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3x1x1 derivables WAL05 ==

Delivered

Issues found
1) CRP mechanical frame and su nsion tem:

-Calibration procedure of level meters.
-Resolution of level meters and their stability over time.
-Planarity of the frame in cold conditions

2)LAr level measurement precision: long coaxial LM (next to drift cage and in pump tower), PT100s
ribbon chain, plate capacitors around CRP and drift cage, level measured using cameras.

- How do they compare to each other in terms of accuracy and precision?

- Cameras: are we satisfied with the number of cameras, their location in the cryostat and their

performance at cold?

- Plate capacitors around CRP: are these sufficient? Do we need more? Are we satisfied with their size,
i.e. optimal shape and size of the level meters.

3)Very High Voltage system and feedthrough:
-Long-term voltage sustainability of the feedthrough.
-Stability of the voltage and the current as a function of time of the entire VHV system in general.
-Monitoring of current and voltage:
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3x1x1 derivables WAT0S =

4) High voltage system:
- CAEN power supply stability over time.

5)LEM, anode and extraction grid
- LEM performance: maximum gain achieved and gain stability over time and position dependence
of the gain.
- Extraction efficiency and position dependency,
- Charge attenuation and cross-talk.

Due to the grid performance we could not scan the induction field and the

amplification field across the LEM, and therefore explore the maximum
effective gain that can be achieved.
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3x1x1 derivables WAL0S5 ==
6)FE electronics:

-Low level noise and grounding optimisation at warm.

-Cryogenic operation of the front end electronics

-Insertion and extraction of the blades at warm.

-Temperature inside the SGFT: Stability of the temperature with and without electronics on.
-Operation of the DAQ and timing system.

-Setting up of the online and storage farm.

-Operation and performance of the electronics at different detector conditions.

-Signal attenuation in 3m view to the 2.2 nF decoupling capacitor.

-Card counter reaction under investigation.

7) PMTs:

-positive HV vs negative HV.
-self trigger vs CRT trigger mode.

-gain calibration of the PMTs
-slow and fast component decay times in the liquid and in the gas.
-light dependencies on the drift field

8) Detector slow control system:
-Stability over time and performance: Since the beginning of operas
-Monitoring and stability of the different sensors.

9) Performance of the muon trigger system:

-Communication with DAQ of charge readout and light readout.
-Trigger rate and efficiency.
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HV system performance

Several HV tests and data taking
campaigns performed since beginning

of June at different configurations and
different LAr levels.

Anode 0 kV
LEMup -1kV I 2 mm
LEM field MRl
LEM down -4kV A
1cm

: _ -6 d5 kV Extraction field in
........ Extraction grid__ 2¢m - liquid > 2 kV/cm

extraction efficiency

First Field shaper (FFS) @ !
-7.5 kV
Cathode s56kv @ | 1m
T
Al Reached values
- LEM field: 28-29 kV/cm
« Extraction field in liquid: 1-2.3 kV/cm
* Drift field 500V/cm up to 700V/cm,
 Induction field: 1-1.5 kV/cm
ETH
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- During operations we have always stayed
below the nominal operating voltages as the
extraction grid trips before reaching its
nominal value.

- This limits the extraction efficiency, the
induction field and the field across the LEMs.

 This also limits the scan of LEM and
induction field.
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HV system performance WALO5 ==

July 2017
Summary of achieved HV configurations s

Case 1) Normal operation: Cathode powered with FFS connected, Grid powered, LEM down and up powered

Cathode LEM Voltage [kV] Extraction | Amplification | Induction

Voltage Field
o e [*] Ve
2.6 0.1

55 2.75 1.5 550 1.54 25 0.5 Highest Drift Field achieved.

48 6.5 5.3 1.9 0 480 2.99 19 0 Highest extration while powering all the
HV system.

35 4.7 4.1 3.1 0.2 350 1.53 29 1 Highest amplification achieved when
powering all the HV system.

37 5 ~4.0 31 02 370 1.08 29 1 For now most stable configuration for
data taking.

Case 2) Only Cathode and Grid powerec.

50 6.75 5.5 0 0 500 4.8 0 0 Highest grid and FFS voltage achieved
when powering only grid and cathode.
Achieved with 6 mm of liquid above the
grid.

Case 3) Only Grid and LEM powered.

0 0 4.2 3.3 03 O 09 30 15 Highest amplification. Achieved when
the cathode was not powered.

Case 4) Only Grid powered.
0 0 4.6 0 0 0 45 0 0 /
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HV system performance WAL05 ==

4. When the grid trips, we can also have LEMs tripping. This can happen at the same time or with a delay.
All LEMs (top: up LEMs; bottom: down LEMs) 05.07
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Summary of HV performance and issues WA105 =

July 2017
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Summary of HV performance and issues WA 105 ==

CrP2Y CRP3
LEM Up

rips 4 tn 4 trips

LEM Dow rips 12 tri : 20 trips 10 trips
N CRP1 ~4CRP5 S

trips 4 tri 4 trips

trips 12 tri 7 trips

ACRP8 CRP7 ‘CRPG
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Summary of HV performance and issues

