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Experiment /
Timescale

ALICE TPC
UPGRADE

CERN LS2

ILC TPC
DETECTOR:

STARTt: > 2035

CEPC TPC
DETECTOR

FCC-ee and/or CEPC

IDEA CENTRAL TRACKER
START: >2030

SUPER-CHARM TAU
FACTORY

START: > 2025
SUPER-CHARM TAU
FACTORY

START: > 2025

Application
Domain

Heavy-lon Physics
(Tracking + dE/dx)

e+e- Collider
Tracking + dE/dx

e+e- Collider
Tracking +
dE/dx or dN/dx

e+e- Collider
Tracking/
Triggering

e+e- Collider
Main Tracker

e+e- Collider
Inner Tracker

Gas Detector
Technology

4-GEM / TPC

MM, GEM (pads)
InGrid (pixels)

MM, GEM (pads)
InGrid (pixels)

He based Drift Chamber

Drift Chamber

Inner Tracker / (cylindrical
uRWELL,
or
TPC / MPDG read.

Total detector size /
Single module size

Total area: ~ 32 m?

Single unit detect:
up to 0.3m?

Total area: ~ 20 m?

Single unit detect:
~ 400 cm? (pads)
~ 130 cm? (pixels)

Total area: ~ 2x10 m?

Single unit detect:
up to 0.04 m?

Total
volume: 50 m3

Single unit detect:

(12 m?2 X 4 m)
Total volume: ~ 3.6 m3

Total area; ~ 2 - 4 m?

Single unit detect:
0.5 m?

Operation Characteristics

/

Performance

Max.rate:100 kHz/cm?
Spatial res.: ~300um
Time res.: ~ 100 ns
dE/dx: 11 %

Rad. Hard.: 50 mC/cm?

Max. rate: < 1 kHz
Spatial res.: <150um
Timeres.: ~15ns
dE/dx: 5 %

Max.rate:>100 kHz/cm?
Spatial res.: ~100um
Time res.: ~ 100 ns
dE/dx: <5%

Max. rate: <1 MHz/cm?
Spatial res.: <100 pm
Timeres.: 1 ns

Rad. Hard.: NA

Max. rate: 1 kHz/cm?2
Spatial res.: ~100 pm
Time res.: ~ 100 ns

Rad. Hard.: ~ 1 C/cm

Max. rate: 50-100 kHz/cm?2

Spatial res.: ~<100 um
Timeres.: ~5-10ns

Rad. Hard.: ~ 0.1-1 C/cm?

Special
Requirements/
Remarks

- 50 kHz Pb-Pb rate;

- Continues TPC readout

- Low IBF and good energy
resolution

Si + TPC Momentum
resolution :

dp/p < 9*10°1/GeV
Power-pulsing

- Higgs run
- Z pole run
- Continues readout
- Low IBF and dE/dx

Particle sepration with cluster
counting at 2% level

Challenging mechanics &
mat. budget < 1% X0



ReEFEE

LEP

SLC

DAPHNE

VEPP2000

PEP2
KEKB
CESR
BEPCII

ALEPH
DELPHI
L3
OPAL
MARK2
SLD
KLOE
CMD-2
BaBar
Belle
CLEO3
BESIII

TPC

TPC

Si+ TEC

Drift Chamber

Drift Chamber
Drift Chamber

Drift Chamber
Drift Chamber
Drift Chamber
Drift Chamber
Drift Chamber
Drift Chamber

ILC

CLIC
FCC-ee

CEPC

KEKB
SCTF
SCTF

SCTF (China)

ILD
SiD
CLIC
CLD
IDEA

Baseline
Backup
IDEA
Belle2
BINP
HiEPA

TPC

Si

Si

Si

Drift Chamber
Si+ TPC

Si + Drift Chamber
Drift Chamber
Drift Chamber
Drift Chamber
Drift Chamber
Drift Chamber
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HLOHL 6796 Outer chamH)er cos8=0.83

BT RN N 122mm X 12mm, 4MZE: 16.2mm X 16.2mm Coso-092f
FA2 63 mm - 810 mm

K 2308 mm

PN 5 1.2mm (CF)

