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6. Driftchamber
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6. Driftchamber

» Use graded potential to get uniform drift field.
» Gas amplification near anode wire.

e Position resolution (o= 50 - 200 ym)
« V(i) distortions near wire
* ionisation fluctuations
- diffusion
* electronic noise
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6. Driftchamber - Intrinsic Resolution

« Statistics of primary ionisation:
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6. Driftchamber - Drift velocity
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Some gas mixtures have a strong variation of drift velocity as function of E-field.
For stable operation it is useful to operate at maximum / plateau.

Typical drift velocities: 2-10 cm/us = 20-100 ~m/ns.
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6. Driftchamber in B-field
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6. Planar Drift Chamber Types
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6. CMS Muon Drift Tubes Chambers

Cathode
Strip

42 mm

Muon

Anode wire 50 ym diameter gold-plated stainless steel wire.
Field electrode on top and bottom: 16 mm wide, 50 ym thick aluminium tape.
+ 3600 V on wires, + 1800 V on strips, -1200 V on cathode.

Ar/CO2 gas mixture, e.g. 85%/15%
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6. CMS Muon Drift Tube System
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6. CMS Commissioning with Cosmics

Cosmic Muons measured in all CMS sub-
detectors including Pixel detector.
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Several hundred million cosmics have been recorded.
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6. CMS Muon DT Efficiency
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6. CMS Muon DT Hit Resolution
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The hit resolution is computed
from the residuals between the
DT hits and the track segments in
the muon spectrometer.

Typical values
s ~200 - 260 gm

Good agreement with MC
Magnetic field degrades the

resolution in the inner chamber in
the external wheels.
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6. ATLAS Monitored Drift Tubes (MDT)

Cathode tube

Table 6.2: Main MDT chamber parameters.

Parameter Design value

Tube material Al

Outer tube diameter 29.970 mm ;"ozrfgri‘;{_

Tube wall thickness 0.4 mm tube layers
Wire material gold-plated W/Re (97/3)

Wire diameter 50 um

Gas mixture Ar/CO,/H,0 (93/7/< 1000 ppm)

Gas pressure 3 bar (absolute) v
Gas gain 2x 104 Drift-tube 7 M-AE
Wire potential 3080 V multilayer —» tg
Maximum drift time ~ 700 ns

Average resolution per tube ~ 80 um

Four alignment
rays (lenses in the
middle spacer)
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|4. ATLAS Muon System




|4. ATLAS Cosmic Event
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6. ATLAS MDT System Performance

Statistics/chamber in one long 2008 run
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6. ATLAS MDT Efficiency
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6. ATLAS MDT Expected Momentum Resolution

—
(]

*10% resolution at 1TeV dominated by
position measurement resolution
Sagitta ~500um

¥ Tube resolution and autocalibration
® Chamber alignment

[ Multiple scattering

O Energy loss fluctuations

—_ -
(o

*Position measurement ~50um A Total ’
(obtained from 3 or 4 hits with 80-90um nl<15 .
resolution)

*Systematics must not spoil the overall

accuracy

Contribution to resolution (%)

Calibrations and alignment better than
30um!

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

S = N W s, OO N o ©

*Alignment system: 12232 optical sensors
*Autocalibration with dedicated data stream




6. ATLAS Muon Endcap Chamber Alignment

Layers of tracking detectors
have to be aligned with respect
to each other.

Precision in alignment
should be comparable to
sagitta error.

Inner Tracker: mainly use tracks.

Muon system: optical alignment
and tracks.

Example: ATLAS endcap muon system

With CCD cameras (BCAM) the relative position of chambers is measured. The optical sensors
are mounted on chambers and alignment bars, which serve as precise 3D calibration devices.

20




6. ATLAS Muon Endcap Chamber Alignment

yve
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dvg
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Alignment bars are up to 10 m long. The 3D position of every platform is measured with a precision
of 10 um. Since the position of every sensor (BCAM) on the bar is know the sensor reading is used
to determine the position of chambers. The alignment error of chambers will be about 30 pm.

