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Q2 TRIUMF

* long UCN storage times (>200 s)

* large and tight UCN valve (d>50 mm)

¢ good UCN/Xe/Hg depolarization properties

* grant access for UV laser and visible readout

* non-magnetic!

* ideally non-metallic (Johnson noise)

* maintain large, uniform high-voltage (>13 kV/cm, <1%)
* very small leakage current (~pA)

 gas tight (very low leak rate)

* double cell, orientation?

EDM cell requirements



L TRIUMF Motivation

neutronEDM@TRIUMF aims to use a dual co-magnetometer:

199Hg/129xe:
->  dual comagnetometer allows for B, determination **Hg Xe
independend of comagnetometer GPE y/21
->  12Xe precession in same direction as neutrons [Hz/uT] 29.16 7:65 11.77
->  129Xe has 100 times smaller neutron absorption UCN
cross-section compared to **°Hg capture o 2150 21

EIGH

Goals of the HV test setup:

Determine gas partial pressures compatible with optical readout, neutrons and E-fields
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->  evaluate E-field breakdown properties for xenon in pressure range:

Motivation

p = 0.1 to 10 mTorr for various distances 2-10 cm (equal to 0.2 - 100 mTorr*cm)

Yamamoto, Jpn. J. Appl. Phys. 16 343 (1977)
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->  extend to gas mixtures of xenon and mercury

Schoenhuber, IEEE Trans. Power App. Syst. 88, 100 (1969)
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Fig. 7. Breakdown characteristics of the noble gases.

->  high voltage compatibility of potential EDM cell materials/geometries

Hg characteristic from [13].
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TRIUMF high voltage test setup 2014-2016

Feeding > 100 kV:

& x..“‘f.'.1 AR
i

100 kV feedthrough

- , Resistor (1 GOhm)
Aluminium corona ring

(not polishec

est with electrode in air:

\

Ground cage (R.,.. ~ 2R

cage cor.ring)

to GAMMA -125 kV supply

-> breakdown/sparking issues solved



@TR“JMF TRIUMF high voltage test setup status

2016 new vacuum chamber -> routinely operating with voltages up to -100kV

Ton gauge RGA (cell) Turbo pump (cell)

Venting
valve

N\

Gas inlet k*’
line .'

Baratron

VAT valve (cell)
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Electrodes with O-ring groove

Manufactured electrodes to axially seal the EDM cell using O-rings

-> see test results later

SEN 1555

PSRRI
ST
3 0055545505
o0 05 09 s 594
GRRTHTK
s

For: d=s=b=0=0

Imm<r<10 mm

et A

R=1 mm R=5 mm

1.350e+006
1.275e+006
1.200e+006
1.125e+006
1.050e+006
9.750e+005
9.000e+005
8.250e+005
7.500e+005
6.750e+005
6.000e+005
5.250e+005
4.500e+005
3.750e+005
3.000e+005
2.250e+005
1.500e+005
7.500e+004

1.425e+006 :

>1.500e+006
: 1.425e+006
: 1.350e+006
: 1.275e+006
: 1.200e+006
: 1.125e+006
: 1.050e+006
: 9.750e+005
: 9.000e+005
: 8.250e+005
: 7.500e+005
: 6.750e+005
: 6.000e+005
: 5.250e+005
: 4.500e+005
: 3.750e+005
: 3.000e+005
: 2.250e+005
: 1.500e+005

(T T T T

<0.000e+000 : 7.500e+004

Density Plot: |E|, V/m

R=10 mm




Q2 TRIUMF

HV tests status

100 kV /7.7 mm=129.5 kV/em. ~ 76 kV /2.2 cm = 34.5 kV/cm

Deliver max HV &

(100 kV) to one of the
electrodes.

\4

HYV tests in vacuum: Flat HYV tests in vacuum:

(and polished) electrodes - Grooved (un-polished)
w/ and w/o glass insulator electrodes w/ glass insulato
between them. between them.

—V =

, HYV test with gas(es):
Settup the gas filling .| 129Xe, “He, N,
SYSIEM. (and '"Hg later on)

‘
’

Vmax=100 kV — Eav~33 kV/cm (flat)
Emax ~ 55 kV/cm (groove)
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Tests with O-ring groove and axially sealed glass cylinders

Apply force to top electrode to compress O ring (~30%)

Screw sets
applied force to
Imprecise glass insulators had point contacts the top electrode
-> cells did not seal well with (cheap) imprecise glass cylinders
-> chips on the glass (force and high voltage breakdown Load cell to

measure force on

induced?) electrodes
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Test with PE cylinder with no force on electrode
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Test with PE cylinder and O rings
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100 kV stable for about 8 hrs
Ramp up in 20/15min, ramp down in 10/5 min

Leakage current reading baseline very/too low
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Test with precisely machined glass cylinder

le-05 T " T ' T T T T T T T T Penning 8 Pressure mbar ——
@
2 5e-06
£
g
3
(2]
(%]
o
o
le-06
Leakage CurrentA ——
100 PS Voltage kV ——
80
) <
g 60 €
g £
= p=}
S 40 o
20

N N
o
NV NV
R N

Glass (Borosilicate) ID and OD +/- 0.2 mm
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Leakage current reading baseline very/too low
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Load cell changes from 35 kg to 135kg when evacuating chamber
At constant pressure reading varies by several %

-> effect on gas leakage from cell?

