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Future Circular Collider integrated prograyscope

A stage 1: FCC-ee (Z, W, H, @ as Higgs factory, electroweak & top factory at highest luminosities

A stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, pp & AA collisions; e-h option

A highly synergetic and complementary programme maximising the physics opportunities

A common civil engineering and technical infrastructures,b ui | di ng on and reusing CE
A FCC integrated project allows the start of a new, major facility at CERN within a few years of the end of HL-LHC
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FCC integrated progragitimeline

Q995

detector and computing
technologies, administrative
procedures with the Host States,

(or alternative project selected)

environmental impact, financial
feasibility, etc.)

D @ ® o} @
Feasibility Stud P AU 2 f FC o) f FCC-hh
easibility Stu Project approval b : )peration of FCC-ee eration o -
y y ) Pl y Construction starts ends g P
(geology, R&D on accelerator, CERN Council (15 years physics exploitation) (~ 20 years of physics exploitation)

Ambitious schedule taking into account:

past experience in building colliders at CERN

approval timeline: European Strategy for Particle Physics Update, CERN Council decision
that HL-LHC will run until 2041

constraints imposed by present assumptions in funding model

project preparatory phase with adequate resources immediately after Feasibility Study

O O O O O
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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. 0

FCC Collaboration delivered 4 volumes Conceptual Designh Reports as input to ESPPU 2019/20

Vol 1 Physics, Vol 2 FCC-ee, Vol 3 FCC-hh, Vol 4 HE-LHC

CDRs published in European Physical Journal C (Vol 1)
and ST (Vol2 1 4)

EPJC 79, 6 (2019) 474, EPJ ST 228, 2 (2019) 261-623 ,

EPJ ST 228, 4 (2019) 755-1107 , EPJ ST 228, 5 (2019) 1109-1382

2020 Update of European Strategy for Particle Physics:

fEurope, together with its international partners, should investigate the technical
and financial feasibility 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. 0

C Launch of the FCC Feasibility Study mid 2021 by CERN Council



https://link.springer.com/article/10.1140/epjc/s10052-019-6904-3
https://link.springer.com/article/10.1140/epjst/e2019-900045-4
https://link.springer.com/article/10.1140/epjst/e2019-900087-0
https://link.springer.com/article/10.1140/epjst/e2019-900088-6
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Feasibility Study Report Completed on 31 I\/Iarch 2<

Vol. 1: Physics, Experiments & LA :

y p I C ; ST ST
Detectors B :
https://doi.org/10.1140/epjc/s10052-025-15077-x
Vol. 2: Accelerators,Technical

Infrastructures, Safety Concepts
https://doi.org/10.1140/epjs/s11734-025-01967-4

Vol. 3: Civil Engineering,

Implementation & Sustainability
https://doi.org/10.1140/epjs/s11734-025-01958-5

These+other FCC 1 nput t o

0 25/ Rttbs://[lBdcB.¢etd.chpeveattl 5842054

Input for 2025/26 Update of European Strategy for Particle Physics
prepared with Overleaf & published by EPJ (Springer-Nature) i FCCIS members

FUTURE EPJ °'s SPRINGER
6verleaf ( } SIRCULAR e ).

| Ny NATURE
Innovation Study your physics journal



https://indico.cern.ch/event/1534205/
https://doi.org/10.1140/epjc/s10052-025-15077-x
https://doi.org/10.1140/epjs/s11734-025-01967-4
https://doi.org/10.1140/epjs/s11734-025-01958-5
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Reference layout and implementation: PA31— 90.7 km
Layout chosen out of ~ 100 initial variants, | S \VMertens “

- PA: Experiment 1. butleber

based on several criterias: 4 5 5
A geology // N i3 PB techmcal

surface constraints (land availability, T

A

urbanistic, etc.), ' 3
A environment (protected zones), /
A
A

Number of surface sites 8 °F

Infrastructure (electricity, transport), A Sl T v P "40ha pry uperiment
. S (2 LSS@IP (PA,PD, PG, PJ) 1400 m
machine performance ~* LSS@TECH (PB, PF,PH,PL) 2032m
N Arc length 9.6 km
~ : N : : PJ: 4 um of arc lengths 5.9 m
fiAvoid-reduce-compensateo principle of e, i E 0

Total length 90.7 km

EU and French regulations.

