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International Linear Collider (ILC) /

/ Lo Circular Colliders like FCCee/CEPC
— are all e*e” colliders with:

e Vs =90 GeV — 1 TeV / 90-240 GeV

Overall Iength of 21-50 km / 100 km
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LILD-TPC Requirements

Requirements are driven by
benchmark processes, in the
case of ILD — TPC the most
stringent measurement is the
Higgs-recoil measurement:
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New Micropattern-based readouts have to be applied featuring many benefits:

Requirements of TPC
from ILC TDR vol. 4

Parameter
Geometrical parameters fin fout z
329 mm 1808 mm 4 2350 mm

Solid angle coverage up to cosf =~ 0.98 (10 pad rows)
TPC material budget ~ 0.05 Xy including outer fieldcage in r

< 0.25 Xo for readout endcaps in z
Number of pads/timebuckets ~ 1-2 x 10°/1000 per endcap
Pad pitch/ no.padrows ~ 1x 6 mm? for 220 padrows
O st ) 0 ~ 60 pum for zero drift, < 100 pum overall
T pietior il 7 ~ 0.4 — 1.4 mm (for zero — full drift)
2-hit resolution in r¢ ~ 2 mm
2-hit resolution in rz ~ 6 mm
dE/dx resolution ~5 %

Momentum resolution at B=35 T §(1/p:) ~ 10~*/GeV/c (TPC only)

Momentum resolution atB=3.5T 4(1/p) = 2-10° /GeV/c (full tracking)
In addition: very high efficiency for particle of more than 500 MeV.

These requirements can not be fulfilled by conventional
wire-based read out.

* lon backflow can be reduced significantly * No preference in direction
« Small pitch of gas amplification regions => all 2 dim. readout geometries
=> strong reduction of ExB-effects possible
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. Iest setup at DESY

Large Prototype setup has been built to compare different
detector readouts under identical conditions and to address
Integration issues.

PCMAG: B <1.2T, bore @: 85 cm

Electron test beam: E = 1- 6 GeV

LP support structure (3D movable)

Beam and cosmic trigger

Silicon tracker inside PCMAG
LYCORIS (single point res.: 7 pm)

LP Field Cage Parameter:
length = 61 cm, inner @ =72 cm
drift field up to E = 350 V/cm
made of composite materials: 1.24 % X_

Y

Modular End Plate

two end plates for the LP made from Al
with 7 module windows (one end plate has space frame)

-~ size of module = 22 x 17 cm? (ILD: 240 modules/endcap)

ALTRO based readout electronics (7212 channels)

UNIVERSITAT ‘

J. Kaminski JINST 5:P10011, 2010
EPS-HEP 2023 JINST 16: P10023, 2021




GEM Modules (I) - double GEMsp

GEMSs: copper-insulator- copper sandwich with holes

! jE= |
Gate GEM

2 configurations are being tested:
- double GEMs with 100 pum LCP insulator
- triple GEMs with ‘standard CERN GEMS’
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.GEM-Modules (ll) — triple GEMs

Design idea of GEM Modules 2:

- , /ﬁk f%
2 iterations of modules bunt
1.26 x 5.85mm?* pads — staggered

Field shaping wire on side of module to
compensate the field distortions

New publlcatlon
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Resistive Micromegas

Resistive Micromegas: Bulk-Micromegas
with 128 pum gap size between mesh and

resistive layer (developed in LCTPCY!). Jf_ NIV A1 2007 254
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New publlcatlon in preparatlon.
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. Detector Modules

GEM and Micromegas groups have finished
analysis of test beam data with previous set of
detector modules. Both technologies show very
similar performance. Now groups want to
Implement improvements in a new generation
of modules. They are discussing new common
modules, which should have a
- a more final design and
- a more comparable design.
- common readout electronics (SALTRO),
- an identical gating device (gating GEM) and
- possibly a common pad plane
- Only the gas amplification stage differs
=> petter comparison of performance

for a technology decision.