AN 11.5mm (CF)

it T AR 18mm Al (625, W=EUmHAR:25mm Al

20065 F1I% 58 Bl i it

20074F 55 26 Ik S A3 22 3%
2008415 17 TR A HU AL

20094F T U ER LA, FagislT
I 154F




Entries

Parameters Design Performance Achieved Performance
Trgh 130 um orp = 115 um
Ap/p 0.5%@1GeV (B=1T) 0.47%@1GeV (B=1T)
O-dE/dx 6% 5 2 O/O
Residual distribution
240 i_wz Enfrias 4BOE2S0 ! mun_ﬂ
220;_ Mean 8478005 50000:— ® = 1.240 +/- 0.010 1605 5:::1“ :9342;
2005_ ans 01218 u -~ | oP = 0.016486 +/- 0.000050 140l RMS 37.14
180}~ an eoreans 2200 8000l | P = 2.125601 +/- 0.000063 . g""’r‘ﬂ"“"‘" g :
160;_ MH T 0.7137 + 00010 : n= 1.117 +/-0.022 120' 'l'l::ﬂr':lw 6327 aasmmnsieds
140~ B | %2/ ndf 142.7 1120
120F- H, 8142505 £ 5 028e-05 6000 1008 Brob 0.07711
o =116 0.07161+ 000007 B ol Constant 1496+ 24
1::; ’ . Lo e awoo|- OP/P =0.47%@1GgV/c eof ls‘I;:'-n‘a 36.75 £ 034
60 ;_ 04857 = Qu0003 E 40 E_
pry = 2000 F
20— N 20~
oF T I I B T N vt DA I A I BN BN ... S R T
1 08 06 D04 02 0 02 04 068 08 1 2 202 204 206 208 21 212 214 216 2.18 90 200 500 600 700 800 900

Residual (mm)

Bhabha from Run 50500

P (GeV/c)
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ILD/ILC

SiD/ILC

3.54)T solenoid, 8.8 x 8 m
Si Pixel + TPC R=1.8(1.5) m

< > o7 zolencid, 6.8 x B m
Full Si-Tracker R=1.5 m

5T solenoid, 6.8 x B m
Full Si-Tracker R=1.2m

IFﬂwer Pulsing options

~6m

STCF 0 A%

CLICdet

et}
RIFERA R

SN AR

3T solenoid, 6.4 7.8 m
Si Pixel + TPC R=1.8m

2T zolenoid, 7.4 x 7.4 m
Full Si-Tracker R = 2m

Baseline
CepC

2T =olencid, 4.2 x6m
Si Pixel + Drift Chamber R=2m

IDEA

+ Dual Calorimetry

O
[=8
0

&)
O
L

Pre-shower/MPGD

o NV FHFILC, CLIC, Fcc-

ee, CEPC, STCFZ%

11



o 1 XFCC-ee MCEPCHI KA ERER E (IDEAEB E)
o BN 2 UREUST 2
o EKEE B E
o HERIR SR8 J11RH) GEE RS 1H207 ¥ Cluster counting)
o Wi RIETDAFNE KLOEER = & HFTMEG NSZLE BB hi A

rvi
g, 0.20m B (rEE included)
o
= Preshower . T5 0.016 B active area
% ‘ r=2.00m
3 0.050 "N
= DCH Rout =200 cm %
E 0=14°
% DCHRin = 30cm
= inner wall 0,.0008 X, r=035m
z-axis
CalRin = 250 cm 0.016 X, 340,000 wires tracking efficiency
to barrel calorimeter (0.0008+0.0007 X,/m) e=1
0.050 X,, for 8 > 14" (260 mrad)
= outer wall 0.012
Cal Rout = 450 cm to end-cap calorimeter % 97% solid angle

Yoke 100 cm

" Magnetz=+300cm 2=2.00m



gas vessel

o R¥I TR BT

s & @

stereoangle+  x ¢ X El
L
L

stereo angle - X B
L]

W 55 HE L 3:1

)

......Ol!

W fE 5 L HEL: 5:1

IDEA: Material vs. cos(8)
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i~

0

0 01 02 03 04 05 06 07

stereo angle +

- Beam pipe Track al}%:;:() deg.