4 experiments | PF:technical

PH: technical T //

\__,,. PG: experiment

Overall lowest-risk baseline:
90.7 km ring, 8 surface points,
4-fold superperiodicity & symmetry
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Surface site locations 7 in France and 1 in Switzerland
Opimisation done togeter with municipalities and region

o Z 4 A . < ’.,/
{ : S J
! : y b » A
g S ; y /4 AN 2
gl N\ il
N »

A land plot needs communicated to Host States in view of protecting the required areas
A process in FR: «prise en consideration», landplot in CH owned by Canton of Geneva
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Environmental initial state anaIyS|s

Future Circular Collider

IMPACTS SUR L'ECONOMIE AGRICOLE -

PRESENTATION DES DONNES

TABLEUR

......

To I

Environmental information system

Geographical
Y4 Public Web Information
@ information o System .
for anonymous ; »;?\
o users “ e =y esrl

[OPN©)

Web
applications

Relational
O database
_Bﬁle systems

Detailed
information

for authenticated
users

O |

The environmental initial state analysis at the eight
surface site locations (~600 ha covered) did not reveal
principal showstoppers for the project.

Basis for detailed optimisation of surface sites.

Reference for the environmental impact assessment.
9
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Territorial dialogue and public participation

First cycle of public information meetings
completed (April 20241 March 2025)

11 sessions reached over 1,500 peoplein
France & Switzerland

During 2025:

Second cycle ofpublic
information meetings .

Presence days in
municipalities affected by
surface sites to enable
discussion with habitants.

* Firstdialogue and exchange meeting with
local environmentalassociations, 5 may,

Meetingswith stakeholders = 2025
of the territory.

Dialogue
Website

During 2026:

Formal public participation process
planned in France Debat Public) and
Switzerland (public concertation).
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Resource needs & connections to regional infrastructure

e Wns

y &V 8
/ 2
[ &

Electricity consumption 1.1 7 1.8 TWh/year PDL1, 60MW N |
Three supply points, also for redundancy A
- Two new substations from existing HV grid
- Reuse of present CERN station

Feasibility confirmed with RTE (FR operator)

nd Mormndy
gwitzerant

Genissiat | hgZ~

Le Buget -

P DLI;;O 1IVIW T m— ) @B{\ s
Road access
developed for all
8 surface sites Raw water need:
Four highway 17 3 million m3/year

'J

connections to existing
access areas

Water supply from lake -
Geneva via existing SIG
Less than 4 km of new supply to CERN

roads required Distribution via tunnel




(O Fcc 15 January 2026

Optimum placement of FCC tunnel and geology

— Quaternary

__Lake

1600m _ Wildflysch _

Molasse subalpine

__Molasse
Limestone

__Shaf

_ . Alignment

Rhoéne Valley

L E“)
g
Lake Geneva
Arve Valley

G0km T0km &0km 90km

Okm 10km 20km 30km . 40km . _ 50km
Distance along ring clockwise from CERN (km)

Tunneling mainly in molasse layer (soft rock), well suited for fast, low-risk TBM construction.
6,25 million m3 excavated volume A ~8.5 million m3 excavation material on surface (expanded)
CE Designs of all underground structures developed

Average shaft depths ~240 m

To fix the vertical position of the tunnel, interfaces between geological layers have to be known



Geological investigations

Focused on 8 zones to improve précision of
geological model and identify the intercased
moraine T molasse and molasse T limestone.

A 86 km of seismic investigations completed
A 15 of 27 bore holes completed

A 1st lake bore hole completed

A Completion of all bore holes ~June 2026

Results so far confirm geological model
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MANDALLAZ Boreholes

MANDALLAZ section

A Two boreholes in the Mandallaz region have enabled a more accurate assessment of the
limestone profile in this area.

