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Baseline Detectors
Momentum resolution and implications
Jet track density and implications

Resolution and segmentation in various technology, R&D issues

TPCs
drift chambers / jet chambers
(baseline in Asia, not considered in N.A. or Europe)
new technology gas amplification TPCs
all silicon trackers

Simulation work



Physics Goals, Implications

clean Higgs signal from di-lepton recoil mass
end-point mass spectra in SUSY cascades

d(1/P,) ~ few 105 /GeV

jet energies in W+W- final states (energy flow analysis )

exceptional pattern recognition,
2-track separation

Primary and secondary vertex reconstruction

radially continuous tracking



The large detector baseline design, LD

Goallbptimiléd tracking precision
with large tracking volume Magnetic field esla

TEACKING SY¥STEM FOR LD-MARCL DETECTOR
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North American LD baseline design
Stolen from K. Riles, Chicago Linear Collider Workshop, 7-Jan-2002



The silicon detectorl baseline design, 0D

Magnetic field[b Tesla
Energy flow calorimetry -[1

TRACKING SYSTEM FOR SD-MARD] DETECTOR

Expensive calorimeter -L1] _
o 140 CDSI:B:I =0.50
Small calorimeter -L1 ;
1o - 1
lelt traCking SYStem =) | Silicon (SDD or 1-strip) barrel
Outer radius to 125 cm ol cos(8) = 0.90
gl g
Compensate for a © S
smaller measurement length w b Disk Tracker
with o j I eostB)=0.99
improved spatial resolution , EAID Nerek Detectpry eyostaty
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(although fewer points)
and
higher magnetic field

North American SD baseline design
Stolen from K. Riles, Chicago Linear Collider Workshop, 7-Jan-2002



TESLA traclling system

- L.7m
Magnetic field esla
- Im
3 cos(0)[1995
= | \ |
\VTX 1m m 273 m Stolen from TESLA TDR

(differences, wrt North American LD)

1.0m radius ( vs2 m), [Tesla field (vs LITesla in N.American LD)
S is an intermediate tracking device, 2 layers

[CH is a straw tube device, [ldouble layers, resolves TESLA bunch (LID ns)



0 omentlm Uesolltion U U patial lesolltion

PHYS[OS GOAL
x 10 = / GeV

3(1/R)O/L2 (20/(N+0))-> o(1/p)
[MI[ds the measured track length
[@ s the measurement error

Pinning the fit at the [B improves
RCP, / (.00GeV/Tesla B) / resolution by ~ 2/[]

X use measurement length]
&(1/P)C0/L% (20/(N+0))-> L O 2 meters (LD)
(.0GeV/Tesla B) use N 0100

\ /

O/B 20 micron/Tesla,
or

O 100 micron resolution, with B 5 Tesla




0 omentlm Uesollltion veimxed ) PHYSIOS GOAL

d(1/py)goal is difficult with 5(1 /pt) x 10 > /| GeV

tracking chamber
and vertex detector alone.

(relaxed) magnetic field
Try an intermediate silicon device, esla

RIS meter, C)'r(p [110um, NLR2

Tracker[12m OR, 0.5m [R

Vertex detectorlb layer, 10 pUm

tracker 100 m  ----  &(1/p)d5.0 x 10™ /GeV
with VD OnIy, no int. tracker (consistent with previous slide)

tracker 100 um ---- &(1/p)OLCI5 x 107 /GeV
with VD and int. tracker

tracker 150 m  ----  &(1/p)O L2 x 107 /GeV
with VD and int. tracker

[JResults from

DanksIfast MC tracker 150 Hm T 5(1/p)|:| 10 x 10-5 /GeV
with VD and int. tracker (misaligned by 25 pm, 1 mil )




[ patial Uesolltion

Spatial resolution reldiirement is aggressive, 100 pm in 5 Tesla field.

(This result is for a large chamber (r[C2 m) in combination with
a perfect vertex detector which constrains the fit at the vertex. )

Momentum resolution goal can be met with 150 um in [ITesla field.

(This result is for LD, a large chamber (r[.2 m) with

a vertex detector and intermediate detector , both O [J10 pum. )
However, the resolution is sensitive to misalignments .

Large TPCs do not meet either spatial resolution goal. L[dor example,
AlephtJO OJ100 pm, STAR O 500 pm .

