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Overview of TPC concept
TPC detector concept:

a
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Under 2-3 Tesla magnetic field
(Momentum resolution: ~104/GeV/c
with TPC standalone)

Large number of 3D space points(~220
along the diameter)

dE/dx resolution: <5% .= &
~100 pm position resolution in r¢ : N

o ~60um for zero drift, <100um
overall

o Systematics precision (<20um
internal)

TPC material budget

o <1X, including outer field cage
Tracker efficiency: >97% for pT>1GeV
2-hit resolution in re : ~2mm TPC detector concept
Module design: ~200mm X 170mm

Minimizes dead space between the
modules: 1-2mm _3-
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Motivation of TPC

TPC critical R&D for Z

TPC can provide large-volume
high-precision 3D track
measurement with stringent
material budget

In order to achieve the high
spatial resolution (<100um in
all drift length), small pads
(e.g.Immx6mm) are needed,
resulting ~Imillion channels
of readout electronics

Need low power consumption
readout electronics working
at continuous mode

Need effectively reduce ions

Momentum resolution (B=3.5T)

8(Y/p, ~ 107*/GeV /c)

Opoint N TP
Opoine INTZ
Inner radius
Outer radius

! Drift length

TPC material budget

Pad pitch/no. padrows
2-hit resolution

Efficiency

<100 um
0.4-1.4 mm
329 mm
1800 mm
2350 mm

~ 0.05X, incl. field cage
< 0.25X for readout endcap

~ 1 mm X (4~10mm) /= 200
~ 2 mm

>97% for TPC only (p; > 1GeV)
>99% all tracking (p; > 1GeV)




‘ Spatial resolution VS magnetic field
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Overview of two readout options

Pad TPC and Pixel TPC

Pad TPC for collider Pixel TPC for collider

Benefits of Pixel readout:

track of high

. , @ L.ower occupancy
energetic particle pancy

z 2 2
= Active arca: 2X10m 5 300 k Hits/s at small radi.

= One option for endplate readout
P P — This gives < 12 single pixels hit/s.

— GEM or Micromegas LX) S el
1X6 . | ¢ )Td : - b ||M|H” ‘””l — With a read out speed of 0.1 msec (that
— min adas
10° Pad : matches a 10 kHz Z rate)
p ads
— 84 modules — the occupancy is less than 0.0012

— Module size: 200 X 170mm? ® Improved dE/dx

— Readout: Super ALTRO

— primary e- counting

GridPixes:

-0, coning i chipy/module 5 ek o
240 modules/endcap (10 m*2) | Gain <2000
—50k-60k GridPixes a2 Low IBF*Gain<2
— 10° pixel pads 2 CO, cooling




m TPC module R&D




TPC detector module@ IHEP

Study with GEM-MM module DOI: 10.1088/1748-0221/12/04/P0401 JINST, 2017.4
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DOI: 10.1088/1674-1137/41/5/056003 , CPC,2016.11
New assembled module DOI: 10.7498/aps.66.072901Acta Phys. Sin. 2017,7
DOI: 10.1142/S2010194518601217 (SCI) 2018
DOI: 10.1088/1748-0221/13/04/T04008 (SCI) 2018
X-tube ray and 55Fe source DOI: 10.1007/978-981-13-1316-5 20  (SCI) 2018

Active area: 100mm X 100mm

Bulk-Micromegas assembled
from Saclay

Standard GEM from CERN
Avalanche gap of MM:128um

Transfer gap: 2mm

200 X 200mm?
‘ 2019-2020

100 X 100mm?
‘ 2017-2018

50 X 50mm?
2015-2016

Drift length:2mm~200mm

pA current meter: Keithley
6517B

Current recording: Auto-record =
interface by LabView

Standard Mesh: 400LPI

High mesh: 508 LPI

Pixel option for the
consideration in 2020

GEM-MM detector cathode



GEM+MM

Micronegas + GEM detector module

@IHEP
1ol Ed=200"ur'a‘cm ) Et=200Wcm , vl"u'lesh = 400V
m: ¢ T2K gas
S | | = AMiCaH10(95/5)
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o IBFXGain ratio can meet less than 2 at the lower gain under two mixture gases

0 Lower gain and lower IRF ytio
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UV test of the new module

UV lamp measurement

New designed and assembled UV test
chamber

Active area: 100mm X 100mm

Deuterium lamp and aluminum film

Principle of photoelectric effect
Wave length: 160nm~400nm Deuterium lamp

Fused silica: 99% light trans. @266nm  X2D2 lamp
Improve the field cage in drift length

_N-=o @!

