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Full Size Demonstrator Facility
@ Bern

Layout and overview

 FSD facility consists of two large cryostats for
storage and operation

e Supply LAr tank and Cryogenics infrastructure

e Recirculation with cooling and LAr purification
system

e Electronics and DAQ infrastructure

e Crane access in the lab

* Mechanical and Electronics workshop
* Assembly area and clean room
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Cryogenics scheme

e The cryogenics system requirements were defined, and a first scheme
was designed and reviewed during PDR in 2022

* Main parts were purchased end of 2022 and were delivered in 2023

e The cryogenics schemed was refined and completed based on realistic
construction possibilities end of 2023

Valves:

e 11 actuated ON/OFF valves
* 6 actuated regulating valves
* Filling from external/Storage * 3 manual CF40 valves

* 6 manual CF16 valves
Sensors

* 3 Liquid flow meters
* Recirculation w/ reduced top flow e 2 gas flow meters

* 5 pressure sensors

» 2 safety valves 0.35 bars
* 9 safety valves 6 bars
Branching Parts

* 12 Tee pieces

* 2 Cross pieces

Desired Modes of operation

* Cooldown

e Filling + recirculation

* Recirculation w/wout cooling + purification

e Drain detector to storage
 Warmup with Ar gas
e Storage recirculation

* Drain storage to external
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1651 1:25 |Ne-03_ND-LAr-FSD-in-GL 3903.602 Kg
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Details of the Cryostats and Detector design
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Two new cryostats
* Delivery of two CryoFab cryostats on August 24th 2023
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Clearing the pit

e Clearing the platform, removing electronics after Module-X run and filter regeneration in
October 2023

* Removal of cryostat on October 27t 2023
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Installation of the two cryostats

Platforms were removed, 1t week Nov

Fitting test and planning for platforms
were done 2"4 week Nov

Installation of the two lower wooden
platforms in Nov-Dec

Adjustable feet were purchased and
fitted to the cryostats in Dec

Installation of the cryostats in Dec
2023 before the winter break

AN
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Welding of top flanges

i * Both top flanges were welded end of Jan
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Installation of Baffles

e Baffles were installed in mid Feb
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Blind flanges on the storage
cryostat

e Getting ready for vacuum test
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Heater assembly

 We reinforced the solder connection on
the Polymide heater foils with epoxy

8/15/24
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Heater test with PLC control

e Heater test with 3000 W in LN
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Cryostat LAr heater design

Single Module Cryostat heater

e 2 Aluminum heat exchanger, each with 5 Polyimide
heater foil

e Polyimide foil dimensions: 6 x 12.7 cm?~ 110 Q
* Operated at 70V, Total power =490 W

* About 24 h to evaporate the remaining LAr in the
cryostat (~30cm)

FSD Cryostat heater

* 3 Aluminum heat exchanger, each with 2 Polymide heater foil
* Polyimide heater foil dimensions: 15.2 cm x 30.5 cm?

* Each padis rated to 500 W, Total power: 3 kW

e Aluminum profiles dimensions: 20 cm x 35 cm

* 5 Temperature sensors on the heaters and pump

8/15/24
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Pump service

* A service kit was purchased from Barber-Nichols

* Ball bearings are replaced
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FSD Cryostat Temperature Sensors

e 20 temp sensor for Cryostat Slow
control independent of the I
Module temperature sensors

e Redesign the slow-control PCB
and the slowcontorl| box

* Feed through CF100 with four
DSUB 25 (each connector would
have 5 pins free)

» 6 LED connections through the
free pins for light calibration.
Lemo connectors on the box

4165.6
needs to be checked

3987.8 (lower point of DP level sensor)
(4267.3)
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Cryo lines installation finished (top piatform)

Pneumatic valves assembly

= < —

Filling filter

- Detector Cryostat

e
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PT0: 2.9 Bar

Gas Line FGH_RS: 1.9 limin H2_RS_percent: 1.1 % TC4: 222"
FGA_RS: 163.9 lImin TC5: 253.0°
TT7: 2052* 778 1889° X O O
LAr Tank { >Z To green filter

