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Abstract

Several particle experiment concepts are stated in recent years,
such as ILC (International Linear Collider), CEPC (Circular Electron Positron Collider), and FCC (Future electron positron Circular Collider). These experiments’ physics goals, including precision measurement of Higgs properties and the search for new
physics, aim to fulfill rigorous requirements on the central tracker.
Due to the ability to deliver direct three-dimensional space hits,
pattern recognition in a high multiplicity environment, excellent performance in momentum resolution, and spatial resolution
for the fully charged decay process, the time projection chamber(TPC) is the first option for the CEPC central tracker. The
in-depth research on the TPC’s performance, such as the spatial
resolution, dE/dx resolution, and the electric field distortion, has
currently focused. Informatively, 266 nm ultraviolet laser is used
for distortion calibration, performance measurement, and operating conditions monitoring. The correction for the drift velocity is
calculated by the laser calibration system, electric field and gas
properties simulation. Its spatial resolution is measured to be better than 100 µm by laser without a magnetic field, and the dE/dx
resolution can achieve 5%.

Introduction
The operation principle of TPC is that when a charged particle passes
through the TPC chamber, it will ionize the atoms of the gas mixture
along its trajectory. The free-electron drifts in the parallel electric and
magnetic field. After a short time, it is amplified and finally detected
by the readout pad. Two-dimensional information is obtained by the
charge spread on the pad. The third-dimensional information is given
by the drift time.
The electron transport process in TPC is affected by electromagnetic
fields, working gases, and environmental factors. The unevenness of
the electric field and magnetic field will directly affect the drift process
of electrons. The measured track will show a systematic deviation in
the three-dimensional space compared to the real track. The deviation
of the readout plane will directly affect the position resolution performance of TPC, and the deviation of the drift direction(E direction) will
have a more significant impact on the reconstruction of the track angle
of the charged particles and calculation of the drift velocity.

The correction for the drift velocity is calculated by the laser calibration system, electric field simulation, and gas properties simulation.
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Conclusions

Simulation
To study the interaction between the electric field E and the electric potential V in the detector, the multi-physics simulation software COMSOL was used for the simulation for the TPC prototype geometry.
It belongs to finite element analysis software, studying transient and
steady-state problems. COMSOL gives a numerical approximation of
differential equations, including:
*

*

E= − ∇ V

(1)

Figure 1: Detector chamber with the filed-cage(Left), GEM with the
Readout(Middle) and the laser mimic tracks system(Right).

To meet the physics requirements of the precision position resolution
σx of TPC detector in the future e+e− collider, the UV laser mimic
tracks can precisely investigate the performance and some critical parameters of the TPC, and even monitoring the operational status of the
TPC detector. In this TPC prototype, the precision drift time of the different laser mimic tracks ionized primary electrons in the specific operation working gases were recorded and corrected, the calculation and
simulation of the drift velocity also proved the electric field distortion
phenomenon existing above the readout module. In the presentation,
we gave an efficient method that the UV laser mimic tracks corrected
the drift time along the drift length in the TPC detector.

Forthcoming Research
Experiment Setup
The Q-smart 100 model Nd-YAG laser of Quantel Company was used
in the experiment. After quadrupling the frequency, the wavelength
is adjusted to 266 nm; the output laser is a T EM00 Gaussian beam;
the diameter of the spot is about 4.55 mm; the divergence angle of the
spot is 0.52 mrad; the laser host can adjust the laser energy, and the
maximum output energy is 20 mJ.
In the optical system, the laser first passes through aperture A to remove the 532 nm spot; then, it is split by a semi-transmissive mirror(50:50). One beam is monitored by the StarLite energy meter of
Ophir. The other beam passes through the aperture B and removes the
virtual image produced by the beam splitter mirrors, collimator mirrors
the light with aperture A and reduces the laser spot size to 0.8mm. Finally, it enters the laser system through a 3x beam expanding device to
produce multiple beams.

Figure 3: Simulation geometry for the field cage(Some coppers are
hidden to see the GEM)(Left) and the simulation electric field and drift
velocity as a function of drift length(Right)

The drift velocity and the position along the readout plane can also be
corrected by the simulation results. The laser calibration system and
the simulation results can also correct the drift velocity, dE/dx and the
hit position along the readout plane. They have a massive potential for
the further researcher.

The drift velocity can be calculated and monitored by the laser calibration system.
L − L0
VDrif t =
+ V0
(2)
T − T0
where V0, L0 and t0 are the correction term from the simulation results.

Results
The voltage on the GEM will depress the surrounding electric field
strength. The simulation results will be used to cut the uneven electric
field space. Finally, the drift velocity for the prototype is corrected and
has a good correlation with the simulation.
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Acknowledgements
Experiment Setup and Simulation
Innovatively, 266 nm ultraviolet laser is used for distortion calibration,
performance measurement, and operating conditions monitoring. A
TPC prototype with 42 laser tracks is designed and optimized in which
a drift length is 500 mm, and an effective area is 200 mm × 200 mm.

Figure 2: 266nm UV laser mimic setup for the UV laser optical transmission(Left) and UV laser mapping system(Right).

Figure 4: The figures show the cut selection as a function of the drift
field and GEM voltage(Left) and the corrected average drift velocity as
a function of drift length(Right)

The author thanks for Prof. Yuanning Gao, Prof. Yulan Li and Dr.
Yiming Cai for some discussions of details. This study was supported
by the National Key Programme for S&T Research and Development
(Grant NO.: 2016YFA0400400), the National Natural Science Foundation of China (Grant NO.: 11775242) and the National Natural Science Foundation of China (Grant NO.: 11975256)

