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Recent Interest in LAr High Voltage (HV)

e Noble liquids are becoming a

popular detector medium

e These often require HV

¢ \While LAr experiments have

operated

e some of the parameters related
to (very) HV in LAr are not well
understood
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Experiment Voltage
ICARUS 75 KV
Darkside 50 60 kV
MicroBooNE 128 kV
CAPTAIN 50 kV
LBNE 170 kV
GLACIER 1-2 MV

TABLE 6.2

Electric strengths of liquefied gases
Liquid Strength (MV ezl

Nitrogen
Oxygen

Argon :
Hydrogen
Helium I, II
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Recent Interest in LAr High Voltage (HV)

e Noble liquids are becoming a E’Tg‘;gt‘;"t V?étige
popular detector medium S oo £ ey
_ MicroBooNE 128 KV
* These often require HV CAPTAIN Y,
| BNE 170 kV
¢ \While LAr experiments have GLACIER 1-2 MV
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much more precise and controlled measurements.
These are liquified gases and, although they are of no
importance as practical insulants, much information

e some of the parameters related can be gained from them which helps in understand-

to (Very) HV in LAr are not well ing the processes occurring in the organic liquids.
Of the possible liquified gases, argon, oxygen, and
understood nitrogen are most suitable for study since they may

planation of the effect. The nonlinear plot for argon
and stainless steel suggests that the strength of ar- |
gon for really large spacmgs (> 100 p.) would be ’
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Recent Interest in LAr High Voltage (HV)

e As a result, there’s been a lot
of interest in this recently

¢ [n November 2013, FNAL
hosted the “High Voltage in
Noble Liquids” workshop with
~40 attendees
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iCal export More «

High Voltage in Noble Liquids

8-9 November 2013 Fermi National Accelerator Laboratory

US/Central timezone

Overview

Agenda

Accommodations

Participants List

2 Contact: Cynthia M.

Sazama

July 9, 2014

This workshop will provide a forum to discuss curre
the behavior of high voltage in noble liquids. The \
from the neutrino, dark matter, and electric dipole
of making feed throughs, understanding dielectric |
high voltage systems. These issues are relevant fc
applications.

Dates: from November 8, 2013 08:00to N

Timezone: US/Central

Location: Fermi National Accelerator Laboralc
P. O. Box 500

Batavia, IL 60510-5011
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e and LAr breakdown tests
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HV In Noble Liquids

e Resnati presented HV R&D work for
GLACIER

LAr Dielectric Strength July 9, 2014 S. Lockwitz et al. 4



LAr dielectric rigidity test

Goal is to measure:

HV In Noble Liquids
* Liquid argon dielectric strength up to a

e Resnati presented HV R&D work for uniform 100 kV/cm field across 1cm

» Impact of the electronegative impurities
GLACIER * Insulating properties of dielectric

materials, e.g. surface and volume

_ _ resistance.
* Included a plan for a LAr dielectric LAr dielectric rigidity test
Strength test Filippo Resnati - High Voltage in |
TII— . 100RV £5 p-discharge monitor:
* 1:1 transformer + preamp
e Used Rogoski profile to create a st § s miialvd
uniform 100 kV/cm electric field e P G
between two 20 cm2 plates g o e
separated by 1 cm e L | = | oy moner
plate clectrodes e No ammeter
Filippo Resnati - High Voltage in Noble Liquids - FNAL - November 9th, 2013 3
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LAr dielectric rigidity test

HV In Noble Liquids

Goal is to measure:
* Liquid argon dielectric strength up to a

- uniform 100 kV/cm field across Tcm
* Resnati presented RV R&D work for » Impact of the electronegative impurities
GLACIER e Insulating properties of dielectric
materials, e.g. surface and volume
resistance.

