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Tracking volume filled with gas
g.m,p

Primary ionisation follow Poisson statistics
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n_ N n
P ="e¢ n= average number
k! k=actual number
GAS (STP) | Helium| Argon | Xenon | CH4 | DME
dE/ dx (keV/ cm)| 0.32 | 24 6.7 1.5 ‘ 3.9
n (ion pairs/ cm) 6 25 44 16 55
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The electrons ejected in the ionisation process
have kinetic energy. These 6-electrons can have

enough energy to ionise some distance from the primary
ionisation. The total number of ionisations is approx.
3X the number of primary ionisations.



A large number of measurements lead to a distribution with a long tail towards high
energy loss- the Landau fluctuation
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Some more considerations on detecting charge



Without electric field in the tracking volume the charge created by the ionisation
will diffuse




Diffusion equation gives the fraction of ions at a distance x at a given time t
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The RMS for linear diffusionis O =V2Dt
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Drift of electrons in an electric field
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Drift of positive ions is much slower than electrons. In CO, the difference is about 1000
The drift speed is almost linear with the electric field.

Vion — uionXE

GAS ION  p*(cm2V-s') @STP T
Ar Art 1.51
+ —
CH, CH, 2.26 1
Ar-CH, 80-20 CH,* 1.61 1
E __I_
E ) 4 z rd Pressure in Torr .
g T p/_?‘?:/‘5 Z Heli W Ar ]
& 1675 O 7.50 o 0668 1
A as2 A 410 A 0823
2 ’:l 0 860 o 0724 @ 297
& 12,72 O 6.29
1[_1_1 1] | I T | I Lol g
5 8 10 20 40 60 100 200 400 600 1000

Esn_ (W iem—Tarrl



Now lets build a detector



Build a wire chamber

e

Anode wires,

radius 10-100 um
material gold plated tungsten
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Build a wire chamber

Anode wires, radius approx.10um
material gold plated tungsten
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Drift and diffusion is pressure dependent
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Drift velocity {(cm/us)
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Gas amplification and saturation effects in gaseous detectors

* When the electrical field is increased in the detector the kinetic energy of the

drifting electrons increase

* The electrons with kinetic energy will collide creating new free electrons and ions

Simple study:

Radiation
v { | B A RNAN] S
—
@ I
\ 4

10° : ! PPAC voltage-cument
- PPAC 5
E 10° 2.5 mm GAP %
= A-CH 83-17 ,
o ;
o 10° L L
7 RS, 0 R 7 IS R et o O o (A 0 ) )
: .-‘
10' L e a
1] ! i e :
e 1 0_‘ S
|||I.. :
Al
10 T | ol
r :
10 2 | | | I |
0 10° 110° 2 10° 310° 4 10° 5 10° 6 10°
Voltage (V)
Townsend coefficient, o
In M | ionising collisions/cm|
) A
.. ] 1
= A=
M = multiplication factor ~=  N= molecules/cm?




Number of 1ons collected

| 2

Voltage (arbitrary scale)

1 Geiger-Muller LL_______- 1 | 0000
L counter T — L
: lomzation o . T -.f:* —7
: chamber :_ ! ! ! ',«_-“'
i | Lirmited ' ' ' i
_: " proportionality ‘\.\ o .
: —— 1000
L Fii
: [] ‘\ : fff ] []
: ] “\ H;B :ff [ ] ]
: : . Af
[ [ "‘ // I [ o
* \J{J !.r' : | DO E
—— (1. _,ff \‘ f; . .
| e (S v
:{—’_,E—ﬂ_ / “‘I : [ ]
r ] / ‘I ] ]
: : B — 0
— B ———F e ——
: o Froportional : : : :
5_/?, chamber P
[ [ 1 0 [ |
9] 200 400 00 00 | Q00



High field is also developed near the anode wire-for a simple geometry e.g. a straw tube

\ For a cylinder with radius R and
/ anode wire radius r (~10pum):
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Avalanche development in a plate chamber with
uniform filed Y
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Detector in magnetic field:

tané, =wr

1+ o1
0
1+ @°r?

Vg =V

7: mean collision time
w=eB/m Larmor frequency

Vg =V,

el

O =0y

A
B
E (9»
Vg B
__——_-—__g
E //,’/'“ e TN 5
- - I \ L V
Vs ', -




Magnetic field distortion of electric field in drift chambers
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Quenching
1: To get a stable behavior over a large range of particle rates and ionisation
levels a quenching gas is added. The gas should have a large electron capture
cross- section for energetic electrons to not let the avalanches to grow enormous
and a low cross-section for thermal electrons.
2. An other problem is that noble gases emit photons above the ionisation
threshold of other molecules. Poly-atomic gases works as quenchers absorbing the

photons.
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CF4 is a good quenching gas
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And now some more realistic detector
designs ..........



1. Split the drift chamber in a low field drift volume and a high field

amplification volume
2: To control and reduce the drift time and accumulated space charge of

of slow positive ions one may use gating techniques.

Gate open Gate closed
Gate wires _7
e T . } AVy=150V
Cathode wires
Anode wires
Cathode pads E} (




The Time Projection Chamber (TPC) is the ultimate
tracking detector giving 3D space points (and dE/dx) for
track reconstruction and adding little mass in tracking
volume keeping multiple scattering small.
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Novel high resolution gaseous detectors for tracking are:
* Micro-Strip Gas Chambers (MSGC)

Drift electrode

A
Anodes and cathodes
strips on a insulating
substrate
Anode strip
~5 mm
\ |
----- et | 1T Tl .-;'?:::E::._:.-HI‘II.. il e A4
Cathode width: 90 um
Glas siEgRell Anode width: 10 um
Pitch: 200 um
Back plane

Cathodestrips



*Gas Electron Multiplier (GEM)
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Thickness:
AV

Hole Diameter:

Pitch:

~50 um
400 — 600 V
~70 um
~140 um

Thin kapton foil pierced with
holes. The foil is metallised on
both sides and a potential
difference between the two
sides gives an amplification of
electrons up 1000 when
traversing the hole in most
common gases.



Micromesh

Drift Elecirode
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Quartz Fibre Spacers
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thin gap parallel plate chamber

* MICROMEGAS

55-60 kV/em

60-100 kV/em
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