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Outlines

1. What iIs an arc half-cell? And why this demonstrator?
2. Detalls concerning the 1:1 mock-up
3. A short functional demonstrator

4. Conclusion

The Future Circular Collider Innovation Study (FCCIS) project has received funding from the European Union's Horizon 2020 research and innovation programme under grant No 951754.The information

herein only reflects the views of its authors and the European Commission is not responsible for any use that may be made of the information.
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Towards approval of the FCC

- 2013 Update of European Strategy for Particle Physics:

-“CERN should undertake design studies for accelerator projects in a global context, with emphasis on
proton-proton and electron-positron high-energy frontier machines.”

- FCC Conceptual Design Reports (2018/19)

- 2020 Update of European Strategy for Particle Physics:

-“Europe, together with its international partners, should investigate technical and financial feasiblility of
a future hadron collider at CERN with a centre-of-mass energy of at least 100 TeV and with an
electron-positron Higgs and electroweak factory as a possible first stage.”

- FCC Feasibility Study leading to Final Report (2021/25)
- 2026/28 Next process of Update of European Strategy for Particle Physics:

- Importance of Feasibility Study documentation and|(demonstrators!
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/ . \ V. Mertens,

Which demonstrators? 5 / s

« PL: technical

Arc half-cell = most recurrent assembly of mechanical hardware In

Number of surface sites 8 "‘j

- Fabrication, machining capabillities for critical components

the accelerator - 77 km over 90 km are arc cells (about 85 %) T —— Z402] [PD- o bon ot
. LSS@IP (PA, PD, PG, PJ) 1400 m .
. . ~“ LSS@TECH (PB, PF, PH, PL) 2032 m
Objectives: RS ) IRciongth 0.6 km
. G openmen
> Test aspects related to: @i ST o
- Cost - Transport 2
- Integration - Installation PF: technical .
- Assembly - Alignment , W
- Stability inspection - Maintenance PH: technical i
- Security / Safety - Safety Pl 97 356 xperiment

-2 “Visual” driver for FCC stakeholders, visitors and
collaborating researchers
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COLLIDER OPTICS

What i1s an arc half-cell?

For the current optics baseline of the collier (GHC optics), the cells are different for the Z/W phases and
the ZH/ttbar phases.

An arc half-cell =

+ Short Straight Section (SSS): 1 Quadrupole + (0, 1, 2 Sextupoles) + ... (correctors, BPM, etc.) 2
elements standing on a common girder, pre-aligned on the surface. Length 3to 6 m

+ Dipole region: obtained by a sequence of dipole. Length 20 to 46 m

;= 3m =1.3m = 2*11m | |
288 Quad-Sext | : : :
w250 Sentonad :|I||Z|: ? ) : : ) : Z/W Phases
Phases | : : : Arc half-cell length =52 m
ss6 cuad o 0 ) ; ! A “ | Unit = about 1500
! Arc Half cell = 52m x 1424 !
J = 6m 1, = 2*10m X :
576 Quad-Sext-Sext: I : : ZH/ttbar PhaSeS
560 Sext-Sext-Quad :III El Eli 0 IIII El Izl D !
ZH/ttbar . : : Arc half-cell length = 26 m
| [ | .
Phases  17oaquad @] I [ o | ; . Unit = about 3000

1
I
|
|
:1 :: Arc Half cell = 26m x 2840

Arc cell = 52m x 1420
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How does an arc half-cell look like?

3782

Robot space reservation 2.9m x 0.55m (LxH)/

He/Smoke extraction COI I id er Booster

Boosterring Leaky feed

5 Cable trays 4 Cable trays

Colliderring Chilled water DN300

Magnet vehicle

Demineralized water Transport space reservation

DN550 2.2m x 2.25m (LxH)
He recovery line | B = . Compressed air DN80
3 Cable trays ‘% 2 Cable trays
Raw water DN250 | 7
1 Fresh air duct Short Straight Section = SSS
HV Cable e
: : Booster Sextupole =
Reject water DN125 3540 Srain Collider Center Booster Quadrupole P
4850
Booster Supports
Quadrupole (=1.5m) Sextupole (=0.5m) Dipole (=10.5m)
B
L
Quadrupole (=2.8m) 4 Sextupoles (=1.5m) Dipole (=10.5m)

Collider Quadrupole
Collider Girder

6.5 m

P
«

\ 4

: : i =30m —— Jacks Supports
Courtesy F. Valchkova-Georgieva, M. Timmins, E. Bernard
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What about the 1:1 Mock-up?

WHEN?

- During 2025: Installation of the first version of the Mock-up
- Following years: Possible evolution of the mock-up

Length > 26m

WHY?

Short term objective = A mock-up allowing to test the integration of

simplified elements within a short timeframe. 2
- Detailed study of the integration of elements &
- Analysis of access and compatibility with safety requirements
- Test of alignment strategy and mechanical stabllity SJ

And: outreaching! ("Visual” demonstrator for FCC stakeholders).

