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Issues for the LCTPC design Issues for the LCTPC design 
and their feedback to the and their feedback to the 
endcapendcap and R&D programand R&D program

OUTLINE of TALK

•Overview 
•LCTPC Design Issues in the DODs
•Next steps:

•More work with Small Prototypes (SP) 
•Build the Large Prototype (LP) 

•LCTPC ⇒ R&D plans

OUTLINE of TALKOUTLINE of TALK

••Overview Overview 
••LCTPC Design Issues in the LCTPC Design Issues in the DODsDODs
••Next steps:Next steps:

••More work with Small Prototypes (SP) More work with Small Prototypes (SP) 
••Build the Large Prototype (LP) Build the Large Prototype (LP) 

••LCTPC LCTPC ⇒⇒ R&D plansR&D plans
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LDC/GLD/4th Concepts
or

A TPC for a Linear Collider Detector
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HISTORY

1992: First discussions on detectors in Garmisch-
Partenkirschen (LC92). Silicon? Gas?
1996-1997: TESLA Conceptual Design Report. Large 
wire TPC, 0.7Mchan.
1/2001: TESLA Technical Design Report. 
Micropattern (GEM, Micromegas) as a baseline, 
1.5Mchan.
5/2001: Kick-off of Detector R&D
11/2001: DESY PRC proposal. for  TPC R&D
(European & North American teams)
2002: UCLC/LCRD proposals
2004: After ITRP, 
WWS R&D panel
Europe
Chris Damerell (Rutherford Lab. UK)
Jean-Claude Brient (Ecole Polytechnique, France)
Wolfgang Lohmann (DESY-Zeuthen, Germany)

Asia
HongJoo Kim (Korean National U.)
Tohru Takeshita (Shinsu U., Japan)
Yasuhiro Sugimoto (KEK, Japan)

North America
Dean Karlen (U Victoria, CAN)
Ray Frey (U. of Oregon, USA)
Harry Weerts (Fermilab, USA)

GOALGOAL

To  design and build an To  design and build an 
ultraultra--high performance high performance 

Time Projection ChamberTime Projection Chamber

……as central tracker for as central tracker for 
the ILC detector,the ILC detector,

where excellent vertex, where excellent vertex, 
momentum andmomentum and

jetjet--energy precision energy precision 
are requiredare required
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Goal: to revisit the HiggsGoal: to revisit the Higgs……
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-
5

Large Detector Concept example

3x10-5

.30Particle Flow

(N.B. below are TDR 
dimensions, which have 
changed  for latest LDC 
iteration) 
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GLD

LDC

HCal
ECal

TPC

4th (not shown)
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PhysicsPhysics determinesdetermines
detectordetector designdesign

momentummomentum: d(1/p)  : d(1/p)  ~~ 1010--44//GeV(TPCGeV(TPC onlyonly) ) 
~ ~ 0.6x100.6x10--44//GeV(wGeV(w//vertexvertex))

(1/10xLEP)(1/10xLEP)

ee++ee-- ZHZH llll X   X   goalgoal: : δδMMμμμμ <0.1x <0.1x ΓΓΖ Ζ 
δΜδΜΗΗ dominateddominated byby beamstrahlungbeamstrahlung

trackingtracking efficiencyefficiency: 99% (: 99% (overalloverall) ) 

excellentexcellent and robust and robust trackingtracking efficiencyefficiency byby
combiningcombining vertexvertex detectordetector and TPC, and TPC, eacheach withwith
excellentexcellent trackingtracking efficiencyefficiency
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R&D PlanningR&D Planning
1) Demonstration phase1) Demonstration phase
–– Continue work with small prototypes on mapping out parameter Continue work with small prototypes on mapping out parameter 

space, understanding resolution, etc, to prove feasibility of anspace, understanding resolution, etc, to prove feasibility of an
MPGD TPC.  For CMOSMPGD TPC.  For CMOS--based pixel TPC ideas this will include based pixel TPC ideas this will include 
proofproof--ofof--principle tests.principle tests.

2) Consolidation phase2) Consolidation phase
–– Build and operate the Large Prototype (LP),  Build and operate the Large Prototype (LP),  ØØ ~ 80cm, drift ~ ~ 80cm, drift ~ 

60cm, with EUDET infrastructure as basis, to test 60cm, with EUDET infrastructure as basis, to test 
manufacturing techniques  for MPGD endplates, manufacturing techniques  for MPGD endplates, fieldcagefieldcage and and 
electronics.  LP design is starting electronics.  LP design is starting building and testing will building and testing will 
take another ~ 3take another ~ 3--4 years.4 years.

