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Overview

For detecting multipactor in infinite parallel plate geometry
Determines initial multipactor susceptibility

For studying influence of secondary electron emission properties




Outline

Simplifications and limitations

Complete detailed simulation of electron cloud

Simple detailed realistic Secondary Electron Emission model
Results

Final comments




Electromagnetic field extremely simplified
Infinite parallel plate
Only electric field

Homogeneous every where, only dependent of time

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)
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All 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 event
At impact event, new electrons are generated by Secondary Emission
The simulations discrete event approach

loops along the queue
advance simulation time
generate new events

placing new event orderly in the queue




Initial queue: initial electrons, seeding electrons
Random %Qistribution (time, position, velocity) number « user
time e DUniform(first period)

position € DUniform(first plate)

Initial queue

velocity e DNormal(initial velocity)

Takes first event




Take first event
In queue
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Impact event = (time, position, velocity)

emission event = (time, position, velocity)

TYPE OF EMISSION EVENT

Elastically reflected electron

True secondary emission of n electrons

n € DPoisson(impact velocity)

(N)=0(E, )/ P(E, ¢)

velocity & (E,, ¢)

velocity < (E, 8, ¢)

probability < SEE yield functions

P.(E,.¢)=

P,(Ep.0)=

P

e(E,.p)

n(E,.0)

Typical SEY and electron energy contributions

s( p,qo) 1-P.(E,.0)-P,(E,.0)

—
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SEE YIELD FUNCTIONS  empirical

e(E,.p)=¢e(E,)".C,™"
(k)
A
nE,)+e(E,)

77(Ep gO) — 77(Ep )COS(Q"} 'Cl l—cos(p)
~ n(E,)
nE,)+e(E))

??(Ep):(?'(l—b'Ep )E;) "eXPp| — E_p
b

C1 =X

k+1

O(E. .0)=0(E
)= p)k+cos(g0)

constants < Material properties




E=E, G,(u) whereu=e DUniform[0, 1]

G,(u)= o™ (arccodl- B-u))'n  B=1-code) a=z XD

inverse cumulative probability function, empirical

X = G(u) € Distribution(probability f(X))[0, 1]

where f (X) _ ok F=G*
dX
0=¢, (=0

constants < Material properties




True secondary emission of n electrons

G.(u) = (; - arctan(\/ tan(’ - X.) tan(’ - u)nns

E erain(next) = E grmin — E ensures conservation of energy, realistic

X Eremain -material)

E emaininitial) = E,

0 = arcs n(w/x2 + yz) ¢ =arctan(y/x) (X, y) = € DUniform(Circle X2 + y? <1)

constants < Material properties
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Alodine
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Material: Alodine (E1 = 63.7 eV, sey tnax = 1401, Emax = 212.5 eV, EZ2=365.5 eV).

Ezperiment: 1200 mitial electrons with an energy of 30.0 eV and a normal incidence angle with respect to the surface.
Geometry: Infinite Parallel Plates. Gaps between 0.05 and 4 mm, Length: 5 mm, Width: 5 mm.

Electromagnetic Field: Voltages between 20 and 3080 V. Frequency: 3500 MHz.

Final Conditions: electron population is 2.7 times the initial number of electrons.
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Electron Trajectories
Num. electrons: 2987 Age of electrons
— newly created electrons
— 3 collisions
= 6 collisions
— 10 or more collisions

Width

Iatenal Alodine (E1 =637 eV, sey max = 1401, Emax = 212.5 eV, E2 = 3658 eV).
Experiment: 2000 wutial electrons with an energy of 30.0 eV and a normal mcidence angle with respect to the surface.

Geometry Fiute Parallel Plates: gap: 0.400 m., width=2.000 mm., length=2.000 mm.

Electromagnetic Field: voltage: 1000.0 'V, frequency: 9.5 GHz.
Final Conditions: electron population 15 2.7 tunes the mitial number of electrons.
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M Evolution of the electron population

Evolution of the electron population

T

Population

M Evolution of the electron population

Evolution of the electron population

1.0526 (10) 21053 (20 31579 (30)

Time

Material: Alodine (E1 = 63.7 eV, sey max = 1.401, Emaz =212.5 eV; E2 = 965.3 £V}

Experiment: 2000 initial electrons with an energy of 30.0 eV and a normal incidence angle with respect to the surface
Geometry Finute Parallel Plates: gap: 0.100 num., width=5.000 mm., length=5.000 mm.

Electromagnetic Field: voltage: 140.0 V, frequency: 9.5 GHz.

Final Conditions: electron population is 2.7 times the initial number of electrons

Population

NUANING)

nsicycles)
1.0526 (100 21053 {20) 315878 (3m) 42105 (40)

Time

Material: Alodine (E1 = 63.7 eV, sey max = 1401, Emax = 212.5 ¢V, E2 = 2653 eV).

Ezxperiment: 2000 wutial electrons with an energy of 30.0 £V and a normal incidence angle with respect to the surface.
Geometry Finite Parallel Plates: gap: 0.088 mm., width=5.000 mm., length=5.000 mm.

Electromagnetic Field: voltage: 130.0 ¥, frequency: 9.5 GHe

Final Coonditions: electron population 1z 2.7 tumes the mihial number of electrons.
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F. HOhn 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 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?
Many SEE material parameters are not well known
ich are “universal™?
which are only dependent on Z?
which need experimental measurement?

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

« Can SEE models explain abnormal SEY curves of rough surfaces?

LA