A It is now considered the limestone interface is steeper than originally thought thus reducing
the estimate length of tunnelling from 4.7 km (black trace) down to less than 3km (red trace).
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Bore Hole Lake_04 0
B O_l
BH_Lake 4. L b
----- 0
............................... ‘ '
................................................................................................ —
Inl
1 ) Y —
| ! ' '
112 m et
A First lake borehole is positive with molasse commencing at a Interface s
slightly shallower depth than assumed in baseline. Moraine/Molasse f ~. " .~ 120m
A If this is also the case for the other boreholes, it may be possible to
make the tunnel shallower by several metres under the lake.
A 1t will also mean the Tunnel Boring Machine will remain in the 160m —L===))
molasse rock rather than going into the overlying moraine thus L.
avoiding a more complex machine.
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FCC-ee injector implementation

1744m,

KEY

I FcC ACCELERATOR SUB-SURFACE STRUCTURES A Located o n C E R N P réVeSS I n Slte

I Fcc LINAC STRUCTURES
I FCC INJECTION TUNNEL
CERN EXISTING SUB-SURFACE STRUCTURES
CERN NON FENCED LAND

o

possible connection to North Area
to enable non-collider physics

A transfer line to FCC PA (LHC P8)
A Acut and covero

OPTION 9 R ]
DAMPING RING NEXT TO "DECHETERIE™ SN \




FCC-ee basic design choices and performance

A Double ring e*e" collider, allowing many bunches, Combining concepts from past and present

high current, like LHC and B factories, different lepton colliders and using high-efficiency SRF
from LEP system results in a giant step in efficiency:
A Synchrotron radiation power 50 MW/beam MGLO% 10°x luminosity/el.energy of LEP

at all beam energies. Energy loss DE per turn: Msustainable physics

DE ~ g*/r = (E/mg)*Ir

T e | 3

A Asymmetric IR layout and optics to limit = e | | | ¥ Foceeid®Pn) 3

Synchrotron rad|at|0n towa_rds the detector and ‘:_..é 104§ ...... . ...................... . ......................... . ......................... »A.I..,EP(4|PS] ......... _§

to provide large horizontal crossing angle 30 mrad | < e - ww (157-163 Cev) o~ : o

: 14 _ > 4l T ST — S e

for crab-waist collision optics, demonstrated at 5 U E i oG — o

DAFNE (ltaly) and SuperKEKB (Japan) E 1) O SSRRRRARASES PSRN SASSSSRSRNINS MRS S— .f._@sis.e\g

o = E

A Top-up injection scheme as at modern light % 10% ______ ____________________________________________________________________________________________________________________________________________ E:

sources (APS, SLS,e€¢ ando:¢ - P2 o) ]

Colllders’ PEP-I| (USA)’ KEKB & SuperKEKB g 1§_‘-f ..................................................................................................................... =

(Japan), BEPCII (China), requires booster - ELE”;‘”“) i i i i i §
synchrotron in collider tunnel 10" 00 150 200 250 300 350

s [GeV]
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Stage 1: e*e  collider FCC-ee

Consolidated main parameters

FCC-ee functional layout

Injection
into booster

' PA (Experiment site)

Injection inte collider

SLSS-1400 m

3

PB
LLS5=2032 m (Technical site)

\», Beam absorber

PL
(Technical site)

Booster RF 7

Pl | | PD

(Experiment | | (Experiment
site) site)
. 500 Gxu(m} "500° 0
= | = e,
o \LLSS 2032 m | LLSS=2032 7 bF

(Technical site) SLSS=t400 m (Technical site)
Collider RF — Betatron &
PG (Experiment site) momentum

collimation

2 x 106 tt pairs

parameter Z WW H@ZH) @b
beam energy [GeV] 45.6 80 120 182.5
synchrotron radiation/beam [MW] 50 50 50 50
beam current [mA] 1294 135 26.8 51
number bunches / beam 11200 1852 300 64
total RF voltage 400/800 MHz [GV] | 0.08/0 | 1.0/0 | 2.09/0 | 2.1/9.2
luminosity / IP [1034 cm?s] 145 20 7.5 1.4
total integrated luminosity / IP /
year [ab-1/yr] 17 2.4 0.9 0.17
beam lifetime [min] 21 13 9 10

4 years 2 years 3 years 5 years

6 x 1012 Z > 108 WW > 2x10% H

LEP x 10° @ LEP x 104



Higgs physics at F&€ (and-hh)

FCC-ee provides model-independent and precise measurement of many Higgs properties, far beyond HL-L HC 6 s r e
Achieved through operation at two energy points: 240 GeV and 350-365 GeV