Problem with CAEN
power supply

August 2017 | CAEN re-calibrate
the boards and
repaired the one

Al Voltages 2017-08-01 with a faulty channel

CAEN suggested to
change the board

WAL0S5 ==

Monitoring of all the

channels to verify
they are all ok

_ B | Monitoring of all N _
. ggg = | | |/ the channels of the \J 50 =
> 700 spare board. We = O
Z s0E | | | | realised they were | =% g
§ 500 not well calibrated — 30 g
Q400 | | | and CAEN people | PP
s 283 = | | need to come to = g
- 7941 | | | re-calibrate IrL E 10 g

0 [ : | ; . : ' : | : ' ' : | : —— n 1 | S 0
— - J J I Red arrows: Days of pulsing Tests I We have re-
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— | . | | | : | : | . | . | . | : | : d . | : :
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Stability of the high voltage system WAT05 ==

All Voltages
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Stability of the high voltage system WAT05 ==

All Currents

T - ] g
= - =,
E - — - g
@ : -4 ©
= 2 4 &
- — -
O _ 0
1 ©
§ e o e e 40-8
o - <
O 15 =
E 1 O
o ed
L - ~ 309
1— -1 O
: rod s ceeten creee ceveuseeensemasenemmenesmeatseneneserasans seness sesees seememmesssosaetenieeesserereasemsesnaetantenenns sasne sensas sessesees sesmensessensnsammassssreesensmmessensaninn sussee sesens sesssseasesemmensssmens ssenensmmasenssmenens snses seed 20
05— _
_ 10
0 o= l ! ! 1
. | | | | | | | | | | | | | j 0
29.08-10h 29.08-23h 30.08-13h 31.08-03h 31.08-17h 01.08-07h 01.08-21h 02.08-11h
Time

— Grid Cathode  — LEMs Down

A
udgenossische lechniscke Hochschu e Zurich 1 2 o
Swiss Federal Institute of Technelogy Zurich




Possible explanations for the HV issues WA 105 ==

The performance was limited by the sparks of the grid from 4 kV (nominal is 6.5
kKV). Possible causes which can explain this issue:

1.Non-planarity of the CRP.

2.Liquid level value and stability.

3.Sparks of the grid towards the field cage.

4.Contact between the extraction grid and the LEM: for example, due to
a broken/un-tensed wire.

5.HV grid connection:
|. It could be a problem with the HV kapton cable inside

Il. The HV connector itself inside
lll. The SHV connector of the HV flange.
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1) CRP planarity WA 105 ==

On June 9th the CRP position was adjusted to its nominal level.

Maximum deviation according to
CRP level meters 4 mm

Py
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1)CRP planarity WA 105 =

Is the grid completely immersed along the whole CRP?

Nominal position, LMCRP = 12.5 mm,
which means the grid is immersed 5 mm

LM-CRP
25 QST
-‘..f..¢..’.-‘..5..’..’.-?..’..’..’.-f..'..'..’.-?..’..'..'.-.’..'..'..f-.’..’..'..f-.’..‘..'..f-.’..‘..'..f-.’..‘..Z..'-.’..‘..f..’-.’.-‘..f..’-.'.-’..f.'
B
The level meter is completely
immersed when the LEM and
N the anode are immersed in
liquid
LM-CRP1 : 10.285 mm
CRP-LM1

For example, on June 9th, the grid was
immersed 3.8 mm in this side
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1)CRP planarity

WAL0S5 ==

The maximum voltage reachable on the grid depends on the liquid level.
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lA 1 1 1 ]
2 a 10 11 12

Liquid Argon Level [mm]

Maximum Voltage as a function of the liquid level (LEMs always grounded)

We need to have at least 5 mm
of liquid above the grid to
reach voltages larger than 4 kV.
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1)CRP planarity

WAL0S5 ==

line G-azh: Flectrc anten- al [<Vv) line Grap~: Flecniz Feld nornm (KWfenr )

N I m m ] e
T T T

Electric field [kV/cm]

(8]

Which is the maximum field if
the grid is in GAr?

~

Anode

LEM up

2 mm
1 mm

>4 pA—

V' e

LEM down

1cm

1

-L000¢ Qcoo -80C0 -7007C -5C00 -S0C0 -3002 -3000 -20C0 -L00z 0

Y [mm]

3002

Extraction grid
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2) LAr level and pressure variations WAT05 ==

3. No obvious correlation between trips and short-time variations of the level, as soon as

the gnd Is immersed. Extraction grid and Level (29.06)
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3)Grid-field cage

Laura Manenti

measurement Til P-DC.: use distance FFS to extr. gr id
6 measurements corresponding to FR4 pillars
E - Measurement A -

lowest
point

d=23cm
N
d=21cm = 3.3 cm

d ;]'2.4 cm L} d = d.i"cm Considering tilt N-3 axis only.

N: d~2.2 cm S: d~3.3 cm Tilt on E-W axis negligible.
manhole
W

2.2 c¢m

3.3 cm

f — sin—1(1.1/300) ~ 4 mrad

— Now CRP is aligned with the liquid
Drift cage and CRP have & relative tilt of 4 mrad

Drift Cage
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3)Grid-field cage

WAL0S5 ==
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3)Grid-field cage WAL05 ==
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3)Grid-field cage WAL05 ==

S.rface: k ectric potential (V) Stresmline E ectric Feld

"I Cathode at -56 KV
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3)Grid-field cage WA 105 ==

Possible evidence of contact between the field cage and the grid
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3)Grid-field cage

WALOS ==

The cathode tripped

2.2e2 B

Sel 5.5e1l
JS chart by amCharts
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4)Evidence of contact between the grid and the LEMs WA 105 ==

On September 8th, we raised the level 2 mm. Then, we ramp up the voltage on the grid leaving the LEMs at ground
and we were not able to ramp up the grid above 2 kV and this was inducing a trip in 11 out of 12 LEMs down. To
identify the issue we followed this steps:

1)We measure the resistance between each of the grid connections to ground, to see if there was any problem and
we measure open loop as expected.

