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Prehistory
Larger hadron collider (“VHE-LHC”) suggested at EUCARD Malta workshop in 2010 [arXiv: 1111.7188]

Circular e*e- Higgs factory (“LEP3”, “DLEP?”) first proposed in 2011, after initial hints from LHC
experiments [arxiv:1112.2518]. Concept driven forward in 2012-2013 (“TLEP”), as a community
initiative.

2013 European Strategy for Particle Physics Update (ESPPU) — Launch of Future Circular Collider

(FCC) study
— Conceptual Design Reports (4 volumes) 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 (Vol 2 —-4)
EPJ C 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
— Launch of “Future Circular Collider Feasibility Study”


https://arxiv.org/abs/1111.7188
https://arxiv.org/abs/1112.2518
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

FCC integrated program

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

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

* highly synergetic and complementary programme maximising the physics opportunities

« common civil engineering and technical infrastructures, building on and reusing CERN'’s existing infrastructure

« 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 Feasibility Study Report (FSR) delivered on 31 March 2025

Structure: three volumes
Vol. 1: Physics, Experiments & Detectors

Vol. 2: Accelerators, Technical
Infrastructures, Safety Concepts

Vol. 3: Civil Engineering, Implementation
& Sustainability

These & other FCC input to 2025/26 ESPPU posted at
https://indico.cern.ch/event/1534205/

Input for 2025/26 Update of European Strategy for Particle Physics

prepared with Overleaf & to be published by EPJ (Springer-Nature) — FCCIS members

RCOE EP -OrS SPRINGER
6V9r|edf O Sgﬁ%&R ] NATURE

your physmspumal
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Reference layout and implementation

i i - : / ".“ver ens,

90.7 km ring, 8 surface points, 4 S ee—— o) v |
fold superperiodicity - // W | D R
Layout chosen out of ~ 100 initial variants,
based on geology and surface constraints -~ """ il s A
(land availability, access to roads, etc.), / b ala flh 3 e \
environment (protected zones), | surfacerequirements  “40ha oo
= . U LSS@IP (PA,PD, PG, PJ) 1400 m h
infrastructure (water, electricity, transport), & | 5@ TECH (PB. PE.PELPL] 2032 m
machine performance etc. N Arélength 9.6 km

PJ. experiment  sum of are lengths 76.9 m

Total length 90.7 km

Reference layout was the basis for:

» Surface sites optimisation and land
reservation with host states CH and FR

 Environmental initial-state study

4 experim ents PF: technical

PH: technical Y //

k,_, PG experiment
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Surface site locations: 7 in France, 1 in Switzerland

timiation done with communes, land plot needs commnicated to Host States |

B "Qb %
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Resource needs & connections to regional infrastructure
fha

Electricity consumption 1.1 — 1.8 TWh/year oL, s
Three supply points =~
- Two new substations from existing HV grid
- Reuse of present CERN station

Feasibility confirmed with RTE (FR operator) ", = ,,_i,...;_wﬁj“ss‘at
PDL3, 201MW —i-—L-'e Buget ///_’_7_‘
Road access )
developed for all
&5 8 surface sites Raw water need:
connections with Four possible 1 — 3 million m3/year
. _highway network highway connections

_ Water supply from lake
defined Geneva via existing SIG
Less than 4 km of supply to CERN

new roads required Distribution via tunnel



simplified longitudinal profile of FCC tunnel and geology

— Quaternary

1800m FCCinclined at 0.5% Limestone unavoidable -
gradient to minimise between G-H — Wildflysch
depth of point F

1600m )
__Molasse subalpine

__Molasse
Limestone

__Shaft

_ . Alignment

1400m

1200m
E000m
—

Q 800m
=

Lake Geneva
Arve Valley
Rhéne Valley

600m
400m  mpiaee——. gt Epmss—_—— Ty

200m

Orm

40km S0km 60km T0km
Distance along ring clockwise from CERN (km) FCC 3 bOVG Iimestone

Okm 10km 20km J0km &0km S0km

FCC passes below Lake
Geneva moraines

Tunneling mainly in moraine layer (soft rock), well suited for fast, low-risk TBM construction.
6 million m3 excavated volume - 8.5 million m3 excavation material on surface