Precision on a parameters (ratio of measured / SM couplings)

g 202'8 albo';;tl_l240 Gte v " SREARAC Coupling HL-LHC | FCC-e | FCCwe + FCC-hh
& 250 — < X events zo — e*e’ > HZ ] . (O 3
g - 65Kk WWY H e v nt s - Kz (%) 1.3 0.10 0.10
» = . ¢ H WW - H = rw (%) 15° 0.29 0.25
2 200 - Kb (%) 2.5¢ 0.49 0.49
o C N Kg (%) 2° 0.54 0.54
= — re (%) 1.6* 0.46 0.40
o ] ke (%) _ 0.87 0.87
- 4 tiy (%) 1.6* 1.1 0.30
- . . : . tizy (%) 10* 4.3 0.67
100 — ’ —~— ~3ab'at 350-365 GeV n Ky (%) 3¢ 3.1 0.75
n Z n 370k ZH events . ""u|"“ 4 = s
- w y . ris| (%) - or o
2L ; . 92k Wwy H_ eve At s Ty (%) r 0.78 0.60
- : , —— . ] By (<.95%CL) 19x10-2* | 5x 104 2.3 x 10~
T s e I Y TP PP B S B Bum (<,95%CL) 4x1072* |6.8x 1073 6.7 x 1073
200 220 240 260 280 300 320 340 360 380 400
's (GeV) *nexttoHL-LHC number s Y n o

A FCC-ee permits model-independent measurement of Higgs width ({i,;), not possible at HL-L HC é

A é a n dub-percent precision on many of the most interesting coupling modifiers, e.g. HZZ (3,) t o 0. 1% ¢
Aéand pr ob e Sirstitime coupling to second generation quarks, e.g. charm, with Hcc (a.) to 0.9%

A Extensions to baseline plan, e.g. H-pole run at 125 GeV, to measure Higgs coupling to electrons, under evaluation



Higgs physics at F&€ (and-hh)

FCC-ee provides model-independent and precise measurement of many Higgs properties, far beyond HL-L HC 6 s r e
Achieved through operation at two energy points: 240 GeV and 350-365 GeV

Precision on a parameters (ratio of measured / SM couplings)

s [ l08ablat240Gev ° T Counl HL-LHC ~ FCC<e |FCC-ce + FCC-hI
= H 2 T upling - -ce + -hh
= o[ 2.2 X 10°ZH events —— . o e B
Ke) . -_— ate’ — e 3 ’ o %
g - 65Kk WWY H ev . Kz (%) |..: 0.10 ().l(_)
? - . ¢ WW - H . kw (%) 1.5 0.29 0.25
2 200 - : — Total . Kb (%) 2.5 0.49 0.49
S - . tig (%) 2* 0.54 0.54
C . tix (%) 1.6° 0.46 0.40
150 (— —] ke (%) - 0.87 0.87
- Ky (%) 1.6® 1.1 0.30
- : Kzy (%) 10* 43 0.67
W= ~3 ab!at 350-365 GeV = ry (%) 32 3.1 0.75
n 370k ZH events . A (%) 4o = e
C v . |ks| (%) - il o7
50 r— > )i
r e 92k WwWwy H e#v, ,e,,HEt S Ty (%) — 0.78 0.69
- : O —— = : . By (<,95%CL) 19x10~2* 5x104 2.3 x 1074
0= B e e o o syt MPUPITN ISR NTUR YU NP URPRATUN BNFURPUN I S SNPUNT SR Bu (<,95%CL) 4x102* 6.8x103 6.7 x 10~3
200 220 240 260 280 300 320 340 360 380 400
(s (GeV) *nexttoHL-L HC number s \4 no
FCC-hh completes the job ! W
A Dataset of 20 billion Higgs bosons allows for precise measurement of rare decay modes .
. "o~
A Great synergy and complementarity between -ee and -hh A

A Dataset of 30 million Higgs pairs allows critical self-coupling parameter a_to be measured to ~3%



(@) n
Precision electroweak physics at F€&C

FCC-ee allows forultra-pr eci se studies of electroweak sector Y highly

Tera-Z: 6 x 102 Z from 205 ab*! taken on-peak and off Similarly big improvements at higher energies from

