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Answer three key issue questions in R&D @CDR

= Occupancy: at inner diameter ‘!:> TPC as one option for

0 Low occupancy . CPEC YES or NO?
™
o Overlapping tracks . ((\\)\
S\
o Background at IP
O
= Ton Back Flow € T, control IONS?

o Continuous beam structure \0(\0t> To reduce distortion

o Long working time with g«&%charge possibility
0 Necessary to fully suppress the space charge produced by ion back flow

from the amplification gap . X

G : 0%
= Calibration and alignment o\a\\ ~100um positron

| A o L
a0 Complex MDI design &\ resolution with calibration?

o Laser calibration system

Concerning to rp and dE/dx from LC-TPC collaboration




Options of technical solution

Continuous IBF module:

a

a

Gating device may be used for Higgs run
Open and close time of gating device for
ons: ~ Yus-ms

No Gating device option for Z-pole run

Continuous lon Back Flow due to the
continuous beam structure

Low discharge and spark possibility

Laser calibration system:

a

a

Laser calibration system for Z-pole run

The ionization in the gas volume along
the laser path occurs via two photon
absorption by organic impurities
Calibrated drift velocity, gain uniformity,
ions back in chamber

Calibration of the distortion

Nd:YAG laser device@266nm
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Continuous IBF module

TPC prototype integrated with laser system
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High rate at Z pole

Q

Voxel occupancy

o 0o 0 0 0o 0o O o

U

The number of voxels /signal

9 thousand Z to qq events

60 million hits are generated in sample
4000-6000 hits/(Z to qq) in TPC volume
Average hit density: 6 hits/mm?

Peak value of hit density: 6 times

Voxel size: Imm X 6mm X 2mm

1.33 X 10'* number of voxels/s
@DAQ/40MHz

Average voxel occupancy: 1.33 X108

Voxel occupancy at TPC inner most layer:

~2X107

Voxel occupancy at TPC inner inner most

layer : ~2X10"° @FCCee benchmark
luminosity

The voxel occupancy takes its maximal
value between 2X 107 to 2X 107, which
is safety for the Z pole operation.

ArXiv: 1704.04401
Mingrui, Manqi, Huirong

IO.OOS

0.004

2 1s00f
“E;'_‘ C
1000}

500

~500f
—mooé
~1500}

71000
X/mm
Hit map on X-Y plan for Z to qq events

PRI RS i
—-1000 0

o |

2000 " T T T T T T T

£ Prob 1
iy A 6.025e+05 ]
%1500 - Bj.hn 1273 ]
= - 0.3t 283.7

= ]
=

1000 —

500

0 1 1 1 I 1 1
0 500

1500

P |
2000
r/mm

P B
1000

Hit density as a function of radius

_5-



Requirements of Ion Back Flow

o Electron:

o Drift velocity ~6-8cm/us@200V/cm

o  Mobility p ~30-40000 cm?/(V.s)

0 JIon:
a  Mobility p ~2 cm?/(V.s)

in a “classical mixture” (Ar/Iso)
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Standard error propagation function

Key prameters:

Neff=30/ Gain=5000 /T2K gas
Z pole run@10%

r=400mm /k=IBF*Gain=5

— IBF-100%

T T T T T T T T
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Drift Length [mm]

Evaluation of track distortions due to space charge
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effects of positive ions



Investigation of IBF study with module




Test of the new module

o Test with GEM-MM module

New assembled module
Active area: 100mm X 100mm
X-tube ray and 55Fe source
Bulk-Micromegas from Saclay
Standard GEM from CERN
Additional UV light device
Avalanche gap of MM:128pum
Transfer gap: 2mm

Drift length:2mm~200mm
Mesh: 400LP1

HV s Drift

o U U U U U U o0 0 O

W@ OFe @ v & &
A E, 0.128mm =< - g .
‘—l:K(ei{hle Anode .
Cathode with mesh GEM-MM Detector
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Measuremnt of GEM-MM module

module

Q

Keithley Electrometers for

Test with GEM-MM

Ultra-Low Current

Measurements: pA~mA

Keithley: 6517B
Test of cathode of the

module

Test of readout anode of

the module

Labview interface of the
low current to make the
record file automatically

IBF =
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IBF test results DOT: 10.1088/1674-1137/41/5 /056003
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Status of TPC prototype R&D