¢ Included a plan for a LAr dielectric
strength test Fippo s - ighlae

T ——— 100 kV PS

LAr dielectric rigidity test

p-discharge monitor:
* 1:1 transformer + preamp

e Used Rogoski profile to create a s * 10MHz band sensitive to

moanitor pulse of ~10pA 20ns long
uniform 100 kV/cm electric field ﬁ i A
between two 20 cm2 plates 4l | * Noargon reciculation
separated by 1 cm http://arxiv.org/pdf/1401.2777v1.pdf

Evidence of electric breakdown induced by bubbles in liquid argon*

® Si nce then ) pu bI iShed thei r resu It F. Bay, C. Cantini, S, Murphy, F. Resnati," A. Rubbia, F. Sergiampietri, and S. Wu

ETH Zurich - Institute for Particle Physies,
Otto-Stern-Wey 5, 5093 Zurich (Switzeriand)

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

dielectric rigidity. Under stable conditions nnd below the boiling point, lquid argoa was
found to sustain a uniform electric field of 100 kV /cm, applied in a region of 20 cm¥ area
across 1 cm thick gap. When the Bquid is bailisg, breakdowsns may cccur at electrie fiokds as
Jow as 40 XV /cm, Thas test is one of the R&D efforts towards the Giant Liquid Argon Change
Imaging ExpeRiment (GLACIER) as proposed Liguid Argon Time Projection Chamber

(LAr TPC) for the LANO observatory foe neutrine plysics, astrophysics and nuclon decay

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

det] 13 Jan 2014

searches,
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HV In Noble Liguids:
HF:) Un|verSty Of BGI’I’] Electric Field Mil

e At the workshop, T. Strauss highlighted Cutran cuve o sk i

e A dielectric constant measurement

et aam
- RSl X

Dislectric constant of Nguid

argon
Literature -1.52
Measured :1.48:0.03

Slides from T. Strauss
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HV In Noble Liquids:
| HI::) UﬂIVGFSty Of BGI’H " Electric Fiekd Mil

Q=CU

Cwe,e, A
d

u
SxQw=—gx,A
Q d U(r

o At the workshop, T. Strauss highlighted Cothaon v ofh sk i

e A dielectric constant measurement {

Dislectric constant of Nguid

e Breakdown field measurements e —
between two spheres

- 2
5
| 17, Lowin,. Commerciat Ar with 2%, 02
! ‘ ; 18 15 Cowin, Commerciat Ar i T OF
Breakdown VORAQE  puue v eecr sois o sstionn 26 S S
- —— 15 Lowm SEeiuaecep A/ ean © D00 O
- Breakdown voltage measurement N 2 14 OIS G
« Micro Argontube with a 30kV HV e W ’ ARGONTVORL Ar wih 8.1 990 et
feed through JNST 5711002 (2010} et — = 1.2
. 2 spheres (d=4cm), one - =
o
moveable with Sum precision e 1 '
- Few micron to 1mm range @ Better purity

10*
Distance [um)]
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26 Jan 2014

gs.ins-det]

Work at LH

P University of Bern

¢ Since then,

e Published on dielectric strength measurements up to the cm scale

e Breakdown measurements between 1 ppb - 20 ppm

|

o D.W. Swan and TF. Levis, red Senen, 20% 02

o D.W. Swan and TF. Levis, re2 Seven, 1% 02

& D Bean 00d TF Lavie, red S, 0.002% 02
e DW Seanand TF Lavie, red Sovm, § 00000% 02
* Our measurement /20 mem, 20 ppm O2

* Ouwr measurement ~20 mm, J ppb 02

* Ouwr measurement rodld mem, 1 ppb O3

« ARGONTURE, »«93-200 mm, 2.1 ppb 02

Broakdown feld [NV m)

' thiag

Experimental study of electric breakdowns in liquid
argon at centimeter scale

w’ w0* 0’ ! .
A. Blatter, A. Erecitato, C.-C. Hsu, S, Janos, |, Kresio; M. Lueth, S
C. Rudoif von Rohr, M. Schenk, T. Strauss, M. 5. Weber and M. Zeller

Alert Einssevm Comter Sor Sandamenind Phavics, Lodossovry fov High Energy Phoysics, Universivy

of Sern,

Sudleratramae 5 30) 2 Bern, Swatoerka

UIC 1Uruicr UCVCIU[:;IIICIII. 01 UIC SLUUICS. 110 I1CdS
of cathode-anode gap widths up to 10 mm with spherical cathode and plane anode. It is shown that
for such scale electric breakdowns in highly purified liquid argon (1 ppb oxygen equivalent) occur
at field intensities significantly lower then expected, namely as low as 40 kV/cm. The observation
of a dependence of the breakdown field on the cathode-anode distance and on the cathode shape

Figure 7. Compilation of the expenimental data oa the cloctric strength of ligesd argon mcludng resuls
from our meassoemests.

supports the hypothesis that the breakdown is governed by space-charge effects in the volume and
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Work at LH