Execute LEP-style measurements, e.g. Z scan to determine W mass and top-quark mass measurements

mass and width, but with 10%increase in sample size
178} 68% prob. regions from EW fit
Current
'E UL L e " HL-LHC
B . 0 ) “» HL+FCC-ee
Ii 40 L LEP Z I|neShape  SRRRRRLRIRELL C y) 176l HL+FCC-ee (no Thyny)
-g | _." "-_ ] Direct determination
= ALEPH ‘,' '.l ] M‘CIZVMS‘ 2n24_mrns‘ 2024
o] DELPHI A ] “"5 HL-LHC
L3 a: : A ;‘ 174} <> FCC-ee
30 | OPAL ; i S
g Y
172} y T_f e
20 | _ __
170l post FCC-ee ]
L & measurements (error bars ,-" .
i increased by factor 10) K i
10 - o from fit ‘;" 1 L mﬂflt
[ --ees QED cvrrecled‘_.r" 1 80.33 80.34 80.35 80.36 80.37 80.38 80.39
- : My [GeV]
— : Standard Model v
S . L My

: : 5o 5 c | r 0 . .
86 88 920 92 94 cchosty (gomf)aef\esdltre%t measurements with expectations
E.. [GeV] from Standard Model deriving from measurements at Z peak



Heavyflavourand direct search physics at Fe€&

Huge sample of 6 x 1012 Z provide excellent opportunities in heavy flavour and search physics

Z factory

Flavour: FCC-ee matches the key advantages Searches for new feebly-coupled

of HL-LHC (very | arge sampl es )f pg}tic|e§, e meg\,y hbutﬂa?l&pﬂ)b{ng
with those of Belle Il (very clean environment) sensitivity in key regions of parameter

e.g. lepton universality tests with taus space inaccessible by SHiP and LHC

PDG 2023 [l FCC estimate

0.1790 4

68% CL contour
Direct
measurement
—
B 0.17854
@ [
T
e
“—’
m
0.1780
SM prediction
289.5 290.0 290.5 291.0 291.5

T [fs]



Detector developments

Work progressing to understand detector requirements for full programme (not just Higgs!).

Four O6detector conceptsd have already emerge

CLD IDEA ALLEGRO ILD

“———— Yoke/Muon

nnnnnnnnnnnn

e-——— HCAL

silicon Wrapper

< ECAL

L — I Vertex
Full Si tracker Ultrag?h;tglngéiimber In early design phase Ported from ILC
CALICE-like calorimeter y Noble liquid (Ar) ECAL Large volume TPC

Dual readout fibre calo

et hese are NOT yet c andésmris.o Ful partiopation obcommumwoitg k e d
and close collaboration with DRD collaborations, needed to progress in next phase.
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FCC-ee operation sequence and SRF concept

commissiening 400 MHz RF layout and beam switching
W H tt,
. RF geometry schematics
) ) . 0 . : . : .
T Flexible sequence Zi W - H ‘[ I w0 — = -
-100 k
—— .
Collider 66 Fi==n +102 W -400 | « Z, WW operation
264 | PR sonsee 200k Trvons IO |- " rawents
-1000 . . A
-500 0 500 1000 1500 2000 2500
500 : : r : v
Booster 28 i i +84 = 112 [
I —
28 PRI 500 Mz, Z00IW Tristrons Ex
-100 /
RTE 600 Mz, 10 kW (SSA)] — i
400 | ZH operation
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | Hete
0 1 2 3 4 5 6 7 8 9 0 M1 12 13 14 15 -1000 a . .
-500 0 500 1000 1500 2000 2500

time (operation years)

- 2-cell 400 MHz SRF system for Z, W and ZH, entire system installed at operation start
flexibility for switching between Z, WW, ZH operation
reverse phase operation at Z allows constant cavity coupling

suppression of the single-cell 400 MHz system
reduced R&D, installation, commissioning, etcé

24

- 6-cell 800 MHz SRF system for collider ttbar operation and booster at all energies



FCC-ee different running modes  Reverse phase operation (RPO) mode

Energy (GeV' Current (mA) RF voltage (GV) ﬁl/lllgx\tlz chfaglg?: ZI:)(():S)V ity voltage (Y.

z 45.6 1294 0.079 - Experimentally verified with high beam
W 80 135 1.05 loading in KEKB (Y. Morita et al.,

H 120 26.7 2.1 IPAC, 2010)

A - Baseline solution for EIC ESR (e.g., J.
@ 182.5 5 11.3

Guo et al., IPAC, 2022)
RF reverse phase operation

[kgﬂf s +7/2 vy

2004 ' —— Vst
e . A . (f)fo(, | === Vi + Vgt
° ﬁ N

100

0\
—IOOlr!,/;>x<;\HH%
-1 0

RF voltage (MV)