3) Design phase3) Design phase
–– During phase 2, the decision as to which endplate technology to During phase 2, the decision as to which endplate technology to 

use for the LC TPC would be taken and final design started.use for the LC TPC would be taken and final design started.
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LCTPC/LP Groups (19Sept06)LCTPC/LP Groups (19Sept06)
AmericasAmericas
Carleton Carleton 
MontrealMontreal
VictoriaVictoria
CornellCornell
IndianaIndiana
LBNLLBNL

Purdue (observer) Purdue (observer) 

EuropeEurope
LAL LAL OrsayOrsay
IPN IPN OrsayOrsay
CEA CEA SaclaySaclay

AachenAachen
BonnBonn
DESYDESY

U HamburgU Hamburg
FreiburgFreiburg

MPIMPI--MunichMunich
TU Munich (observer)TU Munich (observer)

RostockRostock
SiegenSiegen

NIKHEFNIKHEF
NovosibirskNovosibirsk

LundLund
CERNCERN

AsiaAsia
TsinghuaTsinghua

CDC:CDC:
HiroshimaHiroshima

KEKKEK
Kinki UKinki U
Saga Saga 

KogakuinKogakuin
Tokyo UA&TTokyo UA&T

U TokyoU Tokyo
U TsukubaU Tsukuba

MinadanoMinadano SUSU--IITIIT
Other groups

MITMIT
MIT (LCRD)MIT (LCRD)
Temple/Wayne State (UCLC)Temple/Wayne State (UCLC)
YaleYale
KarlsruheKarlsruhe
UMM KrakowUMM Krakow
Bucharest Bucharest 
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What have we been 
doing in Phase 1 ?

What have we been 
doing in Phase 1 ?
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GasGas--Amplification Systems: Amplification Systems: Wires Wires & & MPGDsMPGDs→→

GEM: Two copper foils separated
by kapton, multiplication takes
place in holes, uses 2 or 3 stages

Micromegas: micromesh sustained
by 50μm pillars, multiplication 
between anode and mesh, one stage

S1

S1/S2 ~ Eamplif / Edrift

P~140 μm

D~60 μm

S2
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Pixel TPC Pixel TPC 
DevelopmentDevelopment

Nikhef
Freiburg
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Examples of Prototype Examples of Prototype TPCsTPCs
Carleton, Aachen, 
Cornell/Purdue,Desy(n.s.) 
for B=0or1T studies

Saclay, Victoria, Desy
(fit in 2-5T magnets)

Karlsruhe, MPI/Asia, 
Aachen built test TPCs
for magnets (not shown), 
other groups built small 
special-study chambers
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FacilitiesFacilities Saclay 2T magnet, 
cosmics

Kek
1.2

T, 4
GeV

 

had
r.te

st-
bea

m Desy 1T, 6GeV e-
test-beam

Des
y 5T 

magn
et, 

cosm
ics,

 las
er

Cern test-
beam (not 
shown)

EUDET
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TPC R&D summary to date

• Now 4 years of MPGD experience  gathered 
• Gas properties rather well understood
• Limit of resolution being understood
• Resistive foil charge-spreading demonstrated
• CMOS RO demonstrated
• Work starting for the Large Prototype

TPC R&D summary to date

• Now 4 years of MPGD experience  gathered 
• Gas properties rather well understood
• Limit of resolution being understood
• Resistive foil charge-spreading demonstrated
• CMOS RO demonstrated
• Work starting for the Large Prototype
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Phase 2
• Basic Idea: LP should be a prototype  for 
the LC TPC design and test as many of the 
issues as possible (like, e.g., TPC90 @ 
Aleph). This will take at least 2 iterations, 
we call them LP1 and LP2.

• The Eudet infrastructure gives us a 
starting basis for the LP work

• The general LCTPC/LP R&D issues and 
been divided up into workpackages (WP) 

more later…

Phase 2
• Basic Idea: LP should be a prototype  for LP should be a prototype  for 
the LC TPC design and test as many of the the LC TPC design and test as many of the 
issues as possible (like, e.g., TPC90 @ issues as possible (like, e.g., TPC90 @ 
Aleph). This will take at least 2 iterations, Aleph). This will take at least 2 iterations, 
we call them LP1 and LP2.we call them LP1 and LP2.

