
ALLEGRO barrel ecal
Thermo-mechanical design and analysis

Fernando Aretio-Zárate

Pierre Karst

Chiara Pruiti

Martin Aleksa

Michel Chalifour

03/04/2025fernando.aretio.zarate@cern.ch



Å General components of the barrel calorimeter

Å Test beam prototype

Å External rings first approach

Å How many spacers are needed?

Å Mechanical analysis: 2 meters FEA

Å Absorbers cold test (2×0.05 mm of AISI304L)

Å Thermomechanical properties of one absorber

Å Spacers options. Variable gap from 1.2 to 2.4 mm

Å Cooling system for the cold electronics

Å External ring optimization

Å Structure for assembly and support of the prototype

Å Prototype for assembly test

Å Conclusions

Table of contents

2ALLEGRO: Noble-liquid calorimeter. Mechanics03/04/2025



General components of the barrel calorimeter
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BNL: Cable routing in ALLEGRO
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Spacers will be pins, 

3D printed mesh or 

paper honeycomb, as 

in ATLAS experiment

https://allegro.web.cern.ch/plots/ecal_barrel/ecal_barrel/

https://cernbox.cern.ch/s/1oWw7zzxiB0DV7L

ATLAS ecal layout

External rings

Internal ring

Absorber

Absorber cold test

https://indico.cern.ch/event/1428213/contributions/6241919/attachments/2972283/5231125/Preliminary%203D%20Modeling%20for%20CFEB%20Installation%20and%20Cable%20Routing%20in%20Allegro.v1.pdf
https://plm.cern.ch/p/CAD/number:ST2410245_01:AA.02
https://allegro.web.cern.ch/plots/ecal_barrel/ecal_barrel/
https://cernbox.cern.ch/s/1oWw7zzxiB0DV7L
https://cds.cern.ch/record/331061?ln=es


Å It is considered a sector of 15º, meaning 64 absorbers out of 1536.

o This configuration returns a complete detection zone of 200 mm.

Test beam prototype
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Å First study for the needed external rings was made by considering a half barrel of 63 

ton and 7 rings. 63 ton = 65 ton (detection zone) + 10 ton (others) ï 12 ton 

(Archimedes)

Å Only one ring, modelled by 1D elements, is studied. So, the load is 9 ton.

Å Displacements out of the plane of the ring are constrained and the ring is supported 

vertically in the sides, simulating the rails.

Å Maximum displacement would be less than 3 mm if the inertia is about 8.5 E+6 mm4.

Å The section showed was selected as starting point for future analyses.

External rings first approach
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External rings



The liquid argon is between electrodes and absorbers. So, it is important that the 

gap remains the same as expected.

Pins were proposed and a study was made to estimate how many spacers are 

needed to maintain an acceptable deformation.

This deflection depends only on the region of the absorber between the pins.

How many spacers are needed?

6

Symmetry conditions are applied in the edges and the displacement in the vertex are set to zero.

Distance of 200 mm seems acceptable, as the normal deformation remains less than 50 ɛm.
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Å A FEM of a 2 meters long ecal is built. Rings are placed each 500 mm and spacers each 200 mm.

Mechanical analysis: 2 meters FEA

7

Weight = 49 ton
No Archimedes' principle is considered

Warm load case

Warm load case Cold load case

0º
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The prototype was immerged in liquid nitrogen using two different configurations: supported and clamped.

Due to the surface defaults, itôs decided to use 0.1 mm layers.

Absorbers cold test (2×0.05 mm of AISI304L)
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Supported on the frame
Clamped to the frame
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In a composite plate, every material wants to contract 
differently when they are cooled down. The resultant 
contraction, as well as the stress of each layer depends on 
the rigidity and thickness of each layer.

The reference should be the crystallisation temperature of 
the FR4 (155 ºC), not room temperatura (RT).