CE Designs of all underground structures developed

Average shaft depth ~240 m

To fix the vertical position of the tunnel, interfaces between geological layers must be known
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FCC — Initial Sub-Surface Investigations

28 boreholes and 80 km of seismics planned between October 2024 and December 2025

Site investigation results provide:

» Locations of geologic interfaces, permitting to fix vertical
position and inclination of tunnel

Southern work package status mid May 2025

» Geophysics acquisition & interpretation completed (40 km)
« All drillings completed (logging and testing ongoing)

» Preliminary results positive, confirming 3D geol model

« Limestone passage Mandallaz less extensive
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Northern work package status mid May 2025
« 3 drill sites in France currently active, 2 more to start soon

« Still pending permits for the works in Switzerland O Complete b
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Stage 1: e*e” collider FCC-ee

Consolidated main parameters

parameter V4 WW | H (ZH) tt
beam energy [GeV] 45.6 80 120 182.5
synchrotron radiation/beam

[MW] 50 50 50 50
beam current [mA] 1294 135 26.8 5.1
number bunches / beam 11200 1852 300 64
Egt\",‘]' M UCLED AUl 0.08/0 | 1.0/0 | 2.09/0 | 2.1/9.2
luminosity / IP [1034 cm2s-1] 145 20 7.5 1.4
total mttzgrated luminosity / IP / 17 24 0.9 0.17
year [ab/ yr]

beam lifetime [min] 21 13 9 10

4 years
6 x1012Z
LEP x 10°

2 years
> 108 WW
LEP x 104

3 years
> 2x106

FCC-ee functional layout

Injection
into booster

\ PA (Experiment site)

Injection inte collider

SL5S=1400 m

PL . I
(Technical site) & 115s-p032m & (Technical site)

Booster RF \. Beam absorber

Pl | | PD

(Experiment | | (Experiment
P | | (Exp
site) site)
PH PF

(Technical site) (Technical site)

Collider RF — Betatron &

PG (Experiment site) momentum

collimation

S years
H Bl 2 x 106 tt pairs
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FCC-ee collider performance  Combining concepts from past and
present lepton colliders results in a

double ring collider giant step in efficiency:
* many bunches, high current, like LHC and B factories,
different from LEP —>10%-10°x luminosity/energy of LEP
top-up injection _ ,
» standard at modern light sources, like SLS 9 SUStamabIe thSICS
« used at recent e*e” colliders, PEP-II (USA), KEKB (Japan), -
BEPCII (China) = 10 ! g | | | —3
i .. < : : : ; W FCC-ee(4iPs) J
crab-waist collision scheme E g LRI — A LEP (4IPS}
« successfully demonstrated at DA®NE (ltaly) and 2 : W (o7 éev) : 5 3
SuperKEKB (Japan) _g 10° = ......................... .................. . H'(Zile'GéV) =
superconducting radiofrequency system g RCRAENNN N S S N S tioes e
« Nb/Cu 400 MHz SC cavities pioneered at former CERN LEP uij E E
* bulk Nb 800 MHz SC cavities similar to ESS (Sweden), =N S T N S T SO S
EuXFEL (Germany) 4 5
. . . . c : LEP2 (2000) : : ]
+  revolutionary highly efficient RF power sources £ Lo - T o
* new operation scheme for flexible energy switching & 3 LE;E“gga) >
reduced complexity 10" i | | | | ]
100 150 200 250 300 350
/s [GeV]




FCC-ee optics baseline GHC alternative LCC

K. Oide et al. P. Raimondi, S. Liuzzo, et al.
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LDI‘lg 90/90: ZW FCCee_z 624 nosol 9.sad Short 90‘{90: i, Zh FCCee_t 623 nosol.sad
= T T = T T T T
12 A o ey A — A 12 = Vx| 200 1
[ﬂ b | \ \ . -E-: s (8, T T T T T T
= | A X XX X l? o HFD ttbar p—
|ri s / W, S NA SN n: 6 1so0F  tt — 1075 7
= 4 —Er > 4 ; =
2F VBy 2 — h e
I I i I I o i | I I I E 100 05 o
600 600~ :f = i o
_ s00fS, . S0 L &
gmn'— g_,m_ 4 50 0.25 T
= N N o e \_” = amf- ZH & tt 4 e "
= 20 ] = af- -
E k., - A~ SN s U s . < 0 0
I Z&WW I Al e 0 50 100 150 300
i I 1 [ — —

