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This design is based on the IDEA detector concept, in fact
we are working in close contact with INFN-Pisa integrating
their Vertex and Tracker detector design.

Support tube
Cryomagnet

Bellows
Cooling

Central chamber

Trapezoidal chamber

LumiCal

IDEA detector
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Trapezoidal chamber

Two halves —

Inlet/outlet for paraffin cooling
(copper)

Transition

Bellows
o

Three layers from 0-90 mm from IP

» 0.35 mm of AIBeMet162 (62% Be,
38% Al)

» 1 mm gap for Paraffin

» 0.35 mm of AIBeMet162

Starting from 90 mm to 1190 mm from [P
AlBeMet162 as main material

Chamber in two halves and assembled
using electron beam welding (EBW )
Copper cooling system
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1st Bellows (Single bellows) 2nd Bellows (Double bellows)

Anchoring flange to

support tube Linear bearing system

IP SIDE

IP SIDE

Convolutions to compensate
Cryostat expansion and
assembly

Few convolutions inside support tube
for thermal expansion

CRYOSTAT SIDE CRYOSTAT SIDE
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Support tube

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

 Avoid loads on thin-walled central chamber Aluminium endcaps
during assembly or due to its own weight

e Support LumiCal
« Support the outer and disk tracker

The structure is made with a multiple layer
structure:
» 1mm CF + 4mm HC + 1mm CF

» To allow the support of the disks are
necessary 6 reinforcement ribs. Aluminium ribs to support:

e Quter and
medium tracker

« The cylinder is split in two halves to ¢ Dk, 2and3

simplify the assembly procedure

* The Aluminium endcaps support the
LumiCal and the beampipe
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Update of the vertex detector, disks and barrels integration

» Update of the diameters of disks and outer barrel.
» Change of the disks’ position according to the last layout version from INFN-Pisa group.
« Change of the reinforcing ribs position.

» Update of the Support Tube structural analysis.
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At the moment, the SIMP
algorithm has been used, based
on the concept of penalty, and
the Generative Design method,
capable of creating a structure
from an initial shape and from
imposed spatial constraints.
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« Constraints in term of stress and
displacement

* Minimizing of the mass

* No design zone where the
constraint and loads are applied
and in functional area
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Crotch chamber

Solution A

2nd FCC@LNF

-1175 mm

-5560 -4560 -3

-560

-100 -

-150 -

100 -

Work in progress

440
_50 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

* No standard flanges

Remote vacuum connection
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Accelerator division internal notes NASEDIV TECRICAL NOTE

Frascati, 17 April 2023

» Calculation of the paraffin flow parameters Note: ACCDIV-04-2023
needed to remove the heat |oad PRELININARY CALCULATION FOR PARAFFIN COOLING SYSTEM OF

FCC-EE INTERACTION REGION VACTUUM CHAMBER

- Published17-04-2023

l 1 Introduction
T

This note aims to present the first conceptual design of the cooling system of the central part of
the beam vacuum pipe of Interaction Region of the Future Circular Collider. The calculations of the
heat transfer and flow dynamics of the coolant are reported.

Case | A | B | R

- The cooling system is made of two concentrical cylinders ereating a gap of 1 mm for the paraffin
- Velocity V=0.3 m/s V=0.5 m/s flow.

L 185 183

Paraffin

=
AlBeMetl162

| ~ B —panetin

: g 23.4 23.0

= =A1BeMet162 (1
Tﬂuti - —I' Da.r

A v 24 2190 05" 734 Pa = 71.34 kP
—03— | ———p = a = . a : v
Pv=03=/7p 2 21073 2 5
L V2 O. 180 0.52 Figure 1-Coaling system (scale 10:1)
ApV:OS -3 734 Pa = 192 kPa In the following table are reported the charactenistic dimensions of the channel:
D eq 2 1 O 2 Symbol Value Unit of Description
. . . L. . tparaffin 1 '-"“"-5:";"“'“' Thickness of the gap, where paraffin flows
https://da.Inf.infn.it/documentation/accelerator-division-technical-

notes/accelerator-division-technical-notes/
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INTRODUZIONE

‘ 1l Future Circular Collider e+ e- rappresenta una grande sfida per la

conmmitd scientifica mondiale; I'alto Iivello del progetto necessita di un
alto Iivello di progeftazione e pmmslc\ne d.eg].i scenari che si
realizzazione della macchina. La regione di interasions, fportata in
Figura | rappresenta la zona di lavoro e sui cui si sta concentrando la
progettazione.

