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Overview

For detecting multipactor in infinite parallel plate geometry

Determines initial multipactor susceptibility

F t d i i fl f d l t i i tiFor studying influence of secondary electron emission properties
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Outline

Simplifications and limitations

Complete detailed simulation of electron cloud

Si l d t il d li ti S d El t E i i d lSimple detailed realistic Secondary Electron Emission model

Results

Final comments
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Electromagnetic field extremely simplifiedElectromagnetic field extremely simplified

Infinite parallel plate 
)i ()( VF o

Only electric field

Homogeneous every where, only dependent of time
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d

etF o
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No relativistic effects

No space charge effects
Each electron moves alone in the unperturbed electric field 

Each electron trajectory calculated independently

Exact analytical trajectory:  emission event ⇒ impact event

event: time, position, velocity

No need to calculate trajectories, series of (time, position)j ( p )

Initial stage or tendency (susceptibility) of multipactor discharge
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All the electrons in the cloud are simulated individuallyAll the electrons in the cloud are simulated individually

Detailed discrete branching process of multiplications and absorptions

Electron cloud: impact event queue ordered by time to be processed

Electron: object defined by impact event can relate to emission eventElectron: object defined by impact event, can relate to emission event

At impact event, new electrons are generated by Secondary Emission

The simulations discrete event approach

loops along the queue p g q

advance simulation time

t tgenerate new events

placing new event orderly in the queue

No resonant conditions are imposed



ECM’08 L Galan: MEST CERN   21.11.2008

Simulation procedureSimulation procedure

Initial queue: initial electrons, seeding electrons

Random Distribution (time, position, velocity)   number ← user

time ∈ DUniform(first period)( p )

position ∈ DUniform(first plate)

velocity ∈ DNormal(initial velocity)
Initial queue

velocity ∈ DNormal(initial velocity)

Takes first event
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Simulation procedureSimulation procedure
Take first event 
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Final 
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Monte Carlo Secondary Electron Emission ModelMonte Carlo Secondary Electron Emission Model
Impact event = (time, position, velocity)  velocity ⇔ (Ep, ϕ )

emission event = (time, position, velocity)  velocity ⇔ (E, θ , ζ )( , p , y) y ( , , ζ )

TYPE OF EMISSION EVENT probability    ⇐ SEE yield functions

Elastically reflected electron ( ) ( )ϕεϕ EEP =Elastically reflected electron

Inelastically backscattered electron

True secondary emission of n electrons
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n ∈DPoisson(impact velocity)

〈 n 〉 = δ(Ep, ϕ ) / Ps(Ep, ϕ )
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Monte Carlo Secondary Electron Emission ModelMonte Carlo Secondary Electron Emission Model
SEE YIELD FUNCTIONS empirical

ε(Ep≈0) = 0

constants  ⇐ Material properties
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Monte Carlo Secondary Electron Emission ModelMonte Carlo Secondary Electron Emission Model
EMISSION EVENT: EMISSION  ENERGY AND ANGLES

Elastically reflected electron E = Ep ,  θ = ϕ ,  ζ = 0

Inelastically backscattered electron  
E = Ep·Gb(u) where u = ∈ DUniform[0, 1]

inverse cumulative probability function, empirical
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X = G(u) ∈ Distribution(probability f(X))[0, 1]  
h dFXf )( 1Gwhere

θ = ϕ ,  ζ = 0
constants  ⇐ Material properties
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Monte Carlo Secondary Electron Emission ModelMonte Carlo Secondary Electron Emission Model
EMISSION EVENT: EMISSION  ENERGY AND ANGLES

True secondary emission of n electrons
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Eremain(next) = Eremain – E        ensures conservation of energy, realistic

X (E i ,material)Xcs(Eremain ,material)

(x, y) = ∈DUniform(Circle x2 + y2 ≤1) ( ) ( )xyyx arctanarcsin 22 =+= ζθ

constants  ⇐ Material propertiesp p
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Monte Carlo Secondary Electron Emission ModelMonte Carlo Secondary Electron Emission Model
EMISSION PROBABILITY FUNCTIONS AND EXPERIMENTAL EDC
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MEST main windowMEST  main window
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MEST material SEE propertiesMEST  material SEE properties 
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MEST results: multipactor regionMEST  results: multipactor region 

very realistic
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MEST results: multipactor regionMEST  results: multipactor region 
1000 Anomag Au 2 μm

Anomag Au 0.2 μm
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MEST Predictions E EMEST Predictions E1 σm Em σ2000

Au-Anomag 170 1.71 945 1.61 

Au 135 1.61 681 1.46 

Au-Anomag air 100 1.77 637 1.60 

100
1 10Frequency-Gap product  f·d   [GHz·mm]

Au air 30 2.01 249 1.60 



ECM’08 L Galan: MEST CERN   21.11.2008

MEST results: electron cloud evolutionMEST  results: electron cloud evolution
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MEST results: electron population evolutionMEST  results: electron population evolution 
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MEST results: electron cloud internal parametersMEST  results: electron cloud internal parameters
Precursor of MEST

susceptibility

intensity

F. Höhn et al, The transition of a multipactor to a low pressure gas discharge. 

Phys. Of Plasmas 4, (10), pp. 940947 (1997)
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MEST results: electron cloud internal parametersMEST  results: electron cloud internal parameters
Precursor of MEST

Bunching of 
electron 

ienergies

F. Höhn et al, The transition of a multipactor to a low pressure gas discharge. 

Phys. Of Plasmas 4, (10), pp. 940947 (1997)
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FINAL COMMENTSFINAL COMMENTS
• Multipactor predictions very realistic in spite of strong simplifications in RF field

• Encouragement for using as a tool for testing SEE models and the influence of 
SEE parameters 

• It is still a question how precise should be the SEE model for multipactor 
predictions

• Are experimental BSE curves important for multipactor prediction?• Are experimental BSE curves important for multipactor prediction?

• Many SEE material parameters are not well known

• which are “universal”?• which are universal ?

• which are only dependent on Z?

which need experimental measurement?• which need experimental measurement?

• Is there a need for a materials SEE data base with more than SEY curves?

C SEE d l l i b l SEY f h f ?• Can SEE models explain abnormal SEY curves of rough surfaces?