¢ Since then,

P University of Bern

e Published on dielectric strength measurements up to the cm scale
e Breakdown measurements between 1 ppb - 20 ppm
e Published a study using a cathode coatina to subpress discharaes

LE =T
Experimental study of elect: ? A method to suppress dielectric breakdowns in
argon at centimeter scale - liquid argon ionization detectors for cathode to

ground distances of several millimeters

A. Blatter, A, Erecitato, C.-C. Hsu, S, Janos, |

C. Rudol von Ao, M. Schenk T Straus b % This is significantly higher from

Alert Einsevn Comer Sor Sandamental Phavics, Lodod

TR z W A & S, O o & o, v W. L the previous BD measurement

e 1UrNEr aeévelopment |
. e cowe e Table 1. Summary of the breakdown test
of cathode-anode gap wii = e s : :
ot et coating 5 cm and 4 cm diameter sphe

gs.ins-det] 26 Jan 2014
1S

es, respectively.

for such scale electric b — - ; - :
& PR $ v weomen s Gap width | Max. field strg Sphere diameter | Polyisoprene thickness | Breakdown
at field intensities signifii -~ S p—y
> ‘i e et | 5 MM 298 kV/cm 4 cm 450 um no

of a dependence of the t ~ - | 2 0

VRS TSR R rwmes Debawcwe | 4 mm 358 kV/cm 4 cm 450 um no
"'—LLg e 3 mm 412 kV/cm 4 cm 450 um yes

;— 5 mm 296 kV/cm S5cm 200 um yes
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Work at Fermilab

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

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

e 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

LAr Dielectric Strength July 9, 2014

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

_ArTF: Liquid Argon Test Facility

Future home of MicroBooNE

Phase | cryo work was completed earlier
this year

e Could provide pure argon to a cryostat
before MicroBooNE cryostat installation

e Access to gas analyzers and an
upstream purity monitor for
measurements

e Gas Analyzers read from cryostat
liquid

e | iquid sent to purity monitor vessel
after use

LAr Dielectric Strength July 9, 2014

Purity
Monitor

Analyzers
(behind)
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Test Setup

Translator can
ove the probe
vertically

This goes into the
cryostat

HV Probe
Grounded plate

Mirrors angled to
see breakdown
space from
viewports
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Test Setup |

Translator can
ove the probe
vertically

e Cryostat was a vacuum jacketed cryostat
e Ran 4-8 psig
e Sphere-plate geometry

e Polished stainless steel

This goes into the
cryostat

HV Probe
Grounded plate

Mirrors angled to
see breakdown
space from
viewports
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Test Setup

e Cryostat was a vacuum jacketed cryostat
e Ran 4-8 psig

e Sphere-plate geometry

e Polished stainless steel

. . | into th
e different sized probes could be ;{;ﬁ“ -
attached to the MicroBooNE
feedthrough Lion of top
plate
HV Probe

Grounded plate

Mirrors angled to
see breakdown
space from
viewports
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Translator can
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e Cryostat was a vacuum jacketed cryostat
e Ran 4-8 psig

e Sphere-plate geometry
¢ Polished stainless steel

, : This goes into the
e different sized probes could be

cryostat
attached to the MicroBooNE
feedthrough
* FT moved vertically by a motorized
translator HV Probe
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Translator can
ove the probe
vertically

e Cryostat was a vacuum jacketed cryostat
e Ran 4-8 psig

e Sphere-plate geometry
¢ Polished stainless steel

, : This goes into the
e different sized probes could be

cryostat
attached to the MicroBooNE
feedthrough
* FT moved vertically by a motorized
translator HV Probe

e distance read out by a digital linear
scale

Grounded plate

Mirrors angled to
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Test Setup |

Translator can
ove the probe
vertically

e Cryostat was a vacuum jacketed cryostat
e Ran 4-8 psig

e Sphere-plate geometry
¢ Polished stainless steel

, : This goes into the
e different sized probes could be

cryostat
attached to the MicroBooNE
feedthrough
* FT moved vertically by a motorized
translator HV Probe

e distance read out by a digital linear
scale

Grounded plate

Mirrors angled to
see breakdown
space from
viewports

e Contact point (zero spacing) measured by
pressure sensor
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Test Setup

e Cryostat was a vacuum jacketed cryostat
e Ran 4-8 psig

e Sphere-plate geometry
¢ Polished stainless steel

e different sized probes could be
attached to the MicroBooNE
feedthrough

* FT moved vertically by a motorized
translator

e distance read out by a digital linear
scale

e Contact point (zero spacing) measured by
pressure sensor

¢ \View ports, Mirrors

LAr Dielectric Strength July 9, 2014

Translator can
ove the probe
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This goes into the
cryostat

d plate

gled to
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Test Se’[up .  Breakdown!

