.-_1—.

M. Abbrescia

EURIZOISchoolbn particle detectiontechnologies :




Choice of the gas filling

1. Noble gaseare preferentiallyjused due to the absence wibrationaland

rotational statesC ionization dominates.

(Polyatomic gas have neanizing deexcitation modes available)
A Possible electron multiplication at low electric field
A Choose cheap noble gases with low ionization potential

Expensive and rare

The drift velocity depends very strongly on the nature of the gas, namely on the detaile
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p (g/ecm3) dE/dx »

Gas (STP) I, (eV) W, (eV) (MeVg-'cm?) n,(cm)
H, 8.38 - 10 15.4 37 4.03 9.2
He 1.66 - 10 24.6 41 1.94 7.8
(N | 1.17-10° 15.5 35 1.68 56
Ne | 839-104 | 216 36 1.68 39
(A | 1.66-103 15.8 26 1.47 94
Kr 3.49 - 10° 14.0 24 1.32 192
(Xe ) | 5.49-10% 12.1 22 1.23 307
CO, 1.86 - 103 13.7 33 1.62 91
CH, 6.70 - 10 13.1 28 2.21 53
CiHyo | 242-103 10.8 23 1.86 195

structure of the elastic and inelastic electromolecule crossections. Sometimes it
saturates at high electric fields.




Choice of the gas filling

If only a noble gas is used to fill the counter, it can operates at
NBf I OAJSt & £-A0) belorelenfaiing tha pefmanemt
discharge regime

When the avalanche forms, excitéd atoms are created, which can

return to the ground state only emitting UV photons

- The energy of these photons can be sometimes larger than the energy needec
extract electrons from the cathode walls (&Vfor copper)

- Photoelectrons can be extracted from the walls, which cause farther ionization
the gas

Possible spurious delayed pulses due to ions neutralizing on the

cathode

- Ar+ ions reaching the cathode are neutralized and extract an electron from the
- The neutralAr atom is produced in an excited state, decays emitting UV photon:
- An additional electron can also be extracted from the wall

Both processes induce spurious delayed pulses



Use of quencher gases

The problem is solved by adding to noble gas percentages of othe
polyatomic gases, usually called "quenchers"”

V Gas quencher molecules have a@dliative(rotational andvibrational)

mode and can absorb UV photons in a wide energy range
- CH, absorbs photons between 7.9 and 14¥%
- Other polyatomic gases used dreons CQ, BF, GH,,, etc.

V Polyatomic gases dissipate energy by elastic collisions

Sometimes quenchers can dissociate resulting in simpler molecules,
sometimes harmful to the detector, like ¥ aging

Even small quantities of quencher allow to operate these detector
up to gain of 10without discharges.



Use of quencher gases

Also electronegative gases are used as guenglkesmanyfreons
(CEBr), ethylbromide (GH:Br), etc. which help operate detectors
at high gain without discharges.

- They are characterized by an electron captorean free path that is less
than typical anodeD § K2 RS RA&A0lFIyOS oF m OY
size (few>m)

- These gasesapture electrons possibly extracted at the cathddaning
negative ions, preventing the formation spuriosdelayed avalanches

- Also these gasesan dissociatesometimes forming solid or liquid
polymers which can deposit on the electrodes, altering their properties
A Malter effect, where the E field close to the electrode is distorted,
causing undesired discharges

A Aging effectfone of the main issues in all particle detectors)



Proportional counters

A cylindrical geometry is adopted +HV
- The anode Is a thin wire, on the cylinder axis ——
- The cathode is the metallic wall of the cylinder ——— "7

In most part of the counter, the electric field is
not enough to trigger avalanche processes

- Electrons drift toward the anode N 1
- lons drift toward the cathode

When electrons get close to the wire (usually at a
few wire radii), the electric field becomes intense
enough to trigger multiplication processes

- A droplike avalanche develops, with electron
In front and ions left behind

- Due to diffusion, the avalanche surrounds t
wire

Electrons are collected at the anode, while
positive ions keep drifting toward the cathode a... radius anode wire

b ... radius cathode
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Avalanche development close to the wire

Time development of an avalanche near the wire of a proportional coun

L
XXX YO

a) a single primary electron proceeds towards the wire anode,
b) in the region of increasingly high field the electron experiences iorsoifigions
(avalancheamultiplication),

c) electrons and ions are subject to lateral diffusion,

d) a droplike avalanche develops which surrounds the anode wire,

e) the electrons are quickly collected, while the ions begin drifting towards the
cathode generating the signal at the electrodes.
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Gain In proportional counters

_ Differentgasmixtures
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Multi-wire proportional chambers

The invention of the Multi Wire Proportional Chamber
(MWPC) by Georgé&sharpakn 1968 was a game
changer, earning him the 1992 Nobel Prize in Physics.
Suddenly, experimenters had access to laagea
charged particle detectors withillimeter spatial
resolution and staggering MHate capability. Crucially,
the emerging integratedtircuit technology could
deliver amplifiers so small in size and cost to equip
many thousands of proportional wires.

Thisingenious and deceptively simple detector is
relatively easy to construct. The workshops of man
university physics departments could master the
G§SOKy2f 23853 I (4 NImQrintisyicd
particle physics. So compelling was experimentatiok
with MWPCs that within a few years, large detector
facilities with tens of thousands of wires were
constructedw X 6 @

C.W.Fabjan CERN courier, March®2019



A telescope of MWPCs
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Multi-Wire Proportional Chambers (MWPC)

Schematic setup: /7‘

cathode plane

d
A —-
o o/0 O O O O O O
L | ‘F’ anode wire
'
Parameters: Features:
d = 2-4mm Tracking of charged particles
fw = 20-25um Some PID capabilities via dE/dx
/ L = 3-6mm Large area coverage
particle track Uo = several kV High rate capabilities

Total area: O(m?)

A MWPQConsistgn a setof anodewires, equallyspacedand kept at the samepotential,
simmetrycallyplacedin betweentwo cathodeplanes

-In first prototypesanodeswere groundedand thecathodewere kept at negativepotential
- Eachwire actsasanindependentproportional counter

-Distancebetweenthe planesusuallyis 3-4 time wire pitch 11



Multi Wire ProportionalChambers

y E field essentially uniform in most of the detector
y It becomes very intense close to the anode
Avalanche

Every anode wire is connected to an amplifier and
the signals can be processed electronically.
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