[ Vertex silicon 0.0045 T Dea

[ Driftchamber | | - | glli: No Si wrapper
I Silicon wrapper 0.004  Clomsony

- 3% X, - barrel
- < 153% X,-forward

stereo angle -

guard layer
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length: 1.91 m
radius: 17 cm- 29 cm
10 concentric layers

Cell size : 6.6 mm -9.0 mm
Total number of cells: 1920
e Total number of wires

13056

C\¢

wire spool on
tensioning system:
coil, clutch

=

Winding the thread
cylinder, wire PCB

reference edge
for alignment

laser soldering The Extraction System

| /
-
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wire PC board

peek spacer
wire PC board

The wire handing

system
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(for demonstration)

K/mt separation power

Waveform Counting clusters dN/dx vs dE/dx
10,
~ "+ Detectd sictrons - dN/dx truth
- Primary clusters 8- dE/dx truth

om
LI L

K/n separation power
T hrJ T —

(=]
T T

PR 1 . . PR | L i i i 4 g 3l
" o o o 0o 10 20 30 40 50 1 10
Number of clusters Momentum (GeV/c)

Requ.ire. fast EIeCtro.nics and . dN/dx is proposed in ILC, FCC-ee, CEPC
sophisticated counting algorithm 15
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2021 ° 30cm k He:lsoB 90/10
Q—‘ \ 80/20 Track Angle:

ubeam tem[[o]o o opmMotAf N 0°
165 GeV f * 15umMotAu)f B - ':. He:lsoB(80/20)
W 3em || o 20 pm (W+Au) F 11w 0 8 drifis180
Wpill I ¢ 25 um (W+Au) ok - yi Liu
ﬂ" ® 40 um (A+Au) D.__,,_.Jh ko 110 e e ﬁdxﬂ-ﬂmmwm
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2022 30cm
A \ He:lsoB

lem | BUIZU,
(40,80, 180 GeV) frigger 15cm 8519 8010

_'E N ] 720 um (W+Au)
© hi‘";“\‘ 0 25 um (W+Au)

1 beam

lem™.
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Muon+Yoke

Resolution

’ Si Trackeri
dN/dx Resolution
—— Pion
—}— Kaon
—}— Pion Truth

—— Kaon truth

T T
10 12 14 16 18 20
Momentum (GeV/c)

R extension
Length of outermost wires (c0s6=0.85)

Thickness of inner CF cylinder: (for gas tightness,

without load)

Thickness of outer CF cylinder: (for gas tightness,

without load)
Outer CF frame structure:

Thickness of end Al plate:

Cell size:

Cell number

Ratio of field wires to sense wires
Gas mixture

o o
&) o

o
o

=
vl

iy

Separation Power
o

KW
N

=0
=

1, separation power: 3.20

—— —e— Reconstruction
~. —e-- Truth

m track length, For 20 GeV/c

50 7.5 10.0 12.5 15.0 17.5 20.0

Momentum (GeV/c)

600-1800mm
5800mm

200pm

300pum

Equivalent CF thickness: 1.8
mm

20mm / 25mm

~18 mm x 18 mm

27623

3:1

He/iC,H,,=90:10

0 =85°
—— MDC 3T
T -—-- MDC2T 4
T —— TPC3T j,.p""
. === TPC 2T

-
-
-

[N

‘100 1t 710

Pt (GeVic)
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291 em—*

185 cm- »

149 em—*

105 cm

85 em

Inner tracker

Scintillator

SEEEE

= 20
e
40 cm
("]
A=
-~
5

Total material budget ~ 4%X,
(walls included)

0%
oood o0
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coo400

o000

https://indico.pnp.ustc.edu.cn/event/1527/sessions/1137/#20240708 X2t

1400
1274 |
1187 g%
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408

efficiency

1 : — m— - - - -
L —a T
osl =e=
efficiency
o.al .
-+ 1 D%J%. detection eff;icienc.y
+ 96‘536 deiectiop effic;:iency
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Tracking efficiency
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Momentum resolution

cosf = 0.0
 STCFCDR
3 SiPixel+MDC
g + C-uRwell+MDC )
; Only MDC i //
E. | | | I I | | | L
0 02 04 06 08 1 12 14 18
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o ERBRITH R BRI 2]y 250 ns FiEM