2)We verify that both grid connections, the one in the north and in the south, were connected.

3)We measured the capacitance between the grid and the ground, having all the LEMs connected to ground. In both
flanges we measured 4,6 nF.

4)We also inspected visually the connectors of the grid to see if there was some rest of discharges

5)Then, we changed the grid connection to the other flange and we start ramping up the voltages. The grid tripped at
the same voltage ,2kV, but this time LEM 4 did not tripped and

LEM 3 up and down tripped. All the other LEM down tripped. However, when we pulsed the grid north connection the
behaviour on LEM 3 and 4 was opposite. Because of that, we thought that probably there are broken wires in this
region and when we powered the LEMSs they are attracted by electromagnetic force and there is a short between LEM
down and the grid. To be sure, we disconnected LEMs 3 and 4 and we ramp up again the voltages. The grid tripped
at 2 kV again but this time did not induce any trip in any of the LEMs down.

This region, is the one in the north, where the first field shaper and the CRP are closer.
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4)Evidence of contact between the grid and the LEMs  WA105==

On September 13th, we raised the level 2 mm more. Then, we ramp up the voltages and we were not able to ramp
up the grid above 1 kV.
1) We tripped first LEM 2 up and then the grid at 1000V. We repeat the test 3 times recording movies with and
without the LEDs ON.

2) We disconnect LEM 2 and we reconnect LEMs 3 and 4. The grid tripped at the same voltage LEM 3 and 4 as
yesterday.

3) Finally, we left all the LEMs OFF which means they are at OV floating, and we powered the grid. As you can
see from the plot there is a clear connection between the grid and the LEM4 down, as you power the grid and
immediately you see almost the same voltage on LEM down.

1.1lel 5.5e2
lel Se2
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= z ‘
— e
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udgenossische lechaiscke Hochschu e Lurich 26
Swiss Federal Institute of Technology Zurich



4)Evidence of contact between the grid and the LEMs WA 105 ==

4)We measured the capacitance between the LEMs and the grid after filling the tank with an
additional 2 mm of LAr. The capacitances were measured through the LEM/grid connections on the
SCFTs. They were measured through a standard BNC cable, connected to the grid on the north flange
and a custom LEMO connector with a simple copper wire, connected to the LEM HV connections.

The average capacitance between LEM down and the grid increased from 214 pF to 242 pF after the
first filling and then to 318 pF after the second filling. The capacitance measurement between LEM 4
and the grid gave a negative measurement, characteristic of an electrical short between the two.

Indeed, measuring the resistance, a value of 16.6 Ohm was obtained, confirming that one of the grid
wires is touching LEM 4. The capacitance between the grid and LEM 4 up was measured to be 8.61
nF which is the capacitance between LEM up and LEM down, which is in agreement the previous
values.
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4)Evidence of contact between the grid and the LEMs WA 105 ==

5) Pulsing of the grid

20500 Integral

| . grid pulsing August

grid pulsing September
30000 : ' : : ' '

20000
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5)Grid HV connection WAL105==

Inside

Test performed on July 6th with FFS E
terminated to ground, grid ON and LEMs
ONatoO V.
connection to LEM _ _ ]
tﬂl Grid connection T g
\, — p—— | I“Slde N o — ..l. e —————— ] [TV Gl‘id Connection

N pp—
: : Grid connection north

b« 00 U0 00 . U0

= Manhole
The grid tripped ramping up to 4,8kV Tripped between 3,8 and 4kV COIrner

A
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9)Grid HV connection WAL05 ==

- We prepared a similar configuration to the HV contact made
inside the 3x1x1 to test it in an independent setup.

- Since September 15th, the setup for the grid connection HV
test for the 3x1x1 and 6x6x6 grid connections was finalized
(see http://lbonodemo.ethz.ch:2500/3x1x1/405).

The connections have been placed between rods hanging from
the top flange of the large dewar in Bldg. 182. After closing the
dewar, it has been evacuated using a primary pump and a
turbo and a vacuum of 3e-5 mbar was reached. Subsequently,
the dewar was filled with Argon, which was purified using a
cartridge. For this procedure a smaller dewar was filled with
LAr and used as a bubbler such that the pressure in the main
dewar always remained close to atmospheric. The two grid
connections were thus tested in an atmosphere of pure GAr at
cold, with the bottom of the dewar having been filled with LAr,

A
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lbnodemo.ethz.ch:2500/3x1x1/405

5)Grid HV connection WAL105==

Shrinkable tubes
placed around cables

Metal frame of
3x1x1 connection
grounded

HV cables soldered
onto connections
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5)Grid HV connection WALO5 ==