I I
100 200 300 300 500 m o 100 200 300 400 500 m s [m]

8
B
bgT
h%

experimental straight

FCCee_z 624 nosol_9.sad FCCee_t_623 nosol.sad
am | T T A e e ] oo T L T B A S — '1__
I
100 100 - "; E
E g P | : L
kd i : | 3 100 T
= &0 i | l k -
I“ﬂ; 40 : 'h ; A
A \ E = T
20 3 tt /\ g
0 r:F:J/z—.sz.nra‘xc\;l\auxa-" I i\ »:{u\.. J‘vf‘mwxx. | el = 5o / E
T - é‘
400 A 1y | 3 \
£ 200f . E 200 R i 3 b
E 0 L ] E B At AR AAA A AAAAAAAAN ARAAAAMA 215 2.2
= 200F \ ! L) E = 200 _ \ o/ ¥ K
.m_Z & WW 1 b ZH & tt E
600 -600
ISDU -1 500 15»DD m 1500 1000 500 '1000 1500 m

SRAB 19 WWMMWMWHHWMMWWWWM %WWW%HNHH%MWWWMWW

PRAB 28,
111005 (2016)
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() Fcc 6 June 2025

= E. Musa
dynamic aperture & arc tolerances
201 m—— MA nominal
] ---- MA with errors and tuning
40 2% MA after
1251 linear optics
7 30 _1001{ corrections
- 3 |
o SEAE
> 201 : : R
‘A linear optics AN .
10{ JR€; corrections ) | [P
! % 'mmmm DA 6D Nominal QA | «*‘f
0- LANEY -~ DA 6D After correction . 0.0{ ¥ 4
15 -10 -5 o 5 10 15 -1.00-0.75-0.50-0.25 0.00 0.25 0.50 0.75 1.00
X [sigmas] 6 [%]
Element Oz /y (MM] gy /4 [Urad] Ak/k [1074]
Arc quads & sext. 50 50 2
Dipoles 1000 1000 2
Girders 150 150 -
BPMs-to-quad 100 - -

Arc alignment and strength tolerances
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optics commissioning sequence

Ballistic optics

Orbit threading Disp. free Sexts LOCO Arc Optics
(Sexts Off) 7| steering On | 7 | corrections [ ’| BBA ?| corrections
Relaxed optics (various iterations decreasing 3 *)
Orbi ) IR + Arc Optics Non-linear IP tuning

bit correction |-— gppa — | corrections | —| optics corr. |
Baseline optics
- : Optics Non-linear IP tuning

rbit correction |-— ., rections | —| optics corr. | — —.

J. Keintzel, C. Carli, K. Skoufaris, R. Tomas et al.
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universal optics for technical straights K. Oide

for all technical insertions in Z/W operation: RF, injection/extraction, & collimation
FCCee_z_624 nosol 9.sad
PP S IR I I I ML (IR I I

35 - Vi, { \ +

= 30 f-collimations - — /5, H

By LM

crossing point :
gp injection/extrachon

maintaining perfect superperiodicity
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beam-beam performance with full lattice

FCCee_z 6085 nosol_2 bb_ts.sad

FCCee w_6@85nosol 9 bb_ts.sad

+
L [’ N = 1.38 x 10", Crab waist = 55%, turns = 4000, particles = 1000,
B, =1.22m, lmm}, v, =

N =216 x 10", Crab waist = 70%, turns = 4000, particles = 1000,

Z

B, = {-11m, .7mm}, v, = —.0288, &, lanice = .B712 pm

1000

1o

—.0808, &,

Jmtiee = 1.2019 pm
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vertical bare lattice emittance required with beam-beam

FCCee_z 624 nosol 9 bb.sad turns = S(MNM), particles = 241N, FCCee w 605 nosol 9 bb. sad
N=2177% 10" g = (11m. 7mm), v, = (2141682142, -031), N = 138 10", turns = 25000, particles = 1200, Crab waist = 55%,
Crab waist = 60%, T = 10°/(2.359 "7, g, = (2,345 £ 029) =N Ay = (22m, 1 mm), vy, = (218,185, 222.22, -.081)

