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Introduction - T24 PSI Structure

a. Upstream Faraday Cup
b. lon Pump
c. RF Input

d. RF Cavity

e. Cavity Waveguide Manifold

f. RF Load

Note: Downstream Faraday Cup in

Lead Shielding
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Effects of Breakdowns

« Plasma degrades the beam.
 Limits the power that can be applied to RF cavity.

 Causes damage to the cavity.
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Advantages of Predicting Breakdowns

« We can begin to investigate preventative measures — can we stop breakdowns
occurring?

 We can use the predictions to improve beam reliability (Could we de-phase arcing
cavities? i.e temporarily make cavity invisible to the beam)

 We can progress our understanding of breakdowns.
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T24 PSI2 Conditioning History in XBOX-2
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Introduction — Machine Learning

e Machine Learning Study was conducted 0.5}

in 2020/2021 0.0|

« Machine Learning algorithm could predict E —05F

secondary breakdowns ~95% of the time. € 1ol

« Predictions could be made using Faraday Cup E _1 55_

Signals or the Pressure readings. 2 7

~N =2.0¢

» Highlighted region was particularly important in i ;

predicting an RF breakdown [3] =2.5f

« There is a need to determine how the ML made _3'Df
these predictions. 0 200 400 600 800 1000 1200 1400 1600

Samples
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Distribution of Breakdowns
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Nomenclature

« P-Pulse
* One cycle of the RF signal on the RF applied to the structure

« BD - Primary Breakdown

« Breakdown occurs > 6000 pulses after previous breakdown

« FBD - Follow-Up / Secondary Breakdown

« Breakdown occurs < 6000 pulses after previous breakdown [2]
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Nomenclature

e Pre-FBD Pulse

* RF pulses that occur between FBD'’s

e Post-FBD Pulse

* RF pulses that occur between last FBD and the next BD — when the system is running
“stably”.

e Event

« Everything associated with a primary breakdown
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Working Example

PPP.PPPPFBD PPPPPFBD PPFBD PPPPPFBD PP P FBD PPPPPPPP.PP

< 1 Event >
=) Secondary Time
E 1000 Pulses E Post-FBD Pulses - Breakdown Pulse
Primary Breakdown
E Pre-FBD Pulses Pulse
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Data Collection

50 — y , y T v = 500 -
4 L—’__,_/r— ! y 6000 @ 10-5 :
'“""—',' - T = o 200ns Data
__40¢ ' : - ' —— 1400 % 15000 = E% Fit
g 5173
3 Z1a000c =
= 30} 3002 {005 &g
= - T g 10°
= L el £ 13000 % o
% 20} 200 3 g °
= @ 12000 g,
™~ E 2
10} i — J100 2 ©
E 11000 = 10_7 , |
£ 210 220 230 240
oLt At 1 o O R (19 L, vk e 4 " 10 o Peak Surface Electric Field [MV/m]

0 100 200 300 400 500 600
Cumulative pulses [Millions]

Pictures from: [3] and [4]

13 July 2022 11




Hypothesis 1: Higher Field Emission = Higher Probability of Breakdown

Logs Compared

v RN
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Test Stand Operation

« |If abreakdown occurs, the test stand interlocks the power to 0 MW and ramps the
power back up.
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Hypothesis 1: Higher Field Emission = Higher Probability of Breakdown

* In order to be able to compare the logs, scaling of the logs is needed to account for the
change in input power.

 Therefore, the Faraday Cup signals have been scale using the Fowler-Nordheim
equation:

- 57 1071 x 10*52¢74, (BEg)** 6.53 X 109x @15
lr = 1.75 exp | —
¢ BEo

Please note: This scaling is not perfect — Capture and Transport phenomena makes scaling more complicated
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Hypothesis 1: Higher Field Emission = Higher Probability of Breakdown

Graph Showing Dark Current Reading of pre-FBD and post-FBD Waveforms for: Breakdown_2018.04.19-13:35:21.332
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Hypothesis 1. Higher Field Emission = Higher Probability of Breakdown

Graph Showing Dark Current Reading of pre-FBD and post-FBD Waveforms for: Breakdown_2018.05.04-03:25:36.401
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Hypothesis 1: Higher Field Emission = Higher Probability of Breakdown

Dark Current (Arb. Units)

Dark Current (Arb. Units)

Graph Showing Dark Current Reading of pre-FBD and post-FBD Waveforms for: Breakdown_2018.08.08-14:26:07.000
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Hypothesis 2: Specific Emission Site Distributions are More Likely to Result in
Breakdowns

How does preceding log signal change?

