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e Motivation
e Studies on primary electrons and cluster
e Updated progress of TPC prototype

e Some contribution and information from LCTPC

* Summary
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Motivation: identify the clusters and achieve dN/dx

In Space In Time
e Challenging of the low power consumption e Challenging of the fast-shaping
electronics (>40mV/fC needed at 2000 of gas electronics (~ ns needed)
gain) e De-couple the charge collection from the
e Pixelated readout - high granularity cluster counting altogether
e _ the reasonable pixilation reveals the e _ optical, with ~(sub)ns continuous
underlying cluster structure in 3D chamber readout sensors
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Motivation: High granularity for improved PID in TPC

L and N are correlated.
e Constant L. and changing granularity G = N/L

O GE/dx

{u dE/ dx )

—0.45 ~—0.13
<L G

If pad size is at the level of cluster distances of primary ionization

e ie.~300-500 pm in Ar-based
e Cluster counting becomes effective

PID improvement

e The potential of better resolution by at least a factor 2
e Novel method raised in some groups R&D for e+e- collider

e THEP significantly pushed
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For traditional dE/dx detection, the charge summation can be expected using the gravity method.
In most experimental study from small to large TPC
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e Studies on primary electrons and cluster

e To create the massive primary electrons/ions

e To simulate the primary cluster in space
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* Experimental studies on ions
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Firstly: Primary electrons

» Experimental studies on ioifS
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Need investigate the electrons/ions density at CEPC

e Simulation results based on CEPC’s parameters (PhD. thesis by Zhiyang Yuan)
e CEPC or others detector will face the massive electrons/ions
e To investigate and create the stable electrons/ions in the specific area

Electric field analysis

Huirong Oi

Cylindrical coordinates

o(r.0.2)= ) om(r.z)e™,

m=—00,00

Om(r,z) = / D, k)eikzdk,

<1

Mt

I
™

R (V. k) = i/ om (7. 2) e~ d7

i
1 Yo7
pm(,,’z,):%jgp( 5 )

Resnati F. Modelling of dynamic and transient behaviours of gaseous detectors[J]. 2017.

(1. K) = Kon(kD) /OrRm (7 K) Iy (k') P ¥

(k) /OO R (7 K) Koy (k') P Y

e—im@ d@l

lons density in chamber

1800
1600
1400

1200 0.15

g

— 1000
—

ion density [mm'q]

800

600 0.03

400

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
z [mm]

E./E,

600[—

400

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
z [mm)]

8



How to create stable massive electrons in the chamber?

Indirect method to generate electrons Direct method to generate electrons

« >Fe source, X-ray tube, synchrotron radiation Created the massive electrons on big area
e« MPGD detector multiplication method Photoelectric effect method (<10uJ/cm?)
e Discharge, Ions back flow on the small area * Two-photon ionization method (>10uJ/cm?)

Photoelectric Effect

Light

Electron

Metallic Surface

ASY Yone T N
Fpaud b

Direct method

Indirect method
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Two-photon ionization method (>10uJ/cm?) -

e Some gas can absorb the energy of 2 photons from UV laser and ionized
e Wavelength of UV laser: 266nm (almost: 4.66eV X 2)

e Threshold of the ionization energy: >10uJ/cm? @MIP ‘ Laser TPC prototype R&D
1
n; (1) = §nocrecr;‘N2T2 (A B c 0
N is the photon flux _ T o= i_, i ;
o is the transition cross section Ial‘_ 5
n is the ionization density Sq = |
T is the width of the laser pulse r "
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Possible transition channels by two-photon
ionization of complex molecules
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Photoelectric effect method (<10uJ/cm?) -

e Explanation of photoelectric effect by A.Einstein
 Each photon carries energy proportional to its frequency E =hf=hc/A
e One electron absorbs only one photon

« Energy of UV can less than 10uJ/cm? ‘ - ll\l’IaSSfV(felelectrons I:(&D
 Stable current of photoelectric needed R&D ithout influence working gas
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Testing the UV light created the massive electrons by photoelectric effect

UV light created the ion disk

e Ions will fill in the drift chamber of TPC to mimic the ions distortion
e Metal mesh polished Aluminum: 600/800/1000/1200/1400/2000 (LPI: Linear Palr)
e Experimental testing of the current at GEM foil &
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Testing the UV light created the massive electrons by photoelectric effect

e Current of the background noise (pA current monitor)
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Testing the UV light created the massive electrons by photoelectric effect

e Preliminary results: very good stable current obtained
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Testing the UV light created the massive electrons by photoelectric effect

Electron Density [s™ cm2]
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The different LPI Aluminum's surface tested the different current
The maximum current reached at 1400LPI Aluminum's surface (Of course, Very stable)
Detector has been studied under the two different mixture gases
e Very similar trends from 30V/cm to 210V/cm (Electric field of drift)
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Testing the UV light created the massive electrons by photoelectric effect