e Cryostat was a vacuum jacketed cryost
e Ran 4-8 psig

e Sphere-plate geometry
¢ Polished stainless steel

e different sized probes could be
attached to the MicroBooNE
feedthrough

L HO Reflection of top
* FT moved vertically by a motorized yosta | plate

translator be

e distance read out by a digital linear
scale

d plate

gled to
down
rom
orts

e Contact point (zero spacing) measured by
pressure sensor

¢ \/iew ports, Mirrors \ N
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Test Setup: The Micro
HV Feedthrough
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Test Setup: The MicroBooNE ||
HV Feedthrough

e Based on the ICARUS feedthrough
with

e A stainless steel outer ground tube
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Test Setup: The MicroBooNE |
HV Feedthrough

2.125” OD,
0.065” Wall

e Based on the ICARUS feedthrough
with

e A stainless steel outer ground tube

86”
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Test Setup: The MicroBooNE |
HV Feedthrough

2.125” OD,
0.065” Wall

e Based on the ICARUS feedthrough
with

e A stainless steel outer ground tube
e An UHMW PE insulating layer
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Test Setup: The MicroBooNE |

HV Feedthrough

e Based on the ICARUS feedthrough
with

e A stainless steel outer ground tube
e An UHMW PE insulating layer

e And a stainless steel inner
conductor

LAr Dielectric Strength July 9, 2014

2.125” OD,

0.065” Wall

86”

~2” OD,
~1” ID

25 mm OD,
S5 mm Wall
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Test Setup: The Micro

HV Feedthrough

e Based on the ICARUS feedthrough

with

e A stainless steel outer ground tube
e An UHMW PE insulating layer

e And a stainless steel inner
conductor

e Tight fit is near the warm 8” CF flange

e Accomplished by interference of

materials

LAr Dielectric Strength

July 9, 2014

2.125” OD,
0.065” Wall

97” SS Slu
welded to

86”

~2” OD,
~1” ID

25 mm OD,
S5 mm Wall

S. Lockwitz et al. 10



Test Setup: The Micro
HV Feedthrough

e Based on the ICARUS feedthrough
with

e A stainless steel outer ground tube
e An UHMW PE insulating layer

e And a stainless steel inner
conductor

e Tight fit is near the warm 8” CF flange

e Accomplished by interference of
materials

¢ Electrical connection is made by a

spring tip attached to the end of the
FT

e Allows for shrinking/movement

LAr Dielectric Strength

July 9, 2014

2.125” OD,

0.065” Wall

97” SS Slu
welded to

86”

~2” OD,
~1” ID

25 mm OD,
S5 mm Wall

S. Lockwitz et al.

10



"he Micro

est Setup:

SooN

- HV Feedthrough

LAr Dielectric Strength

July 9, 2014

The max E field on the cathode

is ~28 kV (~4in to ground)

e —
T e —-
EE el 3

Feedthrough

A

)

o o

S. Lockwitz et al. 11



est Setup:
'he MicroBooNE HV Feedthrough

The max E field on the cathode
is ~28 kV (~4in to ground)

e | onger than the ICARUS feedthrough

e Because cryostat is cylindrical, we have
to extend the ground sheath deeper to
avoid high fields with the cryostat wall

Feedthrough

.
"
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"he Micro

est Setup:

SooN

- HV Feedthrough

e | onger than the ICARUS feedthrough

e Because cryostat is cylindrical, we have

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

have been cut in the PE with a

CNC lathe

e Reduce breakdown along PE surface
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is ~28 kV (~4in to ground)
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est Setup:
'he MicroBooNE HV Feedthrough

The max E field on the cathode

e | onger than the ICARUS feedthrough

e Because cryostat is cylindrical, we have
to extend the ground sheath deeper to
avoid high fields with the cryostat wall

° have been cut in the PE with a
CNC lathe

e Reduce breakdown along PE surface

e A torus was added to the bottom of the
ground tube

e Reduce electric field here
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"he Micro

est Setup:

SooN

- HV Feedthrough

e | onger than the ICARUS feedthrough

e Because cryostat is cylindrical, we have
to extend the ground sheath deeper to
avoid high fields with the cryostat wall

° have been cut in the PE with a

CNC lathe

e Reduce breakdown along PE surface

e A torus was added to the bottom of the

ground tube

e Reduce electric field here
e Tested at -128 kV in pure LAr (500 ppt Oy)

for 63.5 hours

e Time was limited by LAr boil off
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Test Procedure
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¢ Find zero point
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Test

Procedure

¢ Find zero point

e (Go to desired distance

e Ramp voltage until breakdown

e Normally obvious; current
trip level was set to a few
micro-Amps
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Test Procedure

* Find zero point

e (GO to desired distance

e Ramp voltage until breakdown

e Normally obvious; current
trip level was set to a few
micro-Amps
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Test Procedure

* Find zero point

e (GO to desired distance

e Ramp voltage until breakdown

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

e Repeat ~5x for each distance
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A Sample: Data from 02/27/2014

e Plot of voltage vs distance (1.3 mm sphere):

Breakdown Voltage vs. Distance
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Disclaimer

e \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.
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e \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
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Disclaimer

e \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
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Width of Data

e \We used the same probe over and over again
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Width of Data

¢ \We used the same probe over and over again
e The literature mentions that breakdown is a stochastic process

e Breaking down many times at a fixed distance yields

Breakdown Voltage at 7 mm Spacing (3 in Ball)
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Breakdown Voltage (kV)

LAr Dielectric Strength July 9, 2014 S. Lockwitz et al. 15



Width of Data

¢ \We used the same probe over and over again
e The literature mentions that breakdown is a stochastic process

e Breaking down many times at a fixed distance yields

Breakdown Voltage at 7 mm Spacing (3 in Ball)

S e —

Uber Oberflicheneffckte beim elektrischen Durchbruch von Fliissigkeiten 161

mit Wechselspannungen sind vollautomatisch arbeitende Versuchseinrichtungen mit
Erfolg verwendet worden®. Als einer der ersten hat Weibull? darauf hingewiesen,
dal} die zu erwartende statistische Verteilungsfunktion von der GauBschen verschieden
wiire und er schlug andere, unsymmetrische Typen der Verteilungsfunktion vor.

Gauster, W.F. Uber Oberflicheneffekte beim clektrischen

Durchbruch von Flissigkeiten Ingenieur Archiv (1956) 10 160-
167

SRR O O T OO Lo L e e i B T gy i TR W
%o 40 50 60 70 80 90 100 10 120
Breakdown Voltage (kV)

ded.

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

¢ \We used the same probe over and over again
e The literature mentions that breakdown is a stochastic process

e Breaking down many times at a fixed distance yields

Breakdown Voltage at 7 mm Spacing (3 in Ball)

N -

Uber Oberflicheneffckte beim elektrischen Durchbruch von Fliissigkeiten 161

mit Wechselspannungen sind vollautomatisch arbeitende Versuchseinrichtungen mit

Erfolg verwendet worden®. Als einer der ersten hat Weibull? darauf hingewiesen,
K - Yoo — Dt ot

ngsfunktion von der GauBlschen verschieden
che Typen der Verteilungsfunktion vor.

Gauster, W.F. Uber Oberflicheneffekte beim clektrischen
Durchbruch von Flissigkeiten Ingenieur Archiv (1956) 10 160-
167
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Width of Data

¢ \We used the same probe over and over again
e The literature mentions that breakdown is a stochastic process
e Breaking down many times at a fixed distance yields

Breakdown Voltage at 7 mm Spacing (3 in Ball)
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We can fit this with a Weibull function (as the literature suggests)
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Data Collected

Purity Monitor Data:

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

LAr Dielectric Strength July 9, 2014

Gas Analyzer Data:

Date Probe  O; (ppb) Ny (ppm)
01/24/14  3in 14007y 1.4 797
01/31/14 5 mm 130079 2.2 191
02/18/14 1.3 mm 120089 1.7 193
02/27/14 1.3 mm 7443_0 3.1 0%
03/04/14 1.3 mm 1.8 7§ 6.0 T0%
03/11/14 1.3 mm 035*81@ 5.2 T0%
04/01/14  3in 70 T30 3.2 70
04/07/14  3in 10.27%39 5.5 2%
04/11/14  3in  0.607975 5.0 o3
04/16/14  3in <0.23" 5.9 2%
04/22/14  3in <0.13" 5.9 1%
04/28/14 1.3mm 200 *2% 5.5 102
05/01/14 1.3 mm <0.297 6.4 193
05/07/14 1.3 mm  140073% 28 129
05/14/14  3in 150031)98 24 129
05/19/14 5 mm >900 22 129
05/30/14 5 mm 77512 22 150

