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U Introduction and Context

A IN2P3 R&D Activities

Interaction Region Design: nanobeams
High-intensity e+ sources

Luminosity and Backgrounds
Stabilization and positioning

e+e- polarimetry

SRF multipacting and materials

IR HTS quads

Twin LC with the energy recovery

~headoncoll. acceleration _linac(dE) compressor
1e* o

ERLs
O CEA R&D Activities ()

=  SRF material and industrialization - =
HFM magnets (LTS-HTS) e -
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Al applications @ LEH.O
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NUCLEAIRE

French labs has a long tradition in colliders ....

1963:Premier collisionneur du monde a Orsay
AdA: Anello di Accumulazione

T: induction monitor -
G: goniometerscrystal |
A: bendiog magnet .

Construit en 1961 par une i |
collaboration franco- s
italienne, 4 Frascati, puis A
transporté 4 Orsay, en 1962 Y
—
™ p

C: collimator
N: scintillator

P: profile monitor (SEM grid) h. .

1965 - 1975: Collsionneur électrons-postons.
Premires collisions e’ en 1967: 550 MeV / faisceau

Lay-out of the channeling experiment at Orsay. o

Anneau de 1,60 m 1975 - 1988: Source de lumire synchrotroniaue
de diameétre

Aimant de 8,5 tonnes

Vide de ~ 107 Torr

A new idea: channelling radiation in
Ly -' crystals -> high photon yield
107 partuies accumées parasceay e (experiments at Orsay, CERN and KEK)

Collisions e'e* @ 500 MeV, au centre de masse => découverte effet Touschek
Laboratoire de I’Accélérateur

yclotron +AdA | 400 LAL + SuperACO 4SOLENL  SoweOpimisiecelsmire vers SOLEIL2
Joliot Curie Accumulazione +ESRF EBS T +
4 Juede 4 Wideroe 4 Cockront - 4 ACO:eer P

1987 1989 1994 1995 2003 2006 2008 2012 2013 2019 2023

1895 1928 1932 1939 1957 1958 1959 1961 1962 1968 1971 1976

+ 4-LILLEP 4-LEP Large ee" collider (1989 — 2000) +wc & L vers FCC
4 Synchro +ps |+|SR ~ 4sps Production e Injector tarme L ATI ,s?' 1S cuc?
cyclotron i e T ) WEZ  \ander Linac 0 fledes Muons collider ??
Storage Rings) ~ Synchrotron e Charpak Collider BEH E;:sors de
PP 53 iggs
CERN Quarks - gluons (1984) (1962) Englert- Higgs
(2013)
4 SATURNE 1958 - 1957 4 Cyclotron de Grenoble 4. ALS Saclay -
CEA - Synchrotron p+ 3 GeV 1968 - 1993 1969 - 1990 ST Fermeture de fenceinte a vide

ILC?
Accélérateurs Laser Plasma ?

1987: LIL : LEP Injector Linac

LAL: Laboratoire de PAccélérateur Linéaire d°Orsay i
{fl-‘ Réalisé par le LAL / Orsay

Ce linac produisait et accélérait
des électrons et des positons a
’ 500 MeV

A nous d'écrire I'histoire !

100 mlong

SPL - Design et fabrication d'une ca
b : + 5 cellules beta 0.65 et le desigr

1958: Premier faisceau d'électrons de 3 MeV' . . -

o Famen3 T30 g 52 fabrication d

1988: Faisceau 3 2.3 GeV.
aisceau de positons 3 1 GeV'
2003 Arrét définitf du inac.

=2.99855 GHz

LEP operation: 1989- 2000

igaire LIL installé’au CERN



French Accelerator contributions to FC

NUCLEAIRE
& PARTICULES

Medium Term Plan
Long Term Plan

EPPSU EPPSU

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

p—

A rich R&D program is driving the developing and building of the next colliders
projects. A strong cooperation between national institutes, CERN and others
global laboratories or collaborations is vital for the progress of the field and also
for preserving the expertise.

