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A TPC for ILD
@®
Requirements:

e Tracking efficiency

close to 100% down to low
momentum to fulfill Particle Flow
Algorithm (PFA) requirements.

@ Minimum material
in front of the highly segmented
calorimeter

@ Momentum resolution
a(1/p:) =2 x 107° /GeV for
Higgs mass measurement
(TPC alone 10™* /GeV)

Solution: TPC

@ ~ 200 continuous position
measurements along each track

@ Single point resolution of o,4 <
100 pm

@ Lever arm of around 1.2 m in the
magnetic field of 3.5-4 T
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Micro-Pattern Gas Detectors
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®

Options for a MPGD TPC

After the initial stage of R&D with many small TPC prototypes,
we have four options of MPGD being tested at the Large Prototype TPC (LP)

o

(2]

Multilayer GEM with the pads to readout the signal charges spread on the
pad plane by the diffusion.

Micromegas with pads and resistive-anode to spread the very narrow
charge on the pad plane.

Multilayer GEM with pixel readout. The pixel readout can help to cope
with high occupancy.

Micromegas mesh with pixel readout detecting individual primary
electrons with close to 100% efficiency.

(There are a lot of applications of different purposes for this microscopic
imaging capability.)

Astrid Miinnich (DESY) Large Prototype TPC for the ILC



The Large Prototype
G

/B
The Large Prototype has been built to compare different detector N
readouts under identical conditions and to address integration issues

copper shielding thickness

threaded insert (M6)  end flange (hard foam) /
GRP 0.3 mm

<— aramid paper

LP field cage E
<
Parameters: E &j aramid honeycomb 23.5 mm
e L=57cm I
p _— GRP 0.3 mm
e D=72cm eme === = high-voltage insulation 0.125 mm
7 "~ field and mirror strips 0.1 mm
@ up to 25 kV

= E ~ 350 V/cm

@ made of composite
materials
= 1.21 % Xo

Modular endplate

@ 7 module windows

intermediate
flange

cathode

<770 mm
720 mm

@ each module size
~ 22 x 17 cm?

T 210 field strips

T~ composite wall

""""""""""""""" TT—ocnd flanges with threaded inserts
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Infrastructure @ DESY Testbeam Facility
@®

f; ‘w\ Field cage & Magnet: PCMAG
\ ﬁ& J\ Mechanics (EUDET/AIDA, LC TPC KEK,CERN, DESY)

(EUDET: DESY)

Test beam & Facility (DESY)

Gas system . MPGD Detector Modules
(Rostock, DESY) ' > (LCTPC)

Cathode Laser Calibration
(LCTPC/Victoria)
DAQ & Monitoring

(EUDET) Beam Trigger

(LCTPCINikhef)

Endplate
(LCTPCICornell) Cosmic trigger

(LCTPCIKEK, Saclay)

Two types of Readout electronics Software development
(EUDET/AIDA ; LCTPC/Lund, DESY, KEK, Saclay) (EUDET/AIDA & LC TPCs)

Traci: Two phase CO2 cooling system
(KEK, Nikhef)
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GEMs with Pads
®—

Asian GEM module:

o 2 GEMs, 100 um thick, without
side support

@ 1.2 x 5.4 mm? pads, 28 pad rows

DESY GEM module:

o Triple CERN GEM, 50 pum thick,
with thin ceramics frame

@ 1.26 x 5.85 mm? pads, 28 rows

About 5000 pads per
module for both module types

ALTRO readout electronics
= 10000 channels

Next step: SALTRO (improved
integration)

for the ILC



Micromegas with Pads

Compact T2K electronics mounted directly
on the back side of each Micromegas module

@ 3x7 mm? large pads

24 rows with 72 pads Fully equipped endplate with 7 modules
1728 pads per module with 12000 channels

@ Resistive foil to spread charge

Astrid Miinnich (DESY) Large Prototype TPC for the ILC




Pixel Readout

Bump bond pads for Si-pixel detectors
serve as charge collection pads

Octopuce:

256 X 256 pixel of size 55 x 55 pum? ol
Each pixel can be set to:

¥ binel

20

o Hit counting

o Charge measurement

@ Time measurement
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Results: Point Resolution

®
Different modules in the LP
e B=1T
B ' '
e T2K Gas: c I E:
. — 0.15F N
AI’(95%)CF4(3%)IC4H10(2%) e r ; ﬂ ii E}:
All modules show comparable resolution. © I i? E? i i % 1
(* different analysis and cuts for Micromegas) 0.1F i Eg b
[ 5 ]
: Iﬂiﬂ —e— DESY GEM (1.26x5.85 mm?)
— 0.16 0.05 . 2
E Gas: T2K (Ar:CF4:iC4H10/95:3:2) F —* Asian GEM (1.2x5.4 mm’)
E. 014} Magnetic Field: 4T [
= Pad Pitch: 1.27x7.0mm? | Staggered Layout / Grid GEMs [ —e— Micromegas * (37 mm?)
§ 0.12F - Angular Cut: 0.1rad (~5.7%) 0 I T S
3 o1 0 200 400
[} . .
Bouf  _eere— drift distance [mm]
0.06F-
004k ——e—— Chi Squared Fit (with Pad Response Correction)
oozt Extrapolation by: U:\ %1+6§ Extrapolation from small GEM
L] prototype data at 4T meets
200 400 600 800 1000 1200 1400 1600 1800 2000 220

driftlength Z [mm] requirements for single point resolution.