UV test geometry with GEM-MM

HV(-)

rift cathode
\V=-1000V

UV Light

Mesh Al |

Diagram of the UV test with new module
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mailto:trans.@266nm

IBF suppression R&D

o0 UV lamp measurement

Added a new voltage controller

pA current meter from Keithley

First step test about the current in mesh
E_drift: 10~175V/cm

~43pA@175V/cm

Stable current with UV light
~200V/cm@T2K operation gas

0

U U U U o o o

-10 |

—=—T2K gas drift cathode
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Space charge effect at the different gain

e Gain=5000@T2K
o B Gain=2000@T2K
© o o o
> 1E-3 9 ¢ o ©00e 000 70 9, Space charge
O 7 effect
o o L/L/
X
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S ° [
Preliminary estimation of
high lumi. Z
®
1E-4 —— : . ———
10000 100000

lons per UV light pulse (fC/cm”2)
0 Preliminary estimation of the high luminosity Z

0 There are more safe factor when the detector will run at the lower gain
(eg.2000-3000) -12 -



Different concepts with IBF suppression

Pixel TPC with

Triple or
double GEMs

Resistive

GEM+

Double meshes

double meshes

IHEP,
Nikehf

Pad size:
55um-150um
square

Advantage for
TPC:

Low gain: 2000
IBF X Gain: -1

Electrons cluster
size for FEE:
About @200um

Integrated FEE in
readout board
Detector Gain:
2000

KEK,
DESY

Pad size:
ImmX6mm

Advantage for
TPC:

Gain: 5000-6000
IBFX Gain: <10

Electrons
cluster size for
FEE:

About @5mm

FEE gain:
20mV/fC
Detector Gain:
5000-6000

Micromegas

Saclay

Pad size:
ImmX6mm

Advantage for
TPC:

Gain: 5000-6000
IBFX Gain: <10

Electrons
cluster size for
FEE:

About @8mm

FEE gain:
20mV/fC
Detector Gain:
5000-6000

Micromegas
IHEP

Pad size:
ImmX6mm

Advantage for
TPC:
Gain:5000-
6000

IBF X Gain: <5

Electrons
cluster size
for FEE:
About @6mm

FEE gain:
20mV/iC

Detector Gain:

5000-6000

Micromegas
USTC

Pad size:
ImmX6mm
(If resistive layer)

Advantage for
TPC:

High gain: 10"4
Gain: 5000-6000
IBFX Gain: 1-2

Electrons cluster
size for FEE:
About d8mm

FEE gain:
20mV/fC
Detector Gain:
5000-6000
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= TPC prototype R&D
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TPC Prototype sketch

=  Main parameters

Q

U

Same test parameters in CEPC

Drift field=200V/cm
Relative gain: 22000

Readout pad(anode) is designed to
0V (Ground)

TPC detector system: Fieldcage+
Pads readout

Working mixture gas:

a  Ar/CF,/iC,H,,=95/3/2

O Same purity

Specific prototype parameters

Drift length: ~500mm

Active area: 200mm?
Integrated 266nm laser beam
MPGD detector as the readout
TPC cathode: -10kV

Readout Pads: 1280 channels

TPC prototype

-15 -




ingle beam
Layout of UV laser beams

6 splitting
laser
peams

= | hail|
- 5 )
() fet—
- . -_.
. p—
070 (—o-
—~ 348 0 -
1] ——"
s 400.0 -
B
Laser map in X-Y direction Laser map along drift length
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Electronics and DAQ

o Amplifier and FEE

o CASAGEM chip
16Chs/chip
4chips/Board
Gain: 20mV/{fC
Shape time: 20ns

o O O O

o DAQ

o FPGA+ADC
4 module /board
64Chs/module
Sample: 40MHz
1280chs

o O O O

FEE Electronics and DAQ setup photos

217 -



Status of TPC prototype

0 Detector prototype
was done and

working well

0 Commissioning:
Huirong Qi, Zhiyang
Yuan, Yiming Cai, Yue
Chang, Jiang Zhang, Yulan
Li, Zhi Deng

0 Data taking: the

same, plus: Hongyu
Zhang, Ye Wu

o Data taking and
more analysis on

soms gﬁaud&m A

TPC prototype in the lab
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Detector coordinate definition

o O 0 O

__endplate | IEE Endplate

=
I s E
=

The origin of the coordinate is set at the center of the endplate board.
X and Y plan is set as the readout plane
Z is set along the drift length from endplate to the cathode

Z, plane is set at the first surface of the detector from cathode to endplate
plane.

The center of the pad is set as the pad’s coordinate, and every pad has the
specific x and y.

-19 -
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‘ Laser tracks in chamber@T2K gas
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Same of working gas@T2K, same of high voltage, same of test conditions
Different of GEMs@ 320V

Triple GEMs to double GEMs

No discharge
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Drift time @400MHz2z

h26
40003_ | Entios 21311
C Mean
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Drift time of the electron at 150V /cm in T2K

h26

- Entries 21311
ol Mean 7.253
C Std Dev 0.003685
- 2 ndf 436.3/19
- Prob 0
- Constant 4088 + 36.4
E Mean 7.252 £ 0.000
— Drift length : 27cm Sigma__ 0003385 £ 0000019
- Par row: #18

1_-1 1 1 | I L1 11 I 1 11 1 I 111 I Ll J[ Ikl Ll l L1 1 1 l L1l I

7 7.05 71 715 72 7.25 73 7.35 74

-2]1 -




Drift velocity

Drift length of the laser track [cm]
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Experiment : 5.528 10.0088cm/ps
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Drift time [us]

Drift velocity of the electron at 150V/cm in T2K
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relAative amplitude
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PRF analyzing of the spatial resolution (update)

o Pad Response Function (PRF): a function used to describe the charge
distribution and to determine the hit position via Pad

PRF(x,y,w) =

e—4ln2(1—y):v2/w2

1+ 4y - 2 /w?