In this context the main goal of the activities have been to ensure an appropriate
contribution to this vibrant and diverse R&D program focusing in areas where we
have already demonstrated our know-how and expertise or we are trying to acquire

2020 Strategy Statements

High-priority future initiative:
Prepare a Higgs factory, followed by a future
hadron collider with sensitivity to energy scales

rtise :
an order of magnitude higher than those of the = DA
LHC, while addressing the associated [ \ [ \
environmental and technical challenges + High-field magnets g :?ter_actic-)tn Re%i%n . g . SR materiale indust
\ High-gradient accelerations uminosity and backgrounds materials/ industry
: (plasma, SCRF) 2 a High-intensity e+ sources < u HFM magnets
;)) Supportloowete o tectlgy trefr N N < ete- polarimetry Wl o Booster Design
not imply prioriizati preadoiinleineubice el . , a SRF multipacting / materials ¢ 4 Alapplications
Py ducation and nicati + E |
St M, [ Z 0 e 3 caliers cader/RF
- . " o Q IR HTS magnets
Sustainability \_ O\ -/

FCC DRD 2025




@ IJCLab 2.5 FTEs
NUCLEAIRE

& PARTICULES
Very high peak luminosity needs nanometre transverse IP beam sizes

2
L={ Nb (FCC-ee 30-70 nm, ILC 3-8 nm, CLIC 1-3 nm).
N g E. 56,0, To demagnify the beams, complex IRs and FFS are designed.
- > IRs studies: G e BN monochmematiation scheme :C:x/
[ - Eq featuring IP dispersion of — ———
<N opposite signs. o

Layout of the two IRs at b 7 FeCee Monochromatization scheme
380 GeV with 16.5 and
20 mrad crossing angle FC C M OU

In some “special”’ IR configurations as monochomatization the energy spread could be reduced to

> CLIC/ILC maximize the sensitivity of certain physics channels. Further studies on:
e Parameters including Beamsstrahlung (BS) (increased ¢, 0,) and crossing angle with ML assistance
Alternatives IR configurations are ° Op;;tics design to generate antisymmetric D, * are needed to probe the feasibility of this kind of IR
. schemes
Ia:BIr?htngﬁ? dsi(ta;hoen!oerformances. e Experimental implementation studies (SuperKEKB, BEPC/BEPCII)
* \Wi . i Realistic IR simulations:
- Long L* with Shor.ter Final e Beam-Beam instabilities studies, including more precise wakefield model and possible

e Dual BDS with two detectors
simultaneously

are being realized to probe the

easibility of this kind of IR schemes.

FCC DRD 2025 ' e PE—
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ITN framework

Experimental PoC.:

> LCs FFS experiments at ATF2-3

ATF2 @ KEK

ATF-ATF2 KEK FFS has verified experimentally

the minimal technical feasibility of LCs FFS, to

maximize the luminosity potential of LCs. Further

investigation on:

e Intensity dependence effects on the IP size

e High-order optical aberrations with low and
ultra-low 3*

e Long-term stability

Is being pursued in a follow-on upgraded facility

“ATF3” (ILC-IDT framed).

ATF2 beam size story

IJCLab 2.5 FTEs

N2 Very high peak luminosity needs nanometre transverse IP beam sizes
(FCC-ee 30-70 nm, ILC 3-8 nm, CLIC 1-3 nm).

To demagnify the beams, complex IRs and FFS are designed.

Resonances causing horizontal instabilities
after beam-beam interactions with Circulant
Matrix Model (CMM) semi-analytical model.

> FCCee experiments at SuperKEKB

SuperKEKB is a state-of-the-art facility operated at KEK

which is particularly well suited to study some of the main

issues and challenges for future circular colliders,

especially the FCC-ee. The main topics to be addressed

are:

 Beam-beam instability in strong-strong regime
including impedance model and code benchmarking
with dedicated experiments with a reduced number of
bunches varying the collimator settings.



c@ High-Intensity e* sources

& PARTICULES

(sz) High-beam intensity and low emittance e* are necessary to achieve high-luminosity
b = sl (ILC/CLIC 1014 -1015 e*/s, FCC-ee ~1013e+/s while demonstrated @SLC ~6x1012e+/s)
dmyfeazey 5
~10m ~300m . FCC-ee positron source
Design: S hetn

6GeV
Common Linac (H:}<-:'+ 154 GeV
|

~100m
/ Sored time 40ms

> LCs - FCCee

Simulation and design studies on :
e Novel types of e* source based on

DR

we9

Crystal-based positron production & / Fositron source

the hybrid scheme (channeling in
crystals) with new granular targets.

