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Our experimental program does not cover all the ground.
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So we developed a model.

Minimal assumptions
Esuwf, Surf ace Paramet ers, Pasma model, Molecular Dynamics

Somet hing straightf orward

Maximum Out put
Breakdown rate, Pulse length, Electric field, Materials dependence, Conditioning
procedures, The fully conditioned state, Gas type, Gas pressure, Magnetic fields,




Frequency dependence, DC gaps, Temperature dependence, Corre lated breakdown
events, Timescale of breakdown process, Plasma spots, Crater clustering, PS and
geometry dependence of gradient limits, Surf ace heating, Fatigue, Disappearance of
field emitters during breakdown, Simple failure of atom probe tomography systems,
Surf ace morphology, Superconducting systems, Positive and negative potentials,
enhancement spectra, breakdown thresholds, time development of arc, termination of
discharge, Arc loading, Optical spectra, |onization mechanisms, Mitigation of
Bre akdown , Mitigation of field emission

etc.



There are two parts:

1) A plasma arc model
- Should explain all experimentally measurable features of rf arcs

- At the moment limit ed by computation problems. (this will be fixed)

Arc,

e U
size:few microns ____ ———————— — — ~1-10 MW rf

Electron beam: few amps e >

power: ~1000 W
similar to unipolar arc

2) A model of the equilibrium between gradient and wall damage.

- explains how gradient s depend on pulse lengt h, power etc.



What is happening in arcs?

- X ray data show how energy leaves t he cavity.
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At the MTA our 805 MHz pillbox has:
- Stored Energy ~1J

- Electron energy ~ 4 MeV

- Electroncurrent ~4 A



Time development of a discharge
- The initial few ns have been modeled in detail in OOP C Pro.
- The end of the breakdown event can be measured in a cavity.

- The whole discharge can be modeled and is experi ment ally accessible.
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This model should be able to explain all the data.

Some mods. are required f or specif ic applications.
Predict s posit ive polarit ies, DC, etc. break down at roughly the same fields.

For example: high pressure gas
June 04, predict similar bre akdown propert ies f or metals as in vacuum
May 06, Experimental data showing radiation induced Q loss in gas filled cavit ies
March 07, predict breakdown due to high energy ! ray runaway

Magnetic fields require more modeling, but preliminary data is interesting.
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B fields seem t o make the plasma
more conf ined.
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Bob uses SLAC data to compare tensile strength.

The Cudata, from EPACO2, disagrees wit h
more recent data by afactor of about 2.
Lab G, SLAC and KEK agree.

[y
o1
I

Vac 11 GHz WG

The compari ng metals is dif ficult because
of unknowns in surf ace, ¢, oxide properties,
etc.
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The experiment it self is very hard, (isolating

X rays from many dif f erent backgrounds,

considering low energy absor ption, fitting PMT voltages, etc.) and the paper
specif ically stated t hey didn® calculat e enhancement f act ors.

The unknowns in t he surf ace, ¢, oxide propert ies also make calculating resistive
heating dif ficult, and the same comment s on t he dat a apply.



It is not obvious that dark current optics cause breakdown.

Dark curre nt beams are ~1 mA.

Dep. energy ~100 uJ, for 805
parameters.

1 D10 J produced in BD events.

seems to be OK (sometimes)
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1. "Dark Current” electrons accelerated and focused by magnetic field
2. Melt small spots
3. If on a location with high surface rf gradient: breakdown

4. If not, no breakdown, but eventiual damage




And the model does not fit the data.

The open cell cavity seemed to be free of B field problems once it was re conditioned
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"Magnetic Insulation” may have problems.

| n limit er tokamaks, magnetic fields are parallel to the surf ace and they have arcing
problems.

Unipolar arcs, which people don® study much any more, can shoot around the surf ace
driven by | xB f orc es, perh aps spraying t he inside surf ace wit h met al drops.
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Summary
We need to study the interactions of plasmawith magnetic fields.

The angle of the wall may be a very import ant parameter. This seems to be the
primary dif ference between the open cell cavity and the pillbox

More stored energy in our experiments would be welcome.
ALD still seems to be a reasonable option.

More ideas are welcome.