0 xis the Pad’s coordinate of the center of the corresponding Pad

in x-aixs.

0 yis afactor to describe Lorentzian and the Gaussian function
0 wis the width of the Pad (in here, the Pad’s width is 0.9 mm)

PRF total 2d

%)

PRF totl 20

Weanx
Maany
St Devx

141618
-Doonzezr
03546
2708
0.2518

4

1 )
Xi-Xirackimm

PREF total of all data

Entries

Mean y
Sd Dev
Std Devy
¢/ndl
o0

1203707
~0.0002222
0.3545
2708
02518

3 4Bes04 /012

0.073£0,000

Haze 0N

Profile of PRF from one pad row

¥
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‘ Space resolution

N Of UV laser
in test: ~80
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Space resolution at the different drift length
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Drift velocity measurement

Replace new Replace new Replace new
5 60 gas bottle gas bottle gas bottle 240
9.5 -. d 235
85501 4230
E545- .t ’ff; e e T _'22.58_
22407 . . " . d220 €
c_) 5.35 - .. ) * * * e . |
g 5'30'_ ) ) Working gases: T2K j 2o
5.25 Drift electric field: 150V/cm 7 410
.20 T T T T T 205
0 24 48 72 96 120 144 168 192 216 240 264 288 312
Time [Hours]
0 Two weeks of continuous testing (Data of E_..=220V/cm is still taking)
0 Room temperature recorded
0 Comparison of the drift velocity and the temperature
0 Simulation of some influencing factors using Garfield/Gariflield++ software

Conclusion: 266nm UV laser can work well when it can be as the online

monitor option.
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Plan studies of TPC prototype

more studies are ongoing...

dE/dx
track distortion
gain uniformity

and ...

-26 -



Current TPC readout ASICs

* Waveform sampling (8-10 bit, ~10MS/s) 1s required for TPC signal processing

* Direct ADC sampling i1s more preferable than SCA for high rate applications

» Lower power consumption =2 less cooling = less material

PASA/ALTRO AGET Super-ALTRO SAMPA
TPC ALICE T2K IL.C ALICE upgrade
Pad size 4x7.5 mm? 6.9x9.7 mm? 1x6 mm? 4x7.5 mm?
Pad channels 5.7x 10 1.25 x 10° 1-2 x 106 5.7x 10
Readout Chamber MWPC MicroMegas GEM/MicroMegas  GEM
Gain 12 mV/AC 0.2-17mV/AC  12-27 mV/AC 20/30 mV/{C
Shaper CR-(RC)* CR-(RC)? CR-(RC)* CR-(RC)*
Peaking time 200 ns 50 ns-lus 30-120 ns 80/160 ns
ENC 385¢ 850 e (@ 200ns 520e 482 e (@ 180ns
Waveform Sampler ADC SCA ADC ADC
Sampling frequency 10 MSPS 1-100 MSPS 40 MSPS 20 MSPS
Dynamic range 10 bit 12 bit(external) 10 bit 10 bit
{Power consumption 32 mW/ch <10 mW/ch 47.3 mW/ch 8 mW/ch }
CMOS Process 250 nm 350 nm 130 nm 130 nm

_27 -



New electronics commissioning

0 A 16 channels low power consumption readout
ASIC chip for TPC readout have been developed

a0 The power consumption is 2.33 mW /channel

Q Pupr = 1.43 mW/channel
a Pypc= 0.9 mW/channel @ 40M/s

o ENC =852e¢ @Cm = 2pF, gain =10 mV/fC and

can be reduced to 474e using digital trapezoidal
filter

0 Future studies

Q

More ASIC evaluations: Higher sampling rate,
more detailed noise test, test with detectors ...

Low power digital filter and data compression in
FPGA/ASIC

Commission of ASIC chip board and the
detector to test in the laboratory

Detector and ASIC

-28 -



Summary

Some motivations of TPC detector for the circular

collider at high luminosity listed.

Some update results of TPC module have been studies, it
can effectively reduce ions at the low gain without the

space charge and the discharge.

Some update results of TPC prototype have been studies,
the prototype is working well, and the results indicated

that 266nm UV laser beams system will be very useful in
the TPC prototype R&D.

The detector module will assembled and commissioned with

the low power consumption ASIC chip in this yeat.
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Thanks for your attention.
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