T 1014356, + 448), £, = L6823V, (2 pm) = 45609571

£(2.057 pm) = 266 + 028 pm, r(2.057 pm) = 5165.64*

asf L | IR | [ rr I 3_5'_'"'I""I""I""I""'I""I"' R R B
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FCC design with Xsuite

Buﬂd& 5|mulate your own
FUTURE CIRCULAR
COLLIDER .

with Xsuite =

G. ladarola tutorials in form of Jupyter notebooks

©

+ SuperKEKB benchmarks

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

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

B
L=5-10mm

Xsuite-simulated response of
Belle-ll diamond detector:

1.2

® Experiment

1.0 4 == Xsuite
0.8 -
0.6 -
0.4 -

0.2 +

Realtive Dose Rate [arb. units]
o
o
1

-0.2 T T ] T I
40 60 80 100 120

G. Broggi D06V 1 aperture [opy]
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National Laboratory

spin tracking newly implemented in Xsuite ! ZXPac o

tests, y ...and against 35-year-old SLIM simulation
benChmarking, <7\  Studied the case of LEP1 with orbit bumps to compensate precession in the
. . . solenoids * M
and first simulation ;
studies ongoing :
SLIM 1990 |
Xsuite 2025 —:2

0.03 1

0.02 4
0.01 4

0.00 1

-0.01 7
—0.02 4

—0.03 4

spin_x

—0104 —0102 O.IUO 0,!2)2 0.‘04
spin 1
G. ladarola, !
K HOCk Compensation of Integer Spin Resonances Created by —
- Experimental Solenoids 0 I'Il‘n.d
Y. Wu, i D
. JIFCN
J. Keintzel,

J. Wenninger

Many thanks to J. Wenninger and Y. Wu for their input and guidance!
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top-up injection hybrid injection Y. Dutheil, S. Yue

Emittances
10073 @ Partice poprietion Vertical size reduction with momentum
difference reduction
98 5
; FCCee_2 624 _nesol_bybrid-ing 20050236 1000 5000.0. 008265 -0.01 spsilon
a9 B E%!'h FCCr.z.624 nosal bybnid-ing 20250226, 1000 5000,0,0095.-0.01.opsilon
E 1"_“-. FCCee_2 624 _nosol _bybeid-ing 20050226 1000 5000.0.008074 00000000000 -0.01 _epsilon
S T hermmn —*M
i =
92 ¢
90 4 £ . ., .
t[s] le-1 = ;
II] rl'iﬁ E-:ID 1248 IEIEd ZEIISD 24'55 |--'::I 1
tums
I:;IIII:J-
injection efficiency ~90% M\ — ~
including beam-beam, beamstrahlung and 2000
chromatic matching S
0 = , 0.008265, 0.008075
- o - * -
w/o beam-beam 100% z = — 0.01 m: optimum z might be different

K. Skoufaris T Mori E
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superconducting RF system — key technology, R&D

Nb;Sn on Cu coating

1600
L_\ R =95n0 |
10'° :TC=9,2K Tc=:1EK §1400
! L E1200
ST % 1000
& 2 800
106 @ Nb.Sn Data % 600
_ijsn BCS Theory g 400
4 ——Nb BCS Theory : 200
6 % 5 10 15 20 1
Superconducting elliptical cavity | T
= 400 MHz, 2-cell, copper Nb coated 400 MHz Cryomodule

. 1.5 m. long

3
TIK]

Move from Nb @2K to Nb;Sn @4.5 K would

reduce cryogenic power by factor 3

LHC cavities - O(Eacc) @ 45K

800 MHz Collider + Booster
X (408 + 448 booster)

109

X (102 + 112 booster) 4 __g 3 e

10¢

‘/VQ? "

e
A l','_

FCC1cell

‘LHC !

= LHC19

MCOo1

B NCODL.Z

NCO2

B NCO3
1

2

Superconducting elliptical cavit
= 800 MHz, 6-cell, bulk Nb
=  Nb;Sn if R&D is successful

2% Fermilab

4 & 8 10
Eace (MVim)

12

4 5

G=216 Q
45K

Equivalent to a Q of 9*10° @5 MV/m @4.5 K

Almost 1 order of magnitude better than LHC !
Room for improvement
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efficient RF power source

Tristron (A.D. Sushkov et. al. 1967)
TH2167 HE klystron MB Prototype tested in 1997, V. Tsarev:

(prototype) . . .
: MB tristron — efficient !

