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TPC R&D for an LC detector @ TPC R&D for an LC detector @ 
1.1. √s < 1 TeV√s < 1 TeV

2.2. √s > 1 TeV√s > 1 TeV



1.1. √s < 1 TeV√s < 1 TeV

To put TPC in perspective:To put TPC in perspective:
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To put TPC in perspective:To put TPC in perspective:

info mainly from LOI and info mainly from LOI and 
recent lctpc collaboration recent lctpc collaboration 

meeting  meeting  



P_t > 1 GeV/c

Coherent layout of 
detector:

-VTX:perf,,min.material

-TRK:perf.,min.material

-CALO:granularity
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P_t > 1 GeV/c



LC-TPC Motivation/Goals
…to be tested@the R&D where possible…

• continuous 3-D tracking, easy pattern recognition throughout 
large volume, well suited for large magnetic field

• ~99% tracking efficiency in presence of backgrounds 

• track-topology stamping to 2 ns together with inner silicon

• minimum of X_0 inside Ecal (<4% barrel, ~15% endcaps)

• σ_pt ~ 100µm (rφ) and ~ 500µm (rz) @ 4T 
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• σ_pt ~ 100µm (rφ) and ~ 500µm (rz) @ 4T 

• 2-track resolution <2mm (rφ) and <5-10mm (rz) 

• dE/dx resolution <5% -> e/pi separation, for example

• easily maintainable if designed properly, in case of beam 
accidents, for example

• design for full precision/efficiency at 20 x estimated 
backgrounds
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TPC Collaboration 2009TPC Collaboration 2009
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Signees



TPC TPC R&D PlanningR&D Planning
• 1) Demonstration phase

– Continue work with small prototypes (SP) on mapping 
out parameter space, understanding resolution, etc, 
to improve the design of an MPGD TPC.  

• 2) Consolidation phase
– Build and operate the Large Prototype (LP),  Ø ~ 

90cm, drift ~ 60cm together with SIT prototype, 
with EUDET infrastructure as basis, to test 
manufacturing techniques  for MPGD endplates, 
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with EUDET infrastructure as basis, to test 
manufacturing techniques  for MPGD endplates, 
fieldcage, electronics.  The LP has been built now 
and testing of the options is underway.

• 3) Design phase
– During phase 2, the decision as to which endplate 

technology to use for the LC TPC will be taken and 
final design started.



LCTPC performance goals

• R&D plans/options

LCTPC performance goals

• R&D plans/options

Present goals based on results from small 
prototypes using cosmics or beams at KEK, 
DESY, CERN. Three options left →

GEM gasGEM gas--amplif. for a TPCamplif. for a TPC
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Silicon Pixel Readout for a TPCSilicon Pixel Readout for a TPC



TPC R&D summary to date

• Now several years MPGD experience gathered 
• Gas properties rather well understood
• Limit of resolution understood
• Resistive-anode charge-spreading demonstrated

9

• Resistive-anode charge-spreading demonstrated
• CMOS RO demonstrated
• Gas-amplification techniques ruled out with SPs

•MWPC 
•Micromegas without resistive-anode 

• Work in progress with the Large Prototype



Large Prototype TPC
Performance goals…
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Performance goals…



15 October 200915 October 2009
Ron Settles  MPIRon Settles  MPI--Munich            Munich            

CLIC'09 WorkshopCLIC'09 Workshop 1111



LCTPC performance goals…LCTPC performance goals…

…to be verified (or revised) after tests on the Large Prototype:
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• Software goals: Develop 

15 October 200915 October 2009
Ron Settles  MPIRon Settles  MPI--Munich            Munich            

CLIC'09 WorkshopCLIC'09 Workshop 1313

• Software goals: Develop 
MarlinTPC to reconstruct:

• Technology’s signals (GEM, 
Micromegas, Pixel)

• Correct distortions (B,Efields)



LP - MicroMeGaS
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Double GEMDouble GEM
About 3200 channels readout 

electronics (Altro/Alice) 
CERN&Lund

(10000 channels later in 2009)
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Triple-Gem 
being 
prepared 
by Desy 
group
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For details, see talks in alcpg09-tracking session 
Wednesday afternoon and Friday morning: Klaus, 

Hirotoshi, Jan, Aurore, Winfried, Alberto, Steve, 
Takeshi.

HEPHY+Karlsruhe
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Near future plans (~2010)Near future plans (~2010)

• 7 modules Micromegas w. T2K electr. in ‘flip-chip’ 
mounting (7x1700 ch.)

• Up to 4 modules of (Asian) double-GEM + gating-GEM w. 
10,000 ch. ALTRO electr.

• Development of new ‘stiffer’ GEM module/mounting
• Development S-ALTRO 0.13um chip; 16ch prototype 

Spring 2010; final 64ch version needs funding
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Spring 2010; final 64ch version needs funding
• New endplate (some funding available):

– Thinning of present design: could reach close to .15 X0 (2 yrs)
– New technology (e.g. C) or spaceframe design study  (~3 yrs)

• Development “full” endplate module w. Timepix (64/119 
chips)

• Development new fieldcage w. laser tracking capability, 
including improved HV cathode connection
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BackgroundsBackgrounds



Jet Physics … it is easier to find Jet Physics … it is easier to find 
one in eone in e++ee--

Jet event in e+e− collision STAR Au+Au collision
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Jim Thomas, Star TPC review Oct.2006



15 October 200915 October 2009
Ron Settles  MPIRon Settles  MPI--Munich            Munich            

CLIC'09 WorkshopCLIC'09 Workshop 2121



15 October 200915 October 2009
Ron Settles  MPIRon Settles  MPI--Munich            Munich            

CLIC'09 WorkshopCLIC'09 Workshop 2222



Occ. @ ILC < 0.1%
⇒

Occ. @ Clic ~ 3%
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Next steps, from the LOI:

(see next slide)
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‘After LOI’ bottom line:

We LCTPC have to 
make certain decisions 
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make certain decisions 
and write them up by 
the end of 2012…



TPC R&D Priorities

27



Road map for 
test beams
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Bottom line for testbeam: 
move LP to hadron beam 
end of 2010
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end of 2010



Design team 
being set up 

after 
discussions at

LCTPC 
collaboration 

30

LCTPC 
collaboration 
mtg 21 Sept 
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> 1 TeV> 1 TeV
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NO DIFFERENCE for CLIC, 
because this is ~ best you can do 
with standard readout. 

What about pixels?  Potentially 
more accurate, see Jan’s talk from 
this morning…



Conclusions:

WIP
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WIP



Backup
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Mark Thomson: ILD size good for Cilc?Mark Thomson: ILD size good for Cilc?
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