[[Fisma e ]]

FLA1: 0 kg/min O

X
lzz
X X

Level- 772 mm

P I_ C - disable s°unu|

- - H20:69.9 ppm () - . :
VR2£% VR1:0% | | oas sxhaust b T ESRE Z:; zoo*:
Valves control and sensors readback Wx° V"3x° Ry
VR4:0 % VR3:0%
PID control: Xk X X O 020X HECS
. VA11: 0
; X = DP1: 6.6 mbar
* Cryostat overpressure regulation FGAZ 15 Imin FGAT 0 % ,,_\\O
VAT: 0 VR6:12% VR5:0 % 3

* Temperature gradient regulation

e Heater Temperature regulation

Alarms and interlocks

* (Oxygen sensors

* Cryostat overpressure

[ PID Detector Pressure Control (VRS) I 1 PID Storage Pressure Control (VR6) l (I PID Detector Flow Control (VR1) l | PID Storage Flow Control (VR2) I
VR5:0% VRE:12% VR1:0%
Kp 1 Kp 1 Kp: 1 Kp:1
PT2:3 mBar Tv.o PT4:300 mBar ™o FGA1: 0 Umin .0 FGA2 18 Umin ™0
Td0 a0 K Td:0 / Td0 /
PID Nitrogen In Pressure Control (VR8) PID Nitrogen Level Control (VR7) | PID Detector TempGradient Control (VR3) | | PID Storage TempGradient Control (VR4) I
L ] ks e [ Puotioses ]
VRS0 % VR7:0% Cycle time: 10000 VR3:0% VR4:0%
ey | o:1 Ko:1 ko1
[Setpoint PF: 0 mbar i Tn 500000

[SetpointLF-0mm [l Tn 500000

[eteoint TG 0 degCiem | Tn: 500000

PID Heater 1 Detector Control (H2)

H1 percent 0%

[Setpoint TH1:-200 mill Tn 500000

F Level: 723 mm Tv.0

PID Heater 2 Storage Control (H2)
0 J
[H2 percent 0 %

[Setpoint TH2: 200 mill Tn- 500000

Max T H1:25 cegC [TV 0

[Max T H2: 182 degC lTv-0

TG Detmax 0 degClem | Tv:0

Ta.0

\_ 4

[Setpoint TG 0 degClem | Tn: 500000
TG Detmax:0 gegCiem  Tv:0

Td:0

\_ 4

< X X X X

DP2: 37.5 mbar PT6: 3.000 Bar VAB: 0 VAG. 0
‘ X

Pressure setpoint S: 300 mbz FGN1: 0 %

g ;X Dran/Gaz
PT4: 299 mBar To hea rom Exnaust
Level: 274 mm h heater H
VR7:0% ,—~ VR8:0% i
X X :
'
1
'

Storage Cryostat

PT7.0963 Bar { »

PT5:1.2858ar  FLA3: 0.06 kgmin PT3:0.952 Bar

*

VA10: 0 VAS: 0

Pu 2 Power Set: 0 %
Pu 2 Power Mon: 0 %
Pu 2 Power Mon: 0 rpm

H2 percent 0%
Setpoint TH2: -200 d

Pressure setpoint D: 150 mbar

PT2: 2 mBar

Detector Cryostat

Pu 1 Power Set 0 %
Pu 1 Power Mon: 0 %

TEnable 0] Ao Wode 0 |
H1 percent: 0 %

\Setpe de

Max TH1: 25 degC
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Detector Cryostat Cooldown & Filling - "

Section Temperatures Detector Cryostat
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Filling filter

The new filling filter is
assembled, and leak tested

The inner structure of the
filling filter is the same as
the recirculation filter: 10
liters of Copper Getter and
10 liters of Mol. Sieve