Astrid Miinnich (DESY) arge Prototype TPC for the ILC




Status and Challenges

®

Status:

MPGD technologies established
First integration tests of modules in the LP successful

Single point resolution obtained

Things we still need to do:

Long term stability and production of MPGD technologies

Understand, minimize and correct field distortions

Demonstrate momentum resolution — external reference needed

Limit ion back flow — design a gating scheme

Design and build a new field cage (started), endplate (done) and cathode
Design and build next generation of electronics

Environmental control, calibration etc.

Detector integration
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Field Distortions |

All modules observe field distortions at the borders:

Charge collection
efficiency can be
improved with field
shaping (e.g. a wire).
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®

Field Distortions Il

distortion in r¢p [mm]
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Distortion of electron path at the
border due to ExB effects.
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Influences track angle and therefore

also the single point resolution.
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lon Back Flow: Principle
@®

GEM 1
GEM 2

Q@ ILC TPC:

@ After each bunch train, a
disk of positively charged
ions from the amplification
stage drifts back into the *°/e+
TPC volume [

@ Due to the very slow drift
of ions up to three disks
simultaneously in the gas
volume of the ILD TPC
— field distortions

o With adjusted GEM
settings, the ion back flow
can be minimized, but not
to zero

1: Gas
~© . Amplification

A
41
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-© 2: Produced
[ ad lons

Drift Cathode
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Drift Cathode
Readout
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lon Back Flow: Measurements and Optimization

Setup to measure currents:

o Optimize the GEM setting for minimal
ion back flow

o Compare results with Garfield
simulation (ongoing)

lon Back Flow:

% 1 T T T T L
2
—© L default settings.
\w : ‘\
g L
£ minimal ion back flow settings
_8
100
: \\\.\"Mﬂ—r...,_,, i
1072 1 L L L L 1
0 1000 2000 3000 4000 5000
Einduction [V/ CI'T'I]

Both settings have the same gain (~ 5000).

|C ------------

loemic

loemia
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loenon

loemsc
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Cathode

Annde

E,

Holer» Usems

En

E,

Hoiez * ez

E

E,

Hoiea * ez

Value Standard lon back flow
Ep [V/em] 250 250
Ugem [V] 250 230
Er1 [V/cm] 1500 2500
Ugemz [V] 250 260
ET2 [V/cm] 1500 290
Ugems [V] 250 290
E; [V/em] 3000 4500

Triple GEM stack at 4T can reach ion back flow of 2.5 %o
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lon Back Flow: Calculation
®

@ The radial profile of the disk is
dominated by machine-induced
background during a bunch train P (],,/)

,

@ Assumption: ion back flow factor ¢

from the amplification of 1 with

respect to the primary ion charge

Primary Charge Density (N, / cm’)
w

o Calculation of the expected
dIStOI’tIOI? whe'n electron passes 0 T 1000 1250 1o00
through ion disk Radial Position (mm)
= Maximum of =~ 20 um per disk

@ Results in up to 60 um distortion

/

LA

Deviation [pm]

= Gating needed

@ Decide if wire, mesh or GEM gate I S —

)= TR
60 Dzy, = 1710 mm

@ Modules will be equipped with oF

ST U SR VRPN I S SR AR B |
gates 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Drift length [mm]
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lon Gate Options

®—

Preferred solution:

@ Gate should be MPGD
device

o Gate should be mounted
on modules

GEMs as ion gate:

@ High optical transparency
required: 85-90%
— Large Aperture GEM

@ R&D by Dr. Arai (Fujikura
Ltd.)

@ 2 prototypes:

© Round, rim width 15/30
um (F/B side), UV
laser

@ Hexagonal, rim width
30/40 um (F/B), NI
plating

@ Tests ongoing
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Outlook: Plans of LCTPC

®

The next few years:

Before entering the engineering design of an ILD TPC, the following issues
need to be studied further:

© 0

©0 06060

lon gate: the most urgent issue

Smaller technical and long term stability issues with MPGD technologies
and MPGD modules

Local distortions of MPGD modules

Demonstration of power pulsing

Cooling of readout electronics and temperature control of TPC
Performance of MPGD TPC in 3.5 T magnetic field

Studies of mechanics for ILD sized TPC
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