=200 ‘, Q"demc

1 2 3 4 5 6
Phase

at the Z pole Y enables one F

I. Karpov



Superconducting elliptical

400 MHz, 2 -cell
1.5 m. long
Electropolished and seamless
RF surface

Niobium thin film with

p N

>\

400 MHz system 1 collider Z, W, ZH

X 264
(;rvomodule . " Multibeam Tristron
A Segmented design, 4 cavities ;
o . : A 400 MHz
A Vertical FPC, HOM damping and A 46 KV
A Frequency tuning system

A _ 0 . .
Thermal and magnetic shielding A~ 90% efficiency

|. Syratchev
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800 MHz system i for @lcollider and booster

Multibeam Tristron
X (408 + 448 ) X (102+ 112) A 800 MHz
A 250 kW, CW X 408

Superconducting elliptical Cryomodule

cavity A Segmented design, 4 cavities, 2 K Solid State

A 800 MHz, 6 -cell A Operationat 45Ki f R&D successful Amplifier (SSA) X 448
A Nb3Sn if R&D is successful A 800 MHz

A 10-15 kW pulsed

A. Butterworth
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FCC-ee optics baseline GHC alternative LCC

K. Oide et al. P. Raimondi, S. Liuzzo, et al.

arc
Long 90/90: ZW FCCee_z_624 nosol_9.sad Short 90/90: 1, Zh FCCee_t_623 nosol.sad
“E T T T T “E T T T T =
f 2 I 200 T T T T T T 1
A 12 VB 14
A : 3 @w ieE HFD ttbar __,
B y / Y y y
7 E < °R 150 F 1075
5 = B =
S oF A = — c
- ~\B 2 E 100 05 2
} } } J } I Il " E'_
. 0F- o
- _ s sof Ho25 5
E - \ Eob ZH & < V
~~~~~~ G > Tl . 300~ -
Tap £L&WW aalf s S R > % 150 0
o 10 2 A 5 AT s [m]
T [ = I T ST B ST =
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FCC design with Xsuite

7 i 4 simulate your own
FUTURE CIRCULAR
COLLIDER . .

with Xsuite =

G. ladarola tutorials in form of Jupyternotebooks

©

+ SuperKEKB benchmarks

G. Broggi, J. Salvesen, G. ladarola, H. Sugimoto, K. Oide

Touschek & beam-gas scattering for
different collimator settings, including
collimator-matter interaction

Xsuite-simulated | -
diamond detector sm {1
L‘=5—10m:n
1.2

- ® Experiment

E 1.0 | == Xsuite

=

e i

£ 0.8 A

L*]

= 0.6 —

22

2 044

=)

a

o 0.2

2

S 0.0 7

=77

-0.2 T T T T I
40 60 80 100 120
G. Broggi D06V 1 aperture [opy]
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DeS|gn of arc magnets, girders, cavities, prototypes mock-ups

Arc half-cell =
Booster F. Carra & A. Piccini the most repeated
dipole region of
low-field mechanical
cycling hardware in the
magnet tunnel: 4 77 km

over 90 km are

arc cells

A. Milanese

800 MHz bulk Nb 5-cell cavity
Prototype fulfilling FCC specs
JLAB F. Marhauser

Twin-dipole
design with 2x
power saving
16 MW

(at 175 GeV)
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Shielding concept: limiting cumulative dose ()

Synchrotron radiations absorbers and additional shielding aiming factor ~100 dose reduction in arcs

Shielding material for full ring Photon stoppers include W-alloy layer in both cases

Dipoles 2580 with PbSb shielding
Photon stoppers 10 |l

Shielding weight 400 kg
per stopper

w/o shieldingiﬁ

10320 tons

3770

©5500 He/Smoke extraction

Leaky feed 300 10 10
e S 4 Cable trays
\ 200 1 1
Chilled water
DN300 3
. _ 100 01 3 01 &
: Magnet vehicle E | % %
ransport space reservation 4
gzrg;r(',emhzed waler‘ 2.2m x 2.25m (LxH) = 19 0.01 é 0.01 é
3 Cable trays N Compressed air 2100
DN80 0.001 0.001
HV Cable 2 Cable tray -200