•• The The EudetEudet infrastructure gives us a infrastructure gives us a 
starting basis for the LP workstarting basis for the LP work

•• The general LCTPC/LP R&D issues and The general LCTPC/LP R&D issues and 
been divided up into been divided up into workpackagesworkpackages (WP) (WP) 

more latermore later……
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Excerpts from Excerpts from DODsDODs for GLDfor GLD and LDC and LDC 
used here as examplesused here as examples

DESIGN ISSUES for the LCTPCDESIGN ISSUES for the LCTPC
–– PerformancePerformance
–– Endplate Endplate 
–– ElectronicsElectronics
–– Chamber gasChamber gas
–– FieldcageFieldcage
–– Effect of nonEffect of non--uniform fielduniform field
–– Calibration and alignmentCalibration and alignment
–– Backgrounds and robustnessBackgrounds and robustness
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PerformancePerformance

–– Momentum precision needed for overall Momentum precision needed for overall 
tracking? tracking? 

–– Momentum precision needed for the TPC? Momentum precision needed for the TPC? 
–– Good Good dE/dxdE/dx resolution, Vresolution, Vºº detectiondetection
–– Requirements forRequirements for

22--track resolution (in rtrack resolution (in rφφ and z)? and z)? 
tracktrack--gamma separation (in rgamma separation (in rφφ and z)? and z)? 

–– Tolerance on the maximum endplate thickness? Tolerance on the maximum endplate thickness? 
–– Tracking configurationTracking configuration

Calorimeter diameter Calorimeter diameter 
TPC TPC 
Other tracking detectors Other tracking detectors 

–– TPC OD/ID/length  TPC OD/ID/length  
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LCTPC resolution in the DODsLCTPC resolution in the LCTPC resolution in the DODsDODs
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ACFA8--July2005
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PerformancePerformance

–– Momentum precision needed for the Momentum precision needed for the 
TPCTPC

–– What is the best we can do?What is the best we can do?
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Keisuke Fujii, PRC report
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LC TPC EndcapsLC TPC LC TPC EndcapsEndcaps
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GLD

GLD
Akira 
Sugiyama

GLD
Akira 
Sugiyama
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Arrangements of detectors on the active area of the end cap (2/2)
Trapezoidal shapes assembled in iris shape

Annotations:  Px is the type number of PADS boards or frames

Page 2

By rotation of 15° around the axe, 
these frames are the same 

P1

12 sectors (30° each) as super modules are defined

On each, 7 modules are fixed
The sizes of detectors are varying from 180 to 420 mm

P2 P3 P4

P2
P3

P4

These arrangement seems to be the best as only 4 
different PADS are necessary

LDC
RS/Joel Pouthas/Philippe Rosier

LDC
RS/Joel Pouthas/Philippe Rosier
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Aleph endplateAleph endplate
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Some features
• Zigzag structure prevented loss of tracks > θ~22°
• Sectors mounted from inside using a “handling tool”

to minimize the dead space between sectors.  This
straight-forward operation which was performed 
at least 30 times during the lifetime of Aleph. 

• Alu sandwich structure stiff, lightweight to
- contain 7mb overpressure
- provide forced-air thermal insulation 
between electronics and TPC volume

• Water cooling of 1kW electronics/side in addition
- 22K channels per side

• Combination water/air cooling blocked all heat to TPC
• Overall thickness ~ 25%Xo (average) w/o cables
• Bending of endplate

- 20 micrometers due to 7mb overpressure
- 5 micrometers due to wire tension
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Design Design 

–– GasGas--amplification technology amplification technology →→ input from input from 
R&D projects R&D projects 

–– Chamber gas candidates: crucial decision! Chamber gas candidates: crucial decision! 
–– Electronics design: Electronics design: LP WPLP WP

ZerothZeroth--order order ““conventionalconventional--RORO”” design  design  
Is there an optimum pad size for momentum, Is there an optimum pad size for momentum, dE/dxdE/dx
resolution and electronics packaging? resolution and electronics packaging? 
Silicon RO: proofSilicon RO: proof--ofof--principle  principle  

–– Endplate design Endplate design LP WPLP WP
Mechanics Mechanics 
Minimize thicknessMinimize thickness
CoolingCooling

–– Field cage design Field cage design LP WPLP WP
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LC TPC Chamber gas
(a) gas choice

LC TPC Chamber gasLC TPC Chamber gas
(a) gas choice(a) gas choice
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LC TPC Chamber gas
(b) Ion buildup

LC TPC Chamber gasLC TPC Chamber gas
(b) Ion buildup(b) Ion buildup
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LC TPC Chamber gas
(c) ion backdrift/gating
LC TPC Chamber gasLC TPC Chamber gas

