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LCTPC MOA to R&D/design a TPC: Status August2008LCTPC MOA to R&D/design a TPC: Status August2008

Americas
BNL √

Carleton√
Montreal req

Victoria √
Triumf√
Cornell √
Indiana√

LBNL prom
Louisiana Tech req

EuropeEurope
BrusselsBrussels√√

LAL LAL OrsayOrsay req
IPN IPN OrsayOrsay req
CEA CEA SaclaySaclay √√

Aachen Aachen √√
BonnBonn√√

DESY DESY √√
EUDETEUDET√√

U Hamburg U Hamburg √√
Freiburg Freiburg req
KarlsruheKarlsruhe req
MPIMPI--MunichMunich√√

RostockRostock√√
Siegen Siegen prom

NIKHEFNIKHEF√√
NovosibirskNovosibirsk√√

St. Petersburg St. Petersburg prom
LundLund√√
CERNCERN√√

AsiaAsia
TsinghuaTsinghua√√

CDC:CDC:
Hiroshima Hiroshima req

KEK KEK √√
JAX KanagawaJAX Kanagawa req

Kinki UKinki U√√
Nagasaki Nagasaki InstASInstAS req

Saga Saga √√
KogakuinKogakuin √√

Tokyo UA&T Tokyo UA&T req
U Tokyo U Tokyo req

MinadanoMinadano SUSU--IIT IIT reqObserver groups
Iowa StateIowa State
MITMIT
PurduePurdue
Yale Yale 
TU MunichTU Munich
UMM KrakowUMM Krakow
Bucharest Bucharest 

Signatures 24

Promised 3

Requested 11

New groups welcome
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Many questions to answer 
for the LOI.  An attempt 
to synthesize them into 
one list is   →
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List of questions for this talk:List of questions for this talk:

LCTPC issues for the LOILCTPC issues for the LOI
1.1. Performance goalsPerformance goals

•• R&D plans/options/risksR&D plans/options/risks
•• How was the How was the subdetectorsubdetector optimized?optimized?

(e.g., using resolution, costing?)(e.g., using resolution, costing?)
2.2. Sensitivity to backgroundsSensitivity to backgrounds
3.3. Calibration and alignment schemesCalibration and alignment schemes
4.4. Engineering model for LOI and simulationEngineering model for LOI and simulation

•• Size, weight, support, dead areasSize, weight, support, dead areas
•• Endplate, electronics, power Endplate, electronics, power 
•• FieldcageFieldcage, chamber gas, chamber gas

5.5. PushPush--pull abilitypull ability
6.6. √√s coverages coverage
7.7. Final commentFinal comment

N.B. These are suggestions for the LOI, and we N.B. These are suggestions for the LOI, and we 
expect to be iterating on them during the next few expect to be iterating on them during the next few 
weeksweeks……
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1. LCTPC performance goals

• continuous 3-D tracking, easy pattern recognition throughout 
large volume

• ~98-99% tracking efficiency in presence of backgrounds 

• time stamping to 2 ns together with inner silicon layer 

• minimum of X_0 inside Ecal (∼3% barrel, ∼15% endcaps)

• σ_pt ~ 50⊕diffμm (rφ) and ~ 500μm (rz) @ 4T      modulo angles: 

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

• dE/dx resolution <5% -> e/pi separation, e.g.

• design for full precision/efficiency at 10 x estimated 
backgrounds
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1. LCTPC performance goals

• R&D plans/options

1. 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 →

Silicon Pixel Readout for a TPCSilicon Pixel Readout for a TPC

GEM gasGEM gas--amplifamplif.. for a TPCfor a TPC
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1. LCTPC performance goals

• R&D plans/risks

1. LCTPC performance goals

• R&D plans/risks

…to be verified (or revised) after tests on the Large Prototype:
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1. LCTPC performance goals

• R&D plans/risks (cont’d)

1. LCTPC performance goals

• R&D plans/risks (cont’d)
•From the LCTPC MOA:

The LP tests will enable us
to choose the best technology
for constructing a real detector…

• Our basic approach for the ILD LOI has been to use optimistic 
assumptions as goals for TPC resolution, materal, etc.  These goals are 
based on various R&D results (small-prototypes), continuing efforts 
(large-prototype/electronics/software developments) by LCTPC groups. 
So the only risk is that some goals turn out to be too aggressive.
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1. TPC Performance goals
• How was the subdetector optimized?