EE 5 EZ)IN500 ns, £E 500 nsfIEE]E N
MDCH N JE (5 5 R I RER 2 N18%, HLIHEIE
15 5 S M RIR G

o (1) 8BNEATTZIT(~5 mm)

o (2) SiHEEEBFFEIT

STCF BFVABRZEMNTZIT , BBIRER
STCF B FVIF/NR~

RS

——80%He+40%C3H8
—8—T0%He+30%C3HS
——80%He+20%C3H8
——20%He+20%iC4H10
—8—50%He+10%IC4H10

SE (HV)

223 s, C10mmE TTANEERLIUR H 25 S,
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—F+ 2 LSEERTPCIZE 43t H @ 50 kHz

w2 ALICE TPCHZK > 2 H 4-

e GEMEHE MWPC Pb—Pb collisions
2o GEMARSLACHT CLAPR <[H] s
F . AT RN EETRE IBF) < 1%
e BERAHEE: o(B)/E < 12%

2020£|58 H ALICEJMJ%%E%&#%PC

c(E)/E (%)

IBF

2.5 3.0
IBF (%)
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o ILC-TPC Z=FMPGDHIiRH & 502
50_15
o WIBRER X
o IR SFTH 25 [H] 43 2R 0 100um b‘% 0.1
o dE/dx77#EZ<5%
o GEM. MNRIGridPixis il 5T ScHl 0'05_
o A # FISiECAL, ¥ dE/dx 5ToF%: &,
A DL7E 35 P<10Ge V) m KX 5l
« ILC-TPC: ET KFALAEGEMMIIIEL R
> FORA AN i h AR B T
> HTILCHIR B S5 1 (FE 5 — DR Z BT 50us$T H,

fﬁiF*A%IZFSOus%I‘ﬂ)

0_...

T 1 T
ﬁf":.:f.::.':m
o

——
- NiCcromegas
-+ GridPix
-+- DESY GEM

arXiv:
2003. 01116

é“mmﬁw

0

500 1000 1500
track length in TPC [mm]

separation /G

—
=

F £l
NRIHA T P K/ dE/dx
8- -~ K/n TOF
7H-
gl — K/n dE/dx+TOF
5;_ | | | ;
4 - 5
2F- ft\’ . :
0:, i I o AL d i LB
1 10 10°
p (GeV/c)
20 @}_E_ﬂ%‘\
80 7 & o S
_ ¢ =
g i ‘p O Data with GEM & Micromegas (CERN|
:_E sk f}‘. |—9— Data with Double GEM(J!pm)( )
WO of Electron transparancy
w0} > 80% for AV ~ 5V
d

AV



e FCC-ee / CEPC @ Z poIe 1TFXTTPCEI/JE:%E%E§' 3 modules for LP TPC @ DESY: 160 (1 x 96
B | & 2 x 32) GridPixs

¢ —L'TZIKEI/JE%HEEPL’% 320 cm* active area, 10,5 M. channels,
o 7Q§ —sz[i}jj[j()—&/_:lzﬁ’j %% new SRS Readout system
o DiFE CRIIZENKM)

I

Module with

o FEZUEAEIZAT B LA2TIZAT o e

on 12 ,,octoboards “ B

> H IR FE pixel - TPC &4 pad - TPC (ZIEZ4T F)

NIM A956 (2020) 163331

! Testbeams with GridPixes:

(Octopuce) ﬁ

3 160 GridPixes (Timepix) &
(TimePix1) TPX3 chip  Quad Module 32 GridPixes (TimepiXB) woa :
(2007-14) 2017 2018 2019 LP Endplate with 3 modifles
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simulation result with
: : method, drift length:
2oLk A3~ 1 |~e cluster counting, 200 mm
Rt - 4@ - cluster counting, 1000 mm
5 | 0 FTEF g™ - charge summation, 200 mm
% 15k - -_ “wh charge summation, 1000 mm
o~ ol | test beam, pad-based:
s W AsianGEM
E 1.0k _ u GridGEM
g ) B Micromegas
8 test beam, pixel based:
o ®  GridPix at full coverage
0.5 ¢ || ® GridPix at G0% coverage
[} : empirical expectation:
0.0 . . i i i i -._; —— o (pad size) "
55 100 200 600 1000 2000 6000