Load cell drift and axial sealing
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Load cell changes from 35 kg to 135kg when evacuating chamber
At constant pressure reading varies by several %

-> effect on gas leakage from cell?

Load cell drift and axial sealing

For this sealing method we need to
find the source of the drifts for a
reliable seal

Delrin rods don't break but may flex,
-> return to Macor
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Radial sealing of the cell: Simulations and tests

Axial seal Radial seal

Insulator Trench Insulator Trench

O-ri O-ring
\ -ring \ Groove
Groove

s

Radial seal

(£T0Z 3uapn3s do-0d) usbiaquep ueas

* easier centering of the insulator ring

* no force on glass-metal surface (vs axial seal)

* no potentially drifting force needed

* implementation in EDM setup easier
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Radial sealing of the cell: Simulations and tests

Electric field simulations show no significant issues due Tested the radial sealing method
to split electrode design

<2kV/cm
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Plastic Cylinder >le-4

First simulations of screws and hole show no significant

. . Steel Cylinder 6e-7
electric field issues i

Glass Cylinder  <1.3e-9

-> careful design to minimize effects
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Gas filling scheme

Filling of 10* to 102 mbar of xenon Example:
1L cell volume

0.5 L prefilling volume
1 mbar prefilling pressure

Metal sealed system on top of vacuum chamber
-> reduce permeation during the HV test (~ hr)

Turbo Pump Filling # Cell pressure
Varian V-70 [mbar]
c ; lon Gauge
o Morobiran - 1 3.336-01
Pneumatic valve CAaton
H 120A -
Mgggg:(ns%_\é%lgﬁ,m Swagelok SS-4BK-VCR-1C 2 Al
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EDM cell door mechanism design

closed
Early design stage of neutron EDM components

open




J@TRIUMF Neutron EDM systematics studies

Started PENtrack simulations of neutrons in EDM cell looking into v x E effects N
- simulated electric field as input

- net motion of neutrons -> false EDM if E field inhomgeneities exist

- rotational net motion decays due to diffuse reflection

False EDM vs Diffuse Reflection Probability

1E-24

Second order: Deviation btw E-field “up” and “down”

(£T0Z wapnis do-02) uabiaquep ueas

. 1E-25 ” d h vxy 2 (E 2 E 2
E Discrete w/ Abs —
_8. ------ Lower Bound — TT - Tl)
I ™ 4E 2B c*
“T_‘: R N Lower Bound
g - 2"":’ S Field Deviation | Analytic fEDM (ecm) | Simulated fEDM (ecm)
2 s 1% 7.10x102%° 5.77x10%%& 3.84x10 %
e 5% 3.49x1028 2.83x1028+ 1.88x103!
X 10% 6.80x10%8 5.51x10-*° £ 3.66x10**
[} 001 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 20% 1.29)(10-27 1.05)(10-27 t 6.92)(10-32

Diffuse Reflection Probability



Q2 TRIUMF

The good news:

* well working test setup to apply up to 100 kV

first HV tests of different insulators (Borosilicate, PE)

xenon filling currently being set up

Next steps:

determine sealing method (axial vs radial seal)
reliable leakage current measurement (also at high potential)
introduce xenon at pressures of interest

First breakdown tests using xenon (in 2017)

Summary
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Thank you!

Merci!

Follow us at TRIUMFLab
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Dual comagnetometer

Dual comagnetometers offer much more than redundancy
C.A.Miller, March, 2014
Following the treatment of Pendlebury et al. (2004) for the case of specular reflection of
either of two fast-moving comagnetometer species a and b in a cylindrical cell, the
frequency shift due to the GPE in the non-adiabatic case is given in, e.g., the case of
parallel E and B fields, by

Aw1rt = Y2 0Bo:/0z vi? |E| | (2c2W0?) * [~Y? Bo? R? Iviy? (1+2c0s2X)/3]
= —Y2R2 0By,/0z |E| / (2¢?) (1+2cos2xx)/3
The angle & characterizes the specular orbit. If the particle distribution in the trap is
uniform in space and the velocities are isotropic, then the probability distribution
function for the occupation of orbits characterized by « is
P(x) = (4/17) sin?«x
Averaging the factor (1+2cos?)/3 using the weight function P(x) yields 2. Hence

Aw1tt = —y2R? 0By,/0z |E| | (4c?)

The crucial point is that this expression is quadratic in Y. Each fill of the EDM cell
yields a measurement of W, and W for the two comagnetometer species. E.g.,

Watt = YaBo— Yo? R? 0Bo./0z |E| /(4c?) + Yo* R Bo E2 /(4c?)

Wptt = YpBo— Ys2R? 0Bo,/0z |E] /(4CZ) + Y3 RZ B E2 /(4CZ)
The effective value of R? can be measured by introducing various values of large
artificial axial magnetic field gradients 0Bo./0z together with electric field E.

Hence for each fill, these two equations can be solved for the two unknowns
Bo and 0Bo./0z
so that the determination of By is insensitive to the comagnetometer GPE