(c) ion (c) ion backdriftbackdrift/gating/gating
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LC TPC ElectronicsLC TPC ElectronicsLC TPC Electronics
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LC TPC FieldcageLC TPC LC TPC FieldcageFieldcage
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Backgrounds/alignment/distortionBackgrounds/alignment/distortion--correctioncorrection

–– Revisit expected backgroundsRevisit expected backgrounds
–– Maximum positiveMaximum positive--ion buildup tolerableion buildup tolerable
–– Maximum occupancy tolerableMaximum occupancy tolerable
–– Effect of positiveEffect of positive--ion ion backdriftbackdrift: gating plane: gating plane
–– Tools for correcting inhomogeneous BTools for correcting inhomogeneous B--field or field or 

space charge effects in bad backgroundsspace charge effects in bad backgrounds
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LC TPC Non-uniform fieldsLC TPC NonLC TPC Non--uniform fieldsuniform fields
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LC TPC Calibration/alignmentLC TPC Calibration/alignmentLC TPC Calibration/alignment
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LC TPC BackgroundsLC TPC BackgroundsLC TPC Backgrounds
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This is for infrastructure for detector R&D, but not yet the R&D
itself, to which all of the TPC R&D groups will have to contribute if 

the LP is going to be successful.  

This will provide a basis for the LC TPC groups to help get funding 
for the LP and other LC TPC work.
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Work Packages for the LCTPC/LPWork Packages for the LCTPC/LP
0) 0) WorkpackageWorkpackage:: TPC R&D program/performance goalsTPC R&D program/performance goals

To be worked out by the LCTPC collaborationTo be worked out by the LCTPC collaboration



09/11/200609/11/2006 Ron Settles  MPIRon Settles  MPI--Munich/DESY                 Munich/DESY                 
Valencia ECFA WS Nov 2006 Valencia ECFA WS Nov 2006 ---- LCTPC LCTPC 

Design Issues: R&D PlanningDesign Issues: R&D Planning

4444

Work Packages for the LCTPC/LPWork Packages for the LCTPC/LP
1) 1) WorkpackageWorkpackage MECHANICSMECHANICS

Groups expressing interest to Groups expressing interest to date(othersdate(others?)?)

a) LP design (incl. endplate structure)    Cornell, a) LP design (incl. endplate structure)    Cornell, DesyDesy, , IPNOrsayIPNOrsay, MPI,, MPI,
++contribution from contribution from EudetEudet

b) b) FieldcageFieldcage, laser, gas                           , laser, gas                           AachenAachen, , DesyDesy, , St.PetersburgSt.Petersburg,,
+c+contribution from ontribution from EudetEudet

c) GEM panels for endplate               c) GEM panels for endplate               AachenAachen, Carleton, Cornell, , Carleton, Cornell, DesyDesy/HH,/HH,
KarlsruheKarlsruhe, , KekKek/XCDC, Novosibirsk, Victoria /XCDC, Novosibirsk, Victoria 

d) d) MicromegasMicromegas panels for endplate          Carleton, Cornell, panels for endplate          Carleton, Cornell, KekKek/XCDC,/XCDC,
Saclay/OrsaySaclay/Orsay

e) Pixel panels for endplate         e) Pixel panels for endplate         Cern,Freiburg,Nikhef,Saclay,KekCern,Freiburg,Nikhef,Saclay,Kek/XCDC,/XCDC,
+co+contribution from ntribution from EudetEudet

f) Resistive foil for endplate                  Carleton, f) Resistive foil for endplate                  Carleton, KekKek/XCDC, /XCDC, Saclay/OrsaySaclay/Orsay

Ron Settles

Dan Peterson

Ties Behnke

Akira Sugiyama

Paul Colas

Jan Timmermans

Madhu Dixit

convener in
white color
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Work Packages for the LCTPC/LPWork Packages for the LCTPC/LP
2) 2) WorkpackageWorkpackage ELECTRONICSELECTRONICS

Groups expressing interest to Groups expressing interest to date(othersdate(others?)?)

a)"Standarda)"Standard" RO/DAQ for LP:                " RO/DAQ for LP:                AachenAachen, , DesyDesy/HH, /HH, CernCern, Lund,  , Lund,  
RostockRostock, Montreal, , Montreal, TsinghuaTsinghua,,
+contribution from +contribution from EudetEudet

b) CMOS RO electronics:                       b) CMOS RO electronics:                       FreiburgFreiburg, , CernCern, , NikhefNikhef, , SaclaySaclay,,
+contribution from +contribution from EudetEudet

c) c) Electr.,powerswitching,coolingElectr.,powerswitching,cooling AachenAachen, , DesyDesy/HH, /HH, CernCern, Lund, , Lund, 
for LC TPC:                  for LC TPC:                  RostockRostock, Montreal, , Montreal, St.PetersburgSt.Petersburg, , TsinghuaTsinghua,,

+contribution from +contribution from EudetEudet

Leif Joennson

Leif Joennson + ?