R ERE

PPP.PPPPFBD PPPPPFBD PPFBD PPPPPFBD PP P FBD PPPPPPPP.PP

« 1 Event >

v

Secondary
1000 Pulses E Post-FBD Pulses Breakdown Pulse

Primary Breakdown
Pulse

Pre-FBD Pulses
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An lllustrative Example: Signal Evolution

BD BD BD

L Emission site(s) removed
BD results in significantly more .
o again after several BDs.
emission at the structure output. .
Integral reduced again.

Changes integral somewhat, not the
peak amplitude.
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Hypothesis 2: Specific Emission Site Distributions are More Likely to Result in
Breakdowns

Graph Showing Scaled Dark Current Reading of pre-FBD and post-FBD Waveforms for: Breakdown_2018.04.19-13:35:21.332

0.000
(9]
£ —0.005 1 —— 1.334*Log_2018.04.19-13:35:26.114
2 —— 1.022*Log_2018.04.19-13:35:38.677
% _0.0104 —— 2.016*Log_2018.04.19-13:35:42.897
= —— 1.039*Log_2018.04.19-13:35:52.001
o —— 1.010*Log_2018.04.19-13:37:00.242
3 —0.015 1 —— 1.004*Log_2018.04.19-13:52:49.473
¥ —— 1.000%Log_2018.04.19-13:52:49.493
© 0020

Brown and Pink Plots are post-FBD plots

0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
Time (uS)

Graph Showing Difference between Scaled Reading of pre-FBD and post-FBD Waveform and Previous Waveform for: Breakdown_2018.04.19-13:35:21.332

0.015 -
.*2 0.010 4
= —— 1.022*Log_2018.04.19-13:35:38.677 - 1.334*Log_2018.04.19-13:35:26.114
£ 5005 —— 2.016*Log_2018.04.19-13:35:42.897 - 1.022*Log_2018.04.19-13:35:38.677
2 0000k —— 1.039*Log_2018.04.19-13:35:52.001 - 2.016*Log_2018.04.19-13:35:42.897
g —— 1.010*Log_2018.04.19-13:37:00.242 - 1.039*Log_2018.04.19-13:35:52.001
3 —o.0054 —— 1.004*Log_2018.04.19-13:52:49.473 - 1.010%Log_2018.04.19-13:37:00.242
S -o.
T
O _0.010 |

~0.015 -

0.8 0.9 1.0 11 12 13 1.4 15
Time (uS)

13 July 2022




Hypothesis 2: Specific Emission Site Distributions are More Likely to Result in
Breakdowns

Graph Showing Scaled Dark Current Reading of pre-FBD and post-FBD Waveforms for: Breakdown_2018.05.04-03:25:36.401
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Hypothesis 2: Specific Emission Site Distributions are More Likely to Result in
Breakdowns

Dark Current (Arb. Units)

Graph Showing Scaled Dark Current Reading of pre-FBD and post-FBD Waveforms for: Breakdown_2018.08.08-14:26:07.000
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Conclusion

 We haven’t determined how the Machine Learning predicted the
breakdowns (yet).

« We are examining the amplitude of the preceding dark current signal as
an indicator.

« We are examining the evolution of preceding dark current signals as an
Indicator.

 We have taken the first steps in validating the ML findings.
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Future Work

e Continue the studies discussed.

e Collate the results with breakdown location —this would determine the
point at which the dark current signal changes.

 Look into evolution characteristics — Are there any indicating
characteristics between the preceding non-breakdown pulses? Do the
conditions for breakdown evolve on a pulse to pulse basis in a
measureable way?
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