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Scope

• This mechanical design study investigates the achievable stability of the base 

plate, on which the super-attenuator (SA) is supported

• Two integration options are considered

o Base plate above cryostat in a single-cavern design

o Base plate in upper cavern in double cavern design
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Initial conditions : Dimensions

• Following the ET-ISB Fall Workshop on ET-LF TM Tower 

Integration Concepts, in Elba, in September, we decided to begin 

simulations of the 20m height cryostat

• In the ET-LF TM Tower Design Concepts document’s we chose 

that « the outer cryostat diameter is 4,5m and the height up to 

the vacuum separation between  the cryostat and the room 

temperature upper tower is 6,3m »

• In the ET Reference Detector Layout document, we fixed the 

footprint base’s at a max 5m², so we can increase it regarding the 

first concept of K.I.T. which was Ø4,5m

• Finally, during the detector layout, the keeping volume for the 

inverted pendulum was set to 2,5x2,5x17m so I decided to set up 

the upper diameter to Ø3m

Concept

6,3 m

Ø4,5 m
20 m

20 m

E.T.’s 20m height cryostat 
first concept

Ø3 m

6,3 m



4G. Iaquaniello | ET-LF Tower Integration Workshop 2025-03-26

20m height – Ø3m upper part
Aluminium Upper part

• The first modal response is very low due to the 

height of the tower

• After a first review, Jacques Lionel, from Liege, 

suggested to make the upper part in aluminium

• For an aluminium upper part of Ø3m, to obtain a 

multiplier charge for buckling greater than 4, I 

applied a thickness of 20mm to the upper part

Aluminium Upper Part
Solution n°18
Mass : 57,3 T

Stainless Steel Upper Part
Solution n°8
Mass : 68 T

Ø3 m

Ø4,5 m
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Harmonic Response Analysis

• Boundaries conditions :

• Fixing recessed faces

• Earth gravity on the structure

• The vacuum chamber and the upper tower
are under vaccum => 0,1 MPa

• 1mm input on X, Y or Z axis

• 0-50Hz applied on earth node fixed

• We apply 2% as damped coeffiscient regarding
Eurocode 8

• Reference : 
• Eurocode 8 - Design of structures for their

resistance to earthquakes
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20m height – S18 - Ø3m upper part
Aluminium Upper part

+20m

+5,35m

0m

IP Leg

90

50

2,8

• Finally, thanks to harmonic response

we can observe « just » a « bump » at 

3,8Hz of a factor 2,8 involving 10,3% 

of the total mass of the chamber, 

which is the top chamber

• At 35Hz, the upper platform, which

will welcome IP leg, begin to resonate

with a factor 50

• The top plate is constrained between 

the vacuum chamber cover and the 

ferrule, increasing its rigidity.



14,5m Design
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• At the ET Annual @ Warsaw, we saw presentations on a 12m height inverted pendulum solutions.

• The beam height is fixed at 2,5m in the ET Reference Detector Layout document

• These are solutions of 14,5m height tower VIRGO like, with an external structure, a decoupled structure with bellow between vacuum chamber 

and upper part, and a stiffeners solution decoupled too.
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14,5m height tower – Aluminium Upper Part

Decoupled Stiffeners structure
Solution n°24 
Mass : 127,8 T

Decoupled Structure
Solution n°21 

Mass : 102,6 T

Structure
Solution n°20
Mass : 106,7 T

Virgo Like
Solution n°30
Mass : 53,2 T



• Same as the 20 m one, we observe 

"just" a "bump" at 7.6 Hz by a 

factor of 2.8 involving 6% of the 

total mass of the chamber, which is 

the upper chamber, and the rest at 

more of 32 Hz.
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14,5m height – S30

IP Leg
80

56

2,8

+14,5m

+5,35m

0m
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14,5m height tower – S24

+14,5m

+6,85m

0m

IP Leg

160

143

101
116

59,6 52

73

• For the « best » structure 

version of the previous slide, the 

first modal response increase at 

~19,4Hz  regarding the Virgo’s

like one but it involve 54% of the 

total mass with a factor ~60 on 

the upper plate (on the Inverted

Pendulum Leg point which is

supposed to welcome the 

inverted pendulum) and a factor 

143 on the top chamber



Double cavern concept
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20m height – S26 - Double cavern concept

• We wanted to simulate a double cavern 

solution, like in Kagra, Japan

• The tube is supported by a structure, 

and decoupled from chambers by 2 

bellows

• The feet of the inverted pendulum are 3 

Ø400mm columns embedded on the 

upper floor

• The first mode is the one where the 

tube enter into resonance at 15,3Hz and 

the third, at 20,3Hz, is the first mode 

where the upper  platform of the 

inverted pendulum enters into resonance Solution n°26
Total Mass : 162 T

Ø2 m

Mass : 124,8 T

Mass : 35,9 T

Bellows



2,5

0,4
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20m height – S26 - Double cavern concept

• We assume 3 feets Ø400mm which

support an upper platform of 200mm 

thick which will welcome the inverted

pendulum legs

• The structure is stiff enough not to see

resonance up to 60Hz on the IP Leg point 

with a factor 2,5

IP Leg

0m

+20m

+17,5m
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Conclusion

• Is-it acceptable if the upper part 

of the chamber resonates at less 

than 10 Hz, if IP Leg base-ring 

resonates at more than 30 Hz ?

• The double cavern is the stiffer 

solution regarding the harmonic 

response on the IP Leg

• The decoupled solution seems not a 

good solution regarding harmonic 

response

• Cryostat’s mass increased a lot 

regarding what I present during the 

detector layout this summer due to 

the stiffeners and the base : m > 50 

T without thermal shield, ANM, …

14,5m Height

Decoupled structure
Solution n°26 
Mass : 127,8 T

Double Cavern

Double Cavern
Solution n°18

Total Mass : 162 T

Solution n°24
Mass : 57,3 T

20m Height 14,5m Height

Solution n°26
Mass : 53,2 T

IP Legs



Footprint : 5m²
Cryostat keeping volume : Ø4,5 x 6,3m

Beam’s height : 2,5m

To further progress in our study we need to select among options: 
Tower’s height : 14,5 < x < 20m

Inverted Pendulum keeping volume : 2,5 x 2,5 x 17m or 2,5 x 2,5 x 12m
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Requirements



We need answers from PO and ISB suspension division
• Maximum mass acceptance for Civil Infrastructure : ?
• Are the first modal and harmonic responses, on 3 axes, on the upper chamber and the IP leg, sufficient to validate 

a concept ?
• Any other points / simulations needed ?

Then, regarding :
• The single-cavern design:

• Are results as presented on Slide 11 acceptable regarding stability of the base ring?
• In general, is this a viable integration concept in terms of SA requirements?

• The double-cavern design:
• Are results as presented on Slide 14 acceptable?
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Open Questions
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Thanks for your attention
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