To meet the TPC prototype’s drift electric filed (example: ~200V/cm at T2K)
Scanning the different drift electric field (E 4, from 30V/cm to 210V/cm )
Validation of the same trend with the drift velocity by Garfield++
Validation of the two different mixture gases
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Study ongoing:
Mimic the same level with CEPC
electron/ions density
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e Simulation of the ionization cluster in space
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Primary cluster profile along the drift length

e Running 10000 events using Garfiled++
e Drift length: 1m, Incidence angle: 0°

* Operation gas: T2K gas @1latm

e Particle: Muon@100GeV/c@1latm

Muon

T2K gas

e Simulation result show that the primary cluster profile along the drift length
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Primary cluster profile using gas

e Simulation result of the primary cluster using T2K gas
e Mean of N_cluster
e Pressure: latmm, B: 0T, cos8=0°, p particle, E=100GeV/c, E;;;=200V/cm
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Primary cluster profile under E and B

e To study the N_cluster profile under E and B

e Particles: Muon, 0.1GeV - 100GeV

e Verification of the simulation code
» Successfully create this module
e Incidence angle: 10°
e B=1.0T/2.0T/3.0T
e Momentum = 0.1 GeV/c
e Radius of curvature: 3.3cm
e Validation of the results of the calculation
and simulation

e Simulation ongoing
e Starting to investigate the primary cluster
profile under the different E and B

Particle

Gas

-47 3
47.5 3
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Primary cluster profile using

e Simulation result of the primary cluster using Ar/C0O,=90/10 gas

e Particles: Pion, Muon, Kion, 0.1GeV — 100GeV

e Comparing of N

cluster

NCluster in Ar/CO>(90/10)
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Primary cluster profile using

 Huirona Oi o Y]

Simulation result of the primary cluster using T2K gas
Particles: Pion, Muon, Kion, 0.1GeV — 100GeV
Comparing of N
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Simulation conclusion and plan

e The codes successfully simulated the primary cluster using the different operation
mixture gases, the different particles and the different electric/magnetic field.

e Simulation result show that the primary cluster profile along the drift length, and it
could meet the pixelated readout TPC detector if the pad size will be kept in the rang
of 300pm — 500pm.

e Simulation result show that the number of the primary cluster under the different gas
pressure, and it could be optimized and meet the requirements of the pixelated
readout TPC detector if the MPGD readout will run at the low gain.

e The simulation module has been integrated with the different E and B.
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e Updated progress of TPC prototype

e UV laser TPC prototype checked
e Progress of pixelated TPC R&D
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UV laser PC detector tested Cosmic ray

e UV laser TPC detector prototype can study using the cosmic ray.
e Taken three months data
o Triggerrate: 0.32Hz in= 3.6 degree
e Landau distribution of the cosmic ray’s energy spectrum was successfully obtained
o After 6 months, UV laser TPC detector prototype’s gain just shift in =5% (CHECKED)

e w. drift velocity
w.o drift velocity

@O SHOTONMLI0 56~ 7
CO Al QUAJERA
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New TPC prototype design and optimization (vO -=> v1)

Study some new parameters complemented previous circular TPC

Cascaded TPC detectors to test dE/dx and IBF distortion

Plan: Single TPC detector to test under 1.0T beam test in DESY in 2023

New FEE ASIC chip wafer production will received in October.(500um pixelated based,

DU RS ' =
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New TPC detector assembling starting in lab

e Some TPC detector design done and assembling starting
e Field cage PCB design, readout PCB design and detector chamber design: ALL Finalized in August
e Aluminum board, PCB frame and detector: ALL Ready in September

e Detector production with frame: assembling starting in September

— LEFRREA B S RN

2ABNNRARFI AR A X (IRAF1.3mm, TRARL.9m
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Fieldcage B EE AR TT
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e Some contribution and information from LCTPC
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NIMA paper publication

Paper of TPC prototype integrated with 266nm UV laser tracks has been published in NIMA in August
One reviewer from ALICE TPC and another reviewer from STAR TPC
Updated analyses of the spatial resolution, gain uniformity and dE/dx will be done and released too.

Nuclear Inst. and Methods in Physics Research, A 1040 (2022) 167241

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

journal homepage: www.elsevier.com/locate/nima

Performance of TPC detector prototype integrated with UV laser tracks for )

Check for

the circular collider Updates. |

Z.Y. Yuan“>?, H.R. Qi*"%", Y. Chang‘, L.W. Yu®, Y.M. Cai®’, H.Y. Zhang >, J. Zhang *"=,
Q. Ouyang »>¢, Y.L. Lif, Z. Deng’, H. Gong'

# Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China
b State Key Laboratory of Particle Detection and Electronics, Beijing 100049, China