S. Lockwitz et al.
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Data Collected

e \We were able to run with the 1.3 Gas Analyzer Data:
mm, 5 mm, and 3 in diameter Date Probe O, (ppb) Na (ppm)
. . 01/24/14  3in 14007 1.4 To7
probes earlier this year 01/31/14 5 mm 1300+ 2.9 01
02/18/14 1.3 mm 120015 1.7 793
02/27/14 1.3 mm 7443_0 3.1 703
03/04/14 1.3 mm 1.8 F; 6.0 Toz
03/11/14 1.3mm 0.35:° gg 5.2 192
04/01/14  3in 70 70 3.2 710
04/07/14  3in 10.2%59 5.5 10¢
04/11/14  3in  0.607375 5.0 T3
Purity Monitor Data: 04/16/14 3 in <0.23 5.9 +§§
Date Probe  Lifetime (ms) 04/22/14 3 in <0.1?2);r 5.9 +85’
04/15-16/14 3 in 1.31 04/28/14 13 mm 200 Tjg 55 g
04/17/14 3 in 9214 05/01/14 1.3 mm <0+21%g 6.4 92
04/18/14 3 in 2 34 05/07/14 1.3 mm 14OO+100 28 39
04/22/14 3 in 2 39 05/14/14 3 in 150074 24 +§8
04/24-25/14 3 in 3.49 05/19/14 5 mm >900 22 L5
05/05/14 1.3 mm 1.03 05/30/14 5mm  T775I5 22 T4y
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Data Collected

e \We were able to run with the 1.3 Gas Analyzer Data:
mm, 5 mm, and 3 in diameter Date Probe Oz (ppb) N> (ppm)
’ ’ . 01/24/14  3in 140073 1.4 727
probes earlier this year 01/31/14 5 mm 1300+ 59 “81

+0 +0!

e Evaluated purities between ggﬁiﬁi 1; 22 ;ﬁ% 2 N I +§§
1500-0.1 ppb O2 equivalent 03/04/14 1.3mm 18+ 6.0 102
03/11/14 1.3mm 0.35:° ig 5.2 192
04/01/14  3in 70 70 3.2 710
04/07/14  3in 10.2%59 5.5 10¢
04/11/14  3in  0.607219 50 192
Purity Monitor Data: 04/16/14 3 in <0.23 5.9 703
Date Probe  Lifetime (ms) 04/22/14 3 in <O°1?2’g 5.9 +§§
04/15-16/14 3 in 1.31 04/28/14 1.3mm 200, 5.5 Zog
04/17/14 3 in 9214 05/01/14 1.3 mm <0. 21%2 6.4 +88
04/18/14 3 in 9 34 05/07/14 1.3 mm 14007 28 54
04/22/14 3 in 9 39 05/14/14 3 in 150031)98 24 :ég
04/24-25/14 3 in 3.49 05/19/14 5 mm >900 22 L5
05/05/14 1.3 mm 1.03 05/30/14 5mm 77575 22 7§,
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Data Collected

e \We were able to run with the 1.3 Gas Analyzer Data:
mm, 5 mm, and 3 in diameter Date Probe O (ppb) Na (ppm)
. . 01/24/14  3in 14007 1.4 To7
probes earlier this year 01/31/14 5 mm 130010 99 “81

+0 +0.