Image from
camera

Viewport

¢

-

A
wdgenossische lechniscke Hochschu e Zurich 3 2

Swiss Federal Institute of Technology Zurich



9)Grid HV connection WAT05 ==

The 3x1x1 grid connection was found to have small discharges for voltages above 4.5 kV with the
frequency of the discharges increasing with the voltage. At 5 kV, it starts to discharge continuously until it
trips. A video of the camera feed of the discharges can be found here: https://www.dropbox.com/s/
ieassgopf41oxdw/Grid311HVconnectionTrip.mp4?di=0

We tried to change the trip time, allowing for example a certain current over a second, and this help us to go
up to 5 kV, and even once up to 6 kV. However, if you keep the voltage stable over some time, typically one

hour, we were having trips since 5 kV. The situation was similar to what we observe inside the 3x1x1 where

the grid voltage was stable up to 5 kV. As you can see from the movie it seems discharges inside the cable,

in the part that traverses the frame to arrive to the PCB where the wires are soldered.
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https://www.dropbox.com/s/ieassgopf41oxdw/Grid311HVconnectionTrip.mp4?dl=0
https://www.dropbox.com/s/ieassgopf41oxdw/Grid311HVconnectionTrip.mp4?dl=0

Possible indications of space charge effect or WAT0S==

electric field distortions

« 3x1x1 field maps does by Silvestro including only space charge effect.
Simulations ongoing to see the effect
- We plan to update them including the field cage.
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LEM charging-up effect WA L0 ==
K o

run 840 has ~6h of good quality data
subdivide in 4 samples of ~h30m each of 8375 triggers

2

LEMs 1,3,10, 12 at lower field

sample # time [s] Nb 3D tracks Nb track selected
| 5207 8869 687 - LEM 28kV/cm
2 5443 8793 715 - Extraction field in
liquid ~1.9 kV/cm
3 5312 8653 614 .
 Drift 500V/cm
4 5289 8259 571 - PMT trigger

Time variation of the LEM effective gain

1=1.6 = 0.04 deys -

Ef‘ective gain

In the 3L, a time evolution of the LEM gain was

g
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Ly | o measured with T = 1.6 days (at 30 kV/cm)
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C. Cantini er al., JINST 10 (2015) no.03, P03017
C. Cantini ez al., JINST 9 (2014) P03017
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LEM charging-up effect WALOS ==
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WAL0S5 ==
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The 3x1x1 detector WA 105 =

* Liquid argon pump for recirculation
- Cosmic ray taggers (CRTs)

- Photomultipliers(PMTs)

- Very high voltage (VHV) system e
- Charge readout plane (CRP) - | ETOT [ [l fooctroushe
- Slow control system Ji_ %y : AP FE

high voltage | charge readout
feadthrough plane

CRP Frame I'm

——————T
—_—

cosmic ray
tagger

cosmic ray
tagger
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Summary of issues during operations WA 105 ==

High voltage system:
* Performance limited by the sparks of the extraction grid before the operation voltage (-6.5 kV).

* The boards of CAEN HV power supply were re-calibrated a couple of times during operations and one needed to
be repaired.

Very high voltage system:

e Monitoring of the current and voltage, control of ramp up and ramp down speed successfully done through
RS232 analog port. However, we identified an offset of 1 kV from the value displayed on the Heinzinger interface
and the one read it on the slow control system.

* Some instabilities of the current observed and two trips along the whole 2 months of performance.
* Cryogenic system performance:
e Heat load higher than expected value

 Instabilities of the level due to the pressure regulation of the condenser. The cryogenic system was regulated
according to one of the CRP level meters value to avoid this issue.

Slow control system:
* Some communication problem between CAEN power supply and the slow control system

e Two stops of the slow control system along the two months of performance

Charge readout system:

* Good performance since the system was installed on December. However, since the end of August the DAQ
program crushed suddenly and we realised that was due to problems with the SSD disk of the White rabbit
machine. After repairing the disk the system is completely

Analysis of data ongoing:
e Possible indications of space charge effect or distortions of the electric field.

e Possible indications of ion accumulations that need further investigations.
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High voltage system configuration

/74
= Anode (nominal voltage: 0V)
CAEN ‘/\/V\ | LEM Up (nominz | voltz ge: -1 “
Max: 8kV, 20 pA 0.5GR |
160MQ | O Resolution: 50 pA — ‘
150 MQ O CAEN \/\/\/\ j'i \|_§|,. :”' L 'l 1017 in al vo | 1:-,;}];,-}1; -4 "}
130MQ | O 0.5 GQ
110 MQ O CAEN \/‘v\/\
Max: 12kV, 100 pA 10GQ
Resolution: Spare
100 MQ
Max: 300 kV, 500 pA
Resolution: 1 kV, 1 pA
.. x 20 -
Heinzinger
100 ML)
ETH
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Summary of runs during HV tests WATO5 ==

Liquid abave
Grid (mm)

Cahode Yoltage  FFSvohage  Grid voltage ~ “EMwvoltage (W)  prin fleld ExractoninLUquid  Amolificaion  Induction Field

(kV) (kV) (kV) —— Up (kvicm) (kvicm) (kviem) (kvicm)

