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Mechanical Layout

Water Tanks

Water Tanks

Radiopure & Gas tight
Copper Shielding, 40 mm

Water Tanks

Copper Shielding (OPERA), 60 mm
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Radiopure & Gas tight
Copper Shielding
Mass=3715 kg

Leak rate

Leak rate spec: 1 sccm = 0.0168 mbar*|/s

O-ring length=
6.3*%2+4*2+0.57*6+0.050*16+.2*6=26m

O-ring diam= 6.3 mm
Compression= 30%
Roughness = 0.8 micron
Ap= +0.5 mbar

Mixture = helium
L=0.7FDPQ(1-S)2

Where:

L = Approximate leak rate of the seal, std. cc/sec. NOT A VACCUM CHAM BER'

F = Permeability rate of the gas through the o-ring elastomer at the expected operating temperature, (std. cc
cm/cm?2 sec bar) x 10-8

D = contact length of the O-ring, inches (rectangular or square type).

P = Pressure differential across the o-ring seal, Ib/in2 2.81E-06 m ba r * I/S
Q = Factor based on the percent squeeze and whether the O-ring is lubricated or dry. With Safety faCt_lo

S = Percent g iééZ&)8# the O-ring cross section expressed as a decimal. (i.e., for a 20% Squiesze)$ =lzojnical Review Meeting 5



INTEGRATION

The yellow slots can be
removed to allow the
entrance of lifting devices

~3.5 tons

~172 kg/each
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INTEGRATION

Copper slabs from the OPERA
detector at LNGS are recovered to
build the external shielding

~1.36 tons
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INTEGRATION

~0.68 tons
Of radiopure copper
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INTEGRATION
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Copper Plate handling

425 The copper plate can be safely handled with four straps and a lifting

device (crane or equivalent). Four Swivel eye-bolts M20 are required.

Ansys

2024 R1

|
|
0.06705

0.03354
2.9636e-5 Min

& Wall superiore.ipt ([Primary]) iProperties

General Summary Project Status Custom Save Physical

Solids
The Part Update
Material Clipboard
|Copper, Alloy. v
Density Requested Accuracy
8.920 g/cm”3 | Very High v

General Properties

Center of Gravity
X [ -0.000 mm (Relative

Mass | 507 kg (Relative‘ @

Area | 4125289.061 mm~2

Y | 0.000 mm (Relative

0.00 450.00 900.00 (mm)
I .

Volume ‘ 76146525.481 mm~. L Z -0.012 mm (Relative

1.3144
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0.00070511 Mi
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Inertial Properties
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o Close Cancel
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I
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B: Static Structural
Total Deformation

Copper box Integration

Since large deformations of the top panel occur

Type: Total Deformation during integration, for this phases a strong-back

Unit: mm

Time: 1s
19/07/2024 07:47

is recommended to stiffen the panel. No
problem for the stress level.

0.92036 Max
0.8181
0.71584 B: Static Structural

Equivalent Stress
2.01555 T?{pe: Equivalent (von-Mises) Stress
0.51131 Unit: MPa
0.40905 Time: 1s
0.30679 19/07/2024 08:34
0.20453 17.867 Max
0.10226 M 5862
0 Min — 13.897

- 11.912

I 9.9263

— 7.941

I 5.9558

— 3.9705

1.9853

. 7.4591e-8 Min

z

BN
0.00 500.00 1000.00 (mm)

L I |
250.00 750.00 X

0.00 500.00 1000.00 (mm) Y
— — |

250.00 750.00
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Copper box Integration cont’

B: Static Structural Since deformations of the top panel occur during

Total Deformation . . . . .

Type: Total Deformation integration, for this phase a strong-back is still

S mn required to stiffen the panel and allow the integration

19/07/2024 08:41 of the copper slabs on the external layer.

0.38228 Max :
. B: Static Structural

0.33981 Equivalent Stress
— 0.29733 Type: Equivalent (von-Mises) Stress
— 0.25486 _LrJirrlri;[;_N‘I]P:
1 0.21238 19/07/2024 16:01
— 0.1699
— 012743 e
14.342
— 0.084952 | | 1255
0 0.042476 | 10757
0 Min — 8.964
— 7.1712
— 5.3784
— 3.5856
1.7928

. 7.8473e-8 Min

0.00 500.00 1000.00 (mm) Y
N . X
250.00 750.00 y
0.00 500.00 1000.00 (mm)
| || ]

250.00 750.00
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Copper box Integration cont’

B: Static Structural
Total Deformation
Type: Total Deformation

Unit: mm
Time: 1s
19/07/2024 09:08

0.27696 Max
0.24618
0.21541
0.18464
0.15386
0.12309
0.092319

0.00 500.00

1000.00 (mm)
[ s e

250.00 750.00

In this phase a strong-back is still required to stiffen
the panel and allow the integration of the copper slabs
on the external layer.