e Feasibility and R&D studies of
using the innovative capture systems
(superconducting solenoids)

e Use of the Artificial Intelligence (Al)
for global optimisation of the e*
injector parameters

. Solenoid connector
Solenoid short

Solenoid long

Cell 1

RF Shielding
(10.5cm) 5 cells with each 44 cavities (324cm per cell)

Positron capture system R&D

Space for radiation shield o fully instrumented

stack of 4 NI HTS coils




@ High-Intensity e+ sources

NUCLEAIRE
S RORTICULES High-beam intensity and low emittance e* are necessary to achieve high-luminosity

(Nb ) (ILC/CLIC 1014 -1015 e*/s, FCC-ee ~1013e+/s while demonstrated @SLC ~6x1012e+/s)

L= feu
47T V ewﬂifyﬂ; - = —

Aramis beam line

ol 3 s s B s

Porthos switchyafd
11/3 HINT =

L Experlmen

t

PSI 5 PRODUCTION

4

High-Temperature Superconducting (HTS) solenoid (12.7 T) F C C M o U

> Demonstration of an innovative e+ production using
HTS at SwissFEL

Granular targets
for the experiment:

> Characterlzatlon e* production and The SwissFEL facility will host the P3 experiment. First

capture systems at SuperKEKB and MAMI beam expected in 2026. Beam studies up to 2030.
ITN framework © €*source demonstrator with potential to improve the

e e* production and capture present state-of-the-art e* yield by an order of

e e*injector beam studies and optimization maghnitude.
‘o Target reliability studies e HTS solenoid to deliver a peak 12.7 T on-axis flel "

the target exit

FCC DRD 2025



@ Luminosity and Backgrounds

NUCLEAIRE
& PARTICULES

High luminosity implies continuous correction of residual beam offsets and

aberrations; fast luminosity measurement are an essential tool

Background mitigation is increasingly difficult with ultra-low B* and very high currents.

Experimental PoC: S

> SuperKEKB

Fast luminometers (1% precision at 1 kHz)
designed by IJCLab are deployed at SuperKEKB
with large dynamic range, bunch-by-bunch and
serve also as beam loss monitors. The
measurements are inputs for:

e Feedback systems

e Aberration correction

e Luminosity optimization studies

nnnnnnnnnnnnnn

LumiBelle2 fast luminosity monitor at SuperKEKB

DC QO1M4 o1, DO2tH4 DOZH3
//—/),. FE g
; " 00:
e— R~—¢
ooy '
Bois '

MQEAE23

-
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o1 1l D04
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o 06392 7 8
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ms

1

10ms

from continuous top-up injection system:

Beam dynamics studies including: collimators and septum
aperture, optics mismatches, injection angle and offset,
coupling... of the HER injection efficiency has been carried out
Experiments were conducted and good qualitative agreement
with the simulation founded

H192mA_L240mA H192mA_L240mA

nominal setting of DO1V1

BGduration|[ms)
3
€
1
H
a
d_DO1V1_loss_fraction

Measured_DO1V1_loss

Me ared
Me

Simulate.




@ Nanobeam stabilization and Positioning

NUCLEAIRE
& PARTICULES

Vibration mitigation and misalignments control are crucial to obtain high luminosity
(CLIC FFS magnet specification displacements 0.2 nm at 4Hz).

Design:
>FCCee

e FCC-ee MDI : study impact of mechanical behavior of the
MDI by integrating the estimated motion of magnets excited
by ground generator, including global uncorrelated optics
simulation (analytic and XSuite) and the dynamic of the
SuperKEKB MDI.

e FCC-ee uniform waves: global correlated simulation as
function of frequency, phase and direction

Setup of the MDI

The two beam distributions at the maximum displacements
(FCC-ee)

Experimental PoC:
> SuperKEKB

* Analysis of the vibrations effects on

beam parameters on beam parameters
(with [JClab) and relevance of the
associated optics simulation.

Frontside Backside

/{: "J ¢ "'\‘ i 7:L /
4 seismic sensors (2 each side) BELLE II
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e+e- Polarimetry

[JCLab 1.35 FTEs

LA Accurate energy measurements thanks to resonant depolarization is critical for physics at FCC-ee.
To optimize collision of highly polarized beams, rapid measurements of polarization are a key ingredient.