CEthooe oM, other 2lemerts on
1LO7 Iu 0 38 26 0.1 0 118 25 0s s [tnp while ramping LEMS
7.07 Io 1 P 3 1.08 B7 15 5 id only tripped, aftr 2h
L stable for 1h then shut
7.07 o 4 an 0.3 0 038 b7 15 05 down (o trip)
stable 14h then giid trips.
7p 17.07-18.07 10 fo 1.4 o 0.2 bo 1.38 28 1 13 [LEM 2h later
C LCM and cathode off
- 26.07 b 1.9 c 4.32 ¢ bs id and LEMs tripped
-
[25.07 0 0 5.25 .5 0 0 4.57 5 0 05 lgrid and LEMS tri
q) Everything on
-: Grid tipped then LEMs
+— le.o7 25 2.7 4.1 3,20 a 350 0.38 20 15 05 (not whike ramping)
. — Grid cnly tipped after 1
(@) 5.07 35 4.7 4.1 a1” |03 350 0.8 28 15 o5 mnute
m siable fur 1h then shut
.07 35 e, 7 32" g_gs 350 0.78 28.5 15 | Ltm(m rip)
o o 1007 135 2.7 1.05 1 . 4] . i siable
m L stable for 2h then gnd trip
Rt 11.07 35 0.7 j4.05 a2 0.2 350 38 29 1  LEMs
Q 12.07-16.07 similar runs with similar reuls
D Iup 10 5.5, tipped while
19.07 156 7.6 5.5 e 2 2) 246 28 1 5 ramping grid
up o 3.3, stable for
2007 56 7.6 5.3 3 0.2 569 2.26 28 1 o5 s0mns
2507 40 5.4 3 3.1 2 400 LQI 29 1 ls.s lona tren LEM tippea
26.07 40 ls.a 4.2 3.1 2 40) 1.08 29 1 95 2h stable then grid tip
2607 l67 5 710 3 3 137 15 B [stable 2h30
stable for h. Grid trips,
26072707 53 7.2 5 317 0.3 539 1.87 28 15 fos LEM 9 2h kater
TLEN 1, 2 and10: 2.7 KV
LEM 12 24kV

“LEN 1.5.10ac 12: 27T kv
“LEN 1,%, 10and 12: 26 kV
“LEN 1, 3,10 and 12: 25kV
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2) LAr level and pressure variations WAL05 ==

14 - 15.07.2017
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25.07.2017 particularly stable and yet trips
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No obvious correlation, but study needs refining
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2) LAr level and pressure variations WA 105 ==

12 - 13.07.2017 14-15.07.2017
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Cryogenic system regulation WA 105 —

We identify liquid level variations due
to instabilities in the cryogenic system

this happens again

2¢0

16

1.4el ﬂj_ e e . . . . ﬂ
€ | periodic variation
O 1.2e1
GEJ /\‘“ MN/MJ WW L /N J
lel |
; 8e0 —NMM
Q] )
O g oo | The condenser and phase/
- i separator were not well
E regulated
m 2e0 —
GE) We activate an interlock on the
= o HVsystemtoswitchitoffincase )| H Uy
()
>
()
—

18:007
21:00
03:00
06:00
09:00
12:00
15:00

— LM-DC1
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Cryogenic system regulation

WAL0S5 ==

Camera’s movies provide very useful information!

Liquid level during issues with the cryogenic system regulation

E B— Period when the liquid is not blurry
é 20 pmoow® 00 ® 000 poesenete %o, ~15 mm °c9<f’°°°°° Do 000 000000 00RO 0000000000000 Omoose 000004
- - OCb o0®
Q>) 15 o sat o St e, <>%%’00 0°°°° . ST Sl ® 0000 N0 st mesnns 0ol
_S hag ¢ oee o0 0... o%o o6,0 e .o
10 p— .". cb°°<>cbc.°oo - June 13
.‘.
5 — .o . * LM-CRP1
0 — .. SREEE M At LM-DC 3
S B 5 q g | a

During the effect :

* HVFT seems to be moving — optical effect
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Summary of HV CAEN power supply board issues WA1Q5==

- May 2017: CAEN Boards suddenly stopped working, Cal.Ext error on all the channels simultaneously. They have
to be calibrated and firmware upgraded.

- May 26t 2017: CAEN Boards A1580HDN were recalibrated by CAEN team at CERN and the latest firmware
uploaded. The problem was a bug in the previous version of the firmware which was leading to a reset of the
memory where the calibration tables are stored. This bug is now fixed, we will be notified of any newest
firmware's releases as soon as they come. During the calibration procedure they discovered one faulty channel
on one board: this channel at high voltage level is discharging internally (we had not observed this behavior).
They will have to repair it at their laboratory in ltaly, the board Serial Number 0027 was then left to them on repair
and it will be shipped back within the first week of June. This board was a spare one for us, with the currently
installed boards we cover already the needs of the detector (24 channels). 3 of the 4 Boards are hence now re-
installed but not reconnected yet to the SHV cables. A test at low voltage was performed this afternoon to monitor
possible evolution of offset values.

- June 8t 2017: The CAEN HV board A1580HDN Serial Number 0027 on repair is now back and installed in the
mainframe. CAEN replaced the faulty channel 4 with a new one and installed the latest firmware.

- June-August: internal leakage current of the power supply units is increasing on average and has a clear
dependency on external temperature. The flow of air in the mainframe is not homogeneous hence we observe a
variation of the temperature dependency within different boards: board located on a outer slot of the mainframe
suffers more then inner ones.