• ILD subdetectors must be optimized 
coherently by present optimization 
studies, ∴ for the TPC, this means:

1. TPC Performance goals
• How was the subdetector optimized?

• ILD subdetectors must be optimized 
coherently by present optimization 
studies, ∴ for the TPC, this means:

σ_pt ~ 50⊕diffμm (rφ)
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1. TPC Performance goals
• How was the subdetector

optimized? (e.g., using 
resolution, costing?)

• Resolution: previous slide.
• Costing: The TPC cost is nearly 

independent of the size for the 
different ILD models.  Previous 
TPC estimates at ∼25 M€ can only 
become reliable after the design 
decisions.  For earlier ILD-detector 
estimates at ∼ 500 M€, cost drivers 
are the magnet and the 
calorimeters, so the TPC cost is not 
an issue for the optimization.
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2. LCTPC sensitivity to backgrounds
See talk#3 in opening session today  by Dr. Adrian Vogel.  Status at 

LCWS07:

2. LCTPC sensitivity to backgrounds
See talk#3 in opening session today  by Dr. Adrian Vogel.  Status at 

LCWS07:
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3. LCTPC calibration and alignment schemes
TPC issues:

• Space charge due to ion “backflow”

• In TPC volume due to positive ions: see previous slide.

• At gas-amplification plane: eliminate ion sheets w/ gating plane .

• B-field: no requirement on homogeneity, only on accuracy of field 
map. See LC Note that Werner Wiedenmann and I finally finished:

3. LCTPC calibration and alignment schemes
TPC issues:

• Space charge due to ion “backflow”

• In TPC volume due to positive ions: see previous slide.

• At gas-amplification plane: eliminate ion sheets w/ gating plane .

• B-field: no requirement on homogeneity, only on accuracy of field 
map. See LC Note that Werner Wiedenmann and I finally finished:

Aleph field map 
was good enough 
but can be 
improved on to 
increase  B-map 
accuracy for the 
LCTPC.
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3. Calibration and alignment schemes (cont’d)

Calibration tools for all tracking subdetectors:
• Z-peak running, 10/pb beginnin of year, 1/pb during (after push-pull e.g.). 

Internal alignment of each tracking subdetector, then between detectors. 
(See http://wisconsin.cern.ch/~wiedenma/TPC/Distortions/Cern_LC.pdf for 
examples of calibrating the Aleph TPC.)

• Physics data at √s also powerful (e.g. e+e-→μ+μ-, radiative-returns to the Z)

• B-field map (see LC Note, preceeding slide)

• Hall/NMR probes on magnet and field cage

• Laser calibration system

• TPC: time-stamping using silicon layers

http://wisconsin.cern.ch/~wiedenma/TPC/Distortions/Cern_LC.pdf
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4. LCTPC engineering model for LOI and simulation

• Size, weight, support, dead areas

• Size to be decided at this optimization meeting. 

Ø_outer ∼ 3.6m, Ø_innerILD2 ∼ 0.61m, Ø_innerILD1 ∼ 0.75m
L_outer ∼ 4.7m, tracking volume ∼ 40 m^3

• Weight ∼ 4 t

• Support from Ecal, not from coil 

as in Aleph…

...MDI designing LCTPC support           
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4. LCTPC engineering model for LOI 

• Size, weight, support, dead areas (cont’d)

• Dead areas:

• 10 cm in z at each endcap for “standard”
electronics/cables (may be increased later)

• Space needed for cables here                          
~10^3 cables/side thru 5cm rings ~ 1 m^2/side 

4. LCTPC engineering model for LOI 

• Size, weight, support, dead areas (cont’d)

• Dead areas:

• 10 cm in z at each endcap for “standard”
electronics/cables (may be increased later)

• Space needed for cables here                          
~10^3 cables/side thru 5cm rings ~ 1 m^2/side 
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4. LCTPC engineering model for LOI and simulation

• Endplate, electronics, power
• This is about “standard” electronics (CMOS pixel-electronics 

require a separate study).  

