Status of the continuous ion suppression
detector modules for CEPC TPC

Huirong QI

Institute of High Energy Physics, CAS
January 25%, 2017, TAS High Energy Physics, Hong Kong




Outline

= Physics requirement
= Simulation and experiment
= Progress on collaboration

= Summary




First question:
Why we need continuous IBF suppression in
TPC module as the tracker option?




CEPC and its beam structure

Circular e*e" Higgs (Z) factory two detectors, 1M ZH events in 10yrs
E.., =240 GeV, luminosity ~2 X103 cm-s, can also run at the Z-pole

tt H W Z
Beam Energy 175 | 120 | 80 | 455 |
[GeV]
Bunch charge [nC] | 22.6 18 16.8 7.4 _
Bunch length i_ —
J 27 | 29 | 39 4 S
[rmrm] ]
Bunches / beam 98 555 3000 | 65716 :
Bunch spacing 1704 | 301 | 56 3
[ns]
Train spacing [us] 83.5 83.5 84 98.6 1 -
B’y [mm] 2 1

Layout of CEPC Double Ring



Compare with ILC beam structure
0 In the case of ILD-TPC

= Bunch-train structure of the H H
ILC beam (one ~1ms train /
every 200 ms)

m  Bunches time ~554ns

m  Duration of train ~0.73ms

m  Used Gating device

= Open to close time of open 0.73ms 50us One train (1321Bunches)

Gating: 50us+0.73ms :‘ < 200ms L < ‘

= Shorter working time
Beam structure of ILC

0 In the case of CEPC-TPC

= Bunch-train structure of the _ _ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Train spacing . _

(%)

every ~90us) or partial double ‘

ring
= No Gating device with open ¢ & B . . ‘

and close time

CEPC beam (one bunch — el
HHTTL -

m Continuous device for ions Beam structure of CEPC
= Long working time
Gating device could NOT be used due to the limit time!

time
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Critical challenge: Ion Back Flow and Distortion
In the case of ILD-TPC

0o Distortions by the primary ions at ILD h = ] roA
are negligible P i

0 Ions from the amplification will be i
concentrated in discs of about 1 cm ! i
thickness near the readout, and then : i | \\
drift back into the drift volume Shorter . _

. . 3trains 2 trains 1 trains

working time

0 3 discs co-exist and distorted the path Amplification ions@ILC
of seed electron

0 The ions have to be neutralized during it i
the 200 ms period used gating system AR TR
In the case of CEPC-TPC

o Distortions by the primary ions at

|p_bEk:
/

CEPC are negligible too y .
o More than 10000 discs co-exist and 1 e e e e e e 6 6 e e 4 L L ::-:: 6 £ 1 ::\

distorted the path of seed electron >10000trains e trains 1trains
0 The ions have to be neutralized during Amplification ions@CEPC

the ~4us period continuously




Deviation [um]

Requirements of Ion Back Flow /estimation

o Electron:
. . Sr i : @f Srl aJr lsrl @f ’ Sfl
0 Drift velocity ~6-8cm/us@200V/cm UN -\ EY B (P e P B
0  Mobility p ~30-40000 cm”2/(V.s)

Standard error propagation function

o Ion:
__» Transverse and
oqe ~ A - _
o Mobility p ~2 cn”2/(V.s) y \/2 ~ (0%,
) . . O—'?‘ 2z - a I > 77_.%;2’
in a “classical mixture” (Ar/Iso) TN N e
04 Intrinsic resolution of the o’ molecules during drift
: readout at zero drift Effective number of
-20 distance in ro/z primary signal electrons
-40 Position resolution of the TPC function
50 T2K(Ar-CF4-C4H10_95-3-2_1T_1.0atm_20C)
el ) Neff=30 T[] = e
-100 (e\\ Gain=5000 E l
120 4 Y T2K gas £
] —— IBF-100% -
140 4 - -~ IBF-10% Z pole 1'1,11’1@10 G 10"
| R PO IBF-1% r=400mm
Y A IBF-0.1% k=IBF*Gain=5
1 - - IBF-0.01% 102
-180
-200 . , . , . , . , _ _
0 500 1000 1500 2000 m*"’\-—-'-'-‘"" Lol Lol

Drift Length [mm]
Evaluation of track distortions due to space charge Simulated the drift velocity @T2K
effects of positive ions -/ -



New ideas for the ions?
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o Our group was asked to “think” on D_msf.h;“ ’ f..._\] (.m.,“nff:.;_
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an alternative option for CEPC TPC . p— __
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0 And we did our best ... ﬂ ﬂh’u i m ’MHH‘W : ﬂ ' r
0 We proposed and investigated the ” L e e
performance of a novel configuration ANSYS-Garfield++ simulation

for TPC gas amplification: GEM plus (0T, Left: ions; Right: electrons)

a Micromegas (GEM+Micromegas)