- August 23rd 2017: board 0, 2 and 4 are now fully working, they have been re-calibrated by CAEN Team so we can
monitor the evolution of leakage current over time/temperature - better to do now so that we can check evolution
over next night and let them know in case. board 11 (the one showing Ext-Dls faulty channel) has been taken for
repair and CAEN will let us know by tomorrow - maybe they can repair it here. Board 12 (with Radial connector
output) now is a spare but since this is fully connected to DB we can also monitor that too

- August 24th 2017: board 11 for repair since yesterday is now installed back in the mainframe. all channels were
calibrated by CAEN (offset null for current at Vset=0). All channels are now floating (no cables connected)and
under test to monitor the evolution of residual leakage current. CAEN suggested to do those tests with a not null
voltage, so now 50 V are set on each channel.
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Summary of HV CAEN power supply board issues

* When the CAEN boards for the LEM were installed, the group from Kiev tested them and observed a non-
zero current in several LEMs: LEM 3 down, LEM 4 down, LEM 6 down, LEM 8 up, LEM 12 down.

* During the HV tests in June and July this current was again observed, both during ongoing tests and when
everything was disconnected. More LEMs showed a non-zero current compared to the tests by Kiev group.

* For periods with no tests, the current was identified as a non-constant offset of the CAEN power supply.

CAEN power supply:

From left to right: Board 0,
Board 1, Board 2

The LEM are ordered in logical
order: first LEM 1 Up, then LEM
1 down, LEM 2 up, LEM 2 down
etc.

Board 0: LEM 1 up, ..., LEM 4

| down
Board 1: LEM 4 up, ..., LEM 8
down
Board 2: LEM S up, ..., LEM 12
down

Current JuA|

Bozard 0
' ‘ 1305
0.005 | ‘W\‘ﬂ’* ", ;
L Nf' W
i "ﬁ( 1304
003! // ‘n‘ "
4 ’\” ,w"f 1303
0 nm '
f |
:7 4 a 1302
0,002/ \ / uvﬂ \ :
\ :3C1
0.co1| &ﬁ - |
il ~___—300
1830 18 24 Z1:13 00:12  03:.06 0600 2€: 55
tme
—1FMUp1 —LFMDown1 — LEMLp?2 — 1FMDown? —IFMUp3 — LEMDown3
—LEM Up ¢ LEM Down 4 — Hall Temperature
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Summary of HV CAEN power supply board issues WA1Q5==

Affected LEMs: LEM 1,3, 7,8,12 up and down LEM 2,4, 6 down

1) The current is (anti-)correlated to the hall temperature. (plot for the period of 07.07.2017 —09.07.2017)
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3R E : : :
50,0025 [ E : : : ]
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o : :
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Summary of HV CAEN power supply board issues

WALOS ==

2) The current is higher on some LEM (see table) and the current drops from Board 0 to Board 2.

Boerd 0 Beard 1 Board 2
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Fan providing a uniform air flow
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Summary of HV CAEN power supply board issues WA1Q5==

1) The slope of the current oscillations does not seems to be affected by the HV. However for some LEM the
absolute value of the leakage current can change. For example we start seeing a current on LEM 6, which
we were not seeing before. This current is anti-correlated to the temperature and behaves like the other
leakage currents.

» Test 1: Cathode: 20 kV, Grid: 1.0 kV, LEM down: 1.0, LEM up: 0 kV
* Test 2: Cathode: 20 kV, Grid: 2.5 kV, LEM down: 3.0 (corner: 2.6 kV), LEM up: 0.2 kV
» Test 3: Cathode: 20 kV, Grid: 0.5 kV, LEM down: 1.0, LEM up: 0 kV

_ Slope Test 1 Slope Test 2 Slope Test 3 Slope no HV

LEM 3down  -0.40 nA/K -0.45 nA/K -0.47 nA/K 0.47 nA/K No obvious difference.
LEM 4 down -1.07 nA/K -1.20 nA/K -1.35 nA/K -1.10 nA/K Difference of 0.1 nA.
LEM6down  -0.14 nA/K -0.14 nA/K -0.13 nA/K /

LEM 8 up -0.57 nA/K -0.39 nA/K -0.59 nA/K -0.50 nA/K No obvious difference.

Current at hall temperature T = 298K

| CurrentTestl |CurrentTest2 | CurrentTest3 | Currentno HV

LEM3down  1.0nA 0.9 nA 1.0 nA 1.0 nA No obvious difference.
LEM4down  5.25nA 4.1 nA 5.3 nA 7.0 nA Absolute current lower.
LEM 6 down 0.4 nA 0.3 nA 0.2 nA / New current.

LEM 8 up 1.7nA 1.7 nA 2.45 nA 1.75nA No obvious difference.

A
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Wire order

order of mounting:

] st
B 2nd

udgenossische lechnische Hochschu e Curich
Swiss Federal Institute of Technology Zurich

51



Field simulation in nominal LAr level WA 105 ==
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Simulation of the grid-field cage corner WA 105 ==

Maximum field of ~8
kV/cm

Ground frame

——

First field shaper
At -7.5 kV
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Induction field WAL0S5 ==

Induction field 1 kV/cm Induction field 3 kV/cm Induction field 5 kV/cm

arJdofllm 220 zarface Elzctne petznzal v szezamh-e: zleczrcizld VenUplsim 5oy Sorface Elzeine petere al V) Steanlae Elzctne fels VenUpll Se o000 Sueceer Electng potential D Srecrne zlenefed

iy !

