AVALANCHE MULTIPLICATION IN UNIFORM FIELD

‘ Combined cloud chamber-avalanche chamber:
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Signal development around the anode radius
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Figure 6.5 Orthogonal views of an avalanche triggered by a single electron as simulated
by a Monte Carlo calculation. The density of the shading indicates the concentration of
electrons formed in the avalanche..(From Matoba et al.3)



Fig. 6.7. Basic configuration of a
multiwire proportional chamber.
Each wire acts as an independent
proportional counter. The signal
on the firing wire is negative
while the signals on the neighbor-
ing wires are small and positive
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Fig. 6.8. Electric field lines and
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potentials in a multiwire proportional chamber.
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The effect of a slight v
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Strong field only around anode wires

Electrostatic potential in a planar MWPC given by:

V(x,y) = _.1%50111{4[5“12(? + Slﬂhz(;%v)]}




Strong field only around anode wires
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* scelta dei parametri
— la camera € tanto piu stabile quanto piu il filo e sottile

* ragioni meccaniche limitano ad a=20um a meno di camere molto piccole
— la spaziatura minima dei fili € 2mm

« valori inferiori tendono ad essere instabili elettricamente

* NB al diminuire di s diminuisce C e quindi il campo elettrico a parita di VO



* Stabilita meccanica

— variazioni percentuali di guadagno causate da
problemi meccanici:

ricordando che

Mece =0 5 M o JAM _4m 22
M M

Q
dalla capacita per unita di lunghezza a V,, costante:
AQ C" Aa AQ Cb Ab
Q 2mg, a Q 2meys b

per valor tipici dei parametri:
AM:3M M:lzﬁb Mzzﬂﬂs
M a M b M s

— @necessaria un’ottima precisione costruttiva e
stabilita meccanica per avere guadagno
uniforme

= essenziale per misure di energia

— importanti soprattutto le forze elettrostatiche

tra i fili




Lettura catodica

— catodo segmentato ortogonalmente ai fili
= in genere larghezza delle strip = spaziatura anodo-
catodo

— silegge il segnale indotto sul catodo, che interessa
piti strips adiacenti




Drift chambers

risoluzione nelle camere a deriva
* tre effetti importanti

— il rumore dell’elettronica

— la diffusione longitudinale della carica

. pmporzionale avte quindi a Vx per velocita di
deriva costanti

— la statistica di ionizzazione primaria
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= ipercorsidi deriva dei clusters di ioni sono
diversi a seconda della posizione lungo la traccia

+ effetto rilevante soprattutto per tracce vicine
all’anodo
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Figure 3.6: The efficiency of WCT and W2 as a funciion of the incident beam rate is
shown for operating voltages of 2150 V for WCT aned 2050 V for W2, acquired with 225
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MWPC applications: example of interaction vertex—>tgt reconstruction

Vertex Reconstruction, LHZ Target
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start with Drift Chambers Less wires than ina MWPC>

-Less electrostatic repulsion between wires
(easier mechanics !)

-Less electronics

 ———

scintillator

TDC Resolution not limited by pitch

I_ Start]
o Measure the arrival time
on wire
ft _____¥®anode
B xX=v,(t—t,)
Problems:
— , e Resolution limited by thermal diffusion
low field region high field region

- drift —p 2as amplification
I



Calibration of a Drift Chamber

Position vs. time
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DRIFT TIME ACCURACY: DEPENDS ON IONIZATION DENSITY
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RESOLUTION LIMITS OF DRIFT TUBES:
G. Scherberger et al, Nucl. Instr. and Meth. A424(1999)495
W. Riealer et al. Nucl. Instr. and Meth. A443(2000)156



LOCALIZATION ACCURACY IN DRIFT CHAMBERS

WORSENED BY LONG-RANGE ELECTRONS:
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Time Projection Chambers (TPC)

Large volume active detector.
full 3-D track reconstruction

from wires and segmented cathode of MWPC

wire chamber

X-V
z from drift time
and
dE/dx gas volume with
E & B fields
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6.8 The Time Projection Chamber (TPC) 142

Fig. 6.18. Sampling the space points on a particle
HIGH trajectory with the TPC (from Lillberg [6.31])
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Fig. 6.19. Various views of TPC reconstructed tracks from an event in which an incident muon decays into a
positron. The muon track is denoted by a M (from Liliberg [6.31])



TPC WORKING PRINCIPLE
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More on TPCs

Usually B || E improvement of diffusion

Drift length 2 1m

Rather (very) stringent requirement on homogeneity of E and B field

Space charge by ions

"Slow" detector
th~10 — 100 ps

Outer Field Cage

Sector
Support—Wheel —

The ALICE TPC



HV electrode (100 kV)

e Inner and Outer

Containment Vessels
(150 mm, CO,)

field cage

readout chamber

Endplates housing
2x2x18 MWPC

Suspended
field >
defining strips « 845 <r < 2466 mm
400 V/cm » drift length 2 x 2500 mm

ALICE TPC CHALLENGES - drift gas Ne, CO,, N, (90/10/5)

- gas volume 95 m3
- 557568 readout pads

up to 2x10* charged particles in TPC



High multiplicity Au + Au VS, = 130 GeV (STAR
TPC)




Alice event: 0, Run:0 Alice event: 0, Run:0
Nparticles = 3550 Nhits = 1171925 Nparticles = 36276 Nhits = 19431047 . ' Do,

- - One collision :
60° < 9 < 62°! Pb+Pb @ 5.5 TeV
dN/dy = 8,000