Long term objective = An evolving mock-up allowing equipment groups to install and test their equipment -
we are designing the envelope and supports to be able to host, in a future, the full-size/weight functional elements
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How the 1:1 Mock-up will be built?

Metallic envelope reinforced by beams and
closed by plates/sheets to represent the tunnel

s s
=

What 1s inside?

Real supporting systems

¢—

Representative dummy
systems that can evolve
Into prototypes
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COLLIDER

How the 1:1 Mock-up will be built?

Install a fire door to test safety aspects (HSE)

N \
\ \
\

4

g® a

Services like pipes, cable trays
will be fixed on the envelope

Hige

The FCC robot prototype will be installed -~ TN Ial
and will move on two rails (BE/CEM) —
— Y
. R Use mixed reality to
‘ g G visualise the evolution of
Courtesy M. Rouchouse, H. Gamper, d n FCC-ee from low to high
F. Valchkova-Georgieva, F. Carra f} 110 o i energy phase = FCC-hh
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What studies does this 1:1 Mock-up involve?

- Integration of the mock-up inside a specific building in Meyrin site
- Considering the needs of transport and neighbouring building stakeholders is essential.

- Preparation and renovation works on the building: asbestos presence, lead paint, work on slabs, etc.

- The whole project is conducted in collaboration with HSE*
- Hazard identification (mechanical safety, fire safety, structural safety, working conditions etc.).
- Steel structure assessment according to European standards.

-> Preparation of the drawings of the structure and performing all the orders.

—

|

Safety factor to be applied

and EN 1990

One safety factor should be applied on the resistance
of the material and safety factors should be applied
on the actions while verifying the ultimate state:
“Static equilibrium (EQU)”

243 Design resistances

(1)  For steel structures equation (6.6¢) or equation (6.6d) of EN 1990 applies
R 1 2 -
R,=—t=—R, (n,X,;:nX,:a,) (b))
v Tu

where R, is the characteristic value of the particular resistance determined with characteristic or nominal
values for the material properties and dimensions

¥a is the global partial factor for the particular resistance

NOTE For the definitions of n;, 1, Xy1, Xy and a4 see EN 1990

2.4.4 \Verification of static equilibrium (EQU)

(1) The reliability format for the verification of static equilibrium in Table 1.2 (A) in Annex A of
EN 1990 also applies to design situations equivalent to (EQU), e.g. for the design of holding down anchors
or the verification of uplift of bearings of continuous beams.

EN 1993-1-1

imate limit states
6.1 General

-----

according to EN 1993-1-1

On the material

| ymz=1.25

EN 1990

= Access door

= Main door

= RF storage area
Truck access

Power converter handling

EN 1993-1-1

For permanent and
unfavorable actions +
structural members
YGjsup = 1.35

Persistent

transient

cading "Accompanying variable

Others.

2024-12-09

*Occupational Health & Safety and Environmental Protection

A. Manios | Numerical Assessment of the FCC mock-up structure
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In parallel: a short functional demonstrator

- WHY? To know how the different elements of the SSS affect stability. | | - Ny
Do we have a fundamental problem of dynamic stability? ‘
To obtain first and fast feedback for the design and at low-cost.

Simulations can predict the accelerator movement generated by ground motion,

BUT Experimental benchmarking is needed to tune simulations (many T
uncertainties / assumptions!). L e e

........

Validation of the short model (experimental vs numerical results)

| AT
!-:*Aw’ N

. SO lAVAVA‘V T

Wy SV |
oy

ey

-

To then extrapolate to
the real scale
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To help optimizing the supporting structures

- Structural and stability analysis COLLIDER girder
of supports

BOOSTER support
- Test / compare different:

-> Test / compare different:

- Geometries, - Height, - Geometries, - Position of jacks,
- Fixations, - Shift, - Material, - Number/position of jacks,
- Etc. - Etc.

[ [

. Geometry 1 J—

Geometry 3

S
e,

Transfer function of the booster - VERTICAL Transfer function of the collider - VERTICAL
100

— 43 ‘
24
14 - 27 |
10 ‘ 46 ‘
[ J

A

=
o

|G(s)| [mm/mm]
|G(s)| [mm}/ mm]
\

N

Geometry 1 0.1

—8— Geometry 1
Geometry 2
—o— Geometry 3 —o— Geometry 3

0 0.01

1 10 Frequency [Hz] 100 10 Frequency [HZ] 100

—o— Geometry 2
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Conclusion

- One of the important goals of the Feasibility Study Is the Mock-up of the arc half-cell for FCC-ee.

- The design of the mock-up structure is finalized, and we are now ordering the different part for
manufacturing, to prepare its installation.

- The optimisation design studies for the supporting structure account for a significant part of our work.

- These optimisation studies are completed by the experimental campaign allowing us to identify where
to invest our efforts.




Thank you for your attention!