L 'u i
\“ %l

Grid at the nominal voltage, 6.5 kV and amplification of 30kV/cm
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5)Grid HV connection inside WAL05 ==
E

connection to LEM ] ] X
\ tﬂ] Grid connection T
p— 1 W m— | Inside I e — ..l. —— o — Grid connection

Inside

: Grid connection north

L

= Manhole
The grid tripped ramping up to 4,8kV Tripped between 3,8 and 4kV COIrner

A
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5)Grid HV connection inside WAL0S5 ==

GND shield

insulator (kapton)
FR4 wire holder

hole filled with epoxy

SS frame (GND)

liquid

copper track wire

|
iInner conductor




Level meters WAL105 =

Not working

Level Meters

2 chan

25 mm: Fully immersed

0 mm: No LArx

"I ‘ -
m:m }tu'.llﬂl' Lllk’l'lxi-c.' RV L e OV LENGs O LMD CHV LM @+ :m'- 7 Level meters on the CRP
creamt I f : CRP.LMS
Y ‘ creLowo |l creLgua [l opeemor || cre-comms | cre-tenns Jf | cre e ! J]
— 1.¢ 1 va-tl‘l-_r;"‘ Y ...Iwm.
LM-CRPT . LM-CRPO . 14.73
IM-DC2 - 13,948 oom LM-OC3
hz- hgﬂ
" ) 0 ) amsa 4 Level meters on the drift cage
N-OC1: 12.25 e .. N
[ wocs.
LM-OCS - 19777 mm
Again :
- LM-DC2 was disconnected anc replaced by LM-CRP8
- LM-DC3 is visible on the camera
ETH
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Level meters

~N

:
il W—

4 -~
If the level.is around ZOmM
means the extraction grid is
|mmersed

.\‘
*
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Level meters WA 105 =—
LM drift cage Pillar

All measurements in mm

LEM /Anode
# o

1815. ........ Ext. Grid
IZO

At least all LM along drift
cage need to be immersed
more than ~5 mm to P 5¢
guarantee that the FFS is
completely immersed

LM-DC1 : 96609 mm
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Level meters

Laura Manenti
measurement

Measurement A
(distance FFS to extraction grid)

"

!rm’ =
“d

g

V

—
——
——
| ——

i
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Level meters WA 105 =

LM-CRP Distance from extraction grid to top LM-CRP
Laura Manenti - Measurement B -
measurement

Pillar

LEM /Anode

LM-CRP
LM-DC

LAr level
oo Toxt, Grid

E

d—14cm d+19cm

d= 1.4 cm
d=1.75 cm
N 0] {1 S
d = 1.6 cm
d—15em d—[13ecm d—15cm
d=17cm d=]15cm d=18cm
W
Sebastien’'s measurements CRP at its highest point.
Laura’s measurements All d should be = 1.75 cm.
(could not measure E side as inaccessible) Within measurement uncertainty,
9 all LM are aligned with the CRP
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Level meters WAL05 ==

Laura Manenti
measurement

- Measurement C -
(FFS to top LM-DC)
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Level meters WAL105 =

Laura Ma“"'t'ﬁ Distance FFS (top tube) to top LM-DC (Level Sensor Drift Cage)
measuremen - Measurement C -

Pillar

d — 2.0 cm d — 2.2 cm

d= 1.7 cm
B =19 cm

[
b 1o
wn

SURS
N

O O
5 B
—0

d = 2.0 cm d=1.8cm
d=2.05 cm d=1.9.m
W manhole

All d should be =2.05 cm (i.e. LM-DC aligned with DC).
They are not. Also DC is tilted (as seen before).
Because of misalignment and tilt :
=> sensor on the N side [LM-DC1] is the highest
=> sensor on the S side [LM-DC4] is the lowest

L cf elog#219, LM-DC4 was the first one to see LAr

Py
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Level meters WAL105 =

Minimum level of LM-DC to have the FFS immersed

Pillar

All measurements in mm

S
> I.EM/Anode
ST T8 D Fxt. Crid
\20 2
In theory :

LM-DC at 4.5 mm means LAr at FFS
Given a fluctuation of ~0.2 mm of the liquid level
— at least 5 mm to have the grid immersed

Given the LM-DC and Drift cage misalignments (being conservative) :

K
£ > 3.5 mm
i i
HP i Moc s g £ > 8.5 mm As DC is tilted :
,.;- E{)'b I | S critical for LM-DC 1. |
e LU-DC 5 LM-DC 3, 4 and 5 should be fine
- £> 1.) min

W é&\nhok' 1 3

Py
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Level meters

WALT05 ==

Minimum level of LM-CRP to have the Extr. Grid immersed
Pillar

All measurements in mm

LEM /Anode

In theory :
LM-CRP at 7.5 mm means LAr at Extraction Grid

Given a fluctuation of ~0.2mm of the liquid level
— at least 8 mm to have the grid immersed