AN
100

MB tristron — compact !

MB TS Klystron
(design)

FCC MB tristron

é:: ® FCCTS \\ Trig

klystron

: . m}DOL/,‘,e‘r
A \
B CEPC CSM Stheo,e:.

klystron llimjy

Vs

Ve

MB Tristron (concept)

B m o

Perveance, pA/VA1.S

* Very efficient: >90%, Low Voltage: <50kV
« Compact: ~ 1m?3, Cost effective (w.r.t. klystron)

l. Syratchev
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Different running modes

Energy (GeV) Current (mA) RF voltage (GV)

Z 45.6 1283 0.079
W 80 135 1.05
H 120 26.7 2.1
tt 182.5 5 11.67

RF reverse phase operation

RPO at Z gp’?ﬁ{ 200+
\’<,\e Q\’&\e 100

Qrsys (N z
Q *qONQ ‘z* <;QDS> jg 0
’\X ;Z %&OC §-1oo~
f”f 6> ~200
88 MV

Reverse phase operation (RPO)
mode allows increasing RF cavity
voltage (Y. Morita et al., SRF, 2009)

- Experimentally verified with high
beam loading in KEKB (Y. Morita et
al., IPAC, 2010)

- Baseline solution for EIC ESR
(e.g., J. Guo et al., IPAC, 2022)

¢ + /2 o
| — Vietoc
d) i - Viee + Viaroc
foc |
\ /—\ \)( \
‘i}f}defur

Phase
|. Karpov




() Fcc 6 June 2025

FCC-ee operation sequence and SRF concept

commissionng - FCC-ee operation sequence 400 MHz RF layout and beam switching
W H tt
. “ RF geometry schematics
DD, D, 0 . . | . ,
T I T 200 | - : ! . -—
-100 |
—
Collider 66 E—“—H +102 400 I i Z, WW Operat n
PAGT:N  400MHz. S00IW Tristrons +408 QENERT ol o Zand W contig

-1000 L Il i Il i
-500 0 500 1000 1500 2000 2500

500 T T T T T

BOOSter 28 1“1\‘"“1‘"“\‘"@ +84 = 112 LIS 200 L _l—l
28 PR B00MEHz, Z0DKW Tristrons S
-100 p N
+448 SGUMH 10 kW (SSA . .
S 400 f ZH operation
— s T

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 -1000 * : . . *

-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
Constant cavity coupling thanks to reverse phase operation at Z

- Flexibility for switching between Z, WW, ZH operation
- Suppression of the single-cell 400 MHz system
- Reduced R&D, installation, commissioning, etc...

- 6-cell 800 MHz SRF system for tthar operation in collider, and for booster at all modes
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o o : PAL2 ®Cu (INFN
Optimised FCC-ee injector design <=~ POl s
-— ﬂ y ~1200 m X
Linac buldings and energy compressor <1025 m =501 my =125 m
-+ f’IIIIJ, L - o >
electron source and lnac positron source and linac
ﬁ 204 m, 205 MV/m _* 350 m, 14 MV/m
20 GeV \ electron transfer line

— e"-,l y 286 GeV

HE limac {main linac)
1025 m, 225 MW

« Maximum power consumption reduced to < 30 MW:
* new accelerating structures with higher shunt impedance;
* lower gradient (29.5 MV/m - 22.5/20.5 MV/m);
* |ower repetition rate (200/400 Hz - 100 Hz).

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

stack of 4 NI HTS coils
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Arc half-cell =
the most repeated
component of
mechanical
hardware in the
tunnel: =2 77 km
over 90 km are
arc cells

Booster dipole
low-field cycling magnet

Goal:—> arc half-cell mock-up to test aspects related to:

- Transport - Installation
- Integration - Alignment

- Assembly - Maintenance
- Stability inspection - Safety

- Fabrication, machining capabilities, etc.

