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Track detector system
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Tasks of TPC R&D for CEPC TDR

BHEEERESERTIER (BE2520M 80, SMEBER: 21cemX17cm)




LR A E -1 @cos0=0.85

T T T

B-field 3.0T 2.0T
Pad size (mm)/All channels 1.0mm X 6.0mm /2 X 106 1.0mm X 6.0mm /2 X 106
Material budget barrel =~ 0.012 X, =~ 0.012 X,
Material budget endcap <0.17 X, <0.17 X,
Points per track in r¢ 200 200
O point 1IN FP < 100um (full drift) < 500pum (full drift)
) ~ 0.4 -0.8 mm ~(0.5-1.5mm

point I 12 (for zero — full drift) (for zero — full drift)
2-hit separation in r¢ <2mm <2mm
dE/dx < 3.6% <3.6%
Momentum resolution a= 1.82e-5 a=3.32e-5
normalised:

01 /p1 = \/az + (b/pT)? b= 0.60e-3 b=092e-3
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LR R E -2 @c0s0=0.85

T T R T T

B-field 3.0T 2.0T
Pad size (mm)/All channels 0.5mm X0.5mm /2X3 X 10’ 0.5mm X 0.5mm /2X3 X 10’
Material budget barrel =~ 0.012 X, =~ 0.012 X,
Material budget endcap <0.20 X, <0.20 X,
Points per track in r¢ 2200 2200
O point IN FP < 100um (full drift) 1 < 300um (full drift) 1
) =~ 0.1-0.5mm ~0.4-1.0mm

Opoint I 12 (for zero — full drift) P (for zero — full drift) P
2-hit separation in re <0.5mm % <0.5mm%
K/mt separation power @20GeV <3¢ P <3¢ P
Momentum resolution a= 1.82e-5 a= 3.32e-5
normalised:

01 /pr = \/az + (b/pT)? b= 0.60e-3 b=0.92e-3
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Power Consumption — TPC -

* Power consumption

umipg g

Pad readout TPC@1mm X 6mm@IHEP
Total channels: 10°
High granularity readout TPC: 32X 10/
Total power: <10 kW

«  <100mW/cm?

WASAASIC chip: 3.5mW/ch@40 MS/s

AGET PASA+ALTRO Super-ALTRO SAMPA
TPC T2K ALICE ILC ALICE upgrade
Pad R~ 6.9x9.7 mm?  4x7.5 mm? 1x6 mm? 4x7.5 mm?
HEH 125 x 10° 5.7x 10° 1-2 x 108 57x10°
B4 MicroMegas ~ MWPC GEM/MicroMegas ~ GEM
B 02-17 mV/AC 12 mVAC 12-27 mV/fC 20/30 mV/fC
R R CR-(RC)? CR-(RC)* CR-RC)* CR-(RC)*
R 8] 50 ns-1lus 200 ns 30-120 ns 80/160 ns
ENC 850 e @ 200ns 385 e 520e 482 e (@ 180ns
V3,7 L VB SCA ADC ADC ADC
KHR 1-100 MSPS 10 MSPS 40 MSPS 10 MSPS
icdid 12 bit(external) 10 bit 10 bit 10 bit
EE <10 mW/ch 32 mWi/ch 473 mW/ch 17 mW/ch
CMOSLZ 350 nm 250 nm 130 nm 130 nm
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Reference info from ALICE TPC / STAR TPC (in operation) and ILD TPC (future)

e Pads TPC (example)

o There are average 80 particles/ BX. Each particle produces 600 channels of signal. The noise rate is 10"-4/
BX / channel. Thus the number of channels with hit (signal & noise) = 80*600 + (840K-80*600) *10"-4=
48K/ BX.

o Preliminary estimation of raw data size : Data will be zero-suppressed at each ASIC. There are some initial
information of 2-byte header whether or not the ASIC has any hit. For each hit we use a 7-bit channel ID,
and 9-bit ADC, i.e. 2 bytes / hit. So the useful data rate is 6.5K*2 + 48K*2 = 22K bytes/BX. All of the total
raw data rate is 13.8GBI/s.

o Some additional information of raw data should be included. (Example: Slot number, crate number, board
number, gas flow, temperature and humidity...)