pad size / um

ILD TPC dE/dx resolution equivalent / %

=
o

o
o

pad size / pum

! : simulation result with
i ';‘ & : : . method, drift length:
. .\*ILD cul .e;llt. resolution o |—o— cluster counting, 200 mm
‘\\ - ey ’ 3 .. -® - cluster counting, 1000 mm
N ‘ / _. 1 ) " | charge summation, 200 mm
g @ :l : wh charge summation, 1000 mm
g ! test beam, pad-based:
‘ : ‘ - | m  AsianGEM
B GridGEM
: B Micromegas
W h test beam, pixel based:
®  GridPix at full coverage
= . ®  GridPix at 60% coverage
empirical expectation:
i : i | : | ——  (pad size) %13
55 100 200 600 1000 2000 6000

e Simulation of PID with gaseous tracking and
timing in ILD Prototype

e Current full ILD reconstruction:

e 6 mm pads : 4.6 % dE/dx resolution

e 6mm =2 1 mm: 15% improved resolution via
charge summing (dE/dx)

e 6mm =2 0.1 mm: 30% improved res. via cluster
counting (dN/dx)
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TPCAE NAR TR 25
o TR

EEF R EEHEe
WOLPRE: 226nm UV laser
R 125 fE 7). dE/dx
Imm X 6mm

E
=
©

....................................... me—Data o
Wifh%m.th%.wagFetécfidd B=(T — 1[3_5(11 e
UV laser mimicking the tracks -
Neff ~40 (Calibrated using **Fe) _——

-_//
=
//
‘(’
=,

50 100 150 200 250 300 350 400

BEHipad: 1mmX6mm

450 500
2 |mm

. L https://agenda.linearcollider.org/event/10134/sessions/5593/#20
» CEPC baselinef®RMI#$ 11+, _ —eiRiess e

iyl

B00 1 ... pad readout {1 & mm?), 3T

—— Fad readout (1x 6 mm?), 2T

— Fixel readout (0.5 x 0.5 mm?), 2T

----- Fixel readout (0.5 x 0.5 mm?}, 3T

— pixel readout (0.5 x 0.5 mm?), 2T, scaled by 1130
we Pixel readout (0.5 x 0.5 mm?), 3T, scaled by 1/V30

V30, assuming there are 30

CTIVE CIL}C!"OI".S perlxXo

mm PUd

23 A 53 HER A 7

240710 Huirong Qi

oL E#~200V/cm, E=200V/cm V=400V
10: * T2Kgas
- | = AriC4H10(95/5)
- 73
i IBFAJf 5T
| 6 .
" : | IBF*Gain: 5
L
i I
! I |
- :5000 1 5000
- ] 1 Nl yag Ee-goqal

. I Lkl ] Lol L
260 270 280 230 300
Voeu [V

lllll'llllll
230 240 250

2


https://agenda.linearcollider.org/event/10134/sessions/5593/#20240710
https://agenda.linearcollider.org/event/10134/sessions/5593/#20240710

https://agenda.linearcollider.org/event/10134/sessions/5593/#20240710 Huirong Qi

e BEIEH: pad(lmmX6mm) - pixel

o PRI IE ERONE 2RO A, AT
B A, A AN TR T
BIRE Sy, SRELIR R IOAIE S HEa, 1T LI
R H S 5 R

22 e/hit o
~200hits/track ~10000hits/track
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Istitute Nazionale di Fisica Nucleare

o« HERVAEN R « Modular roof-tile detector
* 4 layers
Flexible RWELL + readout PCB « Length 60 cm NN/
e Diameter 10-40 cm ~LNF_~

— 1-4 cm Gas-gap
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boards

External Cathode Internal Anode

L. Shektmann
G. Bencivenni

Cylindrical MPGDs has been also developed & used: GEMs (KLOE, BESIII, STCF), Micromegas (CLAS12) .,
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X-rays or e" can not trigger
Malter effect independently of
their energy or radiation intensity

Hadrons above certain energy produce
Malter effect at ~mC/cm as in HERA-B

(Irradiation area above certain limit is
necessary for ignition of Malter effect)

HERA-B Tracker: NIMA515, p. 155 (2003)
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HERA-B Muon: NIMA515, p. 202 (2003)
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* Muon system DRDTHF K AT 55 K]

e RPC, Multi-GEM, resistive GEM,
Micromegas, micropixel Micromegas,
uRwell, uPIC ...