8/15/24

Temperature

Cable feedthrough

3 sensor
3
BAUTEILLISTE
OBJEKT |ANZAHL BAUTEILNUMMER BESCHREIBUNG
1 6 AS 1110 - M6 x 35 Sechskantschrauben
2 5 CF40_dichtung
3 1 CF40-Bellow-76.2_Lesker STEP AP214
4 1 CF-40-Dsub-9pin
5 1 CF-350_Cu-Seal
6 1 |dichtring_CF40
7 2 DIN 580 - M10 Ringschraube
8 1 |Ne-06-02_Purity-filter
9 1 Ne-06-03_180°Bogen
10 1 Ne-06-10_Top-lid-weld
- 11 1 Ne-06-12_Barrell
12 1 Particle_filter_candle_assembly
#356 6’@‘ Masstab: |Bezeichnung: . Gewicht: Anzahl:
‘ | 1:5 Ne-06_Big-Filling-Filter 117.293 kg 1
LABORATORIUM FUR HOCHENERGIEPHYSIK | Projekt: Datum:
REVISIONSVERLAUF L H E P Ne-06_Big-Filling-Filter
REV. | BESCHREIBUNG [ DATUM [GENEHMIGT Allgemeintoleranzen | Nicht vermasste Kanten |Autor: Blatt: [Format:
A [ 30.08.2023 | UNIVERSITAT BERN nach ISO 2768-m  |0.2...0.4 x 45° gebrochen | Sjlas 1/1| A3
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Cryogenics Readiness tests

Cryogenics controls tested with LAr -> In a good

shape

GAr Tests
Gas Argon test Pressurize cryostats, PID Pressure Control

Gas Nitrogen test Pressurize Nitrogen jacket green filter, PID
pressure control

LAr test with > 40 cm LAr in Storage Cryostat
LAr test cool down test,

Heater test

Pump test

LAr test with > 40 cm LAr in Detector Cryostat
Heater test

Pump test

Recirculation storage bypass filter
Recirculation Detector bypass filter

Drain from storage to detector
Drain from Detector to Storage

8/15/24
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Temperatures Detector Cryostat

Cryogenics Readiness -

sens-10 @ -350 cm

te St S sens-11 @ -360 cm

§ \ sens-12 @ -370 cm

sens-13 @ -380 cm

sens-14 @ -390 cm
sens-15 [heater D3,D

Cooldown Summary:
Filling rate: 9 lit/min (from the external tank)

8.3 lit/min (from level rise) - skt bk
A\ = - i sens-17 [pump inlet,
4 hours to fill 50 cm DP I ' sens-18 [heater D2,D

Cryostat Volume gradient: 18.85 lit/cm 1M:00 12:00 13:00 14:00 1500 16:00 17:00  18:00 Al sty

Temperatures Detector Cryostat

Warmup Summary: sens-0 @ -10 cm

Heater max power 3 kW -> regulating heaters EREARERRIC

temp at 50°C max sens-2 @ -30 cm
sens-3 @ -40 cm

Evaporation time: ~ 1 hour 15 min ->(85 \ | e sens-4 @ -50 cm
liters) ; : = sens-5 @ -100 cm

sens-6 @ -150 cm
Warmup Total time: 8 hours from LAr temp to A sens-7 @ -200 cm

~ room temp sens-8 @ -250 cm

sens-9 @ -300 cm
sens-10 @ -350 cm

11:00 12:00 13:00 14:00
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Cryogenics Readiness
tests

Cooldown & Fill from external (2431 liters
used form tank)

Storage level DP: 738 mm (Started transfer)
Cooldown and Fill Detector Cryostat

Detector Level DP: (calibration issue!, reads
840 mm, should be ~ 530 mm)

Transfer back to Storage

Storage level DP: 530 mm (End of transfer)

396 liters until differential pressure sensor is
alive

Estimate about 100 liters stays in the cryostat

8/15/24

09:00 12:00 15:00 18:00 21:00
== Detector Cryostat Level mm Last *: 63.8 mm

Detector Cryostat Level from top mm Last *: -3.92 m

LAr Level Storage Cryostat [Differential Pressure]