An optical system inside the bars measures the deformation of the bar.
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4. ATLAS Muon MDT Chamber Cosmic Analysis
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Residuals
‘000 __ T T T T T T 1 T T _—
800[— . Mean = -2.094 +0.015 mm ]
- (a) nominal :
a00|— geometry ]
o ATLAS E
200 preliminary 3
U — 3 4 2 0 2 4 3 2 10

residuals [mm]

1000 __‘ LI LI LI LI LI L | | __:
a00(— . Mean = 0.134 +0.007 mm
- (b) optical ]

soo[— alignment constants

ATLAS :
preliminary —:

10 - - - - 6 10
residuals [mm]

—

Mean = 0.022 +0.007 mm ]
- (c) track-based ]
soo|— alignment constants —

ATLAS B
preliminary -~

T — 6 4 2 0 2 4 6 B 10
residuals [mm]

22




6. Cylindrical Driftchambers

potential wires

anode wire

carbon - fiber tube

anode = potential
'fi‘ wire

]

particle track

field-shaping
cathode

pofential
anode wires
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Left-right ambiguity
resolved by staggered|
wires

strips

wires

cell of a"jet"-driftchamber
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6. Cylindrical Driftchamber

Mhota!

LAC, LEA

O A
rLE

H1 Central Jet Chamber

e« % 15000 wires
e total force from wire tension & 6 tons
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6. Readout of Second Coordinate

Crossed Planes

Charge Divison, z-by-timing

ambiguities

y S A .| Anoden-
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Segmented Cathodes

resistive wire, analog readout

anhuden

P v g
Pa v 4
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— —7
A v g
g
v 4
v 4

Jv S~ analog readout

Stereo Wires
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\
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6.TPC - Time Projection Chamber

from L. Ropelewski

liberated e
/
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Induced charge on the plane

Time Projection Chamber

full 3D track reconstruction:

| particle track x-y from wires and segmented
cathode of MWPC (or GEM)

z from drift time

momentum resolution

space resolution + B field
(multiple scattering)

energy resolution

measure of primary ionization

Gregor Herten / 6. Driftchamber

26




6.TPC - Time Projection Chamber

Developed by D. Nygren in the 70’s.
Large gas volume with central electrode.
Drift distance of several meters.

Signal registered with MWPC, anode wires and
cathode pads provide x,y ; drift time gives z.

Transverse diffusion reduced (electrons spiral
around E-field, since E |l B, Lamor radius < 1

pm)
Very good 3D hit resolution and dE/dx.

Long drift times (= 40 us), thus rate limitations
and very good gas quality required.

Particle

e

e

[

R ——— T

/]

/ﬂ
gas volume
readout plane

cathode pads

anode wires

central electrode (~50 kV)
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6. Gating in TPC

Problem:

* lons drift back to central electrode
» Disturbs homogeneity of electric field in drift region.

Solution:

* jons are collected on shielding grid

* only electrons from triggered events reach amplification region, others are

collected at gating grid.
» external trigger required.

2.0 T T T }
] T

1.8 Gate closed el Gate open |
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141 = L u ] e « | 14 o o o

- + - + - + -
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6. ALEPH TPC at LEP

achieved resolutions:
Ope = 170 um

7> #5mlength o, = 740 um

r-¢ projection

e
<7 OUTER FIELD CAGE

) “HV MEMBRANE
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6. ALEPH TPC at LEP

Aleph Higgs Candidate Event: e+e > HZ > bb +jj

ALEPH-XDALL 9 Apr 2001 version k1 X11/XULT

Gregor Herten / 6. Driftchamber
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6. TPC for Heavy lon Collisions

Pb+ Pb+ Kollision in the ALICE

Au+ Au+ collision in the Experiment/LHC

STAR Experiment/RHIC Simulation for

Up to 2000 tracks Angle ©=60 to 62°

Up to 40 000 tracks/collision

Gregor Herten / 6. Driftchamber 3]




ALICE - A Large lon Collider Experiment — at LHC

'

Data taking rate:
~1 kHz in pp
a few 100 Hz in PbPb

ZDC
~116m from P,

S TRIGGER
| CHAMBER
= ;‘;{“\\/"" B

ZDC
~116m from |.P,

ABSORBER




The ALICE Time Projection Chamber

in numbers
Central HV electrode

Most challenging TPC ever built

Total drift time

2x18 Inner ; 92 us
Readout ol
Chambers :
2x18 OQuter iy,
ity
Readout L
f;“!,a‘ ‘l‘i ‘t
Chambers i
Dyl
-w?&é&’“‘%gﬁ'*ﬂu;;{‘i"Hr |
f?rm55;#6.rg#ﬂfﬂﬁbﬁﬁﬂbt
g gty
el I .
g Gas:
it

Vi 90 m? of Ne-CO,-N,, (90 - 10 - 5)
3 low diffusion (“cold gas”)

drift velocity non saturated
temp. stability of 0.1K required

957568 readout pads
1000 samples in time direction




6.ALICE

TPC

View inside the ALICE TPC

Simulated heavy ion collision in the ALICE TPC.
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TPC performance

momentum resolution

Resolution determination
cosmic muons reconstructed as two tracks

use relative track information at vertex

~ B5x10°% events available

p, resolution ¥
measured: 6.5% at 10 GeV 10_1:
~1% below 1 GeV :
design value: 4.5% at 10 GeV
107F
= T w | ;;t(GeV) 12




/. Micropattern Gas Chamber (MPGCQC)

TEWAE TS G Fain-Fate Summ

Advantages of gas detectors: from L. Ropelewski

* low radiation length

* large areas at low price

» flexible geometry

* spatial, energy resolution ...

