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TPC as main tracker for TESLA detector'

e true 3-dim space points
® high redundancy, > 118 hits per track
® low material budget, &~ 3% X

® particle identification

via dE /dx measurements
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one phyics motivation:

search for longlived particles

causing kink tracks in TPC
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TPC performance'

® highly efficient pattern

recognition (— K. Harder)

® excellent especially for high

track density environment

® good multi jet capability
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Performance goals

pointres.: 0,., < 160um

o, < 1lmm

o(1/p) = 2.8 X 107*GeV ! (ALEPH: 12 X 107*GeV ™)

whole tracking: o(1/p) = 0.
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dE / dx measurements

® particle ID in general not as important as at present machines
® some physics uses:
- background supression (charm/bottom tag ?)

-Z° factory option: heavy flavor spectroscopy

- searches for new charged heavy stable particles:
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® simulation for dE/dx performance (by M. Gruwe, M.Hauschild)
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@ Moise = 600 ¢, Crossetalk, Fup = (.7 i isolated Mlp
| A, =radial pad size
A, =1.0 cm, 118 hits
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| Backgrounds in TPC I

® basic problem: Atyynen, = 337ns and £4,.;5¢ = 50us
—> TPC sees ==~ 150 BX in one ”picture”

backgrounds in TPC

( details — K. Buesser)

type per BX | 150 BX | hits in 150 BX
tracks in et e physics 22 3000
tracks in vy physics 0.7 105 15000
photons 950 142500 25000
neutrons 5600 | 840 000 39000 Ar = €Oz CHa
total 82 000
number of 3D readout pixels in TPC =~ 7.9 X 107
=> occupancy < 1% not problematic
Gas Choice
(studies by M. Gruwe) drift field/velocity diffusion
Mixture Tn J D Vdmaw Dy, D, (B=3T)
Ar — CO5 — CHy | [barn] | [V/cm] | [em/us] | [pm/+/cm]
90-0-10 34.0 135 5.47 368, 55
90-5-5 18.0 450 4.92 217,119
90-10-0 2.0 750 4.99 184,152

find compromise between: o,, <> F 025 Vdmax
now in DESY setup: 92-5-3



lGEM readout for TPC I

e wire chambers need gating for supression of ion feed back
e aim: deadtime free runnnig without trigger

e no gating possible by event trigger

second alternative under study: MICROMEGAS, P. Colas et al., Saclay

several advantages:
@ true 2D-symmetry: no (small) E X B X track angle effects
® only e~ signal: better intrinsic r — ¢ and z resolution

@ possibility of mechanically simpler and thinner endcaps

® suppression of ion feedback to level of few per cent

seems possible



IGEM readout for TPC I

open questions:

® which level of ion feedback suppression tolerable ?

® which level can be achieved by double GEM in TPC ?
@ additional means for suppression

a) third GEM with gain ~ 1
b) additional gating grid triggered by bunch train
(tirain = 1ms = Lf;?f"f, < lem)

try to avoid wires, maybe carbon fibres

® long term stability of operation ?

especially uniformity and stability of gain ( for d &/ / da;')

get answers by ongoingR & D

TPC+GEM: Aachen, Karlsruhe, Hamburg, Carleton
TPC+MICROMEGAS: Saclay

Electronics: Berkeley, Carleton, Orsay, Munich
TPC+wires: Orsay



Simulation of Pad Geometries'

€~ signal narrower compared to wire induction signal
pad response function given by diffusion

GEM wire chamber !
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large bias 180 um , o, = 250um (1000 pm /+/12 = 290 ppm)
— try more sophisticated pad geometries

2nd approach: use induction signals (Carleton)



chevrons Eii i

Alternative pad geometries'