+Nankat Uy, Tinjn 300071, China https://doi.org/10.1016/j.nima.2022.167241
€ Liaoning University, Liaoning 110036, China

f Department of Engineering Physics, Tsinghua University, Beijing 100084, China
8§ China Nuclear Engineering Consulting Co., Ltd, Beijing 100000, China
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International conference —

e Two oral talk have been acceptance. (ECFA Workshop 2022 and IEEE 2022)
« ECFA 2022 in Oct.: High resolution pad and pixelated TPC R&D for future e+e- collider
 IEEE 2022 in Nov.: Potential R&D of TPC technology integrated with UV laser for e+e- collider

First ECFA WORKSHOP.

on e*e” Higgs / Electroweak / Top Factories
5-7 October 2022, DESY, Hamburg

Abstract submission platform

2022 |EEE Nuclear Science Symposium, Medical Imaging Conference and

Gt Room Temperature Semiconductor Detector Conference o IEEE

05 - 12 November 2022, Milano, Italy N PSS ﬂﬂ

NUCLEAR & PLASMA - .
SCIENCES SOCIETY 300 MU FFAPERAIHE EMCENOLLTIN B

a5
m llllll b .u‘m-._ https:/findico.desy.de/event/33640/

https //|nd|co desv de/event/33640 https://eventclass.org/contxt ieee2022/welcome/index
30
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International conference —

. N ot R
* Three oral talk in August and September S ) KA

 JCHEP 2022 — _Z

o (CHFEP2022/eeFACT2022
1 [5) 1E 53 B8 X HEH 3R BO B [B) 2 2 =
FiFENEEAR (TPC) fffsiHE

||

Status of TPC detector R&D

for the circular e+e- collider

tRRESR, Ei, ME, ®I1E, RZEF, AR, K&, Bg¥F
BE, FE=, XE, BEF, FAI, AR, FRTa, MEihe

P ER F RS R R ST AR
BEXRF BAXF
FEMEFEEVESSET—E2ERRRRRS, 8A8-11, 2022

Huirong Qi, Yue Chang
Hongliang Dai, Jian Zhang, Zhi Deng, Chunxu Yu, Wi Liu,

Hui Gong, Hongyu Zhang, Hongliang Dai, Yulan Li, Mangi Ruan, Status Of TPC detection tQChnOlogy
Gang Li, Linghui Wu, Xin She = 3
R&D for the circular e+e- collider

Nankai University
Institute of High Energy Physics, CAS
Tsinghua University

ICHEP 2022 XLI, 6-13, July, Bologna, Italy Hiiishg O, Livien Vi

Yue Chang, Xin She, Jian Zhang, Hongliang Dai, Zhi Deng, Wei Liu, Yulan Li
Mangi Ruan, Gang Li, Linghui Wu and some inputs from LCTPC collaboration

Institute of High Energy Physics, CAS
Tsinghua University, Liaoning University

eeFACT2022, 12-16, September, Frascati, Italy
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Some international collaboration information

 ECFA detector R&D roadmap & impact on the RD51 Collaboration, even ILD, LCTPC....
e ECFA Detector R&D panel is forcing the formation of the new detector R&D collaborations
« DRDCI1 to DRDC6
e DRDs able to benefit from CERN recognition in dealings with Funding Agencies and corporations
e New DRD activities from Autumn of this year
e For example: RD51 should run out at the end of 2023

ECFA [CEHN Research Board ]———-h- CERN COUNCIL
Recommends
Community Approves
interaction
(" Seientific and Resource Reporting and Review ) .
Roadmap Oversight and Detector Research and Development eports CERN SPC
Community Interaction Committee (DRDC)
ECFA Detector Panel Includes members from: ECFA Detector Panel,
(EDP) ¢ . CERN and LDG
Includes ex-officio; APPEC, 1 vt ardditonal seemrte frar the EDR ran 1

A 1 ‘On request, additional experts from the EDP can
MuPECC and |GFﬁf [ID Panel : be invited for dedicated review tasks :
representatives - ) ILC — FCC-ee/ CEPC
* ICFA Instrumentation, Innovation T

and Development Panel

Detector RD (DRD) Collaborations
[DREH] [DRM] [DRDS]
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A potential “implementation” based on substructures

/DRDM (RD51)
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DRD1 Scientific and Technical coordination (about 50 members)
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DRD1 Panel (about 20 members)
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o TPC detector prototype was studied using the UV laser track, >>Fe radiation source and
the cosmic ray.

e One paper published in NIMA based on laser TPC prototype
e Two oral talk have been accepted by ECFA Workshop 2022 and IEEE 2022

e The simulation is starting to study the primary cluster using the different operation
mixture gases, the different operation gas pressure and optimization.

e To meet high luminosity of Z pole run, the testing the UV light created the ion disk by
photoelectric effect, and the experimental results show good to study.

e Created the stable massive electrons without influence working gas

e Mimic the same level with CEPC electron/ions density in TPC chamber
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Many thanks!
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