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Image courtesy: Walter Wuensch

« Hard and soft copper
« Cryo experiments: provide new information for vacuum arc theories
« Purpose of this study: behaviour of soft copper at cryogenic temperatures

« Recent studies at SLAC: cryogenic setting reduces BDR
« Gradient: 250 MV/m @ 45 K with 2e-4 BD/pulse/m DOI: 10.1103/PhysRevAccelBeams.21.102002

« Possible approaches to ultra-compact linac )8 Rosenzweig et al 2020 New J. Phys. 22 093067
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Experimental Set-up

He gas lines Cryo
cooler
Electrical power HV system
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Temperature controller

1% stage
Q : : : 2™ stage
s —F———electrode assembly
2" stage radiation shield
Compressor I_ 1% stage radiation shield
—— vacuum chamber

Typical pressure values:
@ room temperature: < Te-7 mbar
@ cryo temperatures: < 5e-9 mbar
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Set-up: Electrodes

Soft Cu Anode

Hard Cu cathode from previous
experiments
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: 4 Electrodes and first stage radiation
Soft Cu Cathode shield 5




Main goals of study

Breakdown behaviour during conditioning phase
Maximum electric field and BDR

Field emission current and enhancement factor S

Comparison with previous Hard Cu data
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Normalization

« Cryogenics changes gap size > need normalized field
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Results: Conditioning @ 300K
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120
Rampin
100 RN e e bane

Y o g I I~ RSO 5000 [ T T T T
£ 120
=
= 80 115 | ] 4000 | -
o w E . . ] . . . J—
—_ c a
2 2 %‘ 110 (22 ' . 1 ! o

(@] o o . . - L 4
(&) 60 © — o o . . - g 3000
'E % E 105 i. L ] L ] L ] - g
5 o T ., . . . 2
= @ 2 100f 2 2000 - .
+ 40 't; eos o ° . - o
2 S o
45' ":'; ee o . . - 1000 ¢ T
S a2 90} 1

20 8
500 ‘\ 85 nm = . . - 0 I I I I
\\ 0 500 1000 1500 2000
\\ 80 ‘ ‘ ‘ . Number of pulses
0 . 2.3 2302 2304 2306  2.308 2.31
0 0.5 1 15 2 25 3 3.5 4 4.5 h Number of pulses x10°

Number of pulses % 10%

Conditioning: Soft Cu @300K

Flat top mode: 4630 V (113 MV/m). Measured BDR: 6.96e-6 BD/pulse 8
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Results: Conditioning @ 30K

Output Electric Field [MV/m]
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Conditioning: Soft Cu @30K

Breakdowns
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Results: Comparison of conditioning curves
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Normalized Target Electric Field

Target Surface Electric Field [MV/m]

o0 Hard Cu 025 at 300K, gap =60 um 0al Hard Cu 025 at 300K, gap = 60 um
0 Hard Cu 030 at 300K, gap =60 um Hard Cu 030 at 300K, gap = 60 pum
Soft Cu 035 at 300K, gap =41 um Soft Cu 035 at 300K, gap = 41 pm
>0 Soft Cu 035 at 30K, gap = 59 um 0.2 Soft Cu 035 at 30K, gap = 59 um
Hard Cu 030 at 30K, gap = 80 um Hard Cu 030 at 30K, gap = 80 pm
0 : : ‘ : ‘ : : : ' 0 : : ‘ ' : : : : :
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Pulses % 10% Pulses <108
T = 300 K ‘ ‘ T =30 K
Hard Cu 025 Hard Cu 030  Soft Cu 035 Hard Cu 030 Soft Cu 035
J D [MV/m] 78.17 89.75 117.1 117.9 160.9
Erorm maz 0.604 0.693 0.808 0.994 1.24
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Results: Field emission and Fowler-Nordheim plots
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Results: Field emission

at warm-up

At @ 300 K:
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Field emission: Soft Cu @45-100K
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Summary

« Conditioning @300K and @30K
* Successful conditioning, BDR = 6.96e-6 BD/pulse at flat top @300K

« Higher accelerating gradient in cryogenic setting: @30K normalized field 53% higher than @300K
« Higher saturation field for Soft Cu than Hard Cu, but slower conditioning
« “Ricochet” effect?

e Field emission

» Enhancement factor (3 increasing with temperature
« “Cleaner” linear trend in cryogenic setting
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Hard Cu 030 at 300K, gap = 60 um
Soft Cu 035 at 300K, gap =41 um
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Outlook

Conditioning: ricochet effect

Field emission: cooldown instead of warm-up?

Possible improvements for superconducting materials
* Improved cleanliness (important for e.g. niobium)
« Additional LN2 pre-cooling

Cryogenic experiments important for high-gradient
accelerating technology!

Shutterstock




Thank you for your attention!
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Extra slide: Set-up, HV Power Supply

Field emission

Conditioning with MARX

Megger MIT525 Heinzinger HNC 20.000
genexgror Ramp mode up to 5 kV Programmable
1 us pulses, 200Hz to 2kHz, t
]Opk\?u S e ° Current range: 0.01 nA Voltage up to 20 kV
| to 3 mA Current range: 0.001 to 5 mA

Current accuracy: 2% Current accuracy: 20.1%

16



Extra slide: Set-up, Temperature Control

6 temperature sensors:.
3 temperature sensors close to

electrodes s
- |
1 on each radiation shield
1 at the first stage of cryocooler
+
2 heaters for temperature control

17
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Extra results: Conditioning curve fit
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Extra results: Pulses between breakdowns
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Extra results: Field emission instrument check
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Field emission currents at 45 K for soft copper

* No systematic difference in instruments Megger/Heinzinger
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