This resolution is partially related to the pad spacing, which comes with the induction readout.
Aleph resolution is I of the pad spacing ( CI2 mm ).
STAR resolution is 410 of the pad spacing (L2 or 2.9 mm).

Drift chambers can provide 100 Jum spatial resolution.
Letlslsee what else is a problem L.



Tracl Density

This MypicalGet has 19 tracks projected onto an alimuthal angle of [0°.
This is a track density of [ILltracks/ster (for conical jets) .

CWill use I T Itracks/ster as pattern recognition goal.

JAS 2D LCD Event Display
Stolen from N. Graf, Chicago Linear Collider Workshop, 7- Jan-2002



Jompare Uith the 0 TU 0 TPL

[d 100 tracks/ster largeldYes, that would be 1250 tracks in the event.

STAR observes 1000 to 2000 tracks per event.
[d this demonstration that a TPC can operate with this track density[]

No, perfect efficiency is not a goal at STARlook at those panel cracks[]

Spatial resolution relliirement is relaxedJ O L1500 pm.
Must do betterl]

multi-track event in STAR TPC at RHIC
Stolen from J. Thomas, Vienna Conference on Instrumentation , 22-Feb-2001



TPC [ egmentation and Occupancy

(induction read-out)

[Isegmentation is limited by &7 iHPad
the signal time width, W)
but usually by the Citravel of the track.
[Isegmentation is typically eldial to \

height of the pad, 10mm 20 mm O — 2 [Hpad cotan(®)

rL( segmentation is limited by the induction read-out.
(Gas amplification is due to an avalanche on a wire.
[Aduction signals on pads are read out. )
STAR signal width, 2-track separation.] 25 mm.

[lcc[panclIat r[ b0 cm,

with r-@ segm.[12.5 cm, [lsegm. [J1 cm, segmentation is 1/1000 ster[]
occupancy (in jet) is 101 , there will be overlapping tracks



Tracl 0 Oerlap
ina TPC

]

I|
th
L

[ 13

Overlapping tracks are complicated in a TPC.

Pulse height signals on pads can not be resolved beyond
the intrinsic segmentation of the device.

Merged signals have ambiguous position measurement I T10.

Two tracksin STAR TPC
Stolen from J. Thomas, Vienna Conference on Instrumentation , 22-Feb-2001



00D PPOD@CTS, TPC (induction) tracller

The (induction) TPC is the baseline, or backup, for
advanced readout methods (described later).

Spatial resolution optimif3tion, goal of 150 um in a large induction TPC.
[dn feedback suppression[gating grids ( long gate time at TESLA )

Gas studies[aging, velocity (clearing time), Llienching, neutron absorption

Alignment
internal alignment and drift path in an inhomogeneous B field

extrapolation to an intermediate tracker[LIhardware & tracking.
(with poorer resolution, system is more dependent on intermediate tracker)

(simulation)
Optimilé pattern recognition in an environment of significant track overlap.



Drift Chambers

Drift chambers are largely not considered by
North America and Europe groups.

Disadvantagesl]
[foor segmentation[_{discussion follows)
wire sag and electro-mechanical instability

wire tension load on endplate, endplate thickness o

Lorent[CBngle in a high magnetic field
current limitation

¢

Drift Chamber (Jet) is the baseline design in Asia.

Advantages[]

2-track separation better than segmentation

spatial resolutionIITJum for [DL] of hits (CLEy .
@

(will discuss for 1C0mm sliiare cell design )

o



Tracl 0 Uerlap
in a sllllare cell
drillt chamber

[A drift chambers,
there is no [LIsegmentation.
jet track density[19 tracks/[0°
[ itracks/radian
0.[kracks/cm at RCBO cm

Within the circle[
[tracks within 2 cell widths
(note separation circle).
Observed density[]

1.1 tracks/cm
55 tracks/radian at RCBO cm

Tracks are resolved [p to this
density if sufficient separation
exists elsewhere on the track.
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Tracl 0 Uerlap
in a sllare cell
drillt chamber,
resollled

Multi-tracks can be resolved
beyond the

device intrinsic segmentation
because

the time measurement is
valid for one of the tracks.

RaDITE

(some of the hits, all the time)

Method involves extrapolating
in from isolated hit region.

o
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Track separation is better
than intrinsic segmentation.

Display of hit residuals (horildntal) of
Applies to Jet Chamber. hits on a track (in white on prev. slide) .