Design: FCC MoU
> SuperKEKB / FCCee / ILC:

e Laser systems:

e Ph

e Pixelized detectors for FCCee

real time monitoring of the laser-beam
polarization; critical for ILC, FCC-ee; goal: per-
mille accuracy.

Absolute measurement of laser polarization

never done for modern colliders

oton detectors for SuperKEKB:

4ns time spacing 2> dedicated R&D with BaF2
DAQ based on IDROGEN ADC board
Laser synchronization

performance and conceptual design

Conceptual
implementation for
SuperKEKB

Experimental PoC:
> ATF2/3

The challenge is achieving precise synchronization
between the laser and RF clocks without disrupting
accelerator operations

« PoC synchronization prototype, including low-
level RF on ATF to validate the system performance
in a SuperKEKB-relevant environment.

 WhiteRabbit / IDROGEN card technologies, which
enable long-distance, low-jitter clock distribution via
fiber, offer a non-invasive solution.

IDROGEN carrier board with FMC
extension

IDROGEN carrier board
installed in xTC crate




@ SRF multipacting

& PARTICULES

Multipactor phenomena triggered by RF fields present in RF devices under vacuum,
such as is one of the potential limitation in in SRF structures for future e*e- colliders.

Design: Experimental PoC:
>FCCee

e Studies and test for the Slotted Waveguide
Elliptical cavity (SWELL)
e Studies on multipactor modelling (locations,
impact angle, power ranges, level, SEY impact..):
e The modified SPL fundamental power coupler
(8 00 MH Z) it it s

e Participation into cryogenic RF tests
of both RF powers

e FCCee 800 MHz prototype fundamental power _ Tests
coupler SWELL cavity participation
: Eacy= 119 ¥/ (IJCLab and
LPSC)

Multipactor Multipactor energies Impact angle

locations
No MP
P 2 points order 2 at
the equator far from
the s
ints order 1 at
rom the

Eacc =13.5 MV/m

fro,

;‘EL_.-

Collision energy

282
AR

e



@ SRF materials

& PARTICULES

R&D on High-Q in bulk niobium cavities and studies in thermoelectrical material properties of
thin-film cavity performance as well as higher order mode handling via absorbers

>FCCee e Thermal treatments (mid-T baking)
e Cold tests D

Furnace @ 1JCLab

&% FCCILAB
4 prototype 800
MHz @
IJCLab

e High-Q 800 MHz cavity development

e Study of thermoelectric current in bi-metal
structure of SRF cavities R Z08  cc

 0.050 Macdonald etal Cu -
Proc. Roy. Sci. y

Lon. Series a Math,

0.03 Phys. Sci 219 1138

e ; ! Ist hlgh-Q 002 M/ meJ.»M.szeg;
"+ | result! %t ;

OF remeqpete
0 20 40 60 80 1 00
TIKI

x10°

0.041

[ —

COMSOL e | COMSOL

5 10 15 20 25
Epoe [MV/m]

....... Q-degradation
: : by AT

Do HIPMS@CERN

.
s "4 8
e % B,
[IRATH
s,

o "I'-‘.:' 10
Courtesy of ae s {w

CERN/KEK !

FCC DRD 2025



@ HTS magnet developments

NUCLEAIRE
&PaRTICULES  High Temperature Superconductor (HTS) coupled to Canted Cosine Theta (CCT) magnets,

are a promising way to increase sustainability, flexibility and compacity of SC magnets

> FCC-ee
 Cryogenics test at PSI
e Final Focus HTS CCT Magnet QC1L1 :
CAD design and numerical analysis to the * Winding with the new LAPP winding bench

manufacturing and assembling process of short
prototype (80 mm) and full 700 mm functioning FF
QC1L1 (alternative technology).

N

80 mm magnet prototype

CAD of the Outer part of the
final 700mm quadrupole

CAD of the inner and outer
quadrupole

FCC DRD 2025



@ ERLs developments

NUCLEAIRE
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ERLs linacs are a promising technology for collider applications, offering an important reduction of RF
power consumption, dumping of beams at injection power, fresh beam at the IP, linac-like beam
quality with extremely flexible time structure and hl%h operating eff|C|ency
In multi-pass configuration they could achieve high-current (no RF power limit) and high-power in a

compact machine

> PERLE

» Optics design and beam dynamics studies
* Design of the buncher cavity

» Design of the booster cryomodule
* SRF cavity design 800 MHz

« HOM studies

 Power couplers

» Linac cryomodule design (ISAS)