DESIGN MECCANICO DELLA CAMERA DAVUOTO

La camera da veoto progetiata inizia dall'lP e =i estende fino al soffietio (1.2
metri dall'lF} ed & divisa in due parti. La Cenéral Chamber da 0 a 90 mm &
costituita da due cilindri concentrici di spessore (L35 mm distan=iati di 1
Imlhmetm radlalmeme per creare un gap per il ﬁdsso d.i pmﬁna. utilizzata

due meta saldate con EBW, Attorne 2 quest'ultima, tramite una tecnica additiva,
sono previsti dei condetti di amento in cui scorrera l'acqua. Il design &
asimmetrico in quanto deve essere rispettato il cono di misura del LumiCal, i
cquale & centrato sul fascio uscante & non sull'asse del detector.

DESIGN MECCANICO DEL CILINDRO

DESIGN MECCANICO DEL SOFFIETTO

‘Il soffiette & di particolare
importanza per evitare che
disallineamenti durante
montaggic ed esercizic possanc
creare problemi alla camers. In
particolare quelle mffigurate in
figura & un soffietto con due sere di
commoluzioni: quella pit piccola ha il
compito di compensare le Vermanno ancoratl
deformazioni termiche della [ Trmae® o mm alle costole di
camera, mentre quella pi g'm.nde :Di""“‘_‘“iw:_'\ﬂ"'- . £ . i
dovra compensars

Al fine di suppartare i component della zona di interazione & stato
progettato un ci].ind.ro in due meté con cx:stole di rinforzo e due

Ia slruttuﬂ del cilindm & costituita da lavers di fibra di carbonio
opportunamente disposti con al centro uno strato di honeveomb.

I dizchi, medium e
outer tracker

+ Blocrhi par ssicorrn ot il himinometro e

disallineamenti di montaggio e d.1 ol lle Ia agli

esercizo. I soffietto  wverra endcaps.

supportats nella parte centrale fra le

due serie di comvolaziond. [

CALCOLI E RISULTATI OTTIMIZZAZIONE STRUTTURALE
Per validare i modelli progettati & stata effettuata
Panalisi termo-strutturale [I] della camers,
utilizzando i carichi termici dervanti da calccli di
impeden=za con C8T [2.3] e condizioni di carico e
vincolo di progetto. Il sistema di raffreddamento &
stato dimensionato al fine di mantenere la
temperatura massima della camers sotto 1 60 gradi;
unz volia ottemta la distribu=ions di temperatura,
questa & stafa utilizzata nell’analisi strutturale per
calcolare stress & deformamioni.
Un'analisi strutturale & stata eseguita sul cilindro
in carbonio al fine di valutare le deformamoni e stress
causati dai carichi. Sono state considerate le costole
di rinfor=o e gli néﬂc@\psalﬁnedinheneredel
nsultah il pii possibile vicini alla realtd. Entrambe le
irmuilamioni harmo dimostrate pisno rispetto dei
req'msrtl di rigidezza delle strutture_

Al fine di oftimizzare le strutture di supporto
della regione di inferazione & in corsoc uno
stodic di ottimizzazione strutturale deglh
endcaps e della struftwra di ancoraggio al
detector. bo studio sta interessando diversi
metodi di oftimizzazione che wverranno
confrontati, valutata l'efficacia di ogruno =
dopo una scelta del metodo pin adatto alle
struthre  seguird una pid  accurata

progetto ottimizzabili. Al momento & stato
utilizzato I'algoriimo SIMP, basato sul concetto
di penalizmazione, e il metodo del Generative
forma inziale e da vincoli spaziali imposti.
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Abstract
We discuss the beam e loss related to the heating of the beam pipe walls of the FCC-g= interaction region We analyse the excimtion of trapped
modes, which can ic energy and determine the locations of these modes. We sudy the unavoidahle resistive-wall wale field,
which iz responsikle for the prisEin pipe walls heating. We show the distribution of the heat load slong the central part of the interaction region. We
alzo present the cooling system design and results for temperature distribotion in interaction region in the operational mode.

