
Large Avalanches and Space Charge 

an introduction

P.Fonte

Disclaimer: this is not a review talk.

It’s just a fast introduction + some ideas
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Space-charge in parallel geometry 4 mm gap

1.5D

method of “characteristics”

Space charge effect

- lower gas gain

- cathode streamer

- anode streamer
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Space-charge effect

(net effect is gain reduction)
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GEM

lateral (ring) 

avalanche

hole: 60 µm

gap: 100 µm

N0=100 e-

V=1250V

Hydrodynamic

approach 2D
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GEM

lateral (ring) 

avalanche

hole: 60 µm

gap: 100 µm

N0=100 e-

V=1250V

Similar simulations

of various MPGDs

can be viewed here.

https://indico.cern.ch/event/

709670/contributions/3008591/

Hydrodynamic

approach 2D
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Calculation strategies

[Wiki1]

Plasma physicists have been hard at work on this

for a century. Let´s see what they came up with.
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It seems that the two-fluid approach will be faster than the others.
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Hydrodynamic

Electrons

good reference: [DAV73]

( , ) charge density in spaceand time

( ) velocity of electrons

( , ) electric field:applied+spacecharge

=first Townsend coefficient

=attachment coefficient

=diffusion coefficient
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Boundary conditions

,initialdensities: ( ,0)

behaviour of chargesat theelectrodes

Electrostatic B.C.

e in r

drawback: no avalanche statistics

(for sparse avalanches, for plasmas it is way more complicated)
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Some simplification from symmetry

The minimum model: “1.5D” (discs)

Started by Davies et al. in the 60’s

Unfortunately, still artificial for many 

detectors.

Much better: “2D” (rings=axial symmetry)

Fixed

Solution over the central axis only

Solution over a plane
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Numerical strategies for hydrodynamic approach
Method of “characteristics”

Integrate the equations along “characteristic 

lines” that correspond to the path of the 

charges = electric field lines. 

Equations become a set of uncoupled 

ordinary differential equations and analytical 

solutions exist for non-space charge regime.

For space-charge regime: small time steps 

and recalculate the field at each step.

Lateral diffusion difficult to incorporate.

Technical difficulties with curvilinear frames of 

reference + interpolation between 

characteristics and 3D space. 

Faster than FEM?

Finite elements method (FEM)
Solve the differential 

equations on the vertices of 

a mesh.
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[GEO00]

Forward streamer

“2D”

axial symmetry

Are there other methods?

In plasma physics there are

very sophisticated approaches
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1.5D approximation

0.3mm timing RPC, 3kV

electrons, positive ions, negative ions, field 

[Courtesy Werner Riegler]

Another approach: particle-in-cell

Also quite formidable: enormous number of cells.

3D prohibitive

A “mesoscopic” MonteCarlo where 

mini-avalanches are propagated 

from cell-to-cell in a mesh.

Symmetries can be also applied.

Incorporates naturally avalanche 

statistics.

[LIP04]

Space-charge only

no cathode streamer
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Particle-in-cell https://en.wikipedia.org/wiki/Particle-in-cell

These people seem to have a sophisticated view of the subject (and probably harder 

problems to solve).

…
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Particle-in-cell https://en.wikipedia.org/wiki/Particle-in-cell

Wonder if there is not 

something here that could 

be useful to us?
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