• Endplate material-estimate on preceeding slide. 

• “Advanced endplate” meetings ongoing to understand the 
electronic density that will allow  building a coolable, stiff, thin 
endplate.

• The present exercise assumes ∼ 10^6 channels per endcap.

• With 0.5mW/channel with power pulsing, estimated by a 
EUDET development of a generalize TPC RO chip based on a 
further development of the Alice Pasa/Altro ⇒ 0.5kW/endcap

• Cooling (liquid or gas) still has to be studied. (Aleph had 
1.5kW/endcap cooled with a combination of liquid and gas.)
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4. LCTPC engineering model for LOI and simulation

• Fieldcage, chamber gas

• Based on experience (Aleph, Star, Alice) and recent fieldcage
for the LP: 

we estimate ~ 3-4% X_0 total for the inner and outer fieldcages.

• Gas properties have been rather well understood by our many small-
prototype R&D tests. The choice for the LCTPC will be a BIG issue 
which would require a long discussion for which there is no time here.  
This has no effect on the simualtion.  For the engineering, the 
boundary condition is that we must use a non-flammable gas.
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for the LP: 
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•• Gas properties have been rather well understood by our many smalGas properties have been rather well understood by our many smalll--
prototype R&D tests. The choice for the LCTPC will be a BIG issuprototype R&D tests. The choice for the LCTPC will be a BIG issue e 
which would require a long discussion for which there is no timewhich would require a long discussion for which there is no time here.  here.  
This has no effect on the This has no effect on the simualtionsimualtion.  For the engineering, the .  For the engineering, the 
boundary condition is that we must use a nonboundary condition is that we must use a non--flammable gas.flammable gas.
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Services Services Detector Detector TrailerTrailer
TPC :
• 500 W per end plate
• HV/service/data cables: ~ 10^3 per side
• Gas/cooling supply 
• Alignment laser
• 50-200kW racks in the counting house (trailer)

5. Push-pull ability
• At start, guess need 1/pb Z-peak calibration after each push-pull.

• This can probably be relaxed as experience is gained.

• Preliminary hardware discussion at IRENG07, SLAC Sept. 07: 

5. Push-pull ability
• At start, guess need 1/pb Z-peak calibration after each push-pull.

• This can probably be relaxed as experience is gained.

• Preliminary hardware discussion at IRENG07, SLAC Sept. 07: 
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6. √s coverage
• Present optimization studies should confirm a good ILD 

performance up to 1 TeV. 

• The highest possible momentum of a single particle is           
0.5 TeV/c which will be measured to dp/p ~ 1.5% by combined 
tracking and ~ 5% by the TPC alone.  

• The peak of the momentum distribution of all produced 
particles (zero to a few 10s of GeV) remains unchanged as √s
increases while the tail to high momenta grows.  Therefore the vast 
majority of the particles, the ILD tracking performance will be more 
than adequate as the c.m.s. energy goes up to and beyond 1 TeV.

• Since the multi-jet numbers grows with logarithmically with √s, the 
average jet energy increases slowly.  For, say, 10-jet production at 1 
TeV, the jets will have ~ 0.1 TeV on average, and our PFA resolution is 
still very good at 0.1 TeV jet energy.  ∴ PFA should also be good up to 
1 TeV. Of course real life is more complicated, so simulations are 
needed at 1 TeV.
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7. Final comment

• Present optimization studies are showing minor 
differences in the physics performance of GLD' and 
LDC', therefore why not simply choose one or the 
other?  

• Also this means that the hardware baseline we 
choose for the LOI doesn’t have to agree exactly 
with the ones generated for the simulation of LDC'
or GLD‘.
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