INTRODUCTION LOW IMPEDANCE IR BEAM PIPE

Buam snucgy [CaV]

Ewom curmmnt [mA] 1380
The FCC Interaction Region (IR) consists of the Fember bunchms/baam berid The main idea to decrease the wake field
intersection of four beam pipes and presents a bt (L SE S RE [l A ST 4120, radiation or minimize the impedance of the

wery complicated inhomogeneity geometry. 2 chamber is nanrally to use 2 wery smooth

Eath beams generate electromagnetic felds in
Ii. Depending upon the bunch spacing
fzequency, this may lead to 2 resonant sxcitation

of = twapped mode located in some special e e g
places. o Fitnm .
Another heating effect is an excitation and
diffusion of the image corrents inside the mesl
beam pipe walls. This leads o 2 divect heating
of the beam pips. Nanally, the beam also loses
=nergy as it is decelersted by the longimudinal
clectric component of the ficld generated by
the image carrens.

transifion fom one pipe to a conjunction of
two pipes. Starting with a round pipe we male
a smooth transition to a pipe with 2 cross
section of a half of ellipse. Then we combine
two half-ellipses in cne fll allipse making
ane pips from two pipes. An important point is
that the inner part at the conjunction location
must be rounded. Finally, we male a smooth
transition from 2 pipe with an elliptical cross
section to a round pipe, which is the main
central part of the interaction region, where
slectron and positron beams collide.

The last grometry of the FCC IR beam pipe [3.
T] is shown in Fig. 1. Two symmetric beam
pipas with radins of 15 mm are merged at 1.2
m from the IP. The cental part has a 10 mm
radins for + 9 cm fom the [P Thers ar= two
synchrotron radiation (SE) T mm masks [7] in
incoming beam pipes at the distance of +2.1

d the of the
PCC IR beam pipe fox & mininnam germeirical
impedanes [2-4]. We use 2 numerical code CST
[5] fox 3D electomagnetic caloulations. In these
calculations we assume that the beam pipe
materials have infinite electrical conducthrity.
Now the engineeting design of the IR suggests

what kind of materials will be osed. Using the m from [P
ity of the ials we
calculate the heat load distribation along IR
beam pipe.
WAEKE POTENTIALS AND TRAPPED COOLING SYSTEM

MODES

The cooling system consises of paraffin
cocling of the central chamber (Fig-4) and
i i liing hazals: i
the trapezoidal chamber , just before the
Inminosity monitor {Fig.5). The trapezoidal
chamber is crested using the 50
come as the cutting profile, o assure
mspect of the spatial constraimt We
performed a thermeo-stroctural analyses
asing 2 detmiled model for FEA (Ansys) 1=
R — icn along

the pipe.In the central part we can notice 2

Using this CAD model, we performed wale
field caleulations giving to all wall materials
an infinite sonductiviey. The result for the
wake potertial highlight two heating
oscillations with 2 smaller amplimde,
thersfors we have two trapped modes with
close frequencies.

We also did = special eigen mode
caleulation for this geometry. The electric
force line distribution of the mode is shown

T T— -

in Fig. 2.

linear increase of the tempezature without

_% any asymmetry, instead along the

" trapezoidal chamber there is an

HEAT LOAD DISTRIBUTION { -y 5 5 it Al

i i nr to the configuration of the cooling

We nze specially designed CAD model asan g channels (Fig). In both parts of the
input for the wake filed caleulations using

chamber the cocling is aficient and keeps
the temperatre low as wanted.

