Feasibility study of Time Projection
Chamber detector for CEPC

Haiyun Wang

Huirong Qi, Ling Liu, Zhiyang Yuan, Jian Zhang,
Yuanbo Chen, Qun Ouyang

Institute of High Energy Physics, CAS

16. Oct., 2018, Hengyang



Outline

= Requirements

= Baseline design

= Feasibility study of TPC detector
= R&D activities

= Summary



TPC detector for CEPC

TPC could directly provides three-dimensional space points; the gaseous
detector volume gives a low material budget; and the high density of such
space points enables excellent pattern recognition capability.

TPC detector as the tracker detector: S

o Motivated by the H tagging and Z A ......

High magnetic field S ;
Full 3-D track reconstruction
Higher accuracy < 100um(Overall 7y
along the drift) / ;: dy - S
Precise dE/dx o & |
Better two track resolution

Easily assembled using the modules :
Minimal material budget g

Drift time gives the longitudinal
coordinate

o MPGDs as the readout Overview of TPC detector concept
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TPC requirements for CEPC

TPC detector concept:

o Under 3 Tesla magnetic field »
(Momentum resolution: ~10-4/GeV/c O
with TPC standalone) "/

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

o dE/dx resolution: <5% L.
o ~100 pm position resolution in ro
TPC material budget
o <1XO0 including outer field cage
Tracker efficiency: >97% for pT>1GeV
2-hit resolution in re : ~2mm
Module design: ~200mm X 170mm

Minimizes dead space between the
modules: 1-2mm
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TPC detector endplate concept
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Feasibility study of TPC
0 Would it be Limited by

signal voxels
all voxels inthe TPC

Voxel size: ImmX6mm X2mm @DAQ/4A0MHz

Voxel occupancy:

o Voxel occupancy
0 Primary ions along the track in the chamber
o Amplification ions create the ions disk back to the chamber (X Gain)
0 Charge Distortion induced by the ions: Mainly from Ion back flow
HV Plane Endcap
E 4
.ff! -‘I-/ )
17 r’,.-'f;f -
d o
f';/f 8
Trajectory of Track
& Primary lon o
o >
yd E Shift speed of electron: 80 km/s;
f,,f’ Shift speed of ion: 5m/s
IP
N

Total ions in chamber: ~ Back flow ions ~(1 + k), k = Gain X IBF + Primary
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Technical challenges of TPC for CEPC  ArXiv: 1704.04401

lon Back Flow and Distortion :

o Distortions by the primary ions at
CEPC are negligible

o The ions have to be cleared during the
~Uus period continuously

o Continuous device for the ions
o Long working time

Distortion simulation:
o Full simulation: 9000 events, Z — qq

o Maximal occupancy at TPC inner most
layer: ~10-° (safe)

o Background considered (Need careful
designed Shielding/detector protection)

Al, distortion along r-direction

Az, drift length along the z-direction
T, is the mean free time of electrons
w = °B/y

> TPC will be could be used if the Gain X IBF
can be controlled to a value smaller than 5.
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Gas amplification detector module and pad size

Micro pattern detector:
o GEM and Micromegas detector

o Electron cluster using Center-of-Gravity
o Pitch: ~Imm
o Pad Size: ~ImmX6mm
o High gain (5000-10000)
o High rate capability: MPGDs provide a
rate capability over 10° Hz/mm? without

. ] M [:::m T Fie 61 :11
discharges that can damage electronics. ~ « ¢ - p w
L] '
o Intrinsic ion backflow suppression: Most e J‘
of the ions produced in the amplification iy |

region will be neutralized on the mesh or
GEM foil and do not go back to the drift

)i
volume. % J L
] SV V. WO " | b = | e |

o Adirect electron signal, which gives ' : : ’ ST

i I <
gooq time I’ESO-|U'[IOI'1 ( 100 ps) and The profile of an electron cluster
spatial resolution (100 pm). in GEMs detector 7.

= k=1
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Technical challenges

aued apouy’

a8 ns X'ray
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of TPC. for CEPC.