0 Hybrid micro-pattern gaseous Short dift length Long driftlength

detector module

0 GEM+Micromegas detector module

ded Jajsuely
deduoisianu

&

|

|

|

|

|

|

|

|

1. EEEEEEEEEEN
- | EEEEEEEEEEEEEEES
;ﬂasuoism\uua
]
i

0 GEM as the preamplifier device

o GEM as the device to reduce the ion
back flow continuously
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o Stable operation in long time 3

o Low material budget of the module Hybrid detector
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Simulation and IBF study




IBF simulation

o Gatrfield++/ANSYS to simulate the ions back to drift
o0 GEM and Micromegas Module using ANSYS

0 Record the ions to drift layer, mesh layer, and sensitive layer

Micromegas standalone

. 008
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008 —
i 0.04
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Ions not actually drift along

electric field lines 002 001 0 0.01 0.02



IBF simulation

o Garfield++/ANSYS to simulate the ions back to drift
0 GEM and Micromegas Module using ANSYS

0 Record the ions to drift layer, mesh layer, and sensitive layer

b

0.04—

0.02—

002

0.04—

Ions end to the mesh of the Micromegas detector
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IBF simulation

o Garfield++/ANSYS to simulate the ions back to drift
o 350LPI/ 420LPI/ 500L.PI/ 1000LPI

0 Eais electric field of amplifier of Micromegas

IBF(%)

1.2

0.8

0.6

0.4

0.2

II\l—I.I.I—I—l.I.J—I’I'IIIIlIIII|IIII|IIII|IIII|IIII|I

—=Z S
 a \
- I wire-hole(micrometer), Optical transmittance(%)
u ! — e 22.48,470
— § |
T, | ——=—— 22-38,40.1
T = , —+——— 22.25 283
| AAg I
T .o | —+—— 22-13,13.8
8 |
N - '
B l:oo |
il w e
+ e
— | ] a
[ Fy
_I_
: "R ey
T + + L ™
L -I-'I'_I_.|.+-I-.|. I n [ |
T ol + + * + + -
— / * *

100

200

300

400 500 600 700 800 900

Electric field of amplifier VS Electric field of Drift

Ea/Ed

-12 -



IBF simulation

o Garfield++/ANSYS to simulate the ions back to drift

Q
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IBF simulation

o Garfield++/ANSYS to simulate the ions back to drift
o 350LPI/ 420LPI/ 500LPI with GEM detector@150V

0 Eais electric field of amplifier of Micromegas

IBF (%)
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Test of the new module

Q

Test of GEM+Micromegas module

0 Assembled with the GEM and Bulk-Micromegas
Active area: 50mm X 50mm

X-tube ray and X-ray radiation source

Simulation using the Garfield

O 0O 0O O

Ion back flow with the higher X-ray: from 1% to
3%

Stable operation time: more than 48 hours

o Separated GEM gain: 1~10

U

P4 o ST )

Photo of the GEM+Micromegas Module with X-ray

Supported by FREFTAIFT S

HV ' Drift
i
Eq

HY ——

a -
HY —

E 1.4mm

W@ oP® @ M

A E

A a 0.128mm
-_-E.K\e'ﬁhley Anode

4mm
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Energy spectrtum@?>°Fe

Source: *>Fe, Gas mix: Ar(97) +iC,H,(3)

3000

[ Data

HY' Dirift E — mgnl:iund k
— SFull ene
. . * — B0 GEMMH:EEE;:]::MR
Drift REQIOH 4mm e (GEM-MM:Full energy peak

C s (Gaus+background fit

Hyv2 2000 —

HV3 1500

Transfer Region 1.4* -

HVA . . . . Mesh & 1000

Avalanche Region 0.128mm 500

Gain of GEM: ~5.2

0 200 400 600 800 1000 1200 1400

An example of the 55Fe spectra showing the correspondence between the

location of an X-ray absorption and each peak.
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Gain of GEM + MM

10°

Gain: 5000 ‘S 10"
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o> Standard
Micromegas

200 220 240 260 280 300 320 340 360 380 400 420 440

Vmesh/V

0 Test with Fe-55 X-ray radiation source

a

Reach to the higher gain than standard Micromegas with the pre-amplification

GEM detector

Similar Energy resolution as the standard Micromegas

Increase the operating voltage of GEM detector to enlarge the whole gain
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Discharge possibility

‘ Discharge and working time

. 1x10°
4.5x10 |
] = Ar/ISO(95/5) 910" -
4.0x107 v s Ar/1S0(90/10) q
. 4 AriCO,(93/7) ax10\ ",
3.5x107 4 1
_ v Ar/CO,(70/30) —
3.0x107 - o |
] L] 6x10° 110 4
-3 O b oo’
2.5x10 ] 8 ] 5“(104- e LT TL AL P L LEL R LR IEEEE SR
. #ait' 4
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- - = ‘ i 1 o
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T -1 210’ 4
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Gain Time (hours)

