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Outline
• LHe scintillation


• Introduction


• Measurements with alpha particles


• Measurements with electrons


• Application of a large electric field in LHe


• Generation of a high electrical potential in LHe 

Work presented in this talk have been performed by:

Marie Blatnik (Caltech), Vince Cianciolo (ORNL), Steven Clayton (LANL), Scott Curie (LANL),  
Takeyasu Ito (LANL), Stephen MacDonald (LANL), Chris O’Shaughnessy (LANL),  
Nguyen Phan (LANL), John Ramsey (LANL/ORNL), George Seidel (Brown), Erick Smith (LANL),  
Wanchun Wei (LANL), Weijun Yao (ORNL)


Thanks to Nguyen Phan for many slides.
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LHe Scintillation
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Liquid helium scintillation

• Recombination leads to formation of excited molecules 

• Singlet state: decays within ~ 1ns emitting a 80 nm photon (prompt 
scintillation) 

• Triplet state: has a litefime of ~ 10 s in vacuum. Gives afterpulses 
through Penning ionization (destructive interaction with each other)
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Two types of ionizing particles
Distribution of charges and recombination depends on the type of 
ionizing particle.

Recombination leads to excited molecules which then decay by emitting 
80 nm EUV photons.  Electric field suppresses recombination, which in 
turn results in suppression in scintillation light production. Separated 
charges can be measured as ionization current.
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Studies done by our group
Year Ionization 

source
Temperature 

(K)
Pressure 

(Torr)

Electric 
field 

(kV/cm)
Location Apparatus

2009* 5.5 MeV α 0.2 — 1.1 SVP 0 — 45 Indiana U
LANL built 

chamber cooled 
by IU DR

2019 5.5 MeV α 0.44 — 3.12 600 0 — 40

LANL MSHV** cooled 
by a 3He fridge2019 364 keV 

electron 0.44 — 3.12 600 0 — 40

2019

(To be 

performed)
n(3He,3H)p 0.44 600 0 — 40

* Results published in Ito et al., Phys. Rev. A 85, 042718 (2012)

**  The MSHV apparatus described in Ito et al. Rev. Sci. Instrum. 87, 045113 (2016)
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Apparatus use at IU

Feedthroughs  
(HV and sensors) 

4K heat shield for PMT

Hamamatsu 
R7725mod 2” PMT 
(operated at ~ 3 K)

Ground electrode

HV electrode

Sapphire view port

G10 sleeve
UVT acrylic light guide 
(top surface coated with 
TPB-PS)

Emergency He 
outlet (pipe not 
shown)

Heat exchanger 
(stack of Au coated 
Cu plates)

Cryogenic 
burst disk

DR MC plate

12 cm

•Cell is made of SS cross with 
Conflat flanges 
•LHe volume is about 600 ml
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20kV HV feedthrough
Ground electrode

HV electrodeG10 sleeve

UVT acrylic light guide 
(top surface coated with TPB-PS)

Apparatus used at IU 8



Pressure gauge
PMT heat shield

Test cell

Vent line

Mixing chamber

Fill port
HV line
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Results from the measurement at IU
Ito et al., PRA 85, 042718 (2012).

Predicted 28% reduction in light yield at 75 
kV/cm for neutron captures (Ito et al. 
(2012)) .  We plan to measure this soon.
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HV electrode (1.25’’ dia.)

Electropolished 
ground wire 
mesh

Central 
Volume Wall

Viewport

TPB coated 
acrylic light 
guide

1.0’’

Electroplated 
source(s)

~3.8 mm

PMT

High Voltage 
Line

Liquid helium 
volume (~ 6 L)

MSHV 
Apparatus

PMT 
Connections

6 liter liquid 
helium volume

25’’

MSHV based apparatus to study the effect of 
an E field on LHe  scintillation
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MSHV system
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Model of the setup
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Model of New Setup

5

Assembly mounted inside the CV

Light Guide

HV Electrode

Sapphire Viewport

Electropolished
Ground Mesh

PMT

▪ COMSOL calculation for the geometry was made.  Highest field is around the edge of the HV 
electrode (~60 kV/cm)  & on the mesh wires ( ~80 kV/cm) vs 40 kV/cm in measurement gap.  All 
measurements were made at ~ 600 torr and no breakdowns were observed.



Component installation into Central Volume
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7

TPB coated light 
guide installed

Ground mesh and 
ring installed

All components 
installed

Component Installation into Central Volume

TPB coated light guide

Ground wire mesh and ring

HV electrode with sources

HV power line

April 10, 2019



View inside the IVC
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View inside IVC

8

Cold PMT

HV Connector

PMT resistor 
board

PMT thermal 
anchor



Selected results

241Am 
alphas

113Sn 
betas

113Sn 
betas

241Am 
alphas

𝑦(𝐸, 𝑇 ) =
𝑁(𝐸,  𝑇 )

𝑁(𝐸 = 0,  𝑇 )

Normalized scintillation yield vs 
electric field:

Preliminary
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A model of the electron scintillation yield
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Current measurements taken from: 
Seidel et al., PRC 89, 025808 (2014).