HV1(-) Drift
Eq I 4mm
HV2(-)
HV3(-) B X B
E. 1 1.4mm

HWVA(-) —@ @ @ @ Mesh
E, t 0.128mm ppode

Loy, —

Continuous IBF prototype and IBF X Gain

Hybrid micro-pattern gaseous detector module:
GEM plus a Micromegas (GEM+MM)

Continuous IBF module:
Continuous lon Back Flow due to the continuous beam structure
Low discharge and spark possibility

a

o 0O 0O O

Space charge effect for IBF
Gain: 5000-6000
Good energy resolution: <20%
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0 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

Avalanche gap of MM:128pm
Transfer gap: 1.4mm Micromegas(Saclay) GEM(CERN)

Drift length:2mm~200mm ' N 28
Mesh: 400LPI RSN

1!
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HV —@ @ @ Mesh ' ' ‘ . ,
—A Ea 0.128mm 4 e N & - .
= Kei{hley Anode R

Cathode with mesh GEM-MM Detector
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Sigma  Resolution(%)

GEM+MM@CEPC R&D i

MM Photo Peak 120.9
GEM-MM Escape Peak 362.9
GEM-MM Photo Peak 785.9

20.6
60.8
91.1

40.1
39.4
27.3

Source: >Fe, Gas mix: Ar(95) + iC4H10 (5)

3000

HVY

Orift

Dnft Region 4mm

Liata

—— packground
— MM:Full energy peak

GEM-MM:Escape peak

e (GEM-MM:Full energy peak
s (Gaus+background fit

2000

X
1500

Transfer Region 1.4mm

vt . . . . Mesh& 1000

Avalanche Region 0.128mm =00
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0 20 40 600 800 1000

1200 1400

GEM-MM configuration(left) and pulse height spectrum on 5.9 keV for a GEM-MM
showing each peak and the corresponding location of primary ionization(right)

Ed=250 V/cm, Vgem=340 V, Et=500V/cm, Vmesh=420 VV

k=Gain XIBF, k~5  Gain? IBF?
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Gain of the hybrid structure detector

10*

Gain

10

E, =200V/cm , E =200V/cm, VNIesh =400V

= T2K gas
. Ar/iC4H1U(95/5)|
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II|III|III|III|III|III|III|III|IIIII

160 180 200 220 240 260 280 300 320 340
Vaem [V

-11 -



Measurement of GEM-MM module

Keithley 6517B

Electrometer/High Resistance Met:

Je+l5 Q-cm

o Test with GEM-MM

RH: 33 External Temp:423.10C
-20mA, 10pV - 200V, 100Q - 10PQ AR SRR
module A 100 | I— %
- e 000022060
H Brand: Keithl ey e
0 Keithley Electrometers for =™ o =@ [Gon ) w2 o)

Model No: 6517B

A

roweR__
QL) (o tam) (oo o) Gaoems v ((inn o)
Ultra-Low Current ! |

Measurements: pA~mA KEITHLEY

A Tektronix Company

o Keithley: 6517B Labview interface of the current with Keithley
MYREIZE V2

o Test of cathode of the =S

module irscoi
0 Test of readout anode of — [stop|

the module = —
o Labview interface of the o 20 Rk

low current to make the e o s e

record file automatically | =

. e o
> % Keithley(6517B[13]) =
IBF L I(: - Iprim :"".:"
L,

|, BRI (drift cathode) , IEELFRAIRINES T
lrims BRI B BS B (primary ion current)
|, FH#ZHEA (anode pad) , IEHTF PR ETH >



‘ Two steps

HV(-) Drift }/j,a; ¢ Drift
= Keithley
Ed I 4I‘I‘|IT| EI:IT 4mm
HV2(-) HVA(+)
HV3(-) :. . ot HV2{+)—. . CEM
E, " 1.4mm EtT 1.4mm
Vi) — @ @ @ @ Mesh HV3+H)—@ @ @ @ Mesh
E. 0.128mm
O e— ) ——
LKeithiey M—
a
[BF =1 1r

| BRI (drift cathode) , EEHTHRKERFH
Lrims EBIRAIZ BB B (primary ion current)
|, FARREF (anode pad) , IEELTF PR B TH 13-