Jet Chambers

Jet chamber[LLImm segmentation
(a 2 mm track separation,
measured in a single layer,
is doubled by the ambiguity)

( while the sliiare cell example
had 10LJmm segmentation )

Track separation is better
than the CImm segmentation
as shown for the

case of s[iiare cell chamber.

Disadvantagel]
discontinuous tracking due to
complicated field cage shaping

Expect a track density limit of N CDevent
1 track/[inm at RCBO cm

125 tracks/radian CDF Jet Chamber event
Stolen from Y -K Kim, 2001 Lepton Photon Symposium , 23-July-2001




Q0D , Uet Dhamber,
ongoing/planned (LEL)

[r Oill disclss these 0UD reslIts(
Wire sag and electro-mechanical instability
2-track separation
Lorent[CBngle ( and drift velocity )
Spatial resolution

(Mnderstoodl at OLOO 0
Stable operation of stereo cells
Aluminum wire creep

[r Oill not disclss reslltsplans inl
Gas gain saturation (affects dE/dx, 2-track separation)
Neutron backgrounds
Optimildtion of gas mixture

[ hat shollld be stldiedl
Careful study to reconstruction vs track density with full MC,



et lhamberl
lire sag,

electrolimechanical instability

5 sense wires/cell, Clcm height
5 cm drift

/

Note[triple field wire will reduce instability

Wire positions measured with CCD cameras.

Sense wire saglLt [00 pum , field (00 pm

Motion with voltage on minimal,
no instability observed
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Stolen from JLC website, N. Khalatyan, Tsingua




Jet Dhamber
IHracll separation

Small jet cell chamber in test beam
ete” pairs from conversions

[ADC signals analyled for separation

Observe 2 mm separation

Up stream
500 ns 4.5 mm
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Stolen from JLC website, K. Fujii, FermiLab 2000




et Uhamberll
Lorentl U ngle,
I patial Uesolltion

O =
-
W -

IS

Co, -

[Sobutane (90010)
velocity[LILJum/ns,

live time [LJUs

Lorent[CBngle[10° at 2 Tesla, 19° at [ITesla

Resolution 100 — 150 pm

(faster near wire) ——1*
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Stolen from JLC website, N.
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TP Oith G[I[I or [l |cro[| 0G0 0 readlollt

snlarged v ol the
Ei old nu_rh GI:M hokes

track

‘

GEM hole ‘
(schemalic)

TIRSEEI TSNS TRV G TR R M AT 1

GEM wire chamber

GE“

- 0 ___I:l wse o f 0 0 o
Pals /
e .

U

Advantages[ &lectron collection, 100 Um spacing
Signal width is significantly reduced, improved segmentation
E x B effect (in radial part of electric field)
which limits resolution in an induction readout

is reduced with signal width

Problems[]
New technology

Signal width may be too small.

Gem TPC read-out

Must extract optimum resolution with finite [1of channels. Srolen from TESLA TDR

Signal sizein GEM and induction read-out
Stolen from M. Ronan, Vienna Conf. on Instrumentation , 22-Feb-2001




00D, TP , 60000 icroll 0GUD readlollt

Pad si[@[harrow electron cloud ~ 1mm

re[ires 1mm pads to provide charge sharing, [ (103 pads
wider pads (5mmUO) will have poor resolutionCv/(12)1/2

Pad shapelimethods of spreading signal to
limit channel count and improve resolution
chevrons[1ganging[] [Aduction]
Beware, efforts to spread signal may compromise 2-track separation.

Aging[LGEMs can fail at high gain, relatively new technology,
dependence on gas choice

Gas[diffusion, velocity

Active R&D
Achen, Carleton/Montreal, DESY/Hamburg, Carlsruhe, Ctakow,
LBNL, MD-Munich, MPLINULHEL]
Novosibirsk, Orsay/Saclay, Purdue



GUU point resolltion,

larleton

[dray incident on indicated point.
(not a TPC)

Charge shared signal is observed
on [pads (2.5 mm hex). ———

Direct charge collection signal
has about 1 s width, 10 MHL]

Charge sharing contours
(lower right) indicate that
signal width is 1 mm.

Spatial resolution is L1100 um,

but only 1Imm from boundaries.