Given the LM-CRP and CRP misalignments (being conservative) :
K

— from the only LM-CRP position measurement, should be careful

£>11.5 mm £ > 6 mm
— 1

wJ J
LM-CRP 2 LM-GRP 3
) £>1]1 mm
N N | LM-CRP S 1) S Assuming CRP is in its
£> 9.5 mm " -
nominal position.
LM-CRP 8 LM:CRP 7 LM-CRP 6
{} {} {}
F>1Cmm £>]12mm £> 10 mm
W () 14

ETH )
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Level meters WAL105 =

CRP deformation
-June 26 at 15:13 -

2D View from West side
(no possible misalignment taken into account)

E Coaxdal : 201.1 mm
Pump tower : 1197.6 mm
LM-CRP? : 14344 mm [s] 3
CRPAM2
'
N b . S
LA
(M-CRPY : 15,148 men cap Lemot ||| o e || o Rl

" o CRPLEMDD CRP MM P LEMDT CRPLEMDS CRPLEM

. ey

L Central part of the CRP is
more immersed ?

LT

L Consistent with 4 mrad tilt
asin(12/3000) ~ 4 e-3 rad
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Current LAr level

=

Coaxial: 204.74 mm
Pump tower : “197.6 mm

LM-CRP2 ; 22.521 mm m LM-CRP3:24.191 mm

CRP-LM2 CRP-LM3 | c
. v . L3 ! " s
S — . ..
-
N < % S
: ' g @ s LM-CRP5 . 22,649 mm
LM-CRP1 : 22.801 mm CRPLEMO1 || CRP-LEMO6 |[| CRPLEMOG ||| CRP LEM1O
CRP-LM1 CRP.LM5
cre-Lemba ||| cre-iemit ||| cre-temiz B
LM-DC* : 20.685 mm
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Current LAr level WAL105 =

All measurements in mm
Pillar

7

LM-CRP LM-DC

J lm!!!m!m!m ll § ! LAr level (nominal)

5
........ v...............QE)......1.8.......“............Extgrid

All CRP level meters are at 23 mm
which means the LEMs are immersed
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Current LAr level

WAL0S5 ==

TE0001: 280.54 K TE0060: 126.09 K
TE0002: 282.88 K TE0059: 116.29 K 1555mm
TE0003: 284.8 K TE0058: 106.26 K 1515mm
TE0004: 285.86 K TE0057: 96.38 K 1475mm
TE0005: 288.73 K TE0056: 87.428 K 1435mm
TE0006: 286.94 K TE0055: 87.438 K 1395mm
TE0007: 284.82 K TE0054: 87.476 K 1355mm
TE0008: 283.49 K st TE0053: 87.438 K 1315mm
TE0009: 281.55 K TE0052: 87.484 K 1275mm
TE0010: 280.17 K ; TE0051: 87.499 K 1235mm
TE0011: 277.2 K - & e TE0050: 87.554 K 1195mm
TE0012: 273.79 K TE0001 | TE0049: 87.653 K 1155mm
TE0013: 270.78 K ‘ TE0072: 87.485 K 1115mm
TE0014: 267.51 K Il | TE0071: 87.525 K 1075mm
TE0015: 263.63 K | TE0070: 87.552 K 1035mm
TE0016: 260.47 K - TE0069: 87.61 K 995mm
TE0017: 257.27 K TEO0068: 87.524 K 955mm
TE0018: 254.7 K || TE0067: 87.513 K 915mm
TE0019: 251.3 K TE0066: 87.551 K 875mm
TE0020: 248.03 K ', N TEO036 - e TE0065: 87.566 K 835mm
TE0021: 244.27 K ‘ “ TE0064: 87.56 K 795mm
TE0022: 241.56 K TEO060 [ . _— TE0063: 87.514 K 755mm
TE0023: 238.33 K e / TE0062: 87.547 K 715mm
TE0024: 234.77 K ~ = — TE0049 _| TE0061: 87.529 K 675mm
TE0025: 234.03 K — : |  TE0084: 87.558 K 635mm
TE0026: 229.85 K T = E0072 : TEO0083: 87.497 K 595mm
TE0027: 226.65 K S TE0082: 87.513 K 555mm
TE0028: 223.26 K T — TE0061 ' TE0081: 87.484 K 515mm
TE0029: 219 K s = TR TE0080: 87.508 K 475mm
TE0030: 214.24 K : S T TE0084 : = TE0079: 87.536 K 435mm
TE0031: 209.44 K - / . — TE0078: 87.624 K 395mm
TE0032: 205.14 K Loeg Capacitor ,; TEO0O073 TE0077: 87.485 K 355mm
TE0033: 200.46 K et Lot ]| e TE0076: 87.534 K 315mm
TE0034: 4364.4 K ' * 2 = ) TE0075: 87.554 K 275mm
TE0035: 190.52 K TE0074: 87.521 K 235mm
TE0036: 185.79 K TE0073: 87.618 K 195mm
ETH
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Things missing in the following weeks

WALOS ==

« Switch off the recirculation pump

- Capacitance measurements in GAr

- Change the VHV power supply to the 100 kV power supply.

 Functioning of the automatic frame adjustment system: Will be
tested in the following weeks.
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Possible improvements for a second 3x1x1 run WA 105 ==

 The purity monitor can be installed

- Parallel and serial resistors for the LEMs

- Better resolution in the field cage current: change the power
supply to the 100kV PSU.

- Recalibrate coaxial level meter.

- Orientate cameras: one can be oriented towards the grid HV
connection
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