Interaction Region mock-up
under construction in Frascati
Vibration studies with girder on PSI jacks central chambers, back
PS| from e-beam-welding in UK ;
will be used for paraffin test
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other FCC-ee science opportunities

large circumference, high energy, abundant positron production, low-emittance beams, high-
power beamstrahlung, injector complex

- FCC-ee offers unique opportunities for various other fields of physics and science

Examples: Other Science Opportunities at the FCC-ee
° prod uction Of true muonium L. Agapm".qE.E. Alp*, K. ,:*'mdre:':. S, .ﬂa_ntipm" AL .j‘kpyan*, G. Ar:juinij. L. Bandiera®, ]-I: Bartmann®,
H. Bartosik®, M. Benedikt®, S. Bettoni’, .M. Byrd®, M. Calviani*, A. Camper®, C. Carli®,
i H H S. Casalbuoni’, A. Chance'?, P. Craievich’, P. Crivelli'!, B. Dalena'’, M. Dickmann'Z, M. Doser’

) - B s B B s 3 B
Creatlo_n of a_ Bose-Einstein condensate I. Drebot'?, C. Duchemin®, K. Dupraz'#, S.J. Freeman™'3, A. Frasca™'®, F. Gunsing'"'7, J. Jickel'®,
of pOSItronlum B. King'?, M.W. Krasny®?, A. Lechner®, C.A. Lindstrém®, A. Mazzolari*®, C. Milardi®', E. Musa',

R. Negrello™®, F. Nguyen®?, K. Oide®, Y. Papaphilippou®, G. Paternd”®, V. Petrillo™, K. Piotrzkowski®®,

. hlgh(est) _energy photons’ Compton B. Rieniicker'®, G. Schnell®®?’, C. Schroer!, L. Schulthess!, L. Serafini'®, V. Shiltsev?®,

. ) M. Stampanoni’-!!, A. Variola®, T. Watson®, H.-U. Wienands®, M. Wing*", and F. Zimmermann*?
imaging, nuclear research etc.

'Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany

° spatial |y COhere nt photon beam S % Argonne National Laboratory, Lemont, Illinois, United States of America
. ’ 3Eumpcan Organization for Nuclear Research (CERN), Geneva, Switzerland
pOSS|ny down tO 0.1 A Wavelengths *A 1 Alikhanyan National Laboratory, Yerevan, Armenia
JINFN Ferrara, Ferrara, Italy
* higher average and peak brightness fg:lwiﬁ-lw of Ferrara, Fertara, aly
.- . "PSI, Villigen, Switzerlan - - - -
than any existing or planned light source SUniversity of Oslo, Oslo, Norway CERN-FCC-ACC-2025-0005,
. . . . ?European XFEL, Hamburg, Germany doi: 10.17181/CERN.BSP4.H8ED
 radioactive isotope production “CEA. Saclay, France
'WETH Ziirich, Ziirich, Switzerland
° neutron source IZUniversity of the Bundeswehr Munich, Neubiberg, Germany

I*INFN Milano, Milano, Italy
41JCLab, Orsay, France


http://dx.doi.org/10.17181/CERN.BSP4.H8ED
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FCC-ee booster as unigue ultimate photon source

= =
E-é | | T i mé | T 3
o= o~ ]
— 10000 3 BN SASE-U40 meas." E — ]
=] s - ] o 3 E

175 m N ]
% [ . - U28 5m ]
- - ©

E 1000 E SASE-U40175 m TE_g E - :
£ C+ SCU15A8 20mi ——— U28 5m ! 5

g 100 E 10 §

@ CPMU18 @ .
= 10 m = !

o 10 = - o E ]
o : U40 6.4 m ; Y - FCC-ee ]
- \ i - f booster bunch #is length charge 3

Q 1L bunch 4 enath ch APSU,EB 3\\§ () F 456 GeV Ugx94 3.7x10° 147ps 4nC ]

unc! ng charge O

= 1 c 001 5
5 FCCoo Upx 9  16x10° 32ps  36nC ] 5 ] 20 Gev Upx94 1.6x10° 32ps 3.6nC ]
E 01 L booster Uy x3  1.6x10° 133ps 3.6nC ] E : Upx3  1.6x10° 13.3ps 36nC ]

. "6 GeV 200 mA PETRAIV 2.1x10® 30ps 1nC ° :

2 16.5GeV EuXFEL 10*  0.03ps 025nC > ]

