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SIGNAL CREATION
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energy
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lonisation caused by
charged particles or light
excitation and delayed light emission

usually in the UV range

anorganic Nal(Tl), CSI, BaF,, ¢&

Inorganic doped Aplasticsfi

UV light is converted to charge
at a photo cathode and
multiplied by a multi stage

photo Amultiplierf
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C = capacitance / unit length

CHARGE MULTIPLICATION

electron multiplication
around anode(fast)

drift of ions (slow)

typical ion drift velocity:
1 - 10 cm/(s®V)

Ar CH,
multiplication - avalanche
gain 10°-10°

(F. Sauli, CERN 77-09)

measuring gas: e.g., Ar, Xe, é

ig. 46

tive i
The ph

condensing around ions

to control avalanche: add quench gases, e.g. CO,, CH,, C,H,

Drop-like shape of an avalanche, showing the posi—
i H left behind the fast electron front
graph shows the actual avalanche shape,
as made visible in a cloud chamber by droplets
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Fig. 50 Gain-voltage characteristics for a

proportional counter, showing the
different regions of operation
(from W. Price, see bibliography
for Sections 2 and 3).

wire chambers tutorial:
F. Sauli, CERN yellow report 99-07
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ELECTRONICS PULSE |

as seen on an oscillopscope

e | . S i ')
I & sim deposited energy ~
_ SR _ # of elektrons
1 N o = integrated charge

N = area under the peak
£ 4 & I i dQ =1dt=U/R dt

: i ; - 1
M 10.0ns Ch1 2 -720my 29 Alg 2002
15:52:45

WY Zeomva

voltage peak at phototube anode: pulse height and integrated charge
result per event: energy information
for many events: histogram or spectrum
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ELECTRONICS PULSE Il - ENERGY

as seen on an oscillopscope

Telc.@u? fsl.nucl;s.fs - {' D'“] ...... i &
= - f@sm deposited energy ~
5 - # of elektrons
| ! = integrated charge
= area under the peak
L . dQ=I1dt=U/Rdt
10ns
s

; ; i % ; ]
Mi10.ons Ch1 % —720mV 20 aug 2002
15:52:45

Integral ©~ deposited charge = deposited energy

- digitization by ADC
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ELECTRONICS PULSE - TIME

as seen on an oscillopscope

TeK il 5.00G5/5 1 Acqas ) o

1A 10.0ns

{®i 8.3ns deposited energy ~
# of elektrons

= integrated charge

N = area under the peak
£ 4 & I i dQ =1dt=U/R dt

: i ; - 1
M 10.0ns Ch1 2 -720my 29 Alg 2002
15:52:45

WY Zeomva

——— trigger level of discriminator - analogue - digital pulse
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COUNTING & STATISTICS

signal R: true eventrate
f ﬂ ﬂ ﬂ ﬂ R dmeasureckventrate
|
time
: . 4 &
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. 5 IV
! < dead time ¢ ;‘ ‘ ‘ ‘ ‘
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time
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A 1. " ]
| . depd timp ¢ i ‘
I 1 | I ~
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PARTICLE IDENTIFICATION |

particle identification by
Z Mo energy loss (DE)

problems
- beam contamination

- scattered pions

9
S, S,
220 MeV/c beam (+) '
26 MeV protons
120 MeV pions
carbon D,
degrader target 21.7.1977
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AQ) =0.057sr

O V777777777777 77777720 7227270727772 ]

= beamaxi
o

*He - 2
ﬁﬁﬁ “
—_— s

T3

N2

4.20m

SHe target

range telescope

in the target

v 112

LA AN

AQ =0.46sr

scintillator/degrader stack
to stop beam particles

PARTICLE IDENTIFICATION II

particle identification by
time-of-flight (TOF)

Z @™

S -~ —
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ADC value ~ T,
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PARTICLE IDENTIFICATION I

AQ =0.057sr . L .
set-up | e R neutron identification by
VETO & time-of-flight (TOF)
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PARTICLE IDENTIFICATION IV

transition radiation detector (TRD)

about 1% probability per boundary crossing
- many layers

Usually gas X-ray detectors

like cylindrical proportional chambers
(straw tube) filled with a gas mixture
(80% xenon, 20% CO,)

to minimize the energy loss

of the charged particles.

from
http://[pamela.physik.uni-siegen.de/pamela/bitmaps/

One straw tube  One radiator layer  The mass model
module of the TRD

particle identification by

transition radiation

- threshold detectors
- particle discrimination e.g.,e/p separation1i 100GeV

2012 Review of Particle Physics (Particle Data Group),
J. Beringer et al., Phys. Rev. D86, 010001 (2012)
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