseous structures, like Charpak Multiwire Proportional
Chambers in past detectors, and presently micro-etched detectors like Micromegas, whose spatial resolution is much
better.
The amplification mechanism generates a lot of of positive ions (secondary ionization), in addition to the primary ions
coming from the primary ionization process. About 1% of the secondary ions end up in the detector drift volume,
where they induce a space charge inducing distorsions on the electron trajectories, and as a consequence,
distorsions on the track measurements. The target for FCC-ee and ILC is to limit this ion back flow phenomenon to
less than 0.1%. To reach this goal, there is a significant amount of work to be done, to get a detailed understanding of
the phenomenon, and to design ion blocking systems, like gating grids.

Figure 1 : Principle of operation of a TPC detector.
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TEAM DESCRIPTION
The IRFU-SPP and IRFU-SEDI teams have solid experience in design and construction of gaseous detectors for
physics experiments. They contributed in the past to the construction of the TPCs for the ALEPH and DELPHI
detectors, as well as T2K recently. They are presently involved in the existing linear and circular e+/e- collider
projects. There is also at IRFU a strong expertise on the Micromegas detectors (invented and developed by IRFU
teams) and their applications.

PROPOSED WORK
We propose in this thesis to study experimentally the distorsions induced by positive ions on the charged tracks, and
to study the amount of positive ions drifting back into the drift volume. This will be done using small to medium-scale
detector prototypes. The measurements will be confronted to theoretical estimates from simulation. Building upon this
study, the goal is to optimize the detector parameters, with the aim of minimizing the distorsions. The student will have
to master progressively the whole workflow, starting from the design of prototypes, their realization, up to the final
experimental data acquisision and analysis. Data acquisition will be done using cosmic muons, radioactive sources
and test-beams (at CERN-Geneva, or DESY-Hamburg). Finally, the measurements of the distorsion will be used to
predict the momentum resolution and invariant mass resolution of a complete detector system. The results on the
resolutions will be used to check the expected detector performance for specific physics analyses, like the precision
measurement of the Higgs boson mass in the HiggsStrahlung process.

Figure 2 : medium-scale(left) and small-scale TPC prototypes.

Candidates’ requested qualifications: Master-2 or equivalent in instrumentation or particle physics.
Master-2 or equivalent academic level in instrumentation or elementary particle physics.
A basic knowledge of analog and digital electronics, of data acquisition systems and data processing techniques will
be very useful.

ACQUIRED COMPETENCES
This thesis work will allow the sucessful candidate to acquire a lobal view of the design and detailed caracterization of
a detection system. It will allow him also to develop his understanding of particle physics, and it will give him many
occasions for partnership with industrial companies. The international aspects of the collaboration will give the
candidate many academic opportunities abroad.
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