


Detectors for Particle Radiation

» Jonization chamber

» Proportional and Geiger counter

*» MWPC(C's

» TPC as an example of a state-of-the-art detector
» Scintillation counters

» Solid state (S1, Ge) detectors

» Calorimeters

» Cerenkov and transition radiation detectors



Layout of a Geiger and Proportional Counter

Geiger Counter Principles

Particle Track
Sealed Tube (Gas Filled)
Electron ¢ ~=Primary Electrons
Avalanche %o
%9 0%,
} $ a Wireat High Voltage Electronlcs

NERVJ




Number of ion pairs

-
=
@

-
[
o

il
o
&

Fig. 2.8. Gas amplification factor as a function of voltage applied in a

proportional counter for ionizing «-particles and electrons (after
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[PR 58]).
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The MWPC counter

multi-wire proportional counter

(a)

Fig. 3.1. Principle of multiwire proportional chamber. Upper part,
schematic diagram of the geometry; lower part, equipotential surfaces
(broken curves) and electric field lines (full curves) in the neighbourhood of
two anode wires in the plane perpendicular to the wire direction [ER 72].

cathode planes

anode wires %

Fig. 3.2, Time development of an avalanche near to an anode wire in a
proportional chamber. (a) Primary electron moving towards anode.

(b) The electron gains kinetic energy in the electric field and ionizes
further atoms; multiplication starts. (c) The electron and ion clouds drift
apart. (d), (¢) The electron cloud drifts towards the wire and surrounds it;
the ion cloud withdraws radially from the wire [CH 72].
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Cathode read-out for multi-
dimensional information

Fig. 3.4. Detection efficiency of a proportional chamber, with 6 mm gap,
as a function of a high voltage, for different lengths of the electronic gate
for accepting pulses [SC71].
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Fig. 3.5. Principle of cathode readout in proportional chambers. The
centre of gravity of the charges induced on the cathode strips running
orthogonal to the anode wires determines the position of the avalanche,
shown here as a triangle [CH 784].
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TPC Characteristics

— Only gas in active volume

Little material

- Very long drift (>2 m )

slow detector (~40 Us)
no impurities in gas

uniform E-field

strong & uniform B-field

EXB=0
— Track points recorded in 3-D charged particle
(X,, z) track

— Particle Identification by dE/dx

—Large track densities
possible



3-D coordinates

i i ) A track
—7. coordinate from drift time
—X coordinate from wire
number
—Y coordinate? \ projected track
. . . / : >y
» along wire direction / =
» need cathode pads .
V= ﬁre plane




H.V. (-100kV)

Time Projection Chamber (TPC)
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Drift field

Field Cage

—-— Gating grid (-100V)

-, ~Cathode plane (GND)

1cm

Sense wire plane (+1.5kV)

Pad plane

. ALICE TPC has
Pad signal | 557568 Channels




Inner and outer
isolation vessels

flushed with CO,

End plates housing
2x2x18 ROC’s

Field defining
system: aluminized
mylar strips (166)
supported by rods

Central membrane
100 kV

5 X 5.6 m diameter,
88 m?3 volume

TPC Field Cage Overview




Field Cage Assembly
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Readout Chamber Production Heidelberg/GSI
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Adjusting a wire plane befr glueing, small chamber type
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Front-end Card

readout bus connectors I2C EEPROM power

GTL b_‘-'5 connector conpector
Transceivers / \ —— /
(backside) x : | s s

LDO
Power Regulators

Clock distribution

Current monitor
& Supervision

170 mm

ALTROs

Shaping Amplifiers
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Reference Voltages
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[ oy and additional
190 mm > Ground socket

all electronics designed and built by TPC team



The Environment of the TPC

TRD module

Space Frame

TPC

Service Support
Wheel
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ALEPH Event




NA49 Event

Particle tracks in one
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Application 1n Particle ID

* Energy loss as measured in a TPC

* at a given momentum
different particles
have differing
dE/dx

dE/dx (keV/em)

Momentum (GeV/c)
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e Scintillation counter:

— energy liberated in de-excitation and capture of 1onization
electrons emitted as light - “scintillation light”

— light channeled to photomultiplier in light guide (e.g. piece
of lucite or optical fibers);

— scintillating materials: certain crystals (e.g. Nal),
transparent plastics with doping (fluors and wavelength

shifters)
photomultplier
5 - 10 mm thick seintilator . o .
sheet _} H ]
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light-guide p.oL
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Scintillator  Light Guide Photomultipler Tube (PMT)



Calorimeters -- principle of operation

— Principle:

Put enough material into particle path to force development of electromagnetic or hadronic shower
(or mixture of the two).

— Total absorption calorimeter:

depth of calorimeter sufficient to “contain” showers originating from particle of energy lower than
design energy

depth measured in “radiation lengths” for e.m. and “nuclear absorption lengths” for hadronic
showers

most modern calorimeters are “sampling calorimeters” — separate layers of high density material
(“absorber”) to force shower development, and “sensitive” layer to detect charged particles in the
shower.

total visible path length of shower particles is proportional to total energy deposited in calorimeter
segmentation allows measurement of positions of energy deposit

lateral and longitudinal energy distribution different for hadronic and e.m. showers — used for
identification

absorber materials: U, W, Pb, Fe, Cu,..

sensitive medium: scintillator, silicon, liquid argon,..



Nal: an example
of a 'calorimeter'

Anzahl Impulse Ener-

pro Energieintervall giespektrum von
1000 T ] monoenergeti-
500 oY schen y-Quanten
I 1 der Energie
0,835 MeV E = 0,835 MeV,
el 1  gemessen mit ei-
100 | nem zylindrischen
Nal(Tl)-Kristall
W i (Hohe 7,6cm,
@ =7,6cm). Das
o i 1  vom Detektor
10 k- @, - | noch auflosbare
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5T 7 AE ist hier etwa
b 125 keV
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Photomultiplier Energiemessung und
b lmpulshbhenverteilung

a)

_Szintillationsdetektor zum Nachweis von Neu-
tronen und zur Messung ihrer Energie. (a) Frontansicht,

(b) Seitenansicht



Cherenkov Radiation

* Moving charge in matter

[at rest] [ slow ] [ fast ]




Cherenkov Radiation — mostly UV photons

* Wave front comes out at an angle

foli)

* determined by index of refraction of the
material

* emitted photons detected, e.g., by
photomultiplier



Transition Radiation

* Transition radiation 1s produced when a
relativistic particle traverses an
inhomogeneous medium

— Boundary between different materials with
different n.

* Depends on relativistic ¥ factor of particle
— generated by accelerated charges

— can be used to 1dentity high energy electrons



Historical sketch of a transition radiation detector
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