» Trigger and trigger-less options

Noise <200e
Conversion gain >15mVI/fC
Peaking time (defaul) 100ns
Non lineartity <1%
Cross talk <0.3%
Dynamic range >2000
Power consumption <5mWi/ch
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2% NBHEE

* Pixelated readout TPC is a realistic option to provide at CEPC
 Can deal with high rates (MHz/cm?)
« Up to 2.6M hits/s per chip (1.4X1.4 cm?)
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TPC COST ESTIMATION (Unit: *10K RMB)

Detector cc_mceptf Unit| Unit cost (RMB)| Quantity |total cost (RMB)
Detector items
* TPC cost estimation —
3.2 jection 18000.00
. Ch b Chamber
amper 3.2.1 Chamber 3600.00
3.2.1.1 Fieldcage 1200.00 1 1200.00
[
Endplate 3.2.1.2 Connector 800.00 1 800.00
T 3.2.1.3 Barrel 600.00 1 600.00
[
EleCtrOHICS 3.2.1.4 HV test bef. Assembly 400.00 1 400.00
° AI ignment 3.2.1.5 Support board 600.00 1 600.00
3.2.2 Endplate 2500.00
e HV 3.2.2.1 __|MPGD detector 800.00 1 800.00
3.2.2.2 Support board 600.00 2 1200.00
) Gassystem — 32.2. Readout bef. Assemb 0 2 00,00
| 3.2.3 Electronics 10000.00
I 3.2.3.1 FEE ASIC readout 0.012 200000 2400.00
3.2.3.2 Cables 0.03 50000 1500.00
| 3.2.3.3 Optical driver 0.03 50000 1500.00 Jj
I 3.2.34 Optical link, connectors 1.00 500 500.00
3.2.3.5 DAQ system 0.30 5000 1500.00
l 3.2.3.6 Crate and controller 20.00 50 1000.00 Jj
| 3.2.3.7 Cooling system 1600.00 1 1600.00 b
3.2.4 Alignment and calibration 500.00
3.2.4.1 Calibration system | | 500.00 | 1] 500.00
3.2.5 HV and Gas system 1400.00
3.2.51 HV and low power 600.000 1 600.00
3.2.5.2 Gas system 300.00 1 300.00
3.2.5.3 Slow control system 300.00 1 300.00
3.254 Shipping bef. Assembly 200.00 1 200.00
1
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» Cite#1 https://doi.org/10.1088/1748-0221/12/07/P07005
* Cite#2 Correcting for Distortions due to lonization
« Cite#3 Occupancy in the CLIC
* Cite#4 https://doi.org/10.1088/1748-0221/12/07/P07005
* Cite#5 GridPix detectors
« Cite#6 Low power WASA chip
o Cite#7 Cost estimation of ILD concept
o Cite#8
https://agenda.linearcollider.org/event/5504/contributions/24543/attachments/20144/31818/Positivelo
nEffects-kf.pdf
o Cite#9
https://indico.fnal.gov/event/46746/contributions/208077/attachments/141125/177798/LCTPC.pdf
 Cite#10
Di Meglio, Alberto, et al. CERN Quantum Technology Initiative Strategy and Roadmap. No. CERN-OPEN-2021-
012. 2021
o Cite#11
arXiv:1902.01987 [physics.ins-det, 2019] Yuan, Zhiyang, et al. International Journal of Modern Physics A
36.22 (2021): 2142015.
o Cite#12
Chang, Y., et al. ""Performance of the continuous ions suppression TPC prorotype for circular collider."
Journal of Instrumentation 15.09 (2020): C0O9065.



https://www.arxiv-vanity.com/papers/physics/0512157/
https://cds.cern.ch/record/1543486/files/LCD-Note-2013-005.pdf
https://doi.org/10.1088/1748-0221/12/07/P07005
https://www.sciencedirect.com/science/article/pii/S0168900216305381
https://www.researchgate.net/publication/341228909_WASA_a_low_power_frontend_ASIC_for_time_projection_chambers_in_65_nm_CMOS
https://www.semanticscholar.org/paper/International-Large-Detector:-Interim-Design-Report-Collaboration/fa917f1bfc07cda27dd3adaa01f466ba1d93a99d/figure/169

Many thanks!
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