the CST code. At first, perform wake field
caleulations, assuming that all materials have
an infinite conductivity. Then parform wale
filed calenlaions, sl assuming that all
materials have infinite conductivity, except
the interested part, which ix given the
corzespondent material And finally, we tale
the difference, which shows how much
ponwer iz lost in this part. In Fig. 3 we prasent
the dismibotion of the beat load along the
central part of [R (+- 4.5 m).
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Main themes:

Mechanical Model of the Beam
Pipe and structural analysis

Mechanical Model of the IR
Bellows

IR Carbon-fibre Support tube

Assembly sequence and
alignment

Future plans

* Published on 28-03-2023

http://www.Inf.infn.it/sis/preprint/search.php

FUTURE
CIRCULAR
COLLIDER

Innova tion Study

INFN ISTITUTO NAZIONALE DI FISICA NUCLEARE

Laboratori Nazionali di Frascati

INFN-23-10-LNF
27 Marzo 2023
PROGRESS ON THE MECHANICAL DESIGN OF FCC e+e-
INTERACTION REGION
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Abstract

We present the progress made in terms of the mechanical design of the vacuum
chamber, the supporting structures and bellows of the Future Circular Collider e ¢~ FCC-
ee. We also present the preliminary assembly procedure for the Interaction Region (IR)
components and the preliminary technical solutions proposed for the insertion of all com-
ponents into the main detector.

PACS:11.30.Er.13.20.Eb;13.2011:29.40.Gx:29.40.V]j

Published by
Laboratori Nazionali di Frascati

* This projec has recetved funding from the Enropean Union's Horizon 2020 research and innovarion
rogramme under the Furopean Union's Horizon 2020 research and imnovarion programme under gran
' der the Furopean L H. (12) b and ’ d.
agreement No 951 754
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Chamber design — central chamber

The central has the following characteristics:

« AlBeMet 162 as main material

* Three layers from 0-90 mm from IP
» 0.35 mm of AIBeMet162 (62% Be, 38% Al)
» 1 mm gap for Paraffin
» 0.35 mm of AIBeMet162

« Paraffin as coolant

« Geometry studied to integrate the central
chamber with the vertex detector

Insertion of the inte]‘nal part

Inlet/outlet for [ S {
parafﬁn COOling | Weldirjlg of trisition part B
(copper) d g B

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

-

—ﬂ-‘;

Gap for the paraffin flow
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Chamber design — trapezoidal chamber

Main characteristics:
« Starting from 90 mm to 1190 mm from IP
 AlIBeMet162 as main material

« Chamber in two halves and assembled using electron
beam welding (EBW )

» Copper cooling system Trans't'on\ o
eliows
- “‘t‘z
Twohalves , 0w 8?7777 —=) -
AlBeMet pipe  (—————— E——— i — —
EBW deposition

oo e —— - ——
——

T - 1190 mm
ﬁf
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Structural analysis — central chamber

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

* Paraffin flow (central chamber) d Heat load > | From CST calculations (Alexander
> Flow rate: 0,015 kg/s « 54 W central Novokhatski (SLAC))
> Section:68,17 mm? .
> Velocity: 0.3 m/s 130 W AlBeMet162 for each part
> Inlet temperature: 18°C 0 Weight
> Convective coefficient: 900 W/m2K « chamber
Water flow (trapezoidal chamber) . e first | r
> Flow rate: 0,0019 kg/s + Vertex detector first laye
» Section: 9,62 mm? (20 different O Constraint

channel) . : :
» Velocity: 0,2 m/s g:r:‘:”i\::triicrl{ simply supported
> Inlet temperature: 18°C g
» Convective coefficient: 1200 W/m2K O Hypothesis:

+ « Perfect thermal contact between the materials

Chamber design
9 B RESULTS




FUTURE
23/05/2023. Frascati 2nd FCC@LNF INEN < \ SRCILAR
~ LNF I

Innovation Study

Structural analysis — central chamber- results

B: Steady-State Thermal
. Figure
Tra peZOIdal Central Type: Temperature

chamber chamber Unit: °C

Time: 1s
09/07/2022 12:47

Coolant Water Paraffin
. 47,591 Max

. ° 44,303
Maximum chamber temperature [°C] | 47,6 33,1 41,015

37,727
‘ 34,439

T_out coolant [°C] 20,5 20,1 31152

27,864

24,576
I 21,288
18 Min _

Von Mises stress [MPa] 0000 0200 ___ 0400(m)
Trapezoidal | Trapezoidal Central Central | B: steady-State Thermal
SX DX IN__ | EX_ | Jemeee ol e
Fixed ends 22,07 21,86 46,8 38,9 | oM™t
BEAM 09/07/2022 12:56 2598
Fixed+displ 14,65 10,63 9,69 17 H +3.084 Max 30,706 m
32
Maximum displacement [mm] 2091
29,831
28,747
X Y 27,663
26,579 4
Fixed ends 0,031 0,07 25,495 .
BEAM 24,411 |
Fixed+displ 0,1 0,29 23321
22,243 Min 0,000 0,050 0,100 (m)
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Support tube — Structural analysis

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

Loads applied to
remote point to
distribute

Chamber 950 kg

LumiCal 70 kg + 70 kg
> | Disk tracker 6*10 kg

Outer tracker 15

Medium tracker 7

First guess loads (overestimated)

_.» Face Sheet (Al 5754 or CFRP)

_»Adhesive (3M 2216)

= Honeycomb Core (Al 3003)
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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
9,2286e5
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: 1s
20/01/2023 18:52

1,9718e5 Max
. 1,7549e5

1,5379e5

1,321e5

1,1041e5

. 88712

| 67018
45325

I 23631
1937,9 Min

0,000 0,450
—
0.225 0.675

Maximum stress [MPa]

Aluminium flanges

2.08

Aluminium ribs

0.20

Honeycomb

0.02

Carbon fiber

0.60

Maximum displacement X
[mm]

Aluminium flanges

1.34 e-2

Aluminium ribs

2.62 e-2

Composite

2.80 e-2

0,900 (m)

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
1,243e-5
9,3217e-6

6,2135e-6
I 3,1052e-6
-3,0276e-9 Min

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

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

0,000 0,400
—
0.200 0.600

0,800 (m)

18884 Max
. 16786
14688
12590
10491
83933

B 62951
4196,9

I 2098,7
0,56373 Min

Equivalent Stress CF1
Type: Equivalent (von-Mises) Stress - Top/Bottom - Layer 1
Unit: Pa
Time: 1s
20/01/2023 18:59

0,000 0,400 0,800 (m)
—

—
0.200 0.600

5,8724e5 Max - ‘\
= 521995 i .

4,5674e5

3,9149e5
B oo &
iyl N
- 1,9575e5

1,305e5
I 65248
0,0036582 Min

0,800 (m)

0,000 0,400
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Support tube — Rail

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
» Weight of the whole structure

» Necessary degrees of freedom

SECTION
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1) Outer tracker, Medium tracker and 2) Disks 2 and 3 are installed
disks 1 are installed as a rigid structure inside the support tube

inside the support tube
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Assembly procedure

3) LumiCal is installed in centered

position, then beam pipe with

vertex detector is inserted with a -
dedicated tool inside disks and &

outer tracker, then fixed to both

endcaps

4) LumiCal can be aligned in the
correct position on the outgoing beams

—

FUTURE
CIRCULAR
COLLIDER

9) Support tube can be closed
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1st Bellows (Single bellows)

Anchoring flange to support tube

|IP SIDE

CRYOSTAT SIDE
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2"d Bellows (Double bellows)

Anchoring flange to support tube

Linear bearing system

Convolutions to compensate
Cryostat expansion and

assembly
N

|IP SIDE

Few convolutions inside

CRYOSTAT SIDE

support tube

for thermal expansion
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Bellows — constraint configuration

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 different kind of bellows for the two side of the support

tube.
To understand the constraint configuration, it is useful to create a simplified schema with bellows, support

tube and chamber.

Chamber

End cap

1
st —
1st Bellows ! «— 2nd Bellows

(named single bellows) 1 ¥¥¥YT L5220 (named double bellows)

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
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