Strength and contraction tests were performed, and it was 
concluded that the stiffness of the lead was underestimated 
at cold temperatures

Thermomechanical properties of one absorber
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„y at RT

[MPa]

„y at 77 K

[MPa]

CTE (RT to 77 K)

[10-6 K-1]

Experimental results 16.0 38.0 15.6

Laminate theory 17.2 21.1 14.0

FEA 16.0 20.0 14.5

Using sheets of 0.1 mm, the CTE is 15.26 ·10-6 K-1



Sandwich strength test (RT): Until yielding point
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Yielding point at 16MPa

Change of slope (E)

PbSS_RT_1

B. Ruiz Palenzuela

E. Rodríguez Castro

I. Avilés Santillana



Sandwich strength test (RT): FR4 failure (deglue)
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PbSS_RT_1

B. Ruiz Palenzuela

E. Rodríguez Castro

I. Avilés Santillana



Sandwich strength test (RT): Stainless steel failure 1 
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Failure of  

AISI layer 1

Plastified AISI

PbSS_RT_1

B. Ruiz Palenzuela

E. Rodríguez Castro

I. Avilés Santillana



Sandwich strength test (RT): Stainless steel failure 2 
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Failure of 

AISI layer 2

PbSS_RT_1

B. Ruiz Palenzuela

E. Rodríguez Castro

I. Avilés Santillana



Sandwich strength test (RT): Sandwich failure 
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Only lead is 

working

PbSS_RT_1

B. Ruiz Palenzuela

E. Rodríguez Castro

I. Avilés Santillana



Pins attached to the PCB

To be produced and tested.

Exact position and good tolerances.

Concentrated forces.

Spacers options. Variable gap from 1.2 to 2.4 mm

15ALLEGRO: Noble-liquid calorimeter. Mechanics03/04/2025

3D printed mesh

Measured and pressure cold tests

Distributed force and easy to build.

Difficult to characterised the material.

Burring is needed after printing.

Honeycomb paper

Ready for assembly test in 2 months.

Distributed force and fast assembly.

Expensive. Tolerances to be checked.



Having front end electronics means that we shall extract a big amount of heat. Heat power of the ATLAS barrel 
was 2 kW, and for ALLEGRO it is estimated a maximum of 120 kW (2 million channels, 60 mW/ch).

Global challenges, more and shorter heat exchangers are needed to allocate the nitrogen mass flow (å1 kg/s) 
with an acceptable drop pressure. 96 pipes is considered an optimal number for the assembly.

Prevent boiling near the boards: liquid argon conductivity is worse than air and the natural convection is not 
enough to take the heat from the boards to the heat exchangers.

Pure aluminium plates will connect these parts, so the heat transfer is done by conduction.

Cooling system for the cold electronics
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Cabling and cooling system pass through the external rings. So, a topological 
optimisation was done to make the most possible space not loosing rigidity.

External ring optimisation
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Scale x20
Scale x20

Every sector is 

optimised 

differently

The optimised area of every sector is 

superposed and a new web is drawn
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Scale x20

Area -45%

Max displacement

+1%

12 tons of

distributed mass

Ideal optimisation To be produced



The same structure will be used for the assembly and stacking of absorbers and electrodes, and as support of 
the prototype in the test beam.

Structure for assembly and support of the prototype
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Positioning 

holes

Mounting and adjustment of the interface and the Rings

Stacking of absorbers 

and electrodes

Test beam configuration

Deformation analysis

Internal 

rings
External 

rings

Pierre Karst 

(ST2410245_01)

https://plm.cern.ch/p/CAD/number:ST2410245_01:AA.02
https://plm.cern.ch/p/CAD/number:ST2410245_01:AA.02


The assembly of the absorbers wants to be tested.

Intermediate parts are machined to be bolted to the 
absorbers and to the rings.

The idea will be replicated for the internal rings.

Dimensions were adjusted so fit the requirements at 
cold temperature.

