IFIC

Gaseous lonization

Detectors
J.L. Tain

Jose.Luis. Tain@ific.uv.es
http://ific.uv.es/gammal/

Instituto de Fisica Corpuscular

C.S.1.C - Univ. Valencia [ ¥ -




Gaseous detectors sense the
movement of charge
(electrons + ions), produced
by ionizing radiation, induced
by an electric field
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Interaction of charged particles in a gas:

Primary processes:

» excitation: X — X*

e jonization: X — X*+e-
 dissociation: X — Y*+Z*
« elastic collision: X — X

Secondary processes:

* non-radiative transitions: X*+Y — X+Y*
* radiative transitions: X* — X+hv

* Penning effect: X*+Y — X+Y*+e-

e charge exchange: X*+Y — X+Y*

» electron capture: X+e- — X+hv

e recombination: X*+e——X+hv

» secondary ionization: e+X—X*+2e-

Tertiary processes:
» photoelectric effect: hv+X—X*+e-




Probability of the collision

Primary processes
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Movement of electrons and ions

* Thermal diffusion by interaction

V=Uu—

electrons:

* Drift velocity under electric
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Drift velocity in Argon Ethylene
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Energy fraction into different processes
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Gas multiplication effect

If electric field is high enough the
secondary secondary ionization
can take place several times

Townsend a = 1
coefficient a A

A, : mean free path for ionization
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Electric field (kV/cm)

Avalanche formation

cylindrical éonfiguration
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In cylindrical-like configuration the
avalanche is formed very close to
the anode wire
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Proportional counters Cylindrical configuration
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Fig. 1. Measured and calculated pulse height distributions for
0.565MeV neutrons incident on a cylindrical proportional
counter (active volume 38 mm diameter x 178 mm). From Ref.
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Figure 1: Expected pulse height spectrum from a 3He tube. The two steps in the
spectrum are caused by one of the reaction products hitting the detector wall. In
area (a), the triton energy is fully deposited, but the proton only deposited a fraction
of its energy, and vise versa in area (b).




Moderated cylindrical array: NERO (NSCL-Michigan)
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Beam Direction
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Fig. 1. Schematic diagram of the ionization chamber housing. Dimensions are in centimeters.
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Multi-Wire Proportional
Chamber (MWPC)

The current induced on

electrodes by the avalanche

allows 2D localization

Incident Particle

A7

&

Cathode
Planes

0.2

Anode Sense Wires

0.4 0.6

-_—

P
Pa
£
ya
L
L

7

= cvolonche’?,}————b &

7
<0 A
el

Al
/—"Ai-v

.l
v
X

e =

' J

=
/\C

2

—  0.0000¢

i+



Pulse formation:

Shockley-Ramo’ s Theorem:

* Created charges move according the
electric field

» Current is induced in the electrodes by the
moving charges in the weighting field

i(t)=q-v(F(1)) E, (F2))

induced-current=chargexvelocityxweighting-field

Oy =Q°(VW (’%)_VW (’7{))

induced-charge=chargexweighting-potential-difference

Weighting-potential: created by the electrode at 1V when all
other electrodes at OV and no charge present
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WE\GHTING POTENTIAL

Multi-electrode configuration
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Weighting potential and
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Net charge = 0!

The shape of the pulse depends on the position of
charge generation!
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Drift Chambers

The drift time of the electrons is used for position localization

Electron drift lines from a track
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Geiger-Muller discharge
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