A model of the electron scintillation yield

U V = 1 − 0.6×_(V)

U V = 1 − _(V)
1 + `(1 + a/c)

c: # of electrons and ions that recombine as singlets

a: # of electrons and ions that recombine as triplets

`: ratio of number of singlet excitations to the total number of ionizations

Current measurements taken from:  Seidel et al., 
PRC 89, 025808 (2014).

“Current”, which is the fraction of charges that 
escape recombination as a function of applied 
electric field.

Simple model of the scintillation yield vs electric field for electrons:

The normalized scintillation yield, U(V), as a function of electric field, V, is given 
by:

LA-UR-19-285048/28/2019 10

CHARGE DISTRIBUTION ABOUT AN IONIZING . . . PHYSICAL REVIEW C 89, 025808 (2014)

Hence, the dependence of current on field provides a means to
obtain the charge distribution, D(r), where r = (e/4πϵ0E)1/2,

D(r) = 4π1/2ϵ
3/2
0 E5/2

e3/2

d

dE

(
i + E

di

dE

)
. (10)

The charge distribution can be determined from the first and
second derivatives of the current with respect to field.

III. EXPERIMENT

A. Apparatus

A measurement of current with respect to field was made in
three different cells. All cells were cylindrical with electrodes
on the ends of the cylinder. For measurements in the liquid,
one cell had a diameter of 2.5 cm and a height of 0.4 cm (see
Ref. [14] for more details), and another had dimensions of
6-cm diameter and 1-cm height. For measurements in the gas,
the cell had a diameter of 6 cm and a height of 3.8 cm. The
source of electrons was a 1-mCi 63Ni β emitter having an end
point of 66 keV. The source was placed on a metal substrate
that was part of one of the electrodes. The range of a 66 keV
electron is 5 × 10−2 cm in 2.5 K liquid and is 0.6 cm in 4 K gas.
Therefore, for all measurements all primary electrons ranged
out well within the cell. The saturation current, measured in
gas, was 2900 pA. The accuracy to which the current could be
determined varied somewhat with the measurement, ranging
from 0.1 pA at low currents to 5% of the value at high currents.
Measurements of current were made with both polarities of the
field between the electrodes.

The results for the two polarities were consistent with each
other when account was taken for the contribution from the
primary electrons, which was about 6.2 pA, corresponding to a
source activity of 1 mCi. The absence of polarity dependence
indicates that certain possible systematic effects were small
(see discussion below). The ratio between the saturation
current and the current due to the primary electrons is
consistent with the known W value of 43 eV. The data for liquid
taken with two different cells were consistent with each other
within the uncertainty of the measurements where the data
overlap. This indicates that geometry-dependent systematic
effects, such as those due to leakage currents, are smaller than
the statistical uncertainty.

B. Liquid helium

1. Measurements at 2.5 K

The results of measurements [15,16] of the current pro-
duced by the β emitter in liquid helium at 2.5 K are plotted in
Fig. 1 where the current has been normalized to the saturation
current (2900 pA) measured in dilute gas. The solid curve is an
empirical fit to the data points. The inaccuracies in estimating
the derivatives of current can be large at high fields where no
data exists and an extrapolation is required.

The charge distribution computed from the empirical fit
using Eq. (10) is shown in Fig. 2. Also shown in the figure
is a Gaussian distribution, D(r) ∝ e−(r/b)2

, with b = 4 ×
10−6 cm for comparison. Several features are worthy of note.
First, the slight decrease in the calculated density at distances
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FIG. 1. (Color online) Current from 63Ni source as a function of
applied field. Symbols are data from measurements in two different
cells and at different times with one of them. Representative error
bars are shown for several points. The dashed and dotted lines are
calculations of the escape probability using the Onsager theory of
geminate recombination. The dashed line uses the distribution of
charge separations shown in Fig. 2 while the dotted line is for a
Gaussian distribution with b = 4 × 10−6 cm and no tail.

below 3 × 10−6 cm is of no significance. It can easily be
the result of a small error in the normalization and/or the
extrapolation of the empirical equation into the field region
above 104 V/cm where no measurements of current are
available. Second, the current at low fields bears little relation
to what is expected for a Gaussian distribution. The distribution
obtained from the data does not decrease exponentially with
distance, but rather varies approximately as a power law,
at least over a limited range in r . At large distances the

FIG. 2. (Color online) Solid line: Distribution determined from
field dependence of current using Eq. (10). Dotted line: Gaussian
distribution exp(−(r/b)2) with b = 4 × 10−6 cm. Dashed line:
Distribution of electrons from track assuming all triplet excimers
undergo Penning ionization. The vertical line at r = 4.3 × 10−5 cm
demarks the position given by r = (e/4πϵ0E)1/2 corresponding to the
high field separating regions where the current has been measured
from that where it is extrapolated. The value r of 1.2 × 10−4 cm
marking the low field limit of current measurement is off scale in this
plot.