B: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1s
19/07/2024 09:07

16.872 Max
14.997
13.123
11.248
0.3734
7.4987
5.6241
3.7494
1.8747
. 7.5158e-

N

0.00 500.00 1000.00 (mm)

250.00 750.00
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B: Static Structural
Total Deformation
Type: Total Deformation

Unit: mm
Time: 1s

19/07/2024 09:22

0.089829 Max

0.079848
0.069867
0.059886
0.049905
0.039924
0.029943
0.019962
0.009981
0 Min

Copper box Integration cont’

In this phases, after the integration and the tightening
of 12 slabs on the top panel, the strong-back can be
removed since the deformation of the top plate itself
is below 0.1 mm

B: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1 s
19/07/2024 09:22

5.736 Max
5.0987
4.4614

3.824

3.1867
2.5494
1.9121
1.2747
0.6374

. 7.2298e-5 Min

0.00 500.00 1000.00 (mm)
E
250.00 750.00

s

0.00 500.00 1000.00 (mm)
I
250.00 750.00
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B: Static Structural
Total Deformation
Type: Total Deformation

Unit: mm
Time: 1s

19/07/2024 09:52

0.094563 Max

0.084056
0.073549
0.063042
0.052535
0.042028
0.031521
0.021014
0.010507
0 Min

Copper box Integration cont’

In this phases, after the integration and the tightening
of all slabs on the top panel, the deformation of the
top plate itself remains below 0.1 mm

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1 s
19/07/2024 09:52

6.6147 Max

5.8797

5.1448

4.4098

3.6748

2.9399

2.2049

1.47

. 0.73502
6.8417e-5 Min

0.00 500.00 1000.00 (mm) Y-

EEE
250.00 750.00 g
Y

0.00 500.00 1000.00 (mm)
I I |

250.00 750.00






Copper Shielding INTEGRATION Completion
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PE tanks

Vile

0.11633
0.058165
0 Min

0.21559
0.00027823 Min

Y
Zx Zx
0.00  500.00 1000.00 (mm) 0.00  500.00 1000.00 (mm)
. .
250.00 750.00 250.00 750.00
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INTEGRATION & MAINTENANCE
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INTEGRATION & MAINTENANCE
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STATIC STRUCTURAL LOADS: DATA TAKING
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B: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1 s

18/07/2024 10:21

. 0.016715 Max
0.014858
— 0.013

— 0.011143
— 0.009286
— 0.0074288
— 0.0055716
— 0.0037144
0.0018572
0 Min

STATIC STRUCTURAL: DATA TAKING

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1 s
18/07/2024 1022

. 2.3912 Max
21256

— 1.8599

— 1.5943

— 1.3286

— 1.0629

— 0.79728

— 0.53162
0.26596
0.0003019 Min

0.00 500.00 1000.00 {mm)
I e
250.00 750.00 250.00 750.00

0.00 500.00 1000.00 (mm)
|
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STATIC STRUCTURAL: DATA TAKING

2.3912 Max
2.1256
—1 1.8599
— 1.5943
1.3286
1.0629
— 0.79728
0.53162
I 0.26596
0.0003019 Min

0.00 500.00 1000.00 {mm)
I
250.00 750.00
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DETECTOR MAINTENANCE
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STATIC STRUCTURAL: DETECTOR MAINTENANCE

0.00 500.00  1000.00 (mm) X
I e
250.00 750.00
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STATIC STRUCTURAL: DETECTOR MAINTENANCE

B: Static Structural B: Static Structural

Total Deformation Equivalent Stress

Type: Total Deformation Type: Equivalent (von-Mises) Stress
Unit: mm Unit: MPa

Time: 1s Time: 1s

18/07/2024 10:57 18/07/2024 10:59

. 0.069214 Max . 4.8286 Max
0.061523 42921
- 0.053833 — 3.7556
- 0.046143 — 3.2191
— 0.038452 — 2.6826
— 0.030762 — 2.1461
— 0.023071 — 1.6096
— 0.015381 — 1.0731
0.00768904 0.536863
0 Min 0.00014187 Mi
2z
X zZ
) o
0.00 500.00 1000.00 {(mm) X 0.00 500.00 1000.00 {(mm) v
I | | I e

250.00 750.00 250.00 750.00
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FC: 47 kV to 1 kV

Voltage distribution in the FC

o

0 o
0 500 35.00
30.00
25.00
20.00
15.00
10.00
5.00
0.00
o
<

480 B o
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Voltage distribution in the FC

The first turn close to the Cathode is at 10 mm Voltage distribution in the FC

50.00
47.00

The last turn distance from the GEM is 10 mm o 45.08
. 43.17
41.25
The cathode is at 50 kV 40.00 39-3337 o
35.50
. 35.00 33.58
The GEM is at 3 kV 31.67
29.75
30.00 27.83
25.92
25.00 24.00
22.08
20.17
20.00 18.25
16.33
15.00 14.42
12.50
10.58
10.00 8.67
6.75
4.83
5.0 2.92
I 1.00
0.0 | |
0 20 60

40 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

o

o
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Voltage [kV]

50

Voltage distribution applied to the FC

The first turn close to the Cathode is at 10 mm
The last turn distance from the GEM is 10 mm
The cathode is at 50 kV