e ‘08 - 0.0001 0.0001
= Lz 3590 | 200 -100 0 100 200 300 200 -100 0 100 200 300 31

A. Lechner X (cm) X (cm)



Machine-Detector Interface
_ Y\ Q1 prototype ested |
Key topics: M-mm at cold in SM18

Crossing-angle mrad 30 33 O/ 9wbU X
SCIR magnet System & L* m 2.2 1.9 L 0.935 B+ L
Cryostat deSign Vertical p,* at IP mm 0.7-1.6 0.9-2.7 0.4 0.3 _ \_A ‘ : i ‘} '
Detector soln field T 2/3 3 3.5/5 1.5 ‘
. . Detector stay clear mrad 100 118/141 90 350/436
3D Integratlon Two beam AX atL* mm 66 62.7 49 77.6
He temperature K 1 4.2 4.5 4.5

IR mock-up at INFN-LNF

Support tube Central chamber Outer and medium J. Seeman, A. Novokhatski, SLA
B. ParkerVikas TeotiaBNL
P. Tavares, CERN

Screening solenoid

Bellows

N =

M. Koratzinos, PS

Cryomagnet

Skeleton
Screening solenoid support

Compensation solenoid

ompensation solenoid support
QC1R3e

LumiCal

Remote vacuum connection LumiCal QC1R2p

QC1R1p
QC1R1e QC1R2e

Beam pipe

M. Boscolo, F. Palla, INFN



FCC-ee booster

full energy booster, ramping from 20 GeV to 46 GeV' 1 182.5 GeV,;
Injection* several times per minute to keep collider beam currents constant;
booster intensity ~1% of collider; full RF voltage as in collider

Booster
Booster Sextupole =——=——g

Booster Quadrupole

Collider Quadrupole
Collider Girder

Collider
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FCC-ee injector design ©OKEK e =5 PS| Pfe NN
- ﬂ'\‘,l ~1200 m X
. ﬁ\ Linac buldings and energy compressar <1025 m . ~E0 m L 125 m N
- Y - "

electron source and linac positron source and linac
_¢ 204 m, 205 MV/m _* 3500 m, 14 MY/ m
20 Gal \1‘ elactron transfer line

A

HE limac {main linac)
1025 m, 22.5 MYSm 2 B& GeV

A Main linac 20 GeV S-band, based on SwissFEL structures
A new accelerating structures with higher shunt impedance;
A gradient 22.5/20.5 MV/m; repetition rate 100 Hz
A 80 MW S-band klystron, great interest in KEK R&D

A Novel positron source
A HTS solenoid (15 T on axis, tested 18 T @ 12 K)
A proof-of-principle beam tests at PSI SwissFEL from 2026 | fully instramented

stack of 4 NI HTS coils
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other FCC-ee science opportunities

large circumference, high energy, abundant positron production, low-emittance beams, high-
power beamstrahlung, injector complex MFCC-ee offers unique opportunities for various other
fields of physics and science

Examples:

A
A

To >

production of true muonium

creation of a Bose-Einstein
condensate of positronium

high(est)-energy photons, Compton
imaging, nuclear research etc.

spatially coherent photon beams,
possibly down to 0.1 A wavelengths

higher average and peak brightness
than any existing or planned light source

radioactive isotope production
neutron source

Other Science Opportunities at the FCC-ee

I. Agapov', EE. Alp®, K. Andre?, 5. Antipov', A. Apyan®, G. Arduini®, L. Bandiera®, H. Bartmann®,
H. Bartosik®, M. Benedikt®, 8. Bettoni’, J.M. Byrd®, M. Calviani®, A. Camper®, C. Carli®,

S. Casalbuoni®, A. Chance'®, P. Craievich’, P. Crivelli'!, B. Dalena'”, M. Dickmann'?, M. Doser’,

I. Drebot'?, C. Duchemin®, K. Dupraz'*, §.J. Freeman™', A. Frasca™'®, F. Gunsing'-'", I. Jickel'®,

B. King'?, M.W. Krasny®”, A. Lechner®, C.A. Lindstrom®, A. Mazzolari®®, C. Milardi®', E. Musa!,