Problem:

=
=
an
g 1.1 TS
o CWD Diamond-coated glass
2 10—ttt
' : ffH\
0.9 \\E\f\l *\#\LLT »
X; S
] GLASS 10° 0
N
0.7 M &\
MEC
\ CLASS 10" 0 an
0.&
0.5
0.4

* rate capability limited by space charge defired by

10°

scale factor

10

10

107

10°
Fake (m.m“2 5'1)

" the time of evacuation of positive ions

Solution:

* reduction of the size of the detecting cell (limitation

MSGC

N s
—1200

of the length of the ion path) using chemical

etching techniques developed for microelectronics
and keeping at same time similar field shape.

R. Bellazzini et al.

Gregor Herten / 7. Micropattern Gas Detectors
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/. Microstrip Gas Chamber (MSGC)

charged particle / X-ray

Y¥d

& - "

gas [#3mm]
E elec’rr'oni ‘
ions,—
k g
.
| | N
g‘ [ 100 pm : :II]I]u.m: : : 10pm 5ub51‘r‘a‘|‘e
100um 80um loum [300um]

Advantages:

* \Very precise and small anode/cathode structures can be produced with lithographical methods. Thus very

good position resolution is possible.
» MSGC provide high mechanical stability

« small drift distance for ions, thus high rate capability.

Gregor Herten / 7. Micropattern Gas Detectors
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/. Micromegas - Micromesh Gaseous Structure

Crift Cathode

Ei
£
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o
¥ Micro Mesh
£
= Ea
=y Anode Strip

lonisation Fegion

Arnplification Fegion

micromesh

1 Kyom T

40 KA em

lonising Particle

Micromesh mounted above readout
structure (typically strips).

E field similar to parallel plate detector.
E_/E; ~ 50 to secure electron transparency
and positive ion flowback supression.

HW 1 = 730w

HW2 = 400

MMO1V1__  Residuals |
2000— MMO1TV1__ hres
- Erfries T334
S000— Mezn 000010235
[ RM S 001554
[ — c* fndf 1057 & BT
?om_ G 70 um Frob n
B000— Corstart 877 43 5%
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5000— Signa 0009331+ 3 475e-05
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oo o 1 5 pems 1o pmps ! Pl
%2 0.15 0.1 0.1 0.15 0.2
{cm)

Space resolution

from L. Ropelewski

Gregor Herten / 7. Micropattern Gas Detectors
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/. TPC Readout with Micromega

MM amplification

= Charged particles crossing the TPC ionize gas E~-§0 V/128 um

molecules
= The produced electrons drift to the MicroMegas mesh
= Once on the mesh the e- enter in the amplification
region where avalanches are generated
o Gain~103-104

o~ 100% collection efficiency (if drift/famplification
field is high enough)

o Small gap = short rise time €
= lons flow back to the mesh

o Only few ions permil go back to the drift space

o Avoids space charge effects

B=02T
E ~-200 V/cm

C. Giganti
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/. GEM - Gas Electron Multiplier

5 um
o _50 um

Induction gap

e

InEnEEEn _ Thin, metal coated polyimide foil perforated

with high density holes.

Electrons are collected on patterned readout board.
A fast signal can be detected on the lower GEM electrode
for triggering or energy discrimination.

All readout electrodes are at ground potential.
Positive ions partially collected on the GEM electrodes.

from L. Ropelewski
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/. GEM - Gas Electron Multiplier

EEREN P. Cwetanski, thesis, Heidelberg

drift gap

EEEEEEEEE
external field

GEM field

S0 um,

: : : : II 1 1 1 1 1 1 1 1 1 1
n
(e}

(o)

gas ampli-
fication

45 40 35 30 25 20 15 10 5
Electric field [kV/cm]

collection gap
NN

For a voltage between the GEM foils of 360 V the E-Field inside the gap reaches very high values, which
cause gas amplification.
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/. GEM - Characteristics