Key IBF factor: IBF X Gain Results in 2018

ol Ed=200V/Cm , Et=200V/Cm , VMesh = 400V
10: e T2Kgas
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Space charge effect in MPGD

o Lots of ions make space charge effect to

decrease IBF value significantly in the high rate

Obvious space charge effect to reduce IBF?
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Check 1,4

T2K, Et=200V/cm, y Ar/iso(95/5) » Et=200V/cm,
Ed=200V/cm, V_mesh=400V, Ed=200V/cm, V_mesh=400V,
V_Gem:30~300V V_Gem:30~300V
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L ion backflow vs. Pad current ~ .....T @ ...... L ion backflow vs. Pad current ) Ct

W effect

—@— d+3mm, Ar-CO_(70-30) i =3 mm, Ar-CO,(70-30)

_._
—£5— H=80mm, Ar-CO,(70-30)

—£5— d+80mm, Ar-CO,(70-30)

102 10" 1 10 10° 102% 10 1 10 10?
Ipad (“’ A) Ipad (“’ A)

Current of Pad is very low in our Exp. No space charge effect!
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Check p, , Xd

102

103

Ic: 4pA~59pA, ~ Ar/iso gas Ic :
108 (fC/cm?2) 3.5pA~53pA, ~10% (fC/lcm2)

0_310_1 H O EEEREs

: e i spa‘b@ -t de i

: ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ - " ':' :': EJ: /:harge :: L L N A L )
- --|ion backflow vs.p_x d (fC/em?) i - - | ion backflow vs.d x d (fC/cm?)
I on o effect L on

| —@— d=3mm, Ar-coz(70-30} -] —@— d=3min, Ar-002(70-30}

~—&— d=80mm, Ar-CO(70-30) ~—— d=80mm, Ar-CO(70-30)

. L . . Iil‘l‘l
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- - . 103 iiiiiiii4i ;asasasis i ééié;;is
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10 10

Current of Pad is very low in our Exp.No space charge effect! 7.



Summary

The Time Projection Chamber presented here provides an good starting

point for TPC research and development in the context of the CEPC
beam environment.

Several critical challenge issues have been identified in pre-studies

o TPC is promising for the CEPC (e+e- collider with High event rate
Z pole operation

o Validation of the preliminary results from the combination
GEM+Micromegas detector module: (IBF X Gain=5)

o No obvious space charge effect to reduce IBF

Collaboration with international teams (LCTPC collaboration group,
Japan-KEK group, France-Saclay group)

Going to TDR for next step
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Thanks.



Check and answer

http:/ /iopscience.iop.org/article /10.1088 /1748-
0221/9/04/C04025/pdf

https:/ /www.sciencedirect.com/science/article/
pii/S0168900216308221

High rate and lots of ions make space charge
effect to decrease IBF value !!!
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http://iopscience.iop.org/article/10.1088/1748-0221/9/04/C04025/pdf
https://www.sciencedirect.com/science/article/pii/S0168900216308221

B EHIENEE (Hybrid detector) i

GEM+Micromegas7ﬁﬁ%“@ﬂ R
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Gas gain versus GEM voltage, micromesh V..
E;=250V/em, E, =500V /cm.

> GEMKITRB KIFIEGEM-MMT] BLik
BB s 2

FH RGBT : ORTEC 1421H

EH: ORTEC572A
£3&: MCA of ORTEC ASPEC 927 > FR{RIEMicromegas TARFEAXE
(—7( TENM —NM 1& %E—F
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((IT\I_

GGEM-MM y GEM'MM éﬁ%ﬂé

» =420V (a) and micromesh voltage, Vg =340V (b).
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BN A (Hybrid detector) &R

GEM+Micromegasﬁﬂ%‘MﬂﬁQ :

Graph Graph
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Gas gain and IBF versus (a): GEM voltage, micromesh V.., =420V and (b): micromesh voltage,

Vopn =340V, E;=250V/em, E, =500V /cm.

> BER: Keithley(6517B[13) > Micromegas AN, &1

IBF — tc~ lprim i, PEKTIBF

I
: > |IBF~0.2%, ~
=> | BARER (drift cathode) , EHTEHHRIIERTFH 0.2%, H3~5000
lorims EBRAFZEBEEA (primary ion current)
l» FHERHEF (anode pad) , IEHTFFHBRKERE T
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