0O mm
09:00 12:00 15:00 18:00 21:00

Level Storage mm Last *: 517 mm
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Filter Regeneration Stand il -

* Filter Regeneration Satand is ready
* Leak test was done

* Sensors are cabled to the PLC

e LAr delivery on 10 July -> Tank is full

e Regeneration stand was tested on 17 July

LAr Tank Volume

Oy
»)
o
o

LAr Tank Volume
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Filter Regeneration

The Filling filter is regenerated

The Inline gas heater is controlled with a
Variac, 120V, 10 A

Regeneration took about 3 days

8/15/24
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Filter Regeneration

Day 1

e Started with very small
amount of H2 concentration
0.2%

* Wentupto0.5%, 1%, 1.5%

e Filter temp sensors showed
some bumps for reduction
process

e H20 sensor showed
between 80 to 100 ppm
water concentration

e Latein the evening Filter

temp had a bump to max
229 C.

*  We stopped H2 flow over
night,

8/15/24

Argon Flow Regeneration Stand Argon Gas flow Regeneration Stand

98.3 L/min

= GAr flow Reg stand Last *: 98.34 = Hydrogen flow Reg stand Last *: 0.00

Heater Regeneration Stand (TC5 Reg Stand Heater Temperature

215 °C

0 15:30 16:0¢

ter (TC5) Temp Last *:
Filling filter PT100 sensors
TT7 filling filter top

TT8 Filling filter bottom

194.8 -c

H20 content

1 13:30 14:00 14:30 15:00 16:00 16:30 17:00

TT7 filling filter top Last *: 142 °C = TT8 Filling filter bottom Last *: 195 °C
H20 content

100.0 ppm
80.0 ppm
60.0 ppm
40.0 ppm
200 ppm

00p
13:00 13:30 14:00 14:30 5:00 5 6:30 17:00

H20 Content DPM H20 content Last *: 84.0 ppm

13:00 13:30 14:00 14:30 15:00 15:30 16:00 16:30 17:00

Pressure sensors

1300 1400 1500 1600 170

= H2 Percentage Last *: 0.00% = PTO LAr Tank Last *: 2.89 bar

Heater Temperature derivative 1Tm

13:0¢ 14:00 15:00
= Temperature_Sensors.del ive

Filling filter PT100 sensors Derivative 10 m
40.00°

17:3 18:00 18:30 19:00 19:30 20:3¢ 300 1400 1500 1600 1700 1800
TT7 filling filter top = TT8 Filling filter bottom
H20 content derivative

100
75

ppm / min

=25
13:00 14:00 15:00 16:00

17:30

= H20 content derivative Current: -0.232
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Tank Argon Gas Overpressure

2.89 bar

Heater Temperature derivative 1/

Filling filter PT100 sensors Deriv

TT7 filling filter top

19:00

TT8 Filling filter bottom

50
25
0

17:00 18:00 19:00
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Filter Regeneration

Argon Flow Regeneration Stand Argon Gas flow Regeneration Stand Pressure sensors Tank Argon Gas Overpressure
89 bar
288 bar
) 287 bar
10000
6 bar
50,00
2,85 bar
0,00

13:30 1 1400 14:10 5 5 0 2.84 bar

1
D ay = GAr flow Reg stand Last *: 170.05 = Hydrogen flow Reg stan . e 2 .86 ba r
2 1330 14 14:30 1530 1600 1630  17:00

= H2 Percentage Last *: 1.08% = PTO LAr Tank Last *: 2.86 bar

Heater Regeneration Stand (TC5 Reg Stand Heater Temperature Heater Temperature derivative Tm Heater Temperature derivative 1

o Nl MW

* Wentupto0.5%, 0.75%, ;o W

1A) 1330 1340 1350 1400 W10 1620 1430 1440 1450 1500 1510 1520 1530 1540 1550 1606 620 1630 1640 1650 1700 om0 oo w30 100 1630
= Heater (TC5) Temp Last *: 254 °C = Temperature_Sensors.derivative

e Started again with 0.2 % H2

Filling filter PT100 sensors Filling filter PT100 sensors Filling filter PT100 sensors Deriv