GEM cell

= '.?j. PR = -,‘- e, i v _’ "

- ' : . ___J

2D micrometer TS , \s -
stage — =3

it v

L ocalization

from rge sharing

y coordinale (ran)
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" PADIL

8 January 2002 Dean Karlen / Carleton University

X-ray signal spatial resolution
Stolen from D. Karlen , Chicago Linear Collider Workshop, 7-Jan-2002




GUO point resolltion lindlctionl, arleton

Also measured induction signals
on [Ineighboring pads.
(same event)

Spatial resolution is (1100 um HEV G0 preamps
and YT
not dependent on 1 mm pad si[8.
%

Signal width (threshold-threshold) ST e R v g

) 201 B ] o B, L e b ity
0.1 Us, reldiires 50-100 MHL] T T D 1 ]
However, induction is pol SRV I L
inconsistent with 2-track separationd] "l s
could be used in isolated sections o om s e wm o,

to improve resolution.




TPO Oith
Gl
leadlollt,
larleton

Resolution with P10 gas
220 kUm , [T10 mm
500 um, [OLCITN50 mm

Explanation[arge diffusion contribution

(no magnetic field)
Extrapolates to 200 pum at [IID
[Liestions[]

ion statistics [1(5 mm pad height)
anomalous electron cloud sil8 []

BOTTOM

Cosmic signal spatial resolution
Stolen from D. Karlen , Chicago Linear Collider Workshop, 7-Jan-2002



[ icro Pattern Detector U ging Ll adiation [ ardnessl], Plrdle

Example triple GEM with PCB readout

Gas Ar/CO, [LO/LD (99.9900)

GEM11[DO0 V
GEM2[1[90 V
GEMOLCLIOD V
PCB as e collector

Cr Lrays (5.01C&V)
O Cx 10YHLAmm? for [(30hrs
Gas gain 000

Detector performance
small (~150C] gain loss) after
~ [years [ILHC 10 cm from [B.

No visual sign of aging.
Best result obtained with a GEM.
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Similar result obtained with
A MicroMEGAS + GEM

Stolen from I. Shipsey, NIM A 478 (2002) 263



00D, TPO , GO OO0 icroll GU 0 readlollt, contd

Tests in high magnetic fieldfeduce transverse diffusion, surprises

ElectronicsC$ampling rate, Alephdl1 MHL/]
100 Mh[Felired for faster gas or induction from neighboring pads
Typical live time may be 50 ps, store 1 ms exposure at TESLA .

Amplification$ignal si[8, break-down limit, pad height, gas
MechanicalCimounting gas amplifiers, minimilihg inactive regions

high speed sampling may relliire cooling

(and, as in induction read-out TPC)
[dn feed-backCimulti-GEMs or MicroMEGAS (appears better)
and/or gating grid

Gas[ Luienching with hydrocarbons vs neutron cross section

Alignment methodsLinternal, external, consistant with improved resolution
(and, in an inhomogeneous magnetic field)



01l Dilicon Traclling

TRACKING SYSTEM FOR SD-MARC] DETECTOR

Ho cos(P) = 0.80
el
s L Silicon (SDD or W-strip) barrel
KSR =
o cos(8) = 0.90
80 -
60 -
51 p-Strip
Digk Tracker
""" cos(0) = 0.99

3(1/P)00/L2 (20/(N+0)->
(.0JGeV/Tesla B)

With L1.25 m, BLb Tesla,

3(1/p)0 0 1075 /GeV

ProvidesLlimproved segmentation
O(1/P,) in a small package
Diasadvatages[]
pattern recognition issues

material issues (low momentum)
limited dE/dx

2 technologies being pursued by
North American groups

Silicon M-strip

Silicon Drift

2 T \\‘\\\\ T \\‘\\\\‘

cosf = 0

.. .SD Thick

SD Thin

O J10 pm,  NLLI / =7 um ,,,,,,

1075 I \\‘\\\\‘ I \\‘\\\\‘ I \\‘\\\\
1 5 10 80 100 BOD 1000

p (GeV/c)
Stolen from B Schumm, SILC phone/web meeting, 4-Apr-2002




00 D, all silicon traclling

Organildtional meetingCApril [J Bruce Schumm, UCSC

Silicon M-strip[LR&D, UC Santa Crull

reduce material, detectors must be very thin, 200 um + no support
(CLEO LDO pm plus support)

to compete with budget of TPC ( 1.LI1 [} in inner support)

long shaping time, allows ultra low noise for thin detectors, 10 Hs
(CLEO [ps )

minimal support material, possibly tensioned

power cycling, reduce heat load, can this be done without adding noisel]

resolution, 50 pm pitch with centroid finding for reldiired LIum

Silicon Drift CR&D, Wayne State (next page)