- Rate capability ~ 1 MHz mm™
« Position accuracy (MIPs) o ~ 60 um

« Radiation tolerance > 100 mC mm™
— corresponds to ~ 10'* MIPs cm™

8-D-T GEM equvolt-gain his
10° T
.(g i TGEM /
¥
£
Double-Gem Eu DGEM
10* |
DRIFT I — -
ED DRIFT - /
. o
10° : SGEM
GEM 1 X YIS YYYIYY :
ET TRANSFER j
GEM2 =Sz T-zTTozZzzTzZzcoxo [
3 INDUCTION e
READOUT 10300 350 400 450 500 550
, AV o (V)
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/. TPC Readout with GEM

« Narrow pad response function: As ~ 1 mm 0.006 N S
) ] ) " achen/DES
« Fast signals (no ion tail): At ~ 20 ns 0.005 Efy%
S Bl
« Very good multi-track resolution: AV ~ 1 mm?> £ 0004 }%‘%h 5
o £
- Standard MWPC TPC ~ 1 cm3 s 0003 £l
. 2 - R
 Ton feedback suppression: I+/I- ~ 0.1% 2 oos S
% -
(Design proposed for the TESLA TDR) 0.001
OO 05 1 15 2 25 3 35 4 45 5
BIT]
,.é..o.'.'_
€ [ DESY
~—0.6- - 5
- preliminary

ol
t
|

o
S
e

3 1%
0.2f
R 4T

transverse resolution 5
o

GEM TPC

e by by U L b s s by
00 100 200 300 400 500 600
from C. Niebuhr
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Other (than tracking) Applications

UV light detection with GEM

rays)

X

(

Radiography with GEM

FHOTON

UV transparent Quartz window

PHOTOSENSITIVE
LAYER

cog two positions

600

pos 550 um

pos 750 um

500

sjunon

400
300
200

100 |

Trigger from the bottom electrode of GEM.

Center of Gravity (strips)

from L. Ropelewski
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8. Limitations of Gaseous Detectors: Aging - Deposits

CATHODE SURFACE K

W hisker
on catiode

A radical ready

to polymerize
GAS FLOW

Charged polymer partially

stuck to the
mrface

(2 whisker)

| ANODE SURFAC
Modification of electric field

Complex plasma-chemical reactions
in the avalanche can lead to
polymerization.

Deposits on anode and cathode.

Deposits reduce electric field, which
leads to reduced signal amplification
(efficiency loss).

Malter effect:

Positive ions form a layer on cathode,
high E-fields cause continuous electron
extraction from cathode.

Leads to continuous discharge current.
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9. Limitations of Gaseous Detectors : Deposits

Wiskers are produced on the anode wire. They absorb the electrons. Thus electrons

do not reach the main amplification region very close to the wire. This leads to
efficiency loss.
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8. Discharges

(B.Schmidt NIMA515(2003))

X
M

insulator
I
1:1 ! Regions in the detector with large E-fields
conduc = — can lead to a sparks and to a break-down
to insulat E of the detector.
3
E-field at junction Insulators can charge up and produce high E-
. fields. Adding water to the gas can increase
gas-lnsu.lator-metal the conductivity of the surfaces.
as function of con-
ductivity of the gas
() '1‘ position
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8. Discharges in GEM Detectors

S. Bachmann, CERN-EP/2000-151

1072 N
241Am source
2 Ar-CO, 70-30 _
= ' .
N y H H
o . ’ p
8 103 : v 5
10 : :
20 : . i
= : : ;
3 : z :
A : SGEM i DGEM $| TGEM
10 ; v
: _ A ;
; ED =2 kV cm o
3 e 1
ET = EI = 3.5I kV cm
107702 10° 10° 10° 10°
Effective gain

Ep : drift field
Er : transfer field
(between GEMs)

Discharge probability for GEM detectors can be reduced with SGEM and TGEM (smaller

voltage across each GEM foil).
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8.Avoiding Aging

Material for construction:

* Use only material, which is certified in ageing
test (high irradiation). Don’t rely on
manufacturers.

* Avoid glue, some type of plastic, PVC

* Be careful with O-rings (can contain silicone),
printed circuit boards.

* Absolutely no silicone grease (often found in
gas valves).

Operation:

» Use gas, which does not polymerize (noble
gas, CO2, ..)

» (as additives ca help (water, alcohol, ... )

* Avoid high currents (low gas gain)

During construction:
* Absolute cleanliness
* No finger prints

e Clean all components before assembly, do
not rely on cleaning by manufacturer.

* Perform aging tests with highly ionizing
particles as early as possible, before mass
production starts.

Don’t expect immortality:

B. Schmidt: “ Detectors are like us: aging is
unavoidable, surviving in good shape is the
main issue.
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