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Motivations and goals

Tritium end point 18.6 keV — order of 20kV electric field to slow electrons down to ~100 eV
(TES redout)

Resolution OE ~ 8V: for 6E ~ 50 meV requires 6V better than ~10 mV over 20 kV Stability
SV/V ~ 0.5 x 10°

Strategies:
- HV capacitors
- high precision voltage reference diodes
- combination of the two (?)

Field (Voltage) readout:
Non invasive Field Mill technology
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Basic experimental setup (old config)
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Ptolemy HV Run D

Hemer

Experimental Campaign |

(over 95 long runs with THP sensors) ——

Campaign I: HdM with high voltage capacitors

= low noise, air conditioning, N2 purging

Campagin II: Underground, DarkSide Area, capacitors

— noisy, grounding issue, Hall C conditioning,N2 purging =
Campaing Ill: Undergound, Mosca-B area, capacitors

— noisy, grounding issue, Hall C conditioning, N2 purging

Campaing IV: HdM, capacitors & diods

Campaign IV 3

— moderate noise, new sensors added, air conditioning D=
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+ local fans, N2 purging @ =
Campaign V: high precision stability, climatic chamber @
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Measures and Analysis

HV readout (Field mill or direct) An alysis

e Keysight voltmeter 6.5 digits . .

e Keysight voltmeter 7.5 digits e Residuals WRT local regression

*  LeCroy 12 bit oscilloscope smoothing (model independent)
Sensor redout e Residuals WRT polynomial fit
T1: Field mill plexiglass box e Sensors’ correlation
T2: Field mill plexiglass box o Fastf iort f
T3: Motor cage (recent) a5t FOUrIEr transtorm
T4: diode chip e Digital filtering

P1: Field mill plexiglas box
P2: Motor cage
H: Field mill plexiglass box



Field Mill AV [V]

Residual [V]

Fit residuals

Capacitor (700 »F) only measurement

- decay issue
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Residual [V]

Fit residuals

Field Mill AV [V]

10018

10017

10016

10015

10014

03
02
[A]

o

-0.1
-02
-03
-04
-05

05-h01 05-hi3 06-h01 06-h13 07-h01 07-h13 08-h01 08-h13  09-h
T T T T T T

— Voltage
— LOESS
— Model Fit

90

100

time [h]

PN S I LI 0 W 0 0 O 0 O O A 0 0 L

40

50

60

70

80

90

100

time [h

E L e B 'l = B 5 U Sy S
40 50 60 70 80 90 100
time [h]

Capacitor + diodes

B o
] — - 0,053 E o — =007
&s0F 2
200 200
150 150,
100 100,
50 50
0 0
-0.2-0.15-0.1-0.05 0 11,015 0. =03 =02 -01 0 01 02
O1BERL=0 L(gEogs gesic?ua?sr% 0 Fit Residuals [V]
Power Spectrum
g 10
3
o 60
g
5 50
2
o 40
30
20
10
0 ]
Frequency [Hz|
Power Spectrum
&
H
o
[ 4
g
H
aQ
[
i | |
0.02 0.04 0.06 0.08

|
0.1
Frequency [Hz]

elcMill Ay [V]

S
>

2
=

&
g
>

10015

10014

Sensor T1 [C]

~ trend driven by environmental
parameters

- 50 mV resolution dominated by FM
measurement

- spurious frequencies

© ©
g =2
® o

©
=1
>

Sensor P [mBar]

g g
g 8

©
S
S

i L i il |
50 60 70 80 90 100 40 50 60 70 80 90 100
time [h] time [h]

T[T T T[T I I

Sensor
=
o o
[ IR
AT L e L L

| i
50 60 70 80 90 J '9109 i 40 50 60 70 80 90 Jnﬂ.lg Tl



Field mill frequency-induced
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Oscillation investigation: battery 9V
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Investigating the diode intrinsic stability

Bertan 21000 V
4
1000 V 1000V 1000V = === —-—-— 4 1000 V
—s Extrapqlating
resolution:
Single board
Keysight #1 direct o(series) =
1000V sqrt(10) x o(board)

<

Series of ten boards
Field mill = Keysight #2 (10000 V)



Intrinsic diode resolution
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o(intrisic) = sqrt(10) x 0.3 ~ 1mV (<< 50 mv ")
The intrinsic resolution is way better than the present measurement method!!!



FTT and digital filtering

Residual [V]
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A big
component of
the noise comes
from the
Keysight



Thermal stabilisation: climatic chamber (< 0.1 °C)

Peltier cells 60+ 60 W (cold)

Fans
(air recircu latlon)

Heat sources

Convection (stainless steel) P=hSdT~20 W

Experimenal room (standard conditioning at 23°C)
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Inside the box: new set-up

Diode
Chain
KeySight 10k +10k
1-2
Feedthrough F,i:.lﬁ
connections |




Inside the box: new set-up

Neoprene jacket installation

Climatic chamber commissioning at
LNGS (Sep 2022)




VA[V]

V2[V]

Preliminary test 1: Battery 1.6 V
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KeySight #1: V1
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V1 Selection (stable subset)
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Preliminary test 1: Battery 9V + (null) field mill

v2[V]
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Environmental parameter correlation
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Conclusions and Perspectives

resent resolution of the diode ~50 mV, limited by the measurement method
(factor 5 from the goal

The intrinsic resolution of the diodes at 20 kV is~ 1.4 mV (well below the
requirement)

Key requirements for reaching the goal (climatic chamber):

- environmental parameter stabilization (dT ~ 0.1°C or better, stable pressure
and humidity 0% (N2)) — to be improved with PID controller

~ Precision voltmeter self-calibration control investigation

Next runs: HV on (5kV, 10kV, 20kV with N2)



Thank you very much!
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