_ diamonds

® dependence on drift length
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Simulation of Pad Geometries (cont’d)'

e dependence on dip angle for [ 4;-; 7+ = 250 cm
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® conclusion on pad geometry:
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— chevrons & diamonds show smaller bias and

smaller dependence on drift length

— 5 X 2mm? and 10 X 1 mm? meet resolution requirement
5 X 2 mm? worse by factor 2 to 1.3

but overall momentum resolution dominated by inner detectors

resolution depends mildly on l4,; ¢+ and angle(track,pad)

increase of number of hits per track by factor 2

=> improvement in d E/ / dx resolution from 4.6 to 4.1 %



Endplate design I

honeycomb spacer

honeycomb structure for

mechanical stability

non pointing sector edges

readout "tower” side view:

gating grid

€« 30cm—><30cm —> Jlm

GEM 2A M 2B
honey combh transfer gap
GEM 1A GEM 1B

support induction gap

readout strips

+ strong back plane (Al or G10) + compact electronics

goal: material budget < 25% X



Field Cage + Electronicsl

Field Cage similair to ALICE (see below) and STAR field cages

‘Duher containmenl vessel

-~

!_Uuter Freld cage vessel

|nner‘ rIEld cage VEESEL

Alummm 50 Hm

only nner & outer contanment vessel

} Tedlar 50 Hm
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Kevlar prepregq 2 x 0,3 mm

Nomex haneycomb 30 mm

e material budget: 3% X, at 90 degree (ALICE TDR)
@ fine up to 100 kV (400 V/cm)

® movable for maintenance of inner detectors

Electronics

@ starting point: STAR type electronics ( so far up to 40 MHZ)

e induction signals need sampling at > 100 MHz

ongoing R&D at Berkeley, Carleton and Orsay



as out

X table

Gas mixture Ar : CO, : CH, =92 : 3 : 5%
trigger on cosmic muons, electronics from ALEPH (MPI Munich)



Endplate design I

pad plane with GEMs: JL
GE

10x10 cm®
< yem>
/2 one pad row covered by GEMs
o
Ig — no studies forr — ¢
\l/ resolution possible yet
pads -

read out “tower”

\L \Ldrifting electrons\l{ \L

$2mm transfer gap

$2mm induction gap

readout strips
Eind. s Etrans = 1200V /cm AVeenvmi, AVegpae == 35010 450 V

12 MHz sampling rate, 512 time buckets — 43 s readout



|Signal to Noise'

noise signal
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seems promising for dE/dx meas.
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lEffective Gain of Double GEMI

@ gain vs GEM voltages

LI I T 1

L L S B S

@ U =400V
Z03L Uoors =390 V . L

F o4 Ugem =430V ) &

A
° A
. - A
10 2 _ E;pd = 800to1100V/ecm
: | | | Etm{”” = zoomlmoo\f/cm

700 720 740 760 780 800 820 840 860 880

Ugem1 gem2 (V)
® gain vs drift field
:1400 [T T T TT T P | I I I i
'S e U +U_ =850V 3
1200 © U:::mzz::_?aov o ]
1000 F . —$- -
800 | .
600 | -+ E
400 — M . e _
200 - g = = .
SR TN NN S ST S NI TR SN N TN WO T NN TN TN W NN TN OO U N N N A NN N N N
912013014 0.15 0.16 0.17 0.18 0.19 0.2 0.21
E in(kKV/cm)
® gain vs trans. & ind. fields
c L L R 1 | [
%1300 — v gain(E, ,) | ]
1200 [ O | + T :
1100 [ * ﬁ % r
1000 |- -
- + | + drife = 180V/em ) =430V ;
900 [ Ugemz= 420 V' 1
T TR ST TRT T T S NS TN WA T SN T S N NN T R A
1 12 14 16 18 2 @2 24

E (kV/cm)

@ exponential rise with

GEM voltages

® max gain ~ 1000 (so far)
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Z resolution measurement'
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}Conclusion I

® a TPC is proposed as the central track detector for TESLA
offering several advantages
( redundancy, tracking to large R, dE/dx, low material)
@ operation in TESLA environment is possible
(occupancy well below 1%)
® ungated operation for deadtime free running wanted
— GEM readout offers several advantages
( thinner endcaps, ion feedback supression, better resolutions ?)
® first R&D results look very promising
® open questions will be adressed by R&D in the near future
in Aachen, Berkeley, Carleton, Hamburg, Karlsruhe

Munich, Orsay, Saclay, ...
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