0 Test with Fe-55 X-ray radiation source

a

Discharge possibility could be mostly reduced than the standard Bulk-
Micromegas

Discharge possibility of hybrid detector could be used at Gain~10000
To reduce the discharge probability more obvious than standard Micromegas

At higher gain, the module could keep the longer working time in stable
18 -



IBF preliminary result-1

Graph Graph

1BF (%)
1
Gan
1BF (%)
Gan

:
:
8
:

500 500
W oama (V) g (V)
(a) (b)

Gas gain and IBF versus (a): GEM voltage, micromesh V.., =420V and (b): micromesh voltage,
Vepy =340V, E =250V /em, E, =500V /em

0 Test with X-tube@?21kV~25kV using the Hybrid module

0 Charge sensitive preamplifier ORTEC 142IH

o Amplifier ORTEC 572 A Contribution of the ions from the
0 MCA of ORTEC ASPEC 927 drift region to be y, calculation of
0 Mesh Readout mﬁ;z;m = Gy

o  Gas: Ar-iC4H10(95-5) le =y +Gyn =y +0 hnesn
a  Gain: ~6000 G is the gas gain of the detector.

-19 -



IBF preliminary result-2

IBF*Gain

22
20 IBF*Gai = -
. ain VS Vggyy, Ve =420V
18—
16— .
= IBF*Gain VS V. Vg, =340V
14—
- S
12— " o
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Key factor: IBF * Gain
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GEM+MMG 2GEMs + MMG Micromegas only
420LPI 450 LPI 450 LPI
( IHEP) ( Yale University ) (Yale University )
— 0
0.1-0.2% (0.3 -0.4)% Lo

o [BiEl g Edrift = 0.25 kv/cm  Edrift = 0.4 kv/cm

Edrift= (0.1-0.4)
kV/cm

2000
8~30
<= 8%

X +iC4H10
(Ar+CF4+iC4H10)

—~ 10-7

(N.Smirnov report) (S. Procureur report)

<GA> 4000~5000 2000

e-parameter(=IBF*GA) 4~5 6~8

E —resolution ~16% <12%

Gas Mixture MEAASACTE 2

( 2-3 components) Ar +i1C4H10 Ne+CO2,Ne+CF4,
P Ne+CO2+CH4

Sparking ( 24*Am) <108 < 3.*107(Ne+C0O2)

Possible main

problem Thin frame More FEE channel

Goals CEPC TPC ALICE upgrade
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Laser calibration for TPC prototype
Supported by ExXEERERES
= Goals of laser for TPC detector

= The ionization in the gas volume along the laser path
occurs via two photon absorption by organic impurities

m  Drift velocity, gain uniformity
= To reduce the distortion effect
=  E XB effect study

= Drift Velocity measurement

= Good resolution in space and tin
= No production of o-rays

= No multiple scattering

= Baseline design (DONE)
= Nd:YAG laser device
m A =266nmorE =hv=4.66eV
= Energy: ~100 uJ/pulse
= Duration of pulse: 5 ns
= Active area:200mm X 200mm
= Drift length: 500mm

=  Outer diameter:~400mm The assembled module test with 266nm laser

= GEM readout Tsinghua and IHEP Cooperation _929 -



Laser calibration for TPC prototype

= Optimization of the laser map

= 6 rods laser map to 4 rods laser map

m some devices selection

m Preliminary design with parameters (DONE)

S -._.,;,-jqu i L ]
..‘_ - E LSt ] 4‘.1q‘.. ' r; - ~ s AR
el AT S
FHEmE, Lot g Rty L
el f 5+ L]
Wi el s | i
J L _\__ [ ) T i
(R
s i }-eimt .‘. L W RE R rh! F] mesme
; i i
Ao y A /
ol K FHAEE ] et
P " F % |
TRSER A ."“ A ENE
fi o ) " -
b o e ER HRATR
= =8 e | e
= 1—= (R ] oL ——" el
(Y] FREDe Lt EERE

6rod Laser Map 4rod Laser Map

Tsinghua and IHEP Cooperation

25%

< i ke b 1:2

‘Laser Map
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‘ Participate in the collaboration@2016

* Promote domestic cooperation and exchanges
 Participated in the international collaboration group (LC-TPC)
* Singed MOA and joined in LC-TPC collaboration @Dec. 14,2016

| Participate in the collaboration group

Some activities for domestic cooperation Collaboration for the IBF R&D:

Aleksan Roy (Saclay)
Communicate meeting CEA Scalay (France) GAO Yuanning (THU)
« Tsinghua University IHEP, Tsinghua Univ. (China) Ql Huirong (IHEP)
« THEP, CAS : . - |

“ DEAS,BAS Collaboration for the Beam test with Asia Module:

= Lanzhou University

= IMP, CAS KEK (Japan) Keisuke Fujii (KEK)

a TSTC DESY (Germany) Schrader, Andrea(DESY)

= SINAP, CAS IHEP, Tsinghua Univ. (China) GAO Yuanning (THU)
CIEA i

. Targets: | QI Huirong (IHEP)

= Shandong University

= SJTU = R&D of IBF used UV light

= Goal: ~0.1% IBE, Resistive Micromegas modules, Hybrid modules
Invited talks

= Saga University
= CEA Saclay

TPC Prototype design with Laser calibration

= Readout active area: ~200mm?, Drift length: ~500mm

Beam test experiment and data analysis

TPC Tracker Detector Technology mini-Workshop
= Korean Mecaro s Fixed date: 30,0ct./2016~14,Nov. /2016

= GEM module with the field shaper in 1.0 Tesla in PCMAG
Toward CEPC CDR

24 -



Participate in the collaboration@2016

Collaboration with Saclay Collaboration with KEK

CEA-IHEP/Tsinghua meeting

20 0ct 2016, 10:00 — 12:00 Europe/Paris

9 CEA

Videoconference Rooms . .
! @' CEA-IHEP_Tsinghua_meeting

;i;;;i;; —10:20 IHEP/Tsinghua Talk 1

Speaker: Mangi Ruan (Chinese Academy of Sciences (CN))

@ Opti general-Scalay....

IEEETY - 10:40 1HEP/Tsinghua Talk 2
Speaker: Huirong Qi (IHEP)

@ Satus_TPC_for_Sac...

XY - 1110 saclay Talk 1

Speaker: Boris Tuchming (CE#

A minitpc_uv_201609...

m — 11:50 Discussion

= Joint meeting with Saclaty/THU/IHEP = GEM module with gate GEM in 1.0 Tesla
= Design the Micromegas PCB boards m 5.0Gev electron beam test

m Prepare to assemble the R/Micromegas = Join in group and participate in analysis

-25 -



Summary

= Physics requirements for CEPC TPC modules

0 Continuous Ion Back Flow due to the continuous beam structure
0 Gating device could NOT be used due to the limit time

0 Jon back flow is the most critical issue for the TPC module at
circular colliders

m Some activities for the module
0 IBF simulation of the detector have been started and further
simulated.

0 Some preliminary IBF results of the continuous Ion Backflow
suppression detector modules has been analyzed.

0 The IBF value would be estimated and the reasonable value would
be studied.

= R&D work within the some collaboration is starting.
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Thanks very much for your attention !
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‘ More further estimation for Z-pole /starting Mandl
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Manqi

Charge Distortion

LR R S

Er Distortion

-

T
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distortion / um

. i |
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} = |0 L) wm$
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i — o |08 L= e

| e kw0 Ll w5 i

LR Distortion ~ (1+k)*(L"Dis"E J(B*V'E,)

} —— =0 L= =t

| = |00 Ll vm D

IIIIII:

e ~(1+k)H(L10¥em?sT) pm |
0 500 600 700

R = 400mm

At 1E35, k = 100 & Velocity = 5m/s

Distortion, 1 order of magnitude higher than intrinsic resolution — unacceptable!!
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S.Ganjour

n Tnn Ion Back Flow Distortions ﬂ

E 1[]_||||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_I*IIII IIIL E 1[]_|||||||||||||| ||||||| TTT T T T ||_
= - ] = E FCCeel/TLEP E
i —: & 9 TPC Simulation -
< ] < DE .
§ of = :
s ] S 50 3
@2 5 - w - .
C ] E r I l.-"- l.-'lr 1
-0 - 2 .L //// .
r ] E-15F {17 =0.6m -
- . m - [ .". Ini —
5L - C /) 'r =0.5m .
: 1 =a20f /) =
C . N I.'I ! r =0.4m .
-20 [ 1on Back Flow (IBF=1) T o5E[ 2 =225m -
T plr) from visible Z decays r=r =ﬂ.-;}]1_ . [ /v, =0.3m ok ]
_25_||||||IIIIIIIIII|||IIIIIIIIIIIIIIIIIII:.IIIIIII IIIT _3[]_||IIIIIIIIIIIIIIIIIIIIIIIIIIII II_

D 02040608 1 12141618 2 2224 04 06 08 1 12 14 16 18
Drift Length, m Radial position r, m

e Secondary 1ons yield distortions of about 20 um for IBFx(Gain=1 for the case of
continious charge density along z axis
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