All the 3D models are accessible through PLM:

 Folder WP3

Prototype for assembly test
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21ALLABEB3002

21ALLABEB3001

PLM: ST2414589_01 AA.02 21ALLABE0020 

Between the rings, an 
envelope part was design

https://plm.cern.ch/PLM/?StartItem=CERN_Folder:E8EB40A3E7E24E46BC6D3A44BD8816A6
https://plm.cern.ch/PLM/?StartItem=CAD:669EE82E2A9D4BCDB23E56D55DFCD5B6


Conclusions
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External rings: Prototypes in 2 months.

Internal rings: Design to be done following the idea of the 

external rings for the interfaces. 

Absorbers: Design finished. Look for suppliers.

Spacers: Under study. Decision to be done.

Cooling system: Design in progress.

Support structure: Design almost finished.

Assembly: Still some interfaces to be design.

Tests and analysis: More testing and analysis have to be 

done for the spacers and the complete assembly.

This new geometry presents challenges.

Well defined baseline design and general studies.

For some parts there is still development to do.

Look for suppliers that are not always evident, as for 

the absorbers.
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Thank you for your attention

Questions or suggestions?

fernando.aretio.zarate@cern.ch



Å ALLEGRO is a full detector concept proposed for FCC-ee. It stands for:

 A Lepton coLlider Experiment with highly Granular calorimetry Read-Out.

Å This presentation is focused on the thermo-mechanical design and analysis 

of the structure of the barrel calorimeter.

ALLEGRO
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Calorimeter section concept

Electrode prototype

Cryostat: ATLAS in aluminium

 FCC in composite



Backup 1: PCB and calorimetry
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Backup 2: ATLAS images
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Å The considered weight for the half barrel is 63 tonnes, considering 10 tonnes of support structure and -12 

tonnes of the Archimedes principle. This is an optimistic approach.

Å Three types of profile are considered and their geometry is changed  to reach maximum deformation of 3 mm.

Backup 3: External rings structural analysis
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side

W2

W1

t3

t2

t1

W3

W1 = W2 = 130 mm

t3 = 46 mmh = 60 mm
side = 95 mm

Weight of one ring: 3.5 tonnes Weight of one ring: 1.2 tonnes Weight of one ring: 0.9 tonnes

Corresponds to the total length of the half barrel 

divided in 7 rings. 3172 mm / 7 = 453 mm.



Å Three finite element analyses, using a 250 mm long model, have been carried out using absorbers with 1.8 mm of lead 

and different stainless-steel thickness : 50 ɛm, 100 ɛm, 200 ɛm.

Å Radial displacements of the external ring (3.5 mm for 50 ɛm, warm condition) is proportional to the total weight. Using 200

ɛm steel plates increase the weight by 8%, so do the displacements.

Å The internal rings (where maximum radial displacement appears) are not only affected by the total weight but also by the 

stiffness of the absorbers. That makes the radial displacement increases by 3%, instead of 8%.

Å Sagitta highly depends on the steel thickness (ύ Ὢ ).

Å Spacers in contact remains about 50% in all the cases.

Backup 4: FEM 250 mm long
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Backup 5: FEM 2 m long

27

Scale x50

Scale x50
Scale x50

Scale x50



Backup 6: G10 CTE from ATLAS TDR
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Backup 7: Deflection of a beam
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Lead SS Total

a [mm] 500 500

t [mm] 1.8 0.05

z [mm] 0 0.975

n 1 2

I [mm4] 243 0

I_steiner [mm4] n/a 24

I_tot [mm4] 243 48

E [MPa] 13500 200000

E·I [N·mm2] 3.28E+06 9.51E+06 1.28E+07

E·I [%] 26% 74%

ὉὍ Ὁ Ὅ Ὁ Ὅ

Ὅ ς
ρ

ρς
ὥὸ ὥὸ ᾀ

π

4% m SS 0.219 kg

96% m Lead 5.613 kg

0% m pregreg 0.021 kg

m_abs 5.853 kg

Weight of one 500 mm long absorber