TT7 filling filter top

* Temperatures stayed stable

* We had a bump in H20, ‘ N
and theﬂ sta rted dropping : " L TT7 filling filter top

TT8 Filling filter bottom

e At 3pm H2 bottl 188.4 -
P ottle was 4 oc )
0.04 °C
d h 1920 1530 1340 1350 1600 1410 1420 1630 1640 150 1500 1510 1530 1540 1550 1600 1670 1620 1630 1640 1650 1700 1710 330 w00 1430 o 1630 o e
e pty, we StOp pe t e TT7 filling filter top Last *: 206 °C — TT8 Filling filter bottom Last *: 188 °C TT7 filling filter top = TT8 Filling filter bottom TT8 Filling filter bottom

rege n e ra t i o n H20 content H20 content H20 content derivative
0.400
71.0 ppm 0.200

0

70.5 ppm

13:30 14:00 14:30 15:00
3 1340 1350 14:00 1410 14:20 14:30 14140 1450 1500 1510 1520 1530 1540 1550 16:00 16110 16:50 17:00 1710

H20 Content DPM H20 content Last *: 70.2 ppm = H20 content derivative Current: 0.022
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Installation of Insolation material

* Armaflex Ultima tubes of different diameters for cryo lines (Blue)

* Special insolation material for filter parts exposed to hot temperatures (White with Alu foil )

Top platform 0 Platform -1
Platform -2
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FSD Test Schedule

FSD Assembly and Test Schedule ¥ & &
File Edit View Insert Format Data Tools Extensions Help

Q Menus © e & § 100% -~ $ % O 09 123 Calibri

F14 v x o
A B c D

1 FSD Assembly and Test Schedule

2 ND-LAr Consortium Start Date 7/22
3 Prepared by: Andrew Lambert Display Week 1
4
5 Task Progress Start Days End
1 FSD Facility 7122 41
7 [C] ' sStorage Cryostat Test 100% I 722 14
8 [T} | Purifier Regeneration 20% [ 86 4 89
9 [[] Isolate Cryo Lines 0% 88 5 813
10 [J | Vacuum & Leak Testing 814 4 8/18
1 [} ' Dummy Module Cryo Test 0% 8119 7 825
12 [} |Extract Dummy Module 8/26 2 827
13 [[] ' Prep System and Space for FSD Assembly and Test 8/28 5 9
L 14 []] MS:FSD Facility Ready Qlﬁm 91
B FSD TPC Fixtures 8/28 9 9/6
16 [7] | Disassemble Dummy Module 8/28 B 9N
17 [C] | Prepare TPC Assembly and Rotation Fixtures for FSD 9/2 5 9/6
- 1 [] MS:FSD Fixtures Ready 97 o0 96
=] 1 FSD Subsystem Components 7126 32 8/27
20 [J Module Structures Deliver Components to FSD 726 1 7/26
21 [:] Component Reception Inspection/Test/Cleaning 7127 4 7130
22 [C] ' High Voltage Deliver Components to FSD 816 1 8/16
23 d Component Reception Inspection/Test/Cleaning 817 4  8/20
24 [T Field Structures Deliver Component to FSD 823 1 8/23
25 [[] Component Reception Inspection/Test/Cleaning 8/24 4 827
26 [} ' Charge Readout Deliver Components to FSD 8/23 1 8/23
27 D Component Reception Inspection/Test/Cleaning 8/24 4 8127
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Highlights of the FSD facility schedule

o .. 7
* Installation of the Cryogenics finished end of Assembly jig
May * Module structure (mechanical test)
* Dummy module assembled and inserted into * HVfilter
the detector cryostat end of July « ArcLight/LCM August
e End of August 2024: Cryo run + Mechanical e Charge readout August
test * Light readout August
e Reception and Assembly of the FSD Module e Field shell August
end of August?
e (Calibration system August?
* End of September 2024 ? : FSD run
* DAQ? What are we going to use?
2x2 run control software? Need support!

