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« At the moment a detector concept has not been defined. The two main philosophy are based on the
IDEA concept and the CLD concept,
« Any design shown in this presentation for now is based on IDEA detector.

CLD




2024/01/22, Hong Kong

FUTURE
CIRCULAR

HEP 2024 Eﬁ‘l‘:nlg(!‘dDER

Bellows

Cryomagnet

|
|

Central chamber Outer and medium

Support tube
\

IDEA detector

tracker

Cooling

------------------- e Conical chamber

Outer and medium tracker



2024/01/22, Hong Kong HEP 2024 @ O ‘Fét'ch*Tflf‘FéEéRR
Spatial constraints - LumiCal Cones

W t The Lumical is centred on the
s outgoing beam pipe. 105 mrad
3 i The device to perform properly
mrad needs an empty space between two 50 mrad
e cones, the 50 mrad cones and the
ﬂ 105 mrad cone.

The components integration
and each component (i.e.
the conical chamber) have
been designed to keep
everything out of this range,

or the thickness has been _ _
optimized to achieve the Asymmetric spatial

| S .
i maximum transparency ﬂ constraint
possible.
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Spatial constraints — Detector Cone

« Another important constraint imposed over the IR from the detector is the
respect of a 100 mrad cone, centered on the detector axis.

« This constraint is symmetric and, therefore, is less problematic if
compared with the Lumical Constraint
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Centl"al C h am b er 1st layer Inner Vertex

The central has the following characteristics:

« AlBeMet 162 as main material

* Three layers from 0-90 mm from IP
» 0.35 mm of AIBeMet162
» 1 mm gap for Paraffin
» 0.35 mm of AIBeMet162

« Paraffin as coolant

« Geometry studied to integrate the central chamber
with the Inner Vertex (200 um of clearance
between central chamber and Inner Vertex support)

Inlet/outlet
|n|et/0 Utlet for Insertion of the internal part
paraffin cooling —_ E SE L
Welding of transition part
ld Mg St .

| Thick copper depasition to create the cooling inlet and outlet |

Gap for the paraffin flow
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Trapezoidal chamber

Main characteristics:

 AlBeMetl162 as main material

* Chamber in two halves and assembled using EBW
« Copper cooling system

Bellows

Two halves
AlBeMet pipe

\
Thick copper

deposition

« The cooling is based on an asymmetric solution, using the 50 mrad cone as the cutting profile, to
assure the respect of the spatial constraint due to the LumiCal requirment.

« To reduce the cooling material, the design provides five couples of channels for each side; in this way
IS possible to use the needed quantity of coolant and reduce the material, creating a light structure.
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Structural analysis — chamber

Loads, constraints, characteristic Temperature distribution, stress
parameters, design - FEA (Ansys) = and displacement along the pipe

« Paraffin flow (central chamber) Q Heat load | From CST calculations (Alexander
> Flow rate ’ Novokhatski (SLAC))
» Section :
» Velocity FI V\r/]elgftl)t
» Inlet temperature chamber _
> Convective coefficient + * Inner Vertex first layer
» Water flow (trapezoidal chamber) O Constraint
i glov;/_ rate « Cantilevered, simply supported
ection : :
> Velocity configuration
> Inlet temperature O Hypothesis:
>

Convective coefficient

+

Chamber design (until the bellows)
) RESULTS

 Perfect thermal contact between the materials
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Structural analysis - chamber - results

B: Steady-State Thermal

. Figure
Trap ezoidal Central Type: Temperature
Unit: °C
chamber chamber oo e
. 09/07/2022 12:47
Coolant Water Paraffin
. 47,591 Max
. 44,303
Maximum chamber temperature [°C] | 47,6 33,1 4,075
37,727
T 34,439
o 31,152
T _out coolant [°C] 20,5 20,1 5766 ,

24,576
I 21,288
18 Min __

Von Mises stress [MPa] 0,000 0,200 0,400 (m)
Trapezoidal | Trapezoidal Central | Central | B:steady-State Thermal
SX DX IN EX Temperature central internal
Type: Temperature
Fixed ends 22,07 21,86 46,8 38,9 | ot
BEAM 09/07/2022 12:56 25,98
Fixed+displ 14,65 10,63 9,69 17 30,706 ; -3 255
33,084 Max [
. 32
Maximum displacement [mm] ;gz;f
28,747
X Y 27,663
& 26,579 Z
Fixed ends 0,031 0,07 - 25495
BEAM 24,411 °
Fixed+displ 0,1 0,29 I BIEL
22,243 Min 0,000 0,050 0,100 (m)
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The use of Support Tube is designed to avoid overloads on central chamber during assembly and operation

(thermal expansion). This solution has been obtained using two kind of bellows for the two sides of the support
tube.

In short, in this way we can:
» Protect the central chamber during the assembly procedure

» Support properly the chamber bellows-to-bellows, containing the deformation
» Allow the thermal deformation without compromising the chamber

15t Bellows (Single bellows)

2"d Bellows (Double bellows)
Anchoring flange

IP SIDE

IP SIDE | CRYOSTAT SIDE

CRYOSTAT SIDE

CRYOSTAT SIDE CRYOSTAT SIDE

IP SIDE
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100 -

Crotch chamber azsmm 1 Workinprogress

-5560

-4560 -3

-100 -

-150 -

Solution A

Solution B

Solution A:

 Standard flanges

* More space available for the
crotch

* Flanges in Helium

Solution B:

« Flanges not in contact with
Helium

« Shorter chamber than solution A

* Non standard flanges

Remote vacuum connection
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Start of circular pipe at 2550 mm from IP

\

I Very preliminary design I

Custom flanges

It is a work in progress:
* Shape
* Flanges geometry

Shifted ﬂanges « Interface with Remote

vacuum connection

/s



FUTURE
2024/01/22, Hong Kong HEP 2024 INFN ( T oLLEE
- lNF Innovation Study

Support tube — description

The support tube aims to :
« Provide a cantilevered support for the pipe.