Harry van der Graaf

Luciano Musa
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Work Packages for the LCTPC/LPWork Packages for the LCTPC/LP

3) 3) WorkpackageWorkpackage SOFTWARESOFTWARE

Groups expressing interest to Groups expressing interest to date(othersdate(others?)?)

a) LP a) LP SW+simul./reconstr.frameworkSW+simul./reconstr.framework:    :    Desy/HH,Cern,FreiburgDesy/HH,Cern,Freiburg, Carleton,, Carleton,
Victoria, Victoria, +contribution from +contribution from EudetEudet

b) TPC simulation, backgrounds             b) TPC simulation, backgrounds             AachenAachen, Carleton, Cornell, , Carleton, Cornell, DesyDesy/HH,/HH,
KekKek/XCDC, /XCDC, St.Petersburg,VictoriaSt.Petersburg,Victoria

c) Full detector simulation                            c) Full detector simulation                            DesyDesy/HH, /HH, KekKek/XCDC, LBNL/XCDC, LBNL

Peter Wienemann

Peter Wienemann

Stefan Roth

Keisuke Fujii
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Work Packages for the LCTPC/LPWork Packages for the LCTPC/LP
4) 4) WorkpackageWorkpackage CALIBRATIONCALIBRATION

Groups expressing interest to Groups expressing interest to date(othersdate(others?)?)

a) a) FieldmapFieldmap CernCern,,
+contribution from +contribution from EudetEudet

b) Alignment                                          b) Alignment                                          KekKek/XCDC/XCDC

c) Distortion correction                               Victoriac) Distortion correction                               Victoria

d) d) Rad.hardnessRad.hardness of material                         of material                         St.PetersburgSt.Petersburg

e) Gas/HV/Infrastructure                    e) Gas/HV/Infrastructure                    DesyDesy, Victoria,, Victoria,
+contribution from +contribution from EudetEudet

Dean Karlen

Lucie Linssen

Takeshi Matsuda

Dean Karlen

Anatoliy Krivchitch

Desy Postdoc
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Here are some ideas for the
evolution up to the Design Phase 3
(under discussion with the collab.)

• 2006-09: SP (small prototype) tests,
LP1 = two endplates:  Gem+pixel, 

Microm.+pixel
adiabatic developm. LP1->LP1.5->LP2

• 2010:        LP2 = real LCTPC prototype endplate:
Gem or μMegas + carbon-fibre
sandwich,
gating grid,
sector/panel shape,
LCTPC electronics,
gas,
etc
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TPC R&D breakdown (prel.)
• Gem, Micromegas, Pixel                        LP1@Desy

• Large, small, odd-shaped panels           LP1@Desy

• Endplate alignment and stability LP1,LP2@Desy

• Fieldcage LP1@Desy

• Sandwich structure                               SP/LP2

• Gating/max. space charge                      SP/LP2
ion feedback rate

• Point/2-track resolution                      LP1@Desy

• Momentum meas. in inhomog. B-field   LP1@Desy

• dE/dx measurement                            LP1@Desy

• Gas studies                                              SP

• Pad shapes                               Simulation→LP1,LP2

• Jet environment                       SP@Cern/FermiLab

• Beams
• 1-6 GeV/c electrons                       LP1@Desy

• 1-20 GeV/c hadrons (+dE/dx)  LP2@Cern/FermiL

• 100 GeV hadrons (+jets)          LP2@Cern/FermiL
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Some of the topics discussed at WP Some of the topics discussed at WP 
bibi--weekly weekly phonemeetingsphonemeetings……
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Takeshi Matsuda et al R&D “goals” discussion…
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AGENDAAGENDA
--FieldcageFieldcage for the LP (Ties for the LP (Ties BehnkeBehnke, Peter , Peter SchadeSchade))
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FC length ~ 60-80 cm



09/11/200609/11/2006 Ron Settles  MPIRon Settles  MPI--Munich/DESY                 Munich/DESY                 
Valencia ECFA WS Nov 2006 Valencia ECFA WS Nov 2006 ---- LCTPC LCTPC 