Thanks to everyone for supporting this effort!
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Next steps

* |solation material on the cryo lines On going

e Seal the top, Evacuate and leak test

PLC work & Grounding work continues in parallel
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Backup

8/15/24

DEEP UNDERGROUND
NEUTRINO EXPERIMENT

32



PLC Programing

e Cryostat Pressure Control PID is working
* Tuned PID parameters for overpressure

Storage Cryostat over-pressure

175.00 mbar 100.00%
150.00 mbar

125.00 mbar

100.00 mbar

75.00 mbar

50.00 mbar

25.00 mbar

P — =
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0.00 bar 0.00%
14:25 14:30 14:35 14:50

== Storage Cryostat Pressure Last *: 20.04 mbar STO Pressure set point Last *: 20.00 mbar VR6 percent Last *: 48.09%
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ryostats for Detector and Storage

Connections

Nr. DN Connects to

KF50  [LAr JC

CF40 05. barg safefy valve
CF40  [Burst disc

(F63 | Viewport

Connections

Nr. DN Connects to

CF40 0.5 barg safety valve
CF4L0  |Burst disc

CF63 Viewport

(F100 |Viewport / Spare

CF63  |Gas exaust
CF63  [Level meter / slow control
CF100  [Auxiliary; pump; heater

CF63 Level meter / slow control
CF100 Auxiliary; Pump; bottom heater

1
2
3
L
5 CF100 Viewport / Spare
6
?
8
9

1IS0-K100 |Vacuum 1S0-K100 | Vacuum

10 (F25  |Filling

1
2
3
L
S CF63 Gas exaust
6
7
8
9

CF25 Filling

n CF25 Drain
Masstab Bezeichnung | ewicht: Anzahl:

G
G@- 1:.20 |Ne-03_ND-LAr-FSD_lower-Cryostat  |3372.626 k§ 1

LABORATORIUM FUR HOCHENERGIEPHYSIK | Projek Datum:

10 CF25 Drain

Masstab Bezeichnung Gewicht: Anzahl:
1:.20 |Ne-03_ND-LAr-FSD_upper-Cryostat 3129.555 kd 1

LABORATORIUM FUR HOCHENERGIEPHYSIK | Projek Datum:

Ne-03_ND-LAr-FSD Ne-03_ND-LAr-FSD
Allgemeintoleranzen Nicht vermasste Kanten |Autor: Blatt: |Format Allgemeintoleranzen Nicht vermasste Kanten |Autor: Blatt: |Format
UNIVERSITAT BERN nach IS0 2768-m 0.2 x 45° gebrochen |Silas Bosco 1/ 1] Ak UNIVERSITAT BERN nach IS0 2768-m 0.2 x 45° gebrochen |Silas Bosco 1/ 1] AL

Detector cryostat LAr storage cryostat
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ArCLight production

* Preparation for large scale production

e Production in April (after 2x2 commissioning)

Automated Lamination table

Revival of the clean room (controlled

environment -> Humidity, dust)
Deposition sensors

Anti-static gun for surface treatment

* Quality control tests

Optical inspection w/ Microscope
LY scanning of the surface w/ LED

8/15/24

Title Jan 2024 Feb 2024
v 1) Prepare setup
* 1.1) Lamination Table order/
delivery
* 1.2) Deposition Monitor order/
delivery/setup
v 2) Production
* 2.1) Laminate Dichroic foil on the
Aluminium plates
* 2.2) TPB evaporation on foil x30
samples
* 2.3) Laminate TPB foil on the
WLS
¢ 2.4) Assembly of the SiPMs and
Eboard

+ 2.5) ArCLight production
completed

v 3) Quality Control
» 3.1) Microscope inspection
* 3.2) ArCLight Scanning
+ 3.3) Quality Control completed
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Light readout
feedthrough testing

.

- /////m
— i
/)

Ww“‘.[
.

\.

8/15/24

LABORATORIUM FUR HOCHENERGIEPHYSIK

LHEP DU\

UNIVERSITAT BERN

NEUTRINO 36