“11 -



Parameters of the TPC prototype

Need correction

drift welacily error bar with A=D.1 drift velacity error bar with A=D1
s To aim that the small TPC prototype ot o
for the estimation of the distortion !t
due to the IBF, and the study of ArCO2(30/10) K gas
related physics parameters e e e e
Ear T
= Main parameters 1 B
0 Drift length: 510mm [ Aol 12Kgas
0 Readout active area: 200mm X 200mm . o
Drift velocity with Ed correction
0 Integrated the laser and UV lamp device
Arco2 T2k g:
0 Wavelength of laser: 266nm -
. ) =217  vw=7.B95
a0 GEMs/Micromegas as the readout - velocity  HL7 T
0 Materials: Non-magnetic material v/cm [T —
errar (0.1266) (0.0058)

(Stainless steel, Aluminum)

-12 -




Signal of the laser with @1mm @266nm
Reference from ALICE TPC

Triple GEMs Hole collimator Trans/refle. Transmission mirror

detector ®1lmm =1:99 Transmission

mirror

LeCroy

............................ ®
el
y = 296.36In(x) + 50.253

800 . Gain:~3000
" EXP

~ \
Signal with AMP(mV)

Measure P1:amplicT) PZpkpk(C1) P3:ampl(ca) P4:pkpk(C2) PEMIn(CT) PBimean(C1y 0

value 499 mv 499 mv 499 mv 499 mv -280 mv -19.7 my
v

v

20 40 60 80 100 120

Area of the laser beam(mm?

status

Signal of the laser with @1mm@Charge sensitive AMP/12mV /{C 13-



Progress of the new design

Mirrors test with 266nm

‘ Divide and reflection

MIrrors

o Laserwave for the divide and
reflection mirrors: 266nm

a2 Size: ~0.8mm X 0.8mm o
a2 Number of the divide trackers: 6 opV

o Stainless steel support integrated the
laser mirrors

o Reflection efficiency: 1453

>09%(@266nm "
05490
o Reflection position accuracy ossrd” I

1/30 degree Py

T
b

e

TPC barrel

ML, B

= Diameter of outline
15mm
S {¥ gollimator
p12mm

o Reflection mirmor
diamater gimm
\ Rod outline
@i0mm

Reﬂectlonnmro:: v = [ 0]

The TPC barrel with the 266nm laser windows
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Laser map in drift length - yrans/refle. =1
f:ﬂ(leciiaﬁ ' sz 45 degree
mifror 4SHR 25% reflector 515 2
o Laser wave: 266nm ' d < RO
o Size: ~0.85mm X 0.85mm
o Transmission and reflection mirrors 25%
0  Aluminum board integrated the laser device and 255 Trans/rgfle. =1:
supports Trans / fUFE" Ef/ 3 VERKS
1
~ |~
45 degre&a®
—10 Laser Reflector
beam mirror
=
3
594.0 -
- 380 0
- 490.0 -
x-y 77 PO R R 275 MO R A

Aluminum board integrated the laser system 15 -



Design of the prototype with laser (Final version)

0 Support platform: 1200mm X 1500mm (all size as the actual geometry)
o TPC barrel mount and re-mount with the Auxiliary brackets

0 Readout board (Done), Laser mirror (Done), PCB board (Done) 16-
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UV test of the new module

o UV lamp measurement

Q

o 0O 0O 0O 0O O

New designed and assembled UV test K \
chamber ’
Active area: 100mm X 100mm
Deuterium lamp and aluminum fi " :
Principle of photoelectric effect
Wave length: 160nm~400nm

Fused silica: 99% light trans.@266nm

About 31000 electrons/s.mm?

S —

\ 4 =3
1RGN 7] G TR

| L. POHV(-)

—=—T2K gas -

—e— Ar/CO2(90/10) \

drift cathode
V=-1000V

0

Current VS Electric field in drift length Diagram of the UV test with new module 17
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Distortion by UV+Laser Highlight (R Hi 75 %)

0 To mimic the bunch structure & the
ions distortion with UV light and
laser split beam

0 In the case of ILD-TPC
= Bunch-train structure of the ILC
= Power pulsing mode

0 In the case of CEPC-TPC
= Bunch-train structure of the CEPC

e flose fﬂ‘ﬂaﬂ bew
/ o
¢ .
T -+ T time
—
0.73ms 50us Onetrain (1321Bunches) .
open X Electrons disc
< * 200ms = ‘
Beam smucmre of ILC
Train EEacinu k/’f | | || ||| 5

T L -

* & 8 fime
¢t v @ ’ Shutter time similar to ILC and CEPC beam structure

Beam strucmre of CEPC - 18 -




International cooperation (& fR)

a0 CEA-Saclay IRFU group (FCPPL)

Q

0 LCTPC collaboration group (LCTPC)

o O O O

R ZSREL:
A ENR

Three vidyo meetings with Prof. Aleksan Roy/ Prof. Yuanning/
Manqi and some related persons (2016~2017)