PERLE will proceed in phases
» Phase 1:injection line installation (2027)
» Phase 2: ERL single turn (2028-2029) —> 89 MeV-20 mA
» Phase 3: ERL 3-turn 250 MeV (2030) —> 250 MeV-20 mA

Synergies with FCCee 800 MHz SRF

FCC DRD 2025



& ERLs developments

NUCLEAIRE
& PARTICULES

ERLs linacs are a promising technology for collider applications, offering an important reduction of RF
power consumption, dumping of beams at injection power, fresh beam at the |IP, linac-like beam
quality with extremely flexible time structure and high operating efficiency.

In multi-pass configuration they could achieve high-current carrying capability (no RF power limit) and
high-power in a compact machine

Experimental PoC.:

> PERLE

= Demonstrate multi-turn and high-

current operation

* High-charge electron gun: 500 pC at 40
MHz

*  Optimized 800 MHz SRF system:
Maximise the efficiency

 Common circulation arcs for
accelerated and decelerated beams

* Non-invasive diagnostics

Test bench for FCCee 800 MHz SRF ol : = & AL ‘!‘ J
N Aser Systeﬁf e

16




SRF treatments and industrialization

> I LC List of materials from KEK
Material Dimensions [mm], Pieces  Weight [kgl Parts for: @ )
IT N f k Nbewbe?  84(od) ¥ 8Gd X 150() 6 65 T !
. ramewor Nb block 105 (¢} % 17(0 3 39 End-group i&ﬁm&:ﬂm e } g srsod:
L S I n g Ie -ce I I R&D Nb-Tiring?  142(n.d) x 80 (id) x 19 (1) 6 75 End-geoup e L
. . . Nbsheet (FG)# 265 (h} X 2650w} X 2.8 (1) 4 67 Cavity (single ccll) Price Enquityy

Material procurement and ECS (Nb): v TR ——, O e @iy e Spciteniont
v D S e |
one .

eliptical simgca-sell Radio Fregacony (RE) cuuica. Thew ceviica wil- bee
sk fiz-the devdyment of BF-pafausmce b opastig bagas:
Between 1508 4.3 Ky

* Mechanical production and treatments:

v Specs prepared by CEA-INFN-CERN (treatments as option)

v Order (mechanical + baseline) placed in industry (Rl) in March 2025
v Delivery of materials: expected in November 2025

v CEA/INFN responsible of the technical support at Rl (QC, etc.)

Thedeivery

Technical specs for
Single-cell fabrication

* 9-cells cavities:
and treatments

» Production of 9-cells jacketed cavities at the EU Industries (Rl and Zanon)
* Qualification of EU Industries in term of pressure vessel code (harmonization with HPGS Japan)

allation into the ILC type cryomodule (KEK) of 2 EU cavities

FCC DRD 2025



HFM Nb,Sn dipoles

HFM FCC program pursue two main goals:
» extend the range of operation of accelerator magnets based on LTS upto 16 T
» explore the technological challenges inherent in the use of HTS for accelerator magnets inthe 20 T

> FCCh h Overview of FD-F2D2 designs

FD = Flared Dipole > only coils 3-4

Aperture None
v Outer diameter 650 mm
Total length 20m
- P | Centralfield @84% LL 14.0T
Development Plan towards 16 T Nb;Sn Dipoles =i scowelted | tesT
SOl B e
F2D2 = Future Flared Dipole Demonstrator -> coils 1-2 + coils 3-4
. I~ Aperture 50 mm
b Outer diameter 650 mm
Total length 20m
| e Central field @76% LL 14.0T
SS central field 17.8T
@1.9K
12-14 T demo - :
E CEA activities for Future Coliders 1125225

The R2D2 Nb,;Sn Demonstrator Magnet

Main goal: demonstrate feasibility of grading in block-coils
*  Winding two cables on top of each other
+  Heat treatment of two different cables together

‘ + Jonctions of the 2 cables (NbsSn-NbTi)

Subscales

Powered samples
R2D2 = Research Racetrack Dipole Demonstrator

Non-powered samples

=
'.
CEA activities for Future Coliders

11/25/25 4

Status :

v Engi

ing Design Finali
v 2 Nb;Sn coils ready for assembly in the magnet

FCC DRD 2025

> Magnet tests at CERN for early next year
EA activities for Future Coliders




HFM HTS dipoles

HFM FCC program pursue two main goals:
» extend the range of operation of accelerator magnets based on LTS upto 16 T
» explore the technological challenges inherent in the use of HTS for accelerator magnets inthe 20 T