The GEM is at 3 kV

Calculator Expressions Plot 1

Maxwell3DDesign

Ans
202

S
R1

40
30
20

10

Setup! : LastAdaptive

Yoltage

I
200 300

Distance [mm]
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FC: 47 kV to 1 kV
E [V/iecm]

R Ansys

2024 R1
Max: 5935.524 iﬂ}}
1P

B sosso PRREREIAPAR s SNt e iree e ve/
4819.5 D B SN - s
4284.0
3748.5
3213.0
© 26775
2142.0
1606.5
1071.0
535.5

00 P == 350 700 (mm)

W W
% % X RN
[+ Al
b,

- S-% 3 %

: g K
H----I‘” #”
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Bottom: Loads with 30 N Stretching Force

..I-i".-_-.._ = ! |
—_— = |
— .'_'_-_-_'._'__ |
Q.00 250,00 50000 Crrrm)
I 0 ..
125.00 375.00

22/07/2024 S. Tomassini - Technical Review Meeting 41



Force

ing

ith 30 N Stretch

Ion W

Total deformati

Bottom

D: Static Structural
Tatal Defarmation
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1.4532

0.22946
015297
0.076457

0 Min

— 1.3768
— 1.3003
— 1.2238
— 1.1473
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— 0.09432
— 0.91784
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— 078487
— 0.63333
— 0.61189
— 0.53541
— 045892
— 0.3843
— 0.30595

500,00 (rmm)

250.00
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Bottom: Von Mises with 30 N Stretching Force

D: Static Structural

Equivalent Stress

Type: Equivalent fwan-fises) Stress - Top/Bottarn
Unit: bPa

Tirne: 15

2502,/ 2024 12:23

. 31.465 Max
27.969
2447
— 20,979
— 17484
1 13.989
{10,493
| 69933
3.5031
. 0.0079541 Min

0.00 250.00 500.00 (mim) &
I 0 .09

125.00 375.00



Bottom: Von Mises with 30 N Stretching Force (PET)

22/07/2024 S. Tomass ini - Technical Review Meet ing



Bottom: Von Mises with 30 N Stretching Force (Cu)

D: Static Structural

Equivalent (wan-Mises) Stress - capper - End Time e
Type: Equivalent fwan-fises) Stress - Top/Bottarn == Hl]
Unit: bPa == -
Tirne: 15 — il
2502,/ 2024 12:25 ==3

. 31.465 Max _-:'-.
26,002 ST
| 2454 =
| 21.078

| 17.616

L1 14,154
10,691

| 72201

3. 7669

C 0.30468 Min

0.00 250.00 500.00 (mim) &
I 0 .09

125.00 375.00



TOP: Loads with 30 N Stretching Force
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Force

ing

ith 30 N Stretch

IoON W

Total deformati

D: Static Structural
Tatal Defarmation
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Top: Von Mises with 30 N Stretching Force

D: Static Structural

Equivalent Stress

Type: Equivalent fwan-fises) Stress - Top/Bottarn
Unit: bPa

Tirne: 15

2502/ 2024 1232

. 31.448 Max
27.955
| 24462
— 20,97
- i
1 13.984
10491
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3.5058
. 0.013072 Min
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Top: Von Mises with 30 N Stretching Force (PET)
MAnsys

2024 R1

H 1ess RAHOAHD Y e e e e __—-:

1.5083
1.2631
1.01743
077268
0.52748 Min

Q.00 250.00 S00.00 (rmirm)
I 0O a0

125.00 375.00
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ith 30 N Stretching Force (Cu)

: Von Mises w

Top

D: Static Structural

Equivalent (wan-Mises) Stress - capper - End Time
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Top: Total deformation with 30 N Stretching Force (Longeron)

0.01 7966
omery
0.014373
0.0 2576
omaoys
0.00895831

0.0071 564 i
0.0053593

0.0033932
0.0017966
0 Min z 3
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I 0O a0

125.00 375.00
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Top: Von Mises with 30 N Stretching Force (Longeron)

Q.00 250.00 S00.00 (rmirm)
I 0O a0

125.00 375.00
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with the new FC
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FC foil
using PET

- or Kapton
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FLAT PATTERN WITH BENDING LINES
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CONCLUSIONS

The service project at LNGS was prepared by an external professional and approved by the LAB. The services
installation start is foreseen by beginning of September 2024.

The gamma shielding design is well advanced and completed for the next steps: procurement of radiopure raw copper
plate. We expect a green light from the review panel to go. The lead time for the copper plate delivery is 18 months.
For that we need to start the procurement ASAP.

The recovery of copper slabs from OPERA is well understood.

The Neutron shielding design is ongoing. A smaller shielding has been built and installed for the LIME detector. Some
other work must be done in the coming months.

The design of the field cage is well advanced. A small FC prototype has been built for the GIN detector. Results are
expected soon. More optimizations must be considered for the FC after the first tests.

The acrylic vessel design is ongoing provided the limit of 135 kg mass. Not presented in this review.
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