Hilicon Drillt Detector

Electron drift in silicon,
r-¢ from pad, Lfrom drift time Y
Maximum drift[h s i

Mature technology, STAR vertex detector

LC Central tracker Pl
[ive layers

Goalsl]
Radiation length / layer [10.5 [

O (r-@) OOum, O ()OJ10 tm

Wafer sild[10 by 10 cm
Wafers[T000 (incl. spares)

Channels[LJLOLJID (2L0 pm pitch)

Stolen from V. L. Rykov , Chicago Linear Collider Workshop, 7-Jan-2002



00 D, silicon drillt detector

Ongoing/planned at Wayne State

[mhprove radiation length, STAR is 1.1 per layer

Reduce wafer thickness from [00 to 150um
Move [EE to edges or change from hybrid to SVL]
Air cooling vs. water cooling

More extensive radiation damage studies.
Detectors/[EE can withstand around 100 krad (y,n)

[thprove position resolution to 5pm
Decrease anode pitch from 250 to 100um.

Stiffen resistor chain and drift faster.
PASA is B[AOLAR (intrinsically rad. hard.)
SCA can be produced in rad. hard process



Intermediate tracler,
orl ard Dislls

MotivationLimprove momentum resolution
extend efficiency to cos(0)1995

Technology[$patial resolution goal reliires silicon technology
pixel devices
or the silicon devices proposed for all silicon tracking

Performance [Ssues[many tracking studies to
optimile performance and prove effectiveness (below)

Mechanical [Ssues[$olve mounting problems.
Structures must be rigid and aligned to the central tracker,
(note[_degraded resolution for 25 pm misalignment)
yet independent of central tracker (for access).



00 D, physics motillation

Physics motivation studies will re[liire a LAST Monte Carlo.

Momentum resolutiontealistic reldiirements (point of diminishing returns)
for Higgs recoil mass and slepton endpoint spectrum,
taking into account other width contributions[]
particle decay widths, initial state radiation, beam energy spread.

Material budget[fealistic re[liirements,
compelling physics example that determines the material limit,

What Op/p is re[liired at 1 GeV/c O
What photon conversion rate is unacceptable []

dE/dx CCompelling physics example where dE/dx make a difference.

Shamelessly stolen from K. Riles, Chicago Linear Collider Workshop, 7-Jan-2002



00 D, system perllormance I patlrecll

System performance studies will relire a [IULL Monte Carlo.
including alignment errors, efficiency, detector response function,
noise from multiple bunches, backsplash, beam

Performance enhancers[]
intermediate silicon tracking layer[]
how much does this help for pat. rec. , dp/p U
intermediate scintillating fiber layer ( timing, bunch tagging)
outer [layer (extrapolation into calorimeter)
outer end-cap tracker (dp/p at low 6)

Performance in very high noise environment[_{higher than expected 11 )
Performance with large electric field distortion (TPC) due to space charge
(although GEM/MicroMEGAS proponents confident that ion feedback

will be suppressed, maybe with gating grid
and primary ionildtion is claimed sufficient for expected accelerator backgrounds)

Wire saturation{in a drift chamber) from larger than expected
accelerator backgrounds, degrades time resolution, efficiency

Shamelessly stolen from K. Riles, Chicago Linear Collider Workshop, 7-Jan-2002



0 0 D, pattern recognition isslles

reliires [IULL Monte Carlo as on previous slide.

Mature pattern recognition that performs in high density environment

(which might include)

Non-linear methods[allowing for global determination of the ambiguity
arising from different matching of high-[Liiality track-segments

Energy [bw Performancel]
realistic comparison of track separation performance
[ID and 2D, silicon and gas options
TPC with induction vs GEM/MicroMEGAS, GEM with induction
evaluate (charge spreading) pad design for track separation

Silicon trackingLtlemonstrated [Stand-aloneltrack reconstruction,
[1 for [All silicontracking options
including reconstruction of decays in flight

(fewer, more precise, hits vs continuum of less precise hits)
[1 for silicon forward discs

[1 for vertex detector, including self contained tracking [Seeds[]
successfully extrapolated into the outer tracker

