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Motivation
The amount of charge a dust particle can hold is limited,

but this has never been taken into account in previous

models of charge distributions in dusty plasmas.




Introduction

Log (Normalized particle charge distribution)

» Particle charge fluctuates due to discrete charging events
—— > Causes particles to exhibit a charge distribution
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Particle charge limits

Maximum number of electrons that can coexist on a given particle

« Electron field emission
Draine and Sutin, Astrophysical Journal,1987
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Particle charge limits

Maximum number of electrons that can coexist on a given particle

« Electron field emission
Draine and Sutin, Astrophysical Journal,1987

R2
g, =1+0.7 .
lnm
« Effective electron affinity Size dependent
Based on Boufendi, Stoffels, and Stoffels,1999
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* Rayleigh limit
Rayleigh, Phil. Mag.,1882
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Particle charge limits

« Solid silicon particles (A, =4.05¢eV andy > 10" N/m)

N

Bulk electron affinity

Surface tension

10°
Rayleigh limit
§§1n2-
E
w
ol
o
£
L
a
=
= 101}
a- Effective electron affinity
Electron field emission
10°

10° 10! 10°
Particle diameter (nm)



Particle charge limits

« Solid silicon particles (A, =4.05¢eV andy > 10" N/m)
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Particle charge limits

« Solid silicon particles (A, =4.05¢eV andy > 10" N/m)

* Rayleigh limit is unimportant for solid particles

10°

Rayleigh limit

[
=
(o]

Payticle\charge limit (e)

)

Effective electron affinity

o o

I
I
I

d
I

Eldctron field emission
10'0 P
10° 10! 10°

Partic ' ter (nm)



Particle charge limits

« Solid silicon particles (A, =4.05¢eV andy > 10" N/m)

* Rayleigh limit is unimportant for solid particles
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Particle charge distribution

« Analytical expression for steady-state particle charge distribution from
Matsoukas and Russell (1995)
/ Average charge
Probability distribution q

1(g-7)
for charge n(Q)_m/ xexp{ ( O. j}

\ Standard deviation

 Does not take charge limits into account



Particle charge distribution

10°

- Solid silicon nanoparticles lincbaabnbe

. . . . :-% o!
Charge distribution without L
charge limits \é\
§ 107 \
g 107
107
-25 -20 -15 -10 -5

Particle charge (e)

Simulation parameters
diameter = 5 nm

ng/n; = 1

T.=3eV

T, = 300 K




Particle charge distribution
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Analytical expression

» Modifies distribution w/o charge limits by introducing correction factor

» Derivation: manuscript in preparation

Accounts for integer

t f ch : Gaussian distribution
NATTe o1 Eharde ~ g 0.5 w/o charge limits
ol o
n'(q) = —— - x H(q—q'y,) |xn(q)
/ 1+ e”f(q q limj
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Charge distribution
with charge limit
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Analytical expression

« Charge limit treated as free parameter

» Excellent agreement between new analytical expression & Monte Carlo

/
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Average charge & standard deviation

« Charge limit treated as free parameter
« Excellent agreement for average charge

« Discrepancies in standard deviation at very small charge limit
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Average charge & standard deviation

« Charge limit treated as free parameter

« Excellent agreement for average charge

« Discrepancies in standard deviation at very small charge limit
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Average charge & standard deviation

« Charge limit treated as free parameter

« Excellent agreement for average charge

« Discrepancies in standard deviation at very small charge limit

Charge limit has negligible effect
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Average charge & standard deviation

« Charge limit treated as free parameter

« Excellent agreement for average charge

« Discrepancies in standard deviation at very small charge limit
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Electron-to-ion density ratio

Dust particles deplete electrons

Silicon nanoparticles of 10-nm diameter
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Electron-to-ion density ratio

» Dust particles deplete electrons
« Silicon nanoparticles of 10-nm diameter

* Charge limit = 14
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Electron-to-ion density ratio

» Dust particles deplete electrons
« Silicon nanoparticles of 10-nm diameter

* Charge limit = 14
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Criterion for particle-charge-limited regime

« Depends on plasma parameters and charge limit

Log (normalized particle charge distribution)
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/ deviations
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Criterion for particle-charge-limited regime

« Depends on plasma parameters and charge limit

Number of standard

/ deviations
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Conclusions

» Developed new analytical expression for stationary charge distributions
accounting for particle charge limits
« Excellent agreement with Monte Carlo charging model

» Developed criterion for whether one is in the particle-charge-limited regime