Also combined Micromegas + GEM readout is

tested, which promises a lower ion backflow, if
gating is not possible (e.g. at the CEPC).
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Improving Micromegas: GridPixyn.

track of high
energetic particle Standard charge collecti
Pads / long strips
4 Instead: Bump bond pads of pixel ASIC
c are used as charge Collectlon pads
pillars

readout pads

Could the spatial resolution of single
electrons be improved?
Diffusion in amplification region:

Ar:CO, 80:20 - 0=11 pm — _

Ar.iC4H10 95.5 - 0 = 11 um 3"\’?: 120;:: Eﬁ'nl'algl:(i)EkZV i:na::ba::==7.zg:-;o4 Pa SRR

ArCFICH, 95:3:2 » 6 =11 pm « Lower occupancy — easier track reco

Smalle_r pads/pixels could result in better  « Removal of 6-rays and kink removal

resolution! * Improved dE/dx (<4% seems possible)

At NIKHEF the GridPix was invented. « No angular pad effect

@— )
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.Large Scale Readout

To readout the TPC with GridPixes:

~100-120 chips/module 240 module/endcap (10 m?) - 50000- 6OMPlxes
Demonstration of mass production: One LP-module covered completely with
GridPixes (96 — coverage 50%) and two partially covered modules.

In total 160 GridPixes covered an active area of 320 cm? (10M pixel detector).

1 The test beam was a success:
"B 1 Apixel TPC is realistic.

- During the test beam ~10°
events were collected.

14 mm

-

One part of an example
track on an 8 GridPix board
| =1T, E=5GeV
| J. Kaminski
) EPS-HEP 2023 IEEE TNS 64 (2017) 1150 10
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Timepix3-based GridPix

GridPix detector have moved _ o4 o s § o H-W%‘“@H fii
from Timepix to Timepix3 ~ £oss- T 2 8007 et a i foncig parte (actor 07
ASICs. Tests with single and s os: e 1 700 E
guad devices have been ;50252—%3“&”33 f,,/ ERe E
successfully done and S 6207 1 ok :
published. As expected the £°" # D, aeBumiGm I  300- E
spatial resolution of single ;0251: = oermm ] 2%F E
electrons is diffusion limited  gb i iid e
and the very high detection R S A I e R R
efficiency results in excellent

trackingz'/;md dE/dx A module with 32 GridPixes

performance. . has been constructed and

was in a test beam at DESY
in June 2021.

- including a test in a mag-
netic fleld of B=1T.

The ion back flow of the module has been measured
and can be further reduced by applying a double grid.
Also the resistivity of the protection layer will have to
be reduced and Timepix4 development is observed.

N NIM A908 (2018) 18-23
@ J. Kaminsk
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_Preliminary Results of
32 GridPix Testbeam.

DESY LCTPC-Pixel Testbeam Run 6969 Event 2 Bfield 1.0 T beam momentum 6 GeV/c

2 1000 -400 s Event with multlple
s B ™ ¢ curlers (not standard)
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Primary Charge Density (N, / cm3)

.lon Feedback and Gating

Prlmary lons create distortions in the electric field which

result in O(<1um) track distortions including a safety margin of es’tljmated BG.

Tt

e Machine induced background

r=1.717 m
4r=0.800 m
=r=0.700 m

=4r=0.600 m
<r=0.550 m

— r=0.500 m

r=0.475m
r=0.450 m

r=0.425m

r=0.400 m
r=0.385m

£ wof

°f has 1/r shape 5

A * lons from gas amplification g

4 _ ) 3 oof

i stage build up discs aof

2| * Track distortions are 20 um ok

it per disc without gating device, «f

" 560 7';0 1'0'1(}0 o = If IBF IS 1/galn . . -700_ 200 400 600 800 1000 1200 140016q0 1800 2000 2200
Radial Position (mm) L4 Total. 60 “m => Gatlng |S needed Drift lenath Tmmi1

Bunch structure at ILC:

* Wire gate is an option

Charging the superconducting * Alternatively: GEM-gate
cavities takes 0.1-0.2 s, then bunch * Simulation shows:

trains of 1 ms can be accelerated.
200 ms .

