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Primitive model of electrostatic fluctuating

forces on insulators
Markov Process: Charge hopping on surface driven by sur-
face charge electric fields.

Step time or relaxation time: T = == EgKP
o}
on clean Si0, : weeks to years in vacuum
Average Force:
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Fluctuating Force from charge hopping
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when f>>1/7,

Typical surface charge densities in good vacuum
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IONIC NEUTRALIZATION OF
SURFACE CHARGE ON MIRRORS

e Technique
— + and — nitrogen ions introduced from outside
— Boll off from liquid nitrogen
— Neutralization by E field driven thermal diffusion

 Advantages
— Easy to do - all external

e Disadvantages
— Requires stopping run ~ 1 day
— Requires written procedure to avoid mistakes
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Schematic diagram of neutralization technique
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Physics

In source and aperture:

— competition between recombination and diffusion to
walls

— source pressure above ionization minimum of
Paschen curve

— turbulent flow in aperture reduces diffusion to wall
In test mass chamber:
— lons flow with neutral gas

— E field driven diffusion to surfaces dominates,
— recombination unimportant
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Ion current vs pressure for different orificesizes
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corong current from needles
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1on current using +-10V bias
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Conditions:

412 torr on needles

6 mA rms ion current at 60 Hz
4.5kV rms excitation voltage

+-10V square wave bias for electrometer, wires without plates in electrometer collector



excitation voltage rms
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Quad-Triple Cavity Error Signal
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ron neutralization in BSC

pressure 1n BSC torr
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Estimates

If recombination rate << diffusion rate P(neutrals) < 1 torr
and
mean free path of ions in neutral gas << mirror diam P(neutrals) > 10 torr

Asurfaceo-mirror

Lsin >

dN;,
dt
'[f-” Fill time in seconds 1000 sec
i
A Surface area in chamber 6 x 10° cm?
surface
d': in lon current in 3 x 10-8amp
t
G Surface charge on mirror |5 x 10! coulombs/cm?
mirror varies between 1014 to 10-10
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