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ET Warm Tower analysis

• Since November 2022, we have
worked on beampipes, warm towers,
cryostat & caverns solutions

• I made simulations for both towers

• For each one, I made structural, 
modal, buckling and harmonic
responses analysis

• For ET Towers’ I tried to find
optimisations for 11m high

• Bigger vacuum chamber for an easy
access in case of handling

• Conical shape chamber which is not 
convenient for optical mounts on 
the breadboard’s border

• Towers will be higher due to Super 
Attenuator ~20m
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ET Warm Tower analysis
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• After I made simulations, i purposed 4 changes 
on tower’s design

• Position’s changes of the conical ferrule

• According to CODAP standards for buckling, I 
decreased tubes thicknesses

• Increasing the base diameter of the upper
tower

• Equalize tubes lenghts of the upper tower to 
limit buckling effect because flanges act like 
stiffeners

• Increasing by 8,3Hz the first mode response

• Diminution by 800kg the mass’ tower

• Next step is to made the same for higher
towers ~20m

1st Mode

Buckling

Mass
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Cold Towers & Cryostats
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Low-noise thermal shielding

• Active cooling of the two external
thermal shield respectively to 80K-
50K and 5 K with supercritical helium
flow

• The third shield is cooled at 2K via 
thermal conduction through static 
superfluid helium He-II, avoiding 
macroscopic fluid flow.

• He-II is superfluid, so it allows an 
rapid cooling and transits less
mechanical vibrations

Thermal Shield 80K-50K

Thermal Shield 5K

Thermal Shield 2K

Heat Link Vibrations’ 

Isolation Systems

He-II Superfluide

Reference : L Busch, G Iaquaniello, P Rosier, M Stamm, and S Grohmann - Low-noise thermal shielding around the 

cryogenic payloads in the Einstein Telescope (2023)

Magnetic Damping

Cryostat’s Vacuum 

Chamber
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Summary of the CAD from KIT

2K : 415 Kg / alu = after optimization

5K : 646 Kg / alu = after optimization

80K : 831 Kg / alu = after optimization

240 mm

270 mm

270 mm

Cryostat : ~18,8 T / Stainless Steel

Total : 20,7 T
(without tubes, cupola, suspensions, structures …)

1,2 T/tube (Ø2m / L=2m) / Stainless Steel

0,9 T for cupola / Stainless Steel
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Global model’s simulation

• Support structure built with stainless steel and/or glass fiber rods’ 
and tubes’

• It was a proposal for a rigid support not sensitive to resonant
vibration effect below 29 Hz. 
=> But is still not a low vibration transmitter after 21 Hz on Y axis & 
22 Hz on X axis as there is no passive vibration insulation

• In harmonic responses, ratio output / input > 1 after 21 Hz
• Magnetic dumping would be a solution to explore
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Cavern
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Single-cavern solutions’

2.2 Single-cavern with Super 

Attenuator, Active Seismic 

Platform and nested vacuum
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Double cavern solutions’

2.5 Double-cavern with Classic 

Attenuator, Active Seismic 

Platform and nested vacuum

2.4 Double-cavern with Super Attenuator, 

Active Seismic Platform and nested 

vacuum
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IJCLab Design Office



26 agents
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Manpower – Design Office

14 agents
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Various experiences

• Accelerator : E.S.S., Desy, Belle II, ThomX, 
Perle, Ganil, …

• Detector : Virgo, DUNE, CTA, Alice, Atlas, 
…
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Skills

• C.A.D.

• Simulation

• Technical Groups :
• Alignment
• Additive Manufacturing
• Vacuum
• Clean Room
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Thanks for your attention
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Work to do in the followings months
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Statement

• There are 12 cryostats on ET triangle’s 
definition.