= 0,01 N - - s < e e

> 10 100 > 100 1000
< <

Energy (keV) Energy (keV)

S. Casalbuoni

case for 220 GeV storage-ring light source: PRAB 28, 024401 (2025); arXiv:2505.11022 (last month!)
“we argue that achieving further significant emittance reduction and increase in radiation |. Agapov
brightness is only possible by increasing the beam energy” S: Antipov
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producing true muonium Bose-Einstein condensate
— a world’s first 1?! of Ps — also world'’s first
A positronium density of 10°mm™3 is necessary for
assuming AE ~ 44 MeV, one can expect to produce forming a BEC. Current e+ sources cannot reach that !
around 1 TM atom per 4.4 x 1013 positrons. 1000

_______ .-PRL 104 (2010) 243401
100 ¢ ! 1

Tagged
e+, 43,7 GaV

_—

thin BERYLLIUM
WINDOW

VACUUM TUBE e+ e
™
........... e
I=ycr~10cm m
== 2XE=9.? mrad - —
MAGNET

I
RL 132 (2024) 083402
I

Critical temperature T (K)
- =

. ‘e : _ : ! e 3.31h° ]
Simplified layout of the experimental set-up ,E ,E T - s 23
> 10% 104 10%
Number Ps density (m'3}
with estimated rates the properties of the bound When a Ps-BEC annihilates, a coherent burst
state could be studied of gamma rays is emitted.

A proposed way to build a 511 keV gamma ray

P. Crivelli |aser|

B. Rienacker, M. Doser
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Stage 2: hadron collider FCC-hh

« Parameter optimization to lower electricity consumption (~max. consumption of FCC-ee)
« Magnetic field considered realistic with today’'s technologies (Nb;Sn, ~14T, 1.9 K)

Main parameters FSR 2025

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 cm2s-1] 30 30 5 (lev.)
events/bunch crossing 1000 1000 132
stored energy/beam [GJ] 6.5 8.3 0.7
integr. luminosity / IP [fb-'] | 20000 | 20000 3000

FCC-hh functional layout

transfer lines proposed |
to be installed inside |
FCC-hh ring tunnel

PL
{Technical site)

400 MHz RF

LL55=2032 m

Y
*,
N

Arc length 2\1-'!@6.536 m

,
s

Pl

(Secondary
Experiment
site)

4

LLSS=2032 m
PH
(Technical site)

Betatron
collimation

SLES=1400 m

/| PA "{Experi ment site)

SLES=1400 m

________ W o

™

Azimuth = -10.Z

e

Injection
. PB
(Technical site)
Momentum
collimation

LLS5=2032 m

PD
(Secondary
Experiment
site)

SLSS=1400 m

LLES=2032 m

PF
(Technical site)

Beam absorber

PG (Experiment site)



New FCC-hh baseline and power consumption

Technical system choices and areas for optimisation:
» Accelerator optics design to increase arc dipole filling factor and maximize beam energy

« Cold mass either at 1.9 K with superfluid He (studied in CDR, cf. LHC) or with 4.5 K with forced flow
« Temperature of beam vacuum system (beam screen)

» Cryogenics “eco mode” during shutdowns

FCC-hh 90.7km|  FCC-hh 90.7km
Nb,Sn 14T Nb,Sn 14T

Magnet temperature 19K 4.5 K
Yearly electricity consumption <2.5TWh <2.0 TWh

« Significant reduction of electrical power consumption (close to factor 2!)
compared to CDR version 2019.

« Potential for further reduction, to be addressed with design optimisation and R&D on
4.5 K operation in next phase.

 Long term R&D towards accelerator magnets based on high-temperature
superconductor materials, targeting higher fields and reduced electricity consumption
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FCC-hh High-Field Magnet Nb§Sn and HTS R&D ongoing

Nb,Sn:
e 12-and 14-T short demonstrators

« Different coil geometries
« tests sc_h_gaduled for 2026

Ciemal

Centro de Investigaciones
Energéticas, Medicambientales
y Tecnologicas

HTS R&D in various domains:
« REBCO and IBS Conductor R&D
« Racetrack coil developments

Karksrube Institute of Technology

I e "
| f‘__‘."_i-’.'e;. 3
==t
-1 &5

REBCO coated-conductor R&D line at Kﬁ Insulated tape-stack coils for assemblyin common-coil configat CERN.

