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Overview

o TPC prototype with new ASIC chips
) Design the pixelated TPC module

O Contribution for Snowmass and Summary



e Testing of TPC prototype with new ASIC chips



Low power ASIC chip- WASA V0 testing board

WASA V0 ZYNQ Core Board

Testing parameters:

GEMs detector: 280V-310 V

Egir: <280 V/cm

Operation gases: Ar/CF4/iC4H10 95/3/2 (T2K)

Radioactive source: 55Fe@ 1mCi

Channels: 128channels (2XX4X 16 = 128 channels available)
External power supply: =5V, & 12V, + 24V



New electronics testing wit

' S5Fetesting
Testing parameters:
*  GEMs detector: 280V-310 V
© Eaun: <280 Viem
* Operation gases: Ar/CFJiC,H,, 95/3/2 (T2K)
+  Radioactive source: 5Fei@ 1ImCi
*  Successfully commissioned and collected
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Time resolution and the different charge

(3]

evenl rumber = 1007
n=13ns
o =0.19ns

—
n

Counts
Time_jitter(ns)

=
in

0 0.5 I 15 2 25 0 20 40 6 s 100 120
Time (ns) Injected_Charge(fC)
Time resolution of ASIC chip Time resolution of the
@100 fC, 10 mV/fC, 30 MS/s different charge input



New electronics testing wit

® Successfully realized the joint
test of low-power ASIC chip
and TPC prototype

® ASIC+TPC parameters

- TPC:
GEM:280V
Driftlength: 500mm
E_drift: 180V/cm
Gas: Ar/CFA/iCAH1095/3/2 (I2K)
UV laser: 7.2m] @20Hz
Laser tracks: 3 layers along drift
length

— Electronics:

*  Triggerby UV laseer

Gain: 20mV/fC
Sample frequency: 30MS/s

65nm ASIC +TPC prototype




UV laser track reconstruction and position resolution
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Transvers diffusion and 6, VS UV laser power
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Transvers diffusion of Laser TPC prototype: Dy = (310.7 £ 7.6) um/+/cm

160,

. Simulation results using
Garfield++ compared the
experimental results with the
different UV laser power

. The experimental data fit is 1oop
close to the simulation result sol-
«  The optimization of the UV I
laser power will be set at 1-
1.8uJ/mm”2 a0
Next steps:

. Analyze the electric field with
the D VI R TR '1.2L T 1.‘6'1 J}I.a ;
. Analyzed the electric field aser energylu.mm
with the spatial resolution 8, VS UV laser power
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e Design the pixelated TPC module

e Good electromagnetic shielding and low noise

e Simulation and discussion of pixel TPC for CEPC at Z are
ongoing with LCTPC collaboration

e Chang Yue, Yu Liwen, Yuan Zhiyang, Huirong Qi
e LCTPC collaboration group



Design the pixelated TPC module
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Low noise TPC module for the pixelated readout




Design the pixelated TPC module

e The design has been completed, and the production has begun (2 weeks)

UV laser
Windows
>99%

Laser track

Pixel readout
Active area



Contribution for TPC Snowmass white paper

MPGDs for TPCs at future lepton colliders
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Future of Par
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This submission will focus on advancements and advantages of Micro Pattern
Gas Detector (MPGD) technologies together with their applications for the con-
struction of a dedicated Time Projection Chamber (TPC) that can serve as an
excellent main tracker for any multipurpose detector that ean be foressen to
operate at a future lepton collider. The first portion of the report will be the
executive summary. [t will be followed by sections detailing on applications of
ecifically for the construetion of the LCTPC for the ILD at [LC, for

u possible upgrade of the Belle 11 deteetor and for the design of a TPC for a

detector at CEPC. MPGD technologies offer synergy with other detector R&D's

March, 202
rticle Physics (Sriowmiass: 2021

4 TPC for CEPC

The Circular Electron Positron Collider (CEPC) has been propased as a Higgs/Z factary in
China [11]. The baseline design of a CEPC detector consists of a tracking system composed
of a vertex detector with three concentric double-sided pixel lavers, a bigh precision (abont
100 ) Jarge volume TPC and a silicon tracker in both barrel and end-cap regions. The
tracking system has similar performance requirements as for the [LD) detector, but withont
power-pulsing, which leads to additional constraints on detectar specifieations, especially
for the case of the machine operating at Z-pole energy with high luminosity. Until a decision
on a tracker for a future cireular collider in (hmn ean be teached, a number of tasks are
still remaining regarding the TPC research. Such tasks include the full simulations of the
TPC performance in the CEPC enviroument, further design of the low power consumption
readont: electronics, UV laser calibration methods and eooling options [12]. Some of the key

challenges to be addressed in the near future are the physics requirements for the TPC per-
formance towards the inelusive CEPC physies program. MPGD techmology, though quite
faradvanee in some aspes, sll nads  signiicant eflot o key patners. Nonetheless,
the CEPC TPC requirements and challenges for the detector are similar than the ones de-
seribed for the [LD, and thus achievable with existing MPG tochnologies. RED activities
are actively ongoing in China and could potentially lead to partnership with the USA.
Crverall, the TPC at CEPC has been inspired by the ILC-TPC development. Contrary

mesh gaseous structure |13 were proposed and studied in depth, and the ey factor of the
gain times the [BF suppression ratio shows good promise. In this situation, GridPix is
s an aftactiveoption, which prvles the high ramrity el to mescve fudividu
electron clusters and to determine energy loss by the cluster counting bechmique. The CEPC
TPC requires transverse (r — &) single-hit space-point resolutions of less than 100 jm and

longitudinal (z) time resolution of about 100 ns. The physics goals require dE fdx resclution

of less than 5% with an even better particle identifieation separation with cluster eounting,
Most conditions set by the CEPC tracking systems can be met by MPGDs as proven by
LCTPC effort. Such detector development offers n posbility o partnersip between the
LCTPC colla

oration groups and China



e Successfully testing and collected signals using the new
electronics with the lower power consumption chips

e UV laser tracks were reconstructed and simulation results using
Garfield++ compared the experimental results with the different
UV laser power

» The design of the pixelated TPC module with the low noise has
been completed, and the production will be done in two weeks

e Some contributions has been done for MPGD Snowmass

whitepaper from IHEP



Thanks for your attention.
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