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Gaseous detectors are not dead!
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Detector Concepts for ILC
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Linear Collider TPC

":-_!_- Traditional TPC with MWPC: limited space resolution,
= No true 2D symmetry, ExB effects
Ej.5 = use Micro-Pattern Gas Detectors (MPGD) ("micro” = 50-150 pm)
®
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Readout schemes:

o _ « small pads (~1x4mm?)
LC TPC: R=2m L=4-5 m o pixels (NIOOXIOOMmZ)

Chamber wall
(Field cage)




LC-TPC: Requirements

Size

Inner radius 30cm, outer radius
158cm, length 4.32m

Momentum Resolution

o(1/p) <10*/ GeV

Solid angle coverage

Up to at least [cos0| < 0.98

TPC material budget

<0.03 X, to outer fieldcage inr
< 0.30 X, for readout endcap in z

Number of readout pads

>10° per endcap

Pad size/ no. of padrows

About for a total of 200 pad rows

Single point resolution in r-@ <~100 um
Single point resolution in r-z 2 mm

2 track resolution in r- @ <2mm

2 track resolution in r-z < Smm
dE/dx resolution 5%

Performance robustness

Full precision/ efficiency in
backgrounds with 10% total
occupancy
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LCTPC objectives

1. Provide a basic evaluation of the properties of an MPGD TPC
and demonstrate that the requirements (at ILC ) can be met using
small prototypes (Demonstration Phase).

2. Design, build and operate a "Large Prototype” (of large number of
measured points) at the EUDET facility in DESY
(Consolidation Phase).

3. Start working on an engineering design for aspects of the TPC
at ILC (Design Phase).

Current major project: construction of Large Prototype (LP)

as a common infrastructure to study major design issues
on a realistic system
Start of operation planned for Summer/Fall 08 at DESY



Current Activities of D-Groups

i DESY
é?; * Coordination (hosts LP infrastructure + testbeam)
== « Construction + Commissioning of LP Field Cage (EUDET)

 Slow Control
* Background Studies, Software + Simulation
Aachen
* Mobile Gas System for Testbeams, support
Bonn
» GEM+Pixel-Readout (Timepix) (EUDET)
* DAQ + Pad R/O electronics (ALTRO)
* Module Construction
» Software + Simulation
Freiburg
» GEM+Pixel-Readout (Timepix) (EUDET)
Mainz
* Timepix R/O FPGA-electronics
Siegen
» Testbeam preparation (Slow Control), Prototyping
Rostock
 Pad R/0O electronics (TDC development) (EUDET)
 Slow control



The Large Prototype at DESY

« Common prototype of 42 groups
* Drift length 60 cm
 Diameter 80 cm

* 7 exchangable modules

LP endplate as excerpt
of ILC TPC endplate

Inside solenoid with 1.25 T (PCMAG)

i Vs/m~2

1.58
1.27

= ©.984
= 8.703
0.422
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Wagnetic field calculated with
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Fieldcage construction (DESY)

Requirements:
Realistic material budget = Composite material

Cu-cladded Kapton
= GRP (0.3 mm)
- NOMEX
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field strip foil (60x230cm?) with resistor chain



further activities DESY

e GEM readout studies
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Aachen

- flexible and mobile gas system

* mixing of arbitrary gas compositions

« analysis with gas chromatograph

- currently first measurements

- later this year: construction and test
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Omean [HM]

"Pixel TPC" (Bonn, Freiburg, Mainz)

Principle: replace pad plane below MPGD structure by a CMOS Pixel-R/O Chip
(no Si-detectorlll)

3-GEM+Medipix/Timepix setup pioneer'ed at Freiburg:
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Results:

* point resolution at O drift length: ~25 um
« studies of different GEM types

* time resolution ~10ns (~300um in ArCQO,)
e ..and many more



Freiburg: current + future activities

@ Pixel aktiv
@ Pixel passiviert

N, laser + photocathode test (single electron eff., ion feedback)

 Simulation studies (e.g. .inverse TPC")
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Bonn: Pixel-TPC with 25cm drift
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Bonn: other activities

« construction of ,EUDET module" (8 Timepix chips)

* pad module + dummy modules for LP

3 GEMs
TimePix \

e

3 GEMs +
TimePix

Number: 1
Bonni

wire gate

3 GEMs

=

2 GEMs

+ Pads

+ Wire Gate
Number: 2
Japan
Current ideas:

2 thick GEMs

pads:

1.1 * 5.6 mm?

Dummy

Number: 6-7

 LP module test chamber
« ALTRO electronics commissioning
* Trigger/DAQ
» Software (MarlinTPC)

T

3 GEMs
+ Pads

Number: 1

Current ideas:
3 standard GEMs
140/70/60
10 cm?
2 mm spacing
between GEMs
pads: 1 * 4 mm*

Plans: contribute to design of , Timepix2"
InGrid technology
(within RD51 collaboration)




Mainz

(recently joined)

* FPGA-based readout-system for TimePix (,HEP-compatible™)
« fast multi-chip readout

* testbeam participation

Siegen

* testbeam preparation, slow control (PhD+Bachelor student
(part-time) at DESY)

* in-house prototyping, gas-system, preamp design,
cosmic trigger



Rostock

« development of alternative TPC r/o electronics

* based on precise time sampling + charge-to-time conversion

* test of system with prototype board and in-house test chamber
* participation in testbeam preparation (postdoc+student at DESY)




Role of Alliance for LC-TPC (goals)

» more coherent collaboration of German groups in LC-TPC
» exchange know-how on various system aspects
* use of Alliance infrastructure:
- testbeams
- magnhefts
- gas systems
- (existing) r/o electronics + DAQ/trigger systems
- benefit from chip design infrastructure for new
electronics developments (, Timepix2®, new electronics

for pad-readout)



Summary - Conclusions

<§Q;> * Broad German participation + responsibility in world-wide
— LCTPC collaboration

* In spite of possible ILC delays well defined R&D programme

» While well focussed towards LC application, LC-TPC R&D
also has a large .generic R&D" component with broader applicability
(gaseous vertex detectors ,60SSIP", WIMP/Ov2p detection,
Super-B?, hadron physics, X-ray polarimetry, imaging?, ...)

* Alliance can help to strengthen ties between German groups

* Benefit from Alliance infrastructure (testbeams,
DESY infrastructure (magnets), chip design, mobile equipment, ...)