Exchange PhD students: Haiyun Wang participates Saclay’s R&D
six months in 2017~2018

Bulk-Micromegas detector assembled and IBF test
IBF test using the new Micromegas module with more 590 LPI

BImE1ESHT
NEEE

Singed MOA and joined in LC-TPC collaboration @Dec. 14,2016

As coordinator in ions test and the new module design work package
CSC funding: PhD Haiyun jiont CEA-Scalay TPC group(6 months)
Plan to beam test in DESY with our hybrid detector module in 2018

-19 -



Manpower and activities (& PJ)

o TPC detector R&D @IHEP (2016~2020)E FeFr

o0 BEZRIRFRIAN: Huirong Qi,

o 424, WiEtA14: Yulian Zhang (PhD,JHEP), Haiyun
Wang(PhD,IHEP), Zhiwen Wen(PhD,IHEP)

0 Funding from MOST and NSFC(~3.5 Million RMB)

o Electronics R&D &Tsinghua (2016~2020)¥&H K%

0 WP ER#R2AN: Zhi Deng, Prof. Yulan Li

o X424, MitA14: Yiming Cai(PhD,THU), Zhao Mingrui
(Master, THU) and three PhDs in electronics lab

0 Funding from NSFC (~2.0 Million RMB)

o Inhabitation of IBF using graphene @Shandong Univ. LI R K&

o Prof. Zhu Chengguang
o Zhao xiao (PhD,SDU)

-20 -



Funding application@?2017
0 SCIXFE4R CGEWER) +LCTPCARAN H2R+EF&UIR &SI

1. Zhang ‘fulian Ql Huirong, etc. Span:al remlunnn measurement of triple-GEM detector and
diffraction imaging test at synchrotron radiation, DOI: 10 1088/1748-0221/12/04/P0401, JINST,
2017 4SCT)

2. Wen Zmwen, Qi Huirong, =tc., Readout method for two-dimensional multi-wire proportional
chamber, Vol. 66, No. 7, DOI: 10.7498/aps. 66.072901, Acta Phys. Sin., 2017_7{5CTI)

3. Zhang Yulian, (i Huirong, etc., Gain measurement and simulation of GEM with a hyvbnid structure
Vol. 66, NO. 14, DOI: 10.7498/aps.66.142901, Acta Phys. Sin., 2017 9{SCT)

4. Yulian Zhang, Huirong Qi, etc_, Investigation of the hvbrid structure gaseous detector for 1on
backflow suppression, DOI: 10.1088/1674-1137/41/5/056003, CPC, 2016.11{5CT)

o National Natural Science Foundation in 2017

EeMVEREHE LA —4

o EEWHE B H:CEPC TPCELE IFE T RIRWT
o Funding approval number (11675197)  $§5.: 2N KZFEE -5k &% Bk
2 Duration: 2017.1~2020.12 SNEZTES: 93

o TPC detector (sub-task) B EE S &0 H

o Total fund (2,900,000RMB)
o Funding approval number (2016YFA0400400)

0 Duration: 2016.6~2021.6
221 -



S
IBF*Gain VS Ve Vyyes=420V

‘ Further R&D

Continuous IBF module for CEPC: #3AF il
o No Gating device options used for Higgs/Z pole run

o Continuous lon Back Flow due to the continuous beam

eV oEn™

Gain: 5000

*
us | X-ray

e g ‘des UOISIIAUOD

oo b Lo Lo
300 350 400 450 500

aueyd yug
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structure (Developed in IHEP 2% 3 T
( P ) Continuous IBF prototype and IBF X Gain

o ~100 um position resolution in r¢
o Key factor: IBF X Gain=5 and leas than (R&D)

o Low discharge and spark possibility
e rictoly S

Prototype with laser calibration for CEPC :

o Laser calibration system integrated UV lamp <
o Calibrated drift velocity, gain uniformity, ions back in f )
chamber TPC . dwith 1
o Prototype has been designed with laser (Developed in prototype integrated with faser system
IHEP and Tsinghua) _ LCTPC Collaboration Members
- Nd:YAG laser device@266nm, 42 Separated laser beam The map below shows the LCTPC collaboration member institutes as listed in the
along 510mm drift length NN second Addendum of the Memorandum of Agreement from 2008.
SRR -
; Pas == |
Collaboration: E &1k = e

o Signed MOA with LCTPC international
collaboration on 14, Dec., 2016

o New design detector collaborated with KEK Institute

and CEA-SaCIay Institute of High Energy Physics, CAS
Joint LCTPC international collaboration

Collaboration Board Member

Huirong Qi



Thanks very much for your attention |
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