• If we look at the optical Layout, there are 2 
cryostats’ configurations - LETM & LITM

• For each configuration, for some parameters, 
there’s parallel solutions to think especially for 
civil infrastructure because of beampipe or 
tower around it

• Single or 
double 
cavern

• Acoustic

• Magnetic
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Installation

• Think well, each steps, how to install the cryostat

• Estimate of which part will be lifted to estimate the maximum weight of the crane
Not necessary to lift the entire cryostat which will do more than 21T

• One crane for one cavern, two cranes for two caverns … which it means that we need 
to know soon which solution will be taken

• Think about solutions to manipulate it precisely

• Process to align each cryostat vacuum chamber on arms axis’

• Estimate scaffolding size around each chamber

• Estimate scaffolding stages number

• How to fix it scaffolding & chambers on the ground if needed ?
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Vacuum chamber ports

• Viewports : 

• The number and the diameter of each viewports should soon be fixed

• Each additional viewports, means new simulations for shields to add holes on it

• Viewports define position of shields’ frames reinforcements

• Cryo infrastructure

• Vacuum level

• Sealing helicoïl, o-ring or double o-ring

• Arm beampipe flanges’ diameter

• Arm beampipe heights’ regarding the ground

• Suspension shields’ rods access

• Suspension cupola & tubes

• Bottom access diameter
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Shields

• Link between vacuum chamber & shields (rods)

• Suspension shields’ rods access

• Helium II infrastructure’s for shields’ frame

• Heat link vibrations isolations systems linked to the shields

• Find a system to damp shields : Magnetic damping, rigid support structure, Active 
Noise Mitigation …
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Bottom access & Clean Room 

• Find a system to handle / to lift shields & mirrors into clean room across bottom
access

• Find a process for two technicians to access into the cryostat for maintenance

• Define the size of the bottom access which will have repercussions on the diameter of 
the cryostat

• Area of clean room will depend on the maintenance steps

• Define each clean zones’ specifications

• Define if we need cranes or trolleys to move heavy parts in the clean room
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Cold Towers & Cryostats
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Priority

• Choose suspension system

• Choose Single or Double-Cavern

• Without theses choices, there are too many options to explore in such a short time
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Reinforcements

• After the first iterations, to increase 
the first modal analysis responses’, I had 
to added reinforcements, 10x50mm, on 
the bottom of 5K & 80K shields

80K 5K
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Modal results: significant modes 

First mode : 29,43 Hz on Y Axis

Third Mode : 30,69 Hz on X Axis 
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Mode 1 in vertical Y direction
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Mode 3 in lateral X direction



2K stage = -17mW

300K stage = 17,35 W

5K stage = -9.4 W 

80K stage = -7.9 W 
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Thermal results: conductive heat transfer total 

• Possibilities to decrease conductive 
heat transfer by :

• Adding Fiber Glass rods instead
of Stainless Steel

• Using carbon PEEK interfaces 
between shields & Rods
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Harmonic Responses – X Axis

• Analysis settings :

• 2% damping for welded assemblies of steel structure according to 
Eurocode 8 - Design of structures for their resistance to earthquakes

• Input 1mm on X axis on cryostat vaccum chamber’s ground feet

• It’s the results on centre vaccum where the mirror is
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Harmonic Responses – Y Axis

• Analysis settings :

• 2% damping for welded assemblies of steel structure according to 
Eurocode 8 - Design of structures for their resistance to earthquakes

• Input 1mm on Y axis on cryostat vaccum chamber’s ground feet

• It’s the results on centre vaccum where the mirror is

• Here is a proposal for a rigid support not sensitive to resonant vibration 
effect below 29 Hz. 
=> But is still not a low vibration transmitter after 21 Hz on Y axis & 22 Hz on 
X axis as there is no passive vibration insulation (ratio output/input > 1)
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Cavern
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2.6 Concret Double-cavern with Classic Attenuator, Active 
Seismic Platform and nested vacuum

• 4 pillars 2x2m

• 2 crane for each vacuum 
chamber

• 1 concrete plateform 1m 
thick

• Additional cross section 
to reach 40Hz in first 
modal analysis
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2.6 Concret Double-cavern with Classic Attenuator, Active 
Seismic Platform and nested vacuum


