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What Is the future of CERN?

2021 2022 2023 2024 2025 2026 2027 2028 2029

FIMAM J|J|AIS|O|N|D{J|FIMAM[]|]|A/S|OND|J FMAM|] JAS‘ONDJ FIM[AM|J|J|AS|O|N|D{J| FIMAM[]| ] |A[S|ONDJ ] [F|M|AM| ]| J|A|S|O|N|D] J[FM|AM| ][] |A|S|O|N|D| J|FIMAIM| ]| J|A|S|O|N[D{ 1| FIM|AM| 1| J |A[S|ON|DY

Run 3 [LongShutdownS(LS3)J
T

2030 2031 2032 2033 2034 2035 2036 2037 2038

FIMAM) J|J|A/S|ON|D) )| FMAM[J | J|AISIOND|J FIMAM[J|J|AIS|OIN|D{J|FIMIAM| ]| J|A/SIO|NID{ ]| FIMIAM| J| J|A[S|OIN|DJ J | FIM[AM| J| J|A|S|IO|N|D} J| FIMIAM|J | J |AIS|O|N[Dy J |[FIMIAIM| J[J|A|S|O|NID{ J [FIMIAIM| ]| | A|S|O|NID)|

Run 4 LS4 Run 5

2039 2040 2041 https://lhc -commissioning.web.cern.ch/schedule/LHC-long-term.htm

Shutdown/Technical stop
Protons physics

EYETS ITons

Commissioning with beam
Hardware commissioning

Since the LHC turnon, CERN has been the host of
q6é1IJWs YI GT Kkt WE6RNEIWJIt aquidaU |
LHC accelerator and detector upgrades, an exciting
new phase begins in 2030. But all good things must
come to an end. What is the next step for CERN?

https://acceleratingnews.eu/news/issue -49/high-luminosity-Ihc-
hl-lhc/cerns-high-luminosity -Ihc-progress-challenges-and-what



Future of CERN

https://feuropeanstrategyupdate.web.cern.ch/

Timeline for the update of the
European Strategy for Particle Physics

Deadline for the a) Which is the preferred next major/flagship collider project for CERN?

Council appointment of the Deadline for the Open submission of final
members of the PPG and submission of main Symposium national input in advance Submission of the draft o
decision on the_venue for the input from the ymp of the ESG Strategy strategy document to 21 mMS mAMS mNMS
Open Symposium community Drafting Session the Council 20 : : :
End September 2024 31 March 2025 23-27 June 2025 14 November 2025 End January 2026
15

10

6

5
2 . 2 2
. . 0 0 0 ] . 0 -
support / in favour are opposed tobedecided in  support for any e+e-
November collider
Support for FCC MS: Belgium, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Israel,

oo 6

December 2024

Italy, Norway, Poland, Portugal, Romania, Serbia, Slovak Republic, Spain, Sweden, Switzerland, United
Kingdom

!

26 May 2025

Deadline for the

submission of additional
national input in

End September 2025 1-5 December 2025 March and June 2026 AMS: Brazil, Croatia, Lithuania, Pakistan, Slovenia, Ukraine

Council decision on the NMS: Canada, United States of America (The U.S. supports FCC-¢e as the next major flagship project at CERN)

venue for the ESG
Strategy Drafting

Submission of the
“Briefing Book” to
the ESG

ESG Strategy
Drafting

Discussion of the draft strategy
document by the Council and
updating of the Strategy

Opposed None

To be finalized in November | Netherlands

Session

In 2020, the European strategy for Partjclg I?hys[cs comrpissiorled
a 6 RButikre Circular Collider [ D¢t RHRGRq! WEqel !

advance of the Open
Symposium

Session

during an open symposium in Venice, as part of process that

could lead to its final selection, the successful completion of the

study and the excitement of the European community for this
project was evident.