727 us

| IS close to optical transparency
* Fujikura Gate-GEM Type 3

1312 bunches

Insulator thickness 12.5 um

199 ms for gating J. Kaminski
EPS-HEP 2023

Maximum electron transparency

Hexagonal holes: 335 um pitch,
'UUL/JM 27/31 pm rim
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. Gating GEM

The gating GEM is the favorite

gating device. It has large holes

(@ 300 pum) and thin strips
iInbetween (30 pum).

The electron transparency has
been determined with different

measurements and corresponds

to 82 % as expected from
simulations.

|Gate open ;H‘ “

] [Gate cloéé i

Transmission rate

The ion blocking power has also been demonstrated, now gating

should be tested in B = 3.5-4 T.

Also a fast HV switching circuit has to be developed.

UNIVERSITAT
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Considerations of Circular
Colliders

Operation of TPC at E_ > 100 GeV (i.e. for Higgs/t/W-production) is not a problem
— cooling and power consumption of electronics has to be studied

AtE_ ~ 90 GeV (i.e. Tera-Z) the high luminosities of L ~ 2x10% cm s* are challenging.

— Z bosons will be produced at 60 kHz, creating significant ion background leading to
E-field distortions

— Preliminary simulations (K. Fuijii, D. Jeans) give a maximum point distortion of 160um
for gainxIBF=1. This could be easily corrected (see ALICE). But many unknowns

Primary ions in (z,r) Secondary ions in (z,r) » remain:
“ - pbackgrounds

consisting of 22k ion disks, i

B more or less uniformly sk s - real gainXIBF

distributed 24 300¢

. ... - IBF of new
<= hot spot «  Structures,

from the

same curler 150¢ I|ke tWInngd
« => need many
- BO0 1000 1200 1400 1600 1800 2000 2200 200 400 GO0 800 1000 1200 1400 1800 1800 2000 2300 more peo |e

z [mm] z [mm] A

———(8)
J. Kaminski for MC StUdlSeg
i EPS-HEP 2023
UNIVERSITAT
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. Cooling

Despite power pulsing, the readout electronics will require a
cooling system. 2-phase CO2-cooling is a very interesting
candidate. A fully integrated AFTER-based solution has
been tested on 7 Micromegas modules during a test beam.

To optimize the cooling performance and the material budget
3D-printing of aluminum is an attractive possibility for produ-
cing the complex structures required. A prototype for a full
module is available now at CEA, Saclay. It was tested with

A full set of electronics in 10/2021 showing excellent cooling
performance.

Alternatively, Lund is exploring micro channel cooling
together with Pisa. These consist of pipes with @ 300 pm
in carbon fiber tubes.

AW f)h—%OO um

Carbon Fiber Pultrusion

EPS-HEP 2023
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.Summary

- Continue GEM, Micromegas and GridPix tests at the LP in prepafaﬁon for
the preliminary design of the TPC during the pre-Lab phase.

- A gate should be included in the next-generation GEM, Micromegas and
GridPix modules.

- A pixelTPC (with GridPixes) seems most promising with many interesting
features like electron or cluster counting

- Synergies with T2K / ALICE / CEPC / EIC allow us to continue R&D and of
course we learn from their experiences and R&D. We are also open for
people interested in applications beyond the scope of ILC.

In particular studies for circular Higgs factories are needed to understand the
performance of a TPC at Tera-Z.

- Continue electronics, cooling and power pulsing development.

- Many simulations are still necessary to understand the detailed @
requirements of the final detector (e.g. number of ADC bits, pad sizes, etc.),

but also new ideas for old challenges are welcome.

' J. Kaminski 17
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