Design Issues: R&D PlanningDesign Issues: R&D Planning

5454

Madhu Dixit proposes for the LCTPC electronics:

-preamp 25ns Trise (10%-90%)
-no shaper-integrator
-25MHz 10to12-bit FADC

(2-track resolution can benefit from the somewhat faster 
Trise if the noise is still acceptable)
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EndplateEndplate
Dan Peterson
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TPC milestonesTPC milestones

2006-2010     Continue LCTPC R&D via small-prototypes  

and LP tests

2010              Decide on all parameters

2011               Final design of the LCTPC

2015               Four years construction

2016               Commission/Install TPC in the LC Detector

2006-2010     Continue LCTPC R&D via small-prototypes  

and LP tests

2010              Decide on all parameters

2011               Final design of the LCTPC

2015               Four years construction

2016               Commission/Install TPC in the LC Detector
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No conclusions…
Backup slides…

No conclusionsNo conclusions……
Backup slidesBackup slides……
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AGENDAAGENDA
--Another topic on the goals for LCTPC/LP. Another topic on the goals for LCTPC/LP. 

For your info: we (Fabio For your info: we (Fabio SauliSauli, , MadhuMadhu DixitDixit, , 
Martin Martin KillenbergKillenberg, Akira Sugiyama, RS, , Akira Sugiyama, RS, a.oa.o.) .) 
have started on thinking about ways to test have started on thinking about ways to test 
Gem gating with (a) small Gem gating with (a) small prototype(sprototype(s).  Martin ).  Martin 
thinks we might have a scheme that works, but thinks we might have a scheme that works, but 
it has to be tried out.  If you are interested or it has to be tried out.  If you are interested or 
have suggestions, let us knowhave suggestions, let us know……
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AGENDAAGENDA
--Gem endplate (Gem endplate (a.oa.o.) for the LP .) for the LP 

Akira (WP convener for the LP Gem endplate) Akira (WP convener for the LP Gem endplate) 
sent a mail asking which groups want to sent a mail asking which groups want to 
participate in the work of making/testing the participate in the work of making/testing the 
Gem Gem endplate(sendplate(s) for the LP.   The division of ) for the LP.   The division of 
work among groups will  be a part of the work among groups will  be a part of the 
general organization of the LCTPC/LP general organization of the LCTPC/LP 
collaboration which has to be done within the collaboration which has to be done within the 
next few weeks.  For the Gemnext few weeks.  For the Gem--endplate endplate 
question, more from Akiraquestion, more from Akira……
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AGENDAAGENDA
--LP endplate discussions LP endplate discussions 

Reminder: most urgent point for LP is to design Reminder: most urgent point for LP is to design 
layout of endplate and finalize ~12/2006layout of endplate and finalize ~12/2006

--One picture from the note Leif described at the last meeting, One picture from the note Leif described at the last meeting, 
http://http://mppmu.mpg.de/~settles/tpc/lp/wpmtg/lpconnectorarr.pdfmppmu.mpg.de/~settles/tpc/lp/wpmtg/lpconnectorarr.pdf

--one foil from one foil from MadhuMadhu’’ss proposal for the LCTPC electronics,proposal for the LCTPC electronics,
--one drawing from Paul andone drawing from Paul and
--three pictures of Danthree pictures of Dan’’s iteration of the last meetings iteration of the last meeting
http://w4.lns.cornell.edu/~dpp/linear_collider/LargeProtothttp://w4.lns.cornell.edu/~dpp/linear_collider/LargeProtot

ype.htmlype.html

follow in the next six foilsfollow in the next six foils……
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Leif Jonsson, Luciano Musa
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Paul Colas
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LC-TPC Motivation/Goals
…to be tested@the LP where possible…

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

• ~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, <30% endcaps)

• σ_pt ~ 100μm (rφ) and ~ 500μm (rz) @ 3or4T for right gas if 
diffusion limited

• 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 30 x estimated 
backgrounds
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Two other LC-TPC features  

→will be compensated by good design…
• ~ 50 μs drift time integrates over 150 BX

→ design for very large granularity: ~ 2 – 20 x 109 voxels

(two orders of magnitude more if CMOS pixel version)

• ~ end caps with large density of electronics (several million 

pads) are a fair amount of material

→ design for smallest amount: ~ 30%X0 or less  is feasible 

• design for full precision/efficiency at 30 x estimated 
backgrounds
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Keisuke Fujii, Takeshi Matsuda, WP mtg#2