e Evaluated purities between ggﬁiﬁi 1; 22 ;ﬁ% 2 N I +§ é
1500-0.1 ppb O2 equivalent 03/04/14 1.3mm 18+ 6.0 102
| 03/11/14 1.3mm 0.35:° ig 5.2 192
e Some “high” N2 data at the 04/01/14  3in 70 T30° 3.2 192
end 04/07/14 3 in 10.2739 5.5 153
04/11/14  3in  0.607375 5.0 T3
Purity Monitor Data: 04/16/14 3 in <0.23 5.9 +§§s
Date Probe  Lifetime (ms) 04/22/14 3 in <O°1?2’g 5.9 +8§
04/15-16/14 3 in 1.31 04/28/14 1.3mm 200, 5.5 Zog
04/17/14 3 in 9214 05/01/14 1.3 mm <0+21%g 6.4 188
04/18/14 3 in 2 34 05/07/14 1.3 mm 14OO+100 28 39
04/22/14 3 in 2 39 05/14/14 3 1n 150074 24 +§8
04/24-25/14 3 in 3.49 05/19/14 5 mm >900 22 L5
05/05/14 1.3 mm 1.03 05/30/14 5mm 77575 22 7§,
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e Plotted average Vwa at a given distance for a given date’s data (specific purity
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Voltage (kV)

VBreakdovvn VS. DiStaﬂCG

e Plotted average Vwa at a given distance for a given date’s data (specific purity

a n d p rO be) \ﬁ vs. Distance
g 100 Average of
¢ | these would be
: < ool one point
Average Breakdown Voltage vs. Distance >
120 — . —A— 800 < 02 < 3000 ppb i3 . " 5
— 1.3 mm sphere g “F X %
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Voltage

VBreakdovvn VS. DiStaﬂCG

e Plotted average Vwa at a given distance for a given date’s data (specific purity

and probe)

Average Breakdown Voltage vs. Distance

120 — . —A— 800 < 02 < 3000 ppb
— 1.3 mm sphere g
L 5mm sphere . ¥ 10 < 02 < 800 ppb
1001 3 in sphere -@-- 0.01 <02 <10 ppb
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~Max VS

Distance

e Doesn’t appear to be just Emax

Average Peak Breakdown Field vs. Distance

£
§14oo 1.3 mm sphere
S 5 mm sphere
200 3 in sphere
L
1000
800
600
A —A
400 :
------------ ®----------.
200
| | 1 ] | 1 1 1 1 | 1
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LAr Dielectric Strength

July 9, 2014
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Plot inspired from
LHEP Bern. Earlier

. , data provided by
Comparison to Others’ Data \ HEP Bern

g — © Swan and Lewis, r=2.5mm, 20% 02 O Swan and Lewis, r=2.5mm, 1% 02
‘S [~ & Swan and Lewis, r=2.5mm, 0.002% 02 + Swan and Lewis, r=2.5mm, 0.00002% 02
= — =+ LHEP U. of Bern r=20 mm, 20 ppm 02 ¢ LHEP U. of Bern r=20 mm, 3 ppb 02
;‘ * LHEP U. of Bern r=40 mm, 1 ppb O2 # LHEP U. of Bern ARGONTUBE, r=10-200 mm, 0.1 ppb O2
© 10 = % FNAL r=0.65 mm; 1.4 ppm O2 ¥ FNAL r=0.65 mm, 251 ppt O2*
‘E — ¥ FNAL r=2.5mm, 1.3 ppm O2 ¥ FNAL r=2.5 mm, 775 ppb 02
g B v FNAL r=38.1 mm, 1.5 ppm 02 ¢ FNAL r=38.1 mm, 86 ppt O2*
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a 1L + i 5
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Other Quantities of Interest

Gerhold et al., Cryogenics (1994)
Area effect

The impact of an area effect on LHe breakdown has
been recognized by several authors. It is generally
accepted that LHe breakdown is triggered at weak-
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Other Quantities of Interest

e |iterature suggests a dependence of breakdown voltage on area
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Other Quantities of Interest

e |iterature suggests a dependence of breakdown voltage on area

i i Gerhold et al., Cryogenics (1994)

The impact of an area effect on LHe breakdown has
been recognized by several authors. It is generally
accepted that LHe breakdown is triggered at weak-
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Other Quantities of Interest

e |iterature suggests a dependence of breakdown voltage on area

i i Gerhold et al., Cryogenics (1994)

The impact of an area effect on LHe breakdown has
been recognized by several authors. It is generally
accepted that LHe breakdown is triggered at weak-

Stressed area, peak field is at the
star, shaded pink has E>80% *Emax
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Evax Field (kV/cm)

10°

Other Quantities of Interest

® Emax Vs Area (80% Emax left; 90% right)

Average Peak Breakdown Field vs. Area with E>O.8*ENIa Average Peak Breakdown Field vs. Area with E>0.9*EIVI
X ax
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> 10°
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Comparison with another test...
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Comparison with another test...