R. Negrello™®, E Nguyen??, K. Oide®, Y. Papaphilippou®, G. Paternd’, V. Petrillo™, K. Piotrzkowski®,
B. Rieniicker'®, G. Schnell”®?7, C. Schroer!, L Schulthess!, L. Serafini'?, V. Shiltsev®®,

M. Stampanoni™!!, A. Variola®™, T. Watson®, H.-U. Wienands®, M. Wing®, and F. Zimmermann**

'Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany

2 Argonne National Laboratory, Lemont, Illinois, United States of America
3Eumpean Organization for Nuclear Research (CERN), Geneva, Switzerland
*A.L Alikhanyan National Laboratory, Yerevan, Armenia

SINFN Ferrara, Ferrara, Italy
SUniversity of Ferrara, Ferrara, Traly
TPSI, Villigen, Switzerland
#University of Oslo, Oslo, Norway
YEuropean XFEL, Hamburg, Germany
ICEA, Saclay, France

'ETH Ziirich, Ziirich, Switzerland
2University of the Bundeswehr Munich, Neubiberg, Germany
PINFN Milano, Milano, Italy

411CLab, Orsay, France

CERN-FCC-ACC-2025-0005,
doi: 10.17181/CERN.BSP4.H8ED
submitted to EPJ Plus
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FCC-ee booster as unique ultimate photon source

Average Brilliance [102"ph/(s mm? mrad? 0.1%BW)]

10000 |

100

0,1

0,01

1000 |

10 |

SASE-U40 meas.”

E
w m
|
L e
SASE-U40 175 m -
SCUI5H8 20 m  ———————pn

U40 6.4 m

U28 5m

3 bunch s length charge
FCC.ee Upx94  1.6x10° 32ps 36nC
L booster Ug x 3 1.6 x10° 133ps 3.6nC _
F6GeV 200 MAPETRAN 21x10° 30ps 1nC ]
16.5GeV EuXFEL 10* 0.03ps 025nC
L . . . L
10 100
Energy (keV)

Average Brilliance [10?'ph/(s mm? mrad? 0.1%BW)]

0,01

36

10 k

MRALLL L

U28 5m

FCC-ee

booster bunch

456 GeV Ugx 94
UU x 94

20 GeV
Upx3

#is length charge
3.7x10° 147ps 4nC
1.6x10° 32ps 3.6nC

1.6x10° 13.3ps 3.6nC

PRERTIIT BRI

T T

100
Energy (keV)

S. Casalbuoni
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Stage 2: hadron collider FCC-hh

A Parameter optimization to lower electricity consumption (~max. consumption of FCC-ee)

A Magnetic fi

d

consi

Main parameters FSR 2025

der ed

parameter FCC- FCC-hh HL-LHC
hh CDR

collision energy cms [TeV] 85 100 14
dipole field [T] 14 16 8.33
circumference [km] 90.7 97.8 26.7
beam current [A] 0.5 0.5 1.1
synchr. rad. per ring [KW] 1200 2400 7.3
peak luminos. [1034 cm-?s1] 30 30 5 (lev.)
integr. luminosity / IP [fb-1] 20000 | 20000 3000

A For Nb,Sn @ 1.9 K: 355 MW el, consumption and 2.3 TWh/y

r e gdnj~44m,ilOK)wi t h t o
FCC-hh functional layout

tranefer lines proposed | |

to be installed inside PAI'(Experiment site)

FCC-hh ring tunnel Azimuth = 102

— _ — — — 3

SLS5=1400 m . Injection

~ PB

(Technical site)
Momentum
collimation

PL |
(Technical site)

400 MHz RF

Pl & — — — — — — — =% — — — — — — — PD
(Secondary
Experiment
site)

(Secondary
Experiment
site)

sLss=r400 (Technical site)

(Technical site)
Betatron
collimation

r
PG (Experiment site) Beam absorber

A For Nb,Sn @ 4.5 K potential to reduce to ~1.8 TWh/y as for FCC-ee.



FCC-hh beam optics perfectionated for highest energy !

regular arc cell

CDR cell
12-dipole 12-dipole 16-dipole

# dipoles

4668 4288

4464

Cell length
[m]

213.030 213.030 275.792

Circumference

fkm] 97.75 90.657 90.657

CM energy

@14T [TeV] 88.477 81.275 84.611
Short Straight Section

M. Giovannozzi, G. Perez Segurana, T. Risselada, E. Todesco