* Inner/central tracking with PID
e TPC+(multi-GEM, Micromegas, Gridpix),

drift chambers, cylindrical layers of MPGD,

straw chambers
* Preshower/ Calorimeters

e RPC, MRPC, Micromegas and GEM, uRwell,

InGrid (integrated Micromegas grid with
pixel readout), Pico-sec, FTM

Particle ID/TOF
* RICH+MPGD, TRD+MPGD, TOF: MRPC,
Picosec, FTM
* TPC for rare decays

e TPC+MPGD operation (from very low to
very high pressure)

Rad-hard/longevity
Time resolution

Fine granularity

Gas properties (gco-gas)
Spatial resolution

Rate capability
Rad-hard/longevity

Low X,

IBF (TPC only)

Time resolution

* . Rate capability

dE/dx

Fine granularity
Rad-hard/longevity

Low power

Gas properties (eco-gas)
Fast timing

Fine granularity

Rate capability

Large array/integration
Rad-hard (photocathode)
IBF (RICH only)

Precise timing

Rate capability

dE/dx

Fine granularity

Low power

Fine granularity

Large array/volume
Higher energy resclution
Lower energy threshold
Optical readout

Gas pressure stability
Radiopurity

DRDT
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11
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11
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11
12
12
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12
11
11
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11
12
11
13
12
11
14
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14
14
14
14
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14

. Must happen or main physics goals cannot be met © Important to meet several physics goals

Desirable to enhance physics reach @ RED needs being met



ECAF Gaseous Detector R&D Roadmap
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The main activity areas corresponding to the major drivers from future

facilities. Detector R&D Themes:
e DRDT 1.1 - Improve time and spatial resolution for gaseous detectors with long-term
stability.

e DRDT 1.2 - Achieve tracking in gaseous detectors with dE/dx and dN/dx capability in
large volumes with very low material budget and different read-out schemes.

« DRDT 1.3 - Develop environmentally friendly gaseous detectors for very large areas
with high-rate capability.
 DRDT 1.4 - Achieve high sensitivity in both low and high-pressure TPCs.



e Community input by t::pnan‘i

meetings

e Collected input from the communities in
open meetings happening in the beginning
of 2023

e Summer 2023: Submission deadline of
DRD proposals

A

* Submission of proposals
to DRDC

» Review by CERN DRDC,
assisted by ECFA EDP

* Approval, then:
* Collaboration starts

e Approval of first DRD collaborations in
December 2023 RB

e Once approved, DRD collaborations
started in 2024

* MoU negotiations and
signature collection

N
* annual status reports and
monitoring to DRDC

A

€C€E€E€E€C
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* A collaboration website exists: https://drd1.web.cern.ch

DRDTs Forum for discussion on common topics
11112115113 Work Packages WG1 WG2 WG3 WG4 WG5S WGE WG7 WGS8
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 WG1: Technological Aspects and Developments of New Detector Structures, Common Characterization and Physics Issues

e Study technologies such as wire, RPC, MPGD, and Large Volume Detectors (DC and TPC). Increase size, operate at higher rates, improve
stability, and exploration of new technologies and innovations

 WG2: Applications
* Focus on applications that use gaseous detectors technologies as sensing and amplification mediums

 WG3: Gas and Material Studies, and link to Novel Technologies

* High-performance and environmentally friendly gas mixtures, gas systems, and material studies, including wires, resistive materials and
solid converters, long-term operation

* WGA4: Detector Physics, Modelling and Simulation frameworks
* understand and model the basic physical processes taking place in gaseous detectors, develop suitable simulation and software tools

* WGS5: Electronics for Gaseous Detectors
* develop, apply electronics for Gaseous Detectors, includes analog front ends for specific needs and new front-end ASICs

 WG6: Production and Technology Transfer

» focuses on the manufacturing and production of gaseous detectors, enabling the realization of innovative solutions and the efficient
implementation of industrial technology

e WG7: Common Test Facilities and Infrastructures
* aims to facilitate access to analysis and testing facilities for prototypes and the final detector system

* WGS8: Knowledge Transfer, Training and Career

* concentrates on knowledge exchange, training opportunities, outreach and education, promotion of positive environment and better
recognition for early career researchers 40
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