e | ast summer we did a breakdown
test in LAPD
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Comparison with another test...

e | ast summer we did a breakdown
test in LAPD

e \We had a 2.5” sphere within a
grounded cylinder with a ~4.9 mm

gap

4.9 mm
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Comparison with another test...

e | ast summer we did a breakdown
test in LAPD

e \We had a 2.5” sphere within a
grounded cylinder with a ~4.9 mm

gap

e \We recorded data with this fixed
distance, but...

e There was an issue where a screw
was found to be broken after removal

LAr Dielectric Strength July 9, 2014
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Comparison with another test...

e | ast summer we did a breakdown
test in LAPD

e \We had a 2.5” sphere within a
grounded cylinder with a ~4.9 mm

gap

e \We recorded data with this fixed
distance, but...

e There was an issue where a screw
was found to be broken after removal

¢ (so we likely will not publish this)

LAr Dielectric Strength July 9, 2014

4.9 mm
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Comparison with another test...

10 40
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Comparison with another test...

¢ |[f we assume the device was ok during the testing,

¢ \We have something with an order of magnitude more stressed area

10 40

LAr Dielectric Strength July 9, 2014 S. Lockwitz et al. 23



Comparison with another test...

¢ |[f we assume the device was ok during the testing,
¢ \We have something with an order of magnitude more stressed area
® (80%: 37.6 cm?, 90%: 24.7 cm?; Emax: ~52 kV/cm)

Average Peak Breakdown Field vs. Area with E>0.8"E

Max
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Closing Thoughts
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Closing Thoughts

e \While I’ve highlighted FNAL'’s dielectric strength work here, other topics and
other groups are producing interesting work
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Closing Thoughts

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

e \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

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

e Hints at purity effects but there’s more work to do here
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dielectric strength of LAr, there’s still much to be worked out

e Stressed area seems to be a more general parameter of interest
e Hints at purity effects but there’s more work to do here

e Our group will have a paper on the arXiv later this month
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Closing Thoughts

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

e \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

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

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

e Our group will have a paper on the arXiv later this month
¢ \We plan to continue HV R&D efforts with an LDRD grant:

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

e Cryo design and operation: M Zuckerbrot
e Data collected by B. Carls, R. Acciarri, & S. Lockwitz
¢ | ots of design & construction work by H. Jostlein

e Task Force members & others with helpful discussions: B. Lundberg, G.P.
Zeller, G. Rameika, J. Raaf, and C. James
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Sack up slides...



Eyax Field (kV/cm)

Looking Closer at

O2<10 ppb

Average Maximum Breakdown Field vs. Area with E>0.8*EMaX

Purities...

02>800 ppb

Average Maximum Breakdown Field vs. Area with E>0.8*EMaX
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Slide from C. Thorn

HV Breakdown in GAr & LAr

GAr

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

a(%) =Ape F

v - Bdp

LoglAdp] - Log{Log[1+ 1]
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Breakdown Field for Ar(g) and Air (g) at 293K & 1 bar
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LAr

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”

Breakdown Field for LAr at ~89K

o D.W. Swan and T.F. Levis, r=2.5mm, 20% 02

D. W. Swan and T.F. Levis, r=2.5mm, 1% 02

a D.W. Swan and T.F. Levis, r=2.5mm, 0.002% 02

¢ D.W. Swan and T.F. Levis, r=2.5mm, 0.00002% 02
v Our measurement r=20 mm, 20 ppm 02
e Our measurement r=20 mm, 3 ppb 02

s Our measurement r=40 mm, 1 ppb 02
ARGONTUBE, r=10-200 mm, 0.1 ppb 02
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“Our measurement” = A.Blatter, et al.,
Experimental study of electric breakdowns in
liquid argon at centimeter scale, arXiv:
1401.6693
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A

Purity Note from C. Thorn

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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A Purity Note from C. Thorn

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

¢ \/oltage was supplied by a Glassman
LX150N12 capable of up to -150 kV

e Same filter pot as uB
e filters ripple

® isolates energy

¢ \/oltage controlled by a LabView program
(monitoring voltage, and some current)

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

PS Cable1 Pot Cable2 FT TPGC

—— —— — This keeps
-1 -1 -1 going...
........................... C=1.06nF
R=3GQ R=75MQ C =200 pF
C=13nF C =200 pF C = 400 pF for a 25’

cable (we will use a
shorter cable in uB)