025808-3
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Preliminary

364 keV electrons



0 0.5 1 1.5 2

Time (ns) 104

10-6

10-5

10-4

10-3

N
A

P
/N

p
ro

m
p
t p

e
r 

n
s

Alpha

Beta

T = 3.1 K,  E = 0 kV/cm

Time : [0.1 s - 20 s]
f  = 0.62

f  = 0.30 

 5 10 15 20
Time (μs)

Afterpulses

Preliminary

19

Prompt pulse 

Afterpulses 



MSHV with polyethylene neutron moderator 
for measurement with n(3He, 3H)p 
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Alpha (electronic)

Alpha (total)

Electron (total)
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Application of a large electric field
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Electrical breakdown in LHe
• Data exist for 1.2-4.2 K, mostly at SVP (bulk of the data were taken at 4.2 K)


- For varying geometries (plane-plane, sphere-plane, sphere-sphere)

- In general, very little consistency


• No models or theories


• However, a detailed theoretical study of electron multiplication process in LHe 
indicates a very high intrinsic breakdown field (MV/cm), well above the observed 
breakdown fields (~100 kV/cm or below) (Belevtsev, NIMA 327, 18 (1993)).


• Generally accepted picture:

1. A vapor bubble is formed on the surface of the electrode e.g. by field 

emission from roughness on the cathode

2. The vapor bubble grows by some mechanism and forms a column of gas 

reaching from one electrode to the other

3. Electrical breakdown occurs through the gas


• Parameters that may affect the breakdown include:

- Electrode material and surface quality

- Electrode area and/or gap size

- Temperature and pressure 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He temperature vs SVP
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HV E-field R&D using Medium Scale HV Test System at LANL

77K#shield#

Central#Volume#

Electrodes#

HV#feedthroughs#

CV#heat#
exchanger#

3He#pot#

1#K#pot#

LN2#reservoir#4#K#LHe#bath#

EvaporaBon#valve#

Ito et al., Rev. Sci. Instrum. 87, 045113 (2016).
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HV E-field R&D using Medium Scale HV Test System at LANL

• MSHV main features: 
• 6 liter LHe volume cooled by a 3He fridge 
• Electrode size ~ 12 cm in diameter (~1/5 

scale) 
• Electric field: up to 100 kV/cm in 1 cm gap 
• Lowest temperature ~ 0.4 K 
• Pressure: variable between SVP and 1 atm 

• Main findings: 
• Stable electric field ≳ 75 kV/cm at 0.4 K for 

a wide range of pressures with and 
without PMMA cell inserted between 
electrodes. 

• Leakage current ≲ 1 pA at 40 kV voltage 
difference with and without PMMA cell 
inserted between electrodes.

Ito et al., Rev. Sci. Instrum. 87, 045113 (2016).Cu ion implanted PMMA 
electrodes with a mockup cell.
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High E field R&D with the Small Scale 
HV apparatus

Pressure (torr)
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E(LSHV, SVP) x 3.37

The electrode gap ~ 0.5 mm. 
The stressed area ~ 0.3 cm2.
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CV

3He pot
1K pot

4K LHe 
bath

Vacuum jacket
77 K shield

4 K shield

Half scale HV test apparatus at LANL

A half-scale electrode system is 
immersed in 40 liter LHe volume 
cooled to 0.4 K. HV performance test 
will be performed with 200 kV direct 
HV feed. The cryostat is currently 
being commissioned. 28



HSHV electrodes

Ball terminator

1/2-scale 
measurement cell 
electrodes 

Uniform field electrodes
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Generation of a high electric 
potential
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Challenge with feeding HV into LHe

• SNS nEDM experiment requires 650 kV in LHe at 0.4 K 


• Heat load through the HV conductor


• Thermal intercept requires electrically-insulating and 
thermally-conducting material 


• Leakage current at the insulator of the HV feedthrough


• Additional heat load
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Cavallo’s Multiplier for SNS nEDM

Clayton et al 2018 JINST 13 P05017

This 1795 technology will be used to generate > 700 kV inside the SNS nEDM 
Central Volume from 50 kV, eliminating the need for a 700-kV, superfluid-
tight, low-leakage-current HV feedthrough and simplifying the design of the 
experiment. 
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Cavallo HV multiplier development at LANL

Measured Voltage 
Prediction based on 
measured Cij

Room temperature demonstration

Clayton et al 2018 JINST 13 P05017
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Cavallo HV multiplier development at LANL
Cryogenic prototype
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Pelletron in LHe?
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Pelletron works on a similar principle to Cavallo’s multiplier, but 
allows continuous current delivery. It is better suited for a TPC, 
which requires a current to be continuously flowing through a 
resistor chain. (See Clayton et al., JINST 13 P05017)



Thank you for your attention. 
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