CL winding CL winding + 100 tums
of Durnomag

Iron-based SC powder synthesis and Fabrication of racetrack from solder- CEA process development for
R&D tape fabrication at CNR SPIN impregnated tape-stack cable at PSI. metal-insulated racetrack coils.



Timeline till start of FCC construction

224 225 205 202 0 znz AN

Feasibility Study ‘* “Pre-TDR Phase” TDR Phase Construction >->->

FS Repor‘ ESPPU. pre TDR’ TDR .@

cost update 2025/26 cost update Project cost update
Decision

accelerator design, technical infrastructure design, R&D, towards TDR engineering design 2>

1
L Environmental Impact study & Authorization Process

|
IPhasg 1 Site Phase 2 Site Investigations F
nvestigations

L’ CE Concept Design update LLCE Tender Design L> Construction Design Start

construction

Detector EOI FC3 formation, Detector CDRs
submissions call for CDRs submitted to FC3
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Start accelerator beam commissioning

Start detector commissioning

End of HL-LHC
Start accelerator installation

Start detector installation

Industrialisation and component production -
Technical design & prototyping completed

Detector component production
Four detector TDRs completed

Start of ground-breaking and CE at IPs
Detector CDRs (>4) submitted to FC3

End of HL-LHC upgrade: more detector experts available
End of HL-LHC upgrade: more ATS personnel available
FCC Approval: Start of prototyping work

2027 -
2026 —

FC3 formation, call for CDRs, collaboration forming

European Strategy Update: FCC Recommendation

FCC Feasibility Study Report Detector Eol submission by the community

—_/

FCC-ee Accelerator FCC-ee Detectors

Key dates




Status of the FCC Global Collaboration

Increasing international collaboration is a prerequisite for success:
-> links with science, research & development and high-tech industry essential to further advance and prepare the FCC implementation

. “ ™ [
! 1')"1:.
(1 :. o ® L] 1' ll'-' ]

. ﬁ L

38 Participating Countries _ : : :
PR ot e s SRR in Asia: India (2), Iran (2), Japan (3), Pakistan (1),

Czech Republic — Denmark — Estonia — Finland — France — South Korea (11), Thailand (4), and Turkiye (18)

Georgia — Germany — Greece — Hungary — India — Iran — ®

Italy — Japan — Latvia — Malta — Mexico — Netherlands —

Norway — Pakistan — Poland — Portugal — Republic of Korea — « ” ! .
Romania — Serbia — Spain — Sweden — Switzerland — FCC “IFNC” also contains Taiwan
Thailand — Turkiye — Ukraine — United Kingdom — .

United States of America

L
FCC Feasibility Study: 38 FUTURE
Aim is to further increase the collaboration, 161 Countries _ _ CIRCULAR
on all aspects, in particular on Institutes + COLLIDER

Accelerator and Physics/Experiments/Detectors CERN




FUTURE
ssawee  FCC Wee

i = e e L - b -
a1\ eI UL T [ = & Pt W L
b_ ™y L ¥ H % \ '-. ——
¥ —_— o 3 __h_.- S e . ? - f ﬂll- B4 " | s
; T --"F'- . ' e AT & b T J 1
.J. ‘ﬂ' I i‘li-—. g . . I] i!j::vl. .--.I-.*-t:' tiii .- - l!

-

614 participants, 557 on site, 56 publi
several outreach events: Wheel of Science, the Higgs Boson and our Life, Pint of Science,
Code of the Universe, Industry & Technology Day
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| Save the date !
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Conclusions

* FCC Feasibility Study concluded; Feasibility Study Report submitted to the
ESPP, as requested by CERN Council.

* Coherent baseline design for FCC integrated programme, including well-
advanced territorial implementation scenario, in line with CE construction
start by 2032/33.

* FCC-ee design level enables moving towards technical design and prototyping
phase, alighed with overall schedule, and towards preparing input for potential
project decision by 2027/28.

* Solid long-term dual (Nb;Sn & HTS) R&D program established for high-field
magnets, as basis for FCC-hh.

 Many thanks to the entire FCC collaboration for making all this possible!!!



thank you for your attention

FIHIS AV RE

CEEHYNES SSNVFELL:
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