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Recent Interest in LAr High Voltage (HV)
• As a result, there’s been a lot 

of interest in this recently

• In November 2013, FNAL 
hosted the “High Voltage in 
Noble Liquids” workshop with 
~40 attendees

• Topics included:

• TPC design

• Feedthrough design

• Insulator studies (& more)

• and LAr breakdown tests
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HV in Noble Liquids
• Resnati presented HV R&D work for 

GLACIER

• Included a plan for a LAr dielectric 
strength test

• Used Rogoski profile to create a 
uniform 100 kV/cm electric field 
between two 20 cm2 plates 
separated by 1 cm

• Since then, published their result

• 100 kV/cm sustained between the 
profiles (4 hours)

• Breakdowns as low as 40 kV/cm in 
boiling liquid

http://arxiv.org/pdf/1401.2777v1.pdf

http://arxiv.org/pdf/1401.2777v1.pdf
http://arxiv.org/pdf/1401.2777v1.pdf
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Work at LHEP University of Bern
• Since then,

• Published on dielectric strength measurements up to the cm scale
• Breakdown measurements between 1 ppb - 20 ppm

• Published a study using a cathode coating to suppress discharges

6

This is significantly higher from 
the previous BD measurement

http://arxiv.org/abs/1401.6693
http://arxiv.org/abs/1401.6693
http://arxiv.org/abs/1406.3929
http://arxiv.org/abs/1406.3929
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Work at Fermilab

• We wanted to measure the 
dielectric strength of LAr as it 
relates to:

• Geometry:  Not only distance 
but also the size of features

• Purity:  Literature points to an 
effect and we had some hints 
from other experiences (LAPD), 
but we wanted to probe the 
phase space more

• We plugged into MicroBooNE’s 
phase 1 cryosystem at LArTF

7

3 in
5 mm

1.3 mm

Use different sized cathode probes:
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Work at FNAL:  LArTF?

• LArTF:  Liquid Argon Test Facility
• Future home of MicroBooNE
• Phase I cryo work was completed earlier 

this year
• Could provide pure argon to a cryostat 

before MicroBooNE cryostat installation
• Access to gas analyzers and an 

upstream purity monitor for 
measurements
• Gas Analyzers read from cryostat 

liquid
• Liquid sent to purity monitor vessel 

after use

8

HVC Purity 
Monitor

Filter Skids

Pumps 
(behind)

Gas 
Analyzers 
(behind)
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• Based on the ICARUS feedthrough 
with
• A stainless steel outer ground tube
• An UHMW PE insulating layer
• And a stainless steel inner 

conductor
• Tight fit is near the warm 8” CF flange

• Accomplished by interference of 
materials

• Electrical connection is made by a 
spring tip attached to the end of the 
FT
• Allows for shrinking/movement

10

Test Setup:  The MicroBooNE 
HV Feedthrough

86”

2.125” OD, 
0.065” Wall

0.97” SS Slug 
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~2” OD, 
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Test Setup:  
The MicroBooNE HV Feedthrough

• Longer than the ICARUS feedthrough
• Because cryostat is cylindrical, we have 

to extend the ground sheath deeper to 
avoid high fields with the cryostat wall 

• Grooves have been cut in the PE with a 
CNC lathe
• Reduce breakdown along PE surface

• A torus was added to the bottom of the 
ground tube
• Reduce electric field here

• Tested at -128 kV in pure LAr (500 ppt O2) 
for 63.5 hours
• Time was limited by LAr boil off
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Test Procedure

• Find zero point

• Go to desired distance

• Ramp voltage until breakdown

• Normally obvious; current 
trip level was set to a few 
micro-Amps

• Repeat ~5x for each distance

12

Cryostat

Purity 
Monitor
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Disclaimer
• With the 3 in and 5 mm probes, we saw breakdown along the FT for some 

points above 1 cm, and 1.5 cm respectively.

• We did not see this with the 1.3 mm probe

• We found we could mitigate this by adding more liquid, but to ensure that we 
are not including FT breakdown data points, we have excluded points beyond 
1 cm for the 3 in probe, and 1.5 cm for the 5 mm probe.
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Width of Data
• We used the same probe over and over again

• The literature mentions that breakdown is a stochastic process

• Breaking down many times at a fixed distance yields

15

We can fit this with a Weibull function (as the literature suggests)

�2
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Data Collected
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Date Probe Lifetime (ms)

04/15-16/14 3 in 1.31

04/17/14 3 in 2.14

04/18/14 3 in 2.34

04/22/14 3 in 2.32

04/24-25/14 3 in 3.49

05/05/14 1.3 mm 1.03

Date Probe O2 (ppb) N2 (ppm)

01/24/14 3 in 1400+0
�0 1.4 +0.1

�0.1

01/31/14 5 mm 1300+0
�0 2.2 +0.1

�0.1

02/18/14 1.3 mm 1200+0
�0 1.7 +0.2

�0.2

02/27/14 1.3 mm 744+2
�2.0 3.1 +0.2

�0.5

03/04/14 1.3 mm 1.8 +1
�0.7 6.0 +0.2

�0.5

03/11/14 1.3 mm 0.35+0.15
�0.15 5.2 +0.2

�0.5

04/01/14 3 in 70 +100
�20 3.2 +0.2

�0.5

04/07/14 3 in 10.2+0.0
�3.0 5.5 +0.2

�0.5

04/11/14 3 in 0.60+0.10
�0.10 5.0 +0.2

�0.5

04/16/14 3 in <0.23† 5.9 +0.2
�0.5

04/22/14 3 in <0.13† 5.9 +0.2
�0.5

04/28/14 1.3 mm 200 +20
�10 5.5 +0.2

�0.5

05/01/14 1.3 mm <0.29† 6.4 +0.2
�0.2

05/07/14 1.3 mm 1400+100
�0.0 28 +2.0

�2.0

05/14/14 3 in 1500+100
�0.0 24 +2.0

�2.0

05/19/14 5 mm >900 22 +5.0
�5.0

05/30/14 5 mm 775+50
�50 22 +5.0

�5.0

Gas Analyzer Data:

Purity Monitor Data:
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• We were able to run with the 1.3 
mm, 5 mm, and 3 in diameter 
probes earlier this year
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mm, 5 mm, and 3 in diameter 
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• Evaluated purities between 
1500-0.1 ppb O2 equivalent
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Data Collected

• We were able to run with the 1.3 
mm, 5 mm, and 3 in diameter 
probes earlier this year

• Evaluated purities between 
1500-0.1 ppb O2 equivalent

• Some “high” N2 data at the 
end
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EMax vs Distance

• Doesn’t appear to be just Emax

18
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Comparison to Others’ Data

19

Plot inspired from 
LHEP Bern.  Earlier 

data provided by 
LHEP Bern

Preliminary
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Other Quantities of Interest
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Gerhold et al., Cryogenics (1994)
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Other Quantities of Interest

• Literature suggests a dependence of breakdown voltage on area 
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Gerhold et al., Cryogenics (1994)

Stressed area, peak field is at the 
star, shaded pink has E>80%*Emax



LAr Dielectric Strength July 9, 2014 S. Lockwitz et al.

Other Quantities of Interest

• Emax vs Area (80% Emax left; 90% right)

21
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• Last summer we did a breakdown 
test in LAPD

• We had a 2.5” sphere within a 
grounded cylinder with a ~4.9 mm 
gap

• We recorded data with this fixed 
distance, but...

• There was an issue where a screw 
was found to be broken after removal 
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Comparison with another test...

• Last summer we did a breakdown 
test in LAPD

• We had a 2.5” sphere within a 
grounded cylinder with a ~4.9 mm 
gap

• We recorded data with this fixed 
distance, but...

• There was an issue where a screw 
was found to be broken after removal 
• (so we likely will not publish this)

22

4.9 mm
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Comparison with another test...
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Comparison with another test...

• If we assume the device was ok during the testing, 
• We have something with an order of magnitude more stressed area
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Comparison with another test...

• If we assume the device was ok during the testing, 
• We have something with an order of magnitude more stressed area

• (80%:  37.6 cm2, 90%:  24.7 cm2; Emax: ~52 kV/cm)
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Closing Thoughts

• While I’ve highlighted FNAL’s dielectric strength work here, other topics and 
other groups are producing interesting work

• While a lot of work has been done in the past year on understanding the 
dielectric strength of LAr, there’s still much to be worked out

• Stressed area seems to be a more general parameter of interest

• Hints at purity effects but there’s more work to do here
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Closing Thoughts

• While I’ve highlighted FNAL’s dielectric strength work here, other topics and 
other groups are producing interesting work

• While a lot of work has been done in the past year on understanding the 
dielectric strength of LAr, there’s still much to be worked out

• Stressed area seems to be a more general parameter of interest

• Hints at purity effects but there’s more work to do here

• Our group will have a paper on the arXiv later this month

• We plan to continue HV R&D efforts with an LDRD grant:

• Blanche:  Breakdown (or Big) liquid argon cryostat 
for high-voltage experiments
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HVC Thank You's

• Cryo design and operation:  M Zuckerbrot

• Data collected by B. Carls, R. Acciarri, & S. Lockwitz

• Lots of design & construction work by H. Jostlein

• Task Force members & others with helpful discussions:  B. Lundberg, G.P. 
Zeller, G. Rameika, J. Raaf, and C. James
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Back up slides...
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Looking Closer at Purities...

27
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HV Breakdown in GAr & LAr 
GAr                                                                    LAr 

Breakdown in gas is understood: a Townsend 
process, as described by Paschen in 1905: 

Breakdown in cryogenic liquids is NOT 
understood: it depends on thermodynamic state, 
surface effects, purity and much else.  See J. 
Gerhold, Properties of cryogenic insulants, 
Cryogenics 38 (1998) 1063: “discharge voltages 
can only be measured as a function of the 
overall electrode/liquid system; extrinsic 
parameters have an important effect” 

“Our measurement”  = A.Blatter, et al., 
Experimental study of electric breakdowns in 
liquid argon at centimeter scale, arXiv:
1401.6693  

Breakdown Field for LAr at ~89K!

Slide from C. Thorn
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The mean free path for attachment to O2 at 10kV/cm is 0.15 cm for 1ppm and 150 
cm for 1ppb (these increase by ~2x per decade of field).  Thus below ~10ppb there 
should be no change in breakdown voltage for gaps greater than a few cm, if the 
mechanism for the  purity dependence is attachment
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The mean free path for attachment to O2 at 10kV/cm is 0.15 cm for 1ppm and 150 
cm for 1ppb (these increase by ~2x per decade of field).  Thus below ~10ppb there 
should be no change in breakdown voltage for gaps greater than a few cm, if the 
mechanism for the  purity dependence is attachment
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Test Setup

• Voltage was supplied by a Glassman 
LX150N12 capable of up to -150 kV

• Same filter pot as uB

• filters ripple

• isolates energy

• Voltage controlled by a LabView program 
(monitoring voltage, and some current)

• Current additionally monitored by analog 
outputs on the back of the supply
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HV Line Drawing

PS Cable 1 Pot TPC

This keeps 
going...

Cable 2 FT

C = 1.3 nF

R = 3 GΩ

C = 200 pF

R = 75 MΩ

C = 400 pF for a 25’ 
cable (we will use a 
shorter cable in uB)

C = 200 pF

Cathode

C = 1.6 nF