> FCChh

+ i h%
Development Plan towards 16 T+ HTS DIPOIeS - Recent achievements on metal insulation W‘%
/~ Short Racetracks (140 mm) 1 Racetrack (damaged \
Metal Insulated (NI steel co-winding) for : ” Using Metal S T e )
Insulation (Ml) Fabrication > 8:5 T peak (4_2' K)
- Costs / risks reduction ansients 2 - = > Quench at 2560 Ajmen
- Conductor and design limit exploration Design Tosts Mﬂ % worey | 2uble rcetrack (alivel
_ + .y Acknowledgements mmwean |3 107 m REBCO tape
‘_ Compact 14 T* REBCO mock-ups «  B>14T Y A
[ > Alot of data to compare to the models! > 12,3 T peak (4.2K)
B Phase 2: l Numerical > Quench at 2350 A/mm?

«EuC”ARDVZ"» —

» 2*200 m REBCO tape
» 600 mm straight section
» Recent test at CERN > ~2.8 T reached at 42 K

',". o . : 5://doi.org/10.1109/  2024.3517.
,,,, : K ~70 quenches under analysy
‘R AJ Bh,

2023'2025 CEA activities for Future Coliders 11/25/25 8

FCC DRD 2025



n -2 FTEs
Booster design =)

The high-energy booster (20 GeV) is the final accelerator injection stage before providing the
fresh beam to the collider. The design of the FCC-ee high-energy booster has several challenges:
multi-turn stability, top-up operation, ramp of the magnets, small emittances.

Design: Optics of 1/4 of booster

>FCC-ee

. . . Dynamic aperture with systematic errors
Optics design and Tolerance calculation y P 4

in the dipoles

e Multi-turn tracking simulations to evaluate the

impact of field imperfections in the magnets B
to the beam stability (dynamic aperture). E
e The misalignment errors have a big impact 5 - e
on the beam stability. AE \ =
. . . . . 5p/gp=o i —
e Modelisation of the vibration (ground motion, T e L
technical noise and mechanical supports) to
. . . 61
get a realistic evaluation of the magnet 104 .

1077

N

displacements.

10—5_

Oy [Um?/Hz]

N

-8/
10 —— Simulated
_nl Target w/o the support
107 — Target w the support

o o -2 -1 0 1 2 hrn N N SN ot A
FFT model of the vibration to magnet O ey 5 20 40 € 8 100

displacement el

displacement [um]

o




Booster design

The high-energy booster (20 GeV) is the final accelerator injection stage before providing
the fresh beam to the collider. The design of the FCC-ee high-energy booster has several
challenges: multi-turn stability, top-up operation, ramp of the magnets, small emittances.

. ) b ki-ck detection score in
) detection score in amplitude [a.u] zx 5.0.sdds
10 . c=75 70 2 285dds ° — Flane bling analysi
: \ —— plane-blind analysis 60 r —_— Zei:)r;er-atelz X?YnZIZiles analysis
8- 60 \\ —— separated X-Y planes analysis \ \
‘E 50
S 6. * Known faulty BPM e 2 \J
> S u pe I’KE KB g . (from KEK operafing 2 40 \§ 5 * \
= team) £ 3 $” \\
2 H* 2 \ 20 \
Detection of failed BPMs with IA JLANARNNNRRN ol DN o —
BrupyssuyLyS e Sy N e :
e Use of SuperKEKB data BPM turn-by-tul S58385858535555¢ I T S S 2 s e
. = €
to validate the concept. FELETF STELLEIT0

e Complete characterizaton of the algorithm
on simulation.

e Run a comprehensive detection campaign . outlier out of € range I ’
on SuperKEKB 2024-2025 data. from other points
e Use an |A algorithm to « denoise » the Yk first point considered in o I
validated tracks. the cluster £ AR
Y point in the cluster R L A
L
<« :pointin the cluster w/ L
no neighbour

FCC DRD 2025

Principle of DBSCAN



Operation ‘ Modeling

Improvement of an accelerator « digital twin » Optimization of optics design and beam
using Machine learning Bayesian inference measurements of present and future
methods accelerators

e |

For ex. : optimizing the design of FCC-ee
Machine operated by a Digital Twin high-energy booster in FCC IS