Mostly stolen from K. Riles, Chicago Linear Collider Workshop, 7-Jan-2002



TPC
Spatial resolution optimil3tion, goal of 150 um in a large induction TPC.
[dn feedback suppressiongating grids ( long gate time at TESLA ) iti 1 i
Gas studies[aging, velocity (clearing time), (lienching, neutron absorption R & D OppOrtunltleS In TraCklng
AlignmentOinternal alignment and drift path in an inhomogeneous B field

extrapolation to an intermediate trackerChardware & tracking.
Optimil@ pattern recognition in an environment of significant track overlap.
Advanced readout TPC
Pad silé[] narrow electron cloud ~ 1mm

re[ires 1mm pads to provide charge sharing, 0 (100 pads wider pads (5mm0J will have poor resolutionCv/(12)/2

Pad shapelmethods of spreading signal to limit channel count and improve resolution chevrons[ganging [dduction]

AmplificationC$ignal sil&, break-down limit, pad height, gas
Gas[further studies studiesdiffusion
Tests in high magnetic fieldCteduce transverse diffusion, surprises
ElectronicsC$ampling rate, Alephl1 MHL] 100 Mh[Feltired for faster gas or induction from neighboring pads
Typical live time may be 50 ps, store 1 ms exposure at TESLA .
Aging[GEMs can fail at high gain, relatively new technology, dependence on gas choice
MechanicalCimounting gas amplifiers, minimilihg inactive regions high speed sampling may re[lire cooling
Silicon p-strip tracker
reduce material, detectors must be very thin, 200 pm + no support to compete with budget of TPC ( 1.000 L[] in inner support)
long shaping time, allows ultra low noise for thin detectors, 10 ps
minimal support material, possibly tensioned
power cycling, reduce heat load, can this be done without adding noisel]
resolution, 50 pm pitch with centroid finding for re[ired Cluym
Silicon drift
[mprove radiation length, STAR is 1.1 per layer, reltire 0.51
radiation damage studies.
[mhprove position resolution to 5um . Decrease anode pitch from 250 to 100um.
Simulations
Momentum resolutionFealistic re[liirements for Higgs recoil mass and slepton endpoint spectrum,
Material budget[tealistic re[diirements, compelling physics example that determines the material limit,
dE/dx Compelling physics example where dE/dx make a difference.
Performance enhancersdintermediate silicon tracking layer(dJhow much does this help for pat. rec. , dp/p O
intermediate scintillating fiber layer ( timing, bunch tagging)
outer [layer (extrapolation into calorimeter)
outer end-cap tracker (dp/p at low 0)
Performance in very high noise environment{higher than expected 11 )
Performance with large electric field distortion (TPC) due to space charge
Wire saturation[{in a drift chamber) from larger than expected accelerator backgrounds, degrades time resolution, efficiency
Mature pattern recognition that performs in high density environment
Energy [Obw Performancerealistic comparison of track separation performance [D and 2D, silicon and gas options
Silicon trackingd[Stand-alonetrack reconstruction, for [&ll silicon[kracking options , silicon forward discs vertex detector



leam U trlctlre Isslles

TESLA beam structure (trains) NLC beam structure (trains)
l I L PP P ]

—1 |— 8333 us train spacing
|« 200 ms (train spacing) I 200 ms I

—lk— 952 us train width —¥— 266 ns train width

950 ps train width, 337 ns train spacing, 2820 bunch/train /\

(this train contains 20 % of the charge in 1 second of beam ) 266 ns train width, 1.4 ns bunch spacing, 190 bunch/train

( this train contains 0.83 % of the charge in 1 second of beam )

| 1 ms I | 1 ms |

— TPG live time, 48 us, 1.0 % of 1 second in TESLA -8 % of 1 second at NLC

Drift Chamber live time, 5 s, (slow gas) “ Drift Chamber live time, 5 us, (slow gas)
— 0.14 % of 1 second in TESLA I 0.8 % of 1 second in NLC

—

A TPC is not a trigger device.

Although the maximum drift is about 50 ps, data collected throughout
the entire train width (950 us at TESLA) must be stored in the electronics,
20,000 time buckets/channel at 20 MHL] Compress data during train.

A Drift Chamber is sensitive to the same amount of radiation (one train)
as a TPC in NLC/JLC. TPC segmentation provide noise immunity.
However, a drift chamber would have reduced beam noise at TESLA.



