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What and how are we building?

rf design mechanical design

TM02 11.4 GHz gun
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More details on design

15 kW to achieve a field close to 120 MV/m 

Impact-T

FEgen+GPT
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Evolution of steps leading to BD and discharge

Hebrew/CERN

SLAC

electron current ~7 kA
ion current ~30 A

SLAC-PUB-10355

PRL 117, 084801 (2016)

PRL 120, 124801 (2018)
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Red light from CNT

RSI 88, 033701 (2017); JVSTB 38, 024006 (2020)
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Red light is a common effect for CNT

ITO screenYAG screen
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Blue light from n-type nanodiamond

ITO YAG SEM

Current/pressure vs. time
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Nottingham or Joule heating

material is tungsten
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Physica E 86, 52 (2017)

Or both?!

WN~I×ε WJ~I2×R
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Designer cathodes attesting thermal scenario

All samples
~100 μA@1 kV

J. Phys. D: Appl. Phys. 52, 325301 (2019) 

Vacuum ~10-9 Torr
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Self-induced, self-stabilized glow discharge

J. Phys. D: Appl. Phys. 52, 325301 (2019) 
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Two estimations on temperature

Phase diagram
(T>~3,500 K)

Diamond-to-graphite
(T>~2,000 K)

J. Phys. D: Appl. Phys. 52, 325301 (2019) 
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Third temperature estimation

runaway  4,500 K
(meff~1/18m0)

stable 2,000 K
(meff~1/2m0)

R~exp(-H/kT)

H7eV
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C-fiberCNT-fiber
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Implications: Cathode R&D at AFRL
(images courtesy of Steve Fairchild and Jeongho Park)

1” diam.

JAP 121, 203303 (2017)

1” diam.

breakdowns
JVSTB 38, 024006 (2020)
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Implications: breakdown/arc/discharge
All temperatures at breakdown locations are >1,300 K 

Phys. Rev. Accel. Beams 21, 122002(2018)

Thermally driven cathodic plasma forms discharge/arc

J. Phys. D: Appl. Phys. 51, 225203 (2018);

Sci. Rep. 9, 7814 (2019)

KEK
Helsinki/CERN
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Conclusions and outlook

1. Vast evidence exists on thermal runaway as a leading terminal breakdown/arc 
formation in dc diodes and rf cavities 

2. Field emission, commonly called cold emission, is a very complex phenomenon 
that can cause severe thermal load via Nottingham and/or Joule heating

3. Testing hot cathodic scenario in relevant rf environment is underway using X-
band rf microscope

4. Materials of choice to largely probe the parameter space of Nottingham/Joule 
processes are metals (copper vs refractory metals), nanodiamond and CNT
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