« Avoid loads on thin-walled central chamber during assembly or due to its own weight
e Support LumiCal.
« Support the Medium, Outer Vertex and Vertex Disks.

The structure is made with a multiple layer structure:
» CF+HC+CF

« To allow the support of the disks are necessary
reinforcement ribs.

* The cylinder is split in two halves to simplify the
assembly procedure

« The Aluminium endcaps support the LumiCal and
the beampipe

CF=carbon fibre Aluminium ribs
HC=honeycomb



2024/01/22, Hong Kong

HEP 2024

Support tube — loads and constraints

anev O

FUTURE
CIRCULAR
COLLIDER
Innovation Study

The aim of this analysis is to calculate the stress and displacement in each part of the cylinder (Al

reinforcement, carbon fiber, honeycomb).
It is necessary to set:

 Constraint configuration - double fixed ends

» Loads configuration >

Chamber 50 kg
LumiCal 70 kg + 70 kg
Vertex Disks 6*10 kg
Outer Vertex 15 kg
Medium Vertex 7 kg

First guess loads (overestimated)

Material I Thickness (m)

Angle (%)

Epoxy Carbon Woven (230 GPa) Wet 0,0005
Epoxy Carbon Woven (230 GPa) Wet 0,0005

Honeycomb 0,004
Epoxy Carbon Woven (230 GPa) Wet 0,0005
Epoxy Carbon Woven (230 GPa) Wet 0,0005

45
-45

-45
45
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Support tube — Structural analysis — results

B: Static Structural
Equivalent Stress FLANGE 2

Type: Equivalent (von-Mises) Stress - Top/Bottom - Layer O

Unit: Pa
Time: 1s
20/01/2023 18:55

. 2,0763e6 Max

1,8456e6
1,6149e6
1,3842e6
1,1536e6
9,2286€e5
6,9217e5
4,6148e5
2,3079e5
100,03 Min

B: Static Structural
Equivalent Stress REIFORCEMENT Aluminium

Type: Equivalent (von-Mises) Stress - Top/Bottom - Layer 2
Unit: Pa

Time: 15
20/01/2023 18:52

. 1,9718e5 Max

1,75495

1,5379e5
1,321e5

. 1,1041e5
88712

- 67018

45325
I 23631
1937,9 Min

0,000

0225

0,900 (m)

Maximum stress [MPa]

Aluminium flanges

2.08

Aluminium ribs

0.20

Honeycomb

0.02

Carbon fiber

0.60

Maximum displacement X
[mm]

Aluminium flanges

1.34e-2

Aluminium ribs

2.62e-2

Composite

2.80 e-2

Al

B: Static Structural
Directional Deformation X

Type: Directional Deformation(X Axis)
Unit: m

Global Coordinate System
Time: 1s
20/01/2023 18:57

. 2,7971e-5 Max
2,4863e-5
2,1755e-5
1,8646e-5

1,5538e-5
i 1,243e-5

9,3217e-6

6,2135e-6 z
I 3,1052e-6

-3,0276e-9 Min 0,000 0,400 0,800 (m)

—
0.200 0.600

B: Static Structural
Equivalent Stress HC
Type: Equivalent (von-Mises) Stress - Top/Bottom - Layer 3
Unit: Pa

Time: 1s
20/01/2023 18:59

. 18884 Max
16786
14688
12590

10491
_ 83933
6295,1
4196,9 S
I 2098,7 z
0,56373 Min

0,000 0,400 0,800 (m)
— E—
0.200 0.600

Equivalent Stress CF1
Type: Equivalent (von-Mises) Stress - Top/Bottom - Layer 1
Unit: Pa

Time: 1s
20/01/2023 18:59

5,8724e5 Max

F 5,2199e5
I 4,5674e5
3,9149e5
3,2624e5
2,6099e5
1,9575e5
1,305e5

65248 Z
0,0036582 Min
0,000 0,400 0,800 (m)
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Support tube — Rall

The support tube needs to be inserted into the main
detector; the idea is to use a rail, starting from the outside
of the detector to allow the sliding of the cylinder.

To assure a good precision and appropriate support it is

necessary to use the linear bearings; different types are
available, the choice has to be made considering:

* Required positioning precision
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SECTION

* Weight of the whole structure

* Necessary degrees of freedom

After the positioning the
rail will be removed, and
the support tube

attached to the detector < 
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Under study:

« Rail support

 Rail anchoring

* Rails length

« Geometry of the rail section
* Linear bearing type
 Positioning system

To continue the design, it is necessary

to know:

« Allowable anchoring point from
detector side

» Allowable space (internal detector
diameter and geometry)

HEP 2024 ( \ E)IIJ};F(L)JSEAR
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= Hypothesized
%! anchoring point
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2) Disks 2 and 3 are installed
inside the support tube

1) Outer tracker, Medium tracker and disks 1 are
installed as a rigid structure inside the support tube

3) LumiCal is installed in centered position, then 4) LumiCal can be aligned 5) Support tube can be
beam pipe with vertex detector is inserted with a in the correct position on closed

dedicated tool inside disks and outer tracker, then the outgoing beams

fixed to both endcaps
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Conclusion

« The current central chamber design has been proposed and is compatible with the
Inner Vertex design.

 The design of conical chamber has been developed and is compatible with LumiCal
requirements.

* The preliminary design of crotch chamber has been proposed.

« The concept of Support Tube has been introduced and the proposal of an
assembly strategy as well.

* The preliminary structural analyses have been performed and the results are

compatible with the requirement in terms of allowable maximum stress and displacement.
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