Applications under consideration:
* DA optimization
 optimizing the design of FCC-ee's high-energy booster
« BPM noise reduction
« identification of particle types in emittance measurements
» optimization of LWFA parameters

- Participation in the French M4CAST network (Multiphysics
Modelling, Machine learning and Model-based Control in
Accelerator Sciences and Technologies)

FCC DRD 2025

Al for accelerator developments

Technology

Superconducting magnet design through

multi-physics optimization

aorm|

Brary arns o

[ E——,

—— ESN
===End Training
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Main R&D topics:

Accelerate quickly (< 10 ms) the muons up to 5 TeV.
Collisions of muons in the last ring

u collider high-energy complex

2 FTEs

Produce an intense beam of muons (>10'2 muons/bunch) from a proton beam hitting a target.
Collect muons, accelerate and cool them quickly to reach low emittances for high luminosity.

Proton Driver Target & Front End Cooling Acceleration Collider
H” LINAC Accumulator Compressor | Pion Chicane & Muon Phase Charge Bunch Final  Buncher Pre- SC LINAC RLA 1,2 RCS 1,2,3 &4 3 TeV Collider
Ring ing Target Absorber Buncher Rotator Separation Merge Cooling accelerato 10 TeV Collider
6
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Cooling A Cooling B
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Design and comparison of different optics to minimize the magnetic energies stored in
the arc cells.

Simulations throughout the very rapid acceleration process to verify that the
emittance is maintained: some magnets may have a static field, which changes the
optical properties of the accelerator.

Initial studies to investigate the effect on the trajectory of the variation in the dipole
field during transport. An analytical model has been developed that agrees very well
with simulations using the Xsuite code.

Close interaction with our beam dynamics colleagues to verify beam stability and limit
emittance magnification
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u collider RF systems and field emission

Main R&D topics:
Produce an intense beam of muons (>10'2 muons/bunch) from a proton beam hitting a target.
Collect muons, accelerate and cool them quickly to reach low emittances for high luminosity.
Accelerate quickly (< 10 ms) the muons up to 5 TeV.
Collisions of muons in the last ring

Target & Front End Cooling Acceleration Collider

Pion Chicane & Muon Phase Charge Bunch Final  Buncher Pre- SC LINAC RLA 1,2 RCS 1,2,3 &4 3 TeV Collider
Target Absorber Buncher Rotator Separation Merge a6 Cooling accelerator 10 TeV Collider
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Effect of magnetic field on the trajectory of the material emitted by field emission :
« emitted e- are focused by the B field and the point of impact is more concentrated.
* Increase in temperature

« Higher mechanical stresses on the metal

» Increased RF breakdown effect it

magnetic field

Proton Driver
H™ LINAC A(cumulalor (_on"lgaressor

NC accelerating cavities

In the presence of a few Teslas magnetic field
 The breakdown threshold is lowered

» The rate of breakdown/time unit is increased

DC magnetic field lines

e- trajectory
without
magnetic field
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NUCLEAIRE A new Research Infrastructure ?

& PARTICULES
CERNTECH =]
a new dedicated Rl dedicated to ‘

accelerator R&Ds

High-gradient magnet axis

+ Development and testing of high-field magnets, Nb;Sn magnets, and HTS magnets
Superconducting cavity axis

* Development and testing of critical components: cavities, couplers, HOM dampers, synchronizers
Energy-recovery accelerator axis

¢+ High-power demonstrators targeting >90 % energy-recovery efficiency
CERNICECELE'RATO : +* Superconducting cavity test stand for FCC applications
s+ Advanced industrial and medical uses: non-destructive imaging, semiconductor lithography, materials
fabrication and analysis, radiotherapy
Beam-development axis
R&D lines ** Design and simulation of high-intensity positron sources

*+ Design and simulation beam dynamics for circular and linear accelerators
¢+ Development of laser-based polarimetry tools

+ Development of nanometre-scale beam-orbit control technologies

Artificial-intelligence (transverse) axis for accelerators

** Modelling and optimization: machine leaming of non-linear systems for design and control
*+ Anomaly detection: real-time fault identification
*+ Adaptive operation: dynamic beam-parameter adjustment
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