Support for any e*e” collider

MS: Austria, Bulgaria; NMS: Australia, Japan

Volume 1

Physics, Experiments, Detectors

Future Circular Colider
Feasibility Study Report

Volume 2

Accelerators, Technical Infrastructure
and Safety

Future Ch
Feasibility Study Repor

Volume 3
Civil Engineering, Implementation
and Sustainability



https://agenda.infn.it/event/44943/overview

The Future Circular Collider
Program

Want to:

A maximize the physics output
A provide data to inform the most exciting physics questions of our field

A a cutting-edge program available immediately H{LHC

A alongterm future that can take advantage of the R&D goals from the accelerator community

These goals lead to the Future Circular Collider program:

A The largest possible circular collider

A Whose first stage, FCGee, is an electronpositron collider with 4 detectors, allowing the
collection of the entire LEP Z data sample every 3 minutes, and unprecedented precision
studies of all particles, especially the Higgs, with technology is closely related to that being
pioneered atsuperKEKD the light sources, and the linear collider program..

A And when higher field magnets are available, leading to a protemroton collider FCG-hh at
the highest possible energy to study further dHiggs couplings and probe the ~85 TeV energy
scale.



INn this session

In this session, we will hear more about the physics potential of this future collider

A FCC-ee BSM physics RhitajaSengupta
A The Physics Potential of FC@h T Gregorio Bernardi

f Ul 6 Rt Waecdt AWf Kk G0 WNR21IJIWcUWY21J1 2RIJs WY n L
and experimental challenges

Also see the talk by Christoph Paus on EWK measurements in the EWK Physics 3
session in parallel with this one and the talk on Higgs physics by Ang Li this
afternoon. | hope you caught the detector talks on Tuesday lhynnuo Zhang, Chris
Rasmussen,JessalyZhu and on Wednesday bWonyongChung.



It starts with a tunnel

A 90.7 km main tunnel with an internal diameter of 5.5 m.
A Depth varies between 50m and 560m.

A 12 shafts up to 400 m deep and 18 m in diameter.

A 2 larger experiment caverns (35m span).

A 2 smaller experiment caverns (span 25m).

A >70 small caverns.

A 5 km transfer tunnel from the surface.

A 3 km of klystron gallery tunnels. AN X
A Technical buildings on 8 surface sites YRR

A Injector FCGee: high-energy linac at CERNPrevessinsite : Sngg_ing
ending

— Quaternary

1800m FCC inclined at 0.5% Limestone unavoidable ~Lake

— Wildflysch

between GH Molasse subalpine

__Molasse
Limestone

—Shaft

- Alignment

gradient to minimise
depth of point F

1600m

1400m

1200m
E00om
-

ﬁ 800m
£

Lake Geneva
Arve Valley
Rhéne Valley

600m

A00m m——______¢* P TS, .

200m

Om

B0km T0km

40km S0km
Distance along ring clockwise from CERN (km) FCC above |imest0n

Okm 10km 20km

FCC passes below
Lake Geneva moraines



T I I u
Injection
into booster B o~
PA (Experiment site) ______—— Azimuth =-10.2
G ———

————————

(SSS = 1400 m Injection into collider

Transfer lines Technical site N Beam dump
= _ Technical site
- PL LSS = 2160 m Cypp
— Booster RF S

e s
"

Electron linac, 215 m, S-band Electron transfer line 2=

19.5 MV/m, 15 RF unit modug—/ s r b <
. Arc length = 9616.586'm boost
Toower B-000y 0000--S000+—a-NN0 " 5 RORUR NI .
9 Positron positron linac, 304 m, 2 GHz  Energy " PJ+ Ssezuon -— - - -———— + L
SOurce 133 MV/m, 21 RF unit module ™" (Optional Sss=1400m 1 (gptional
w\ o
] ‘ |
iH, ) §000$000000000000000000 0000 2000 000 M0 U[OU[H’;a— 1]
High- Linac, 1080 m, S-band,
coixnperfsior 214 MV/m, 72 RF unit module co:i‘;;:sor Tochideid o8 "
Collider RF $88= 1400
PG (Experiment site)
A : ! 4 ; A Fig. 4.1: Layout of the booster and collider. The booster shares the tunnel with the collider. The RF
v v cavities of the booster are located in point L.

Fig. 7.1: Baseline layout of the pre-injector complex, including the high-energy (HE) linac.

f Ol WWBHY Y qJl W RUNK

Beams of 2.86 GeV are created in the injector Tb0] € @ BLWRUT UHqR YU L Y Wa ¢
the collider. Beam is transferred periodically

complex, are transferred to the damping ring _ _ ! !
for emittance reduction, and then to the to the collider, which has eight arc sections,
high-energy linac for acceleration to 20 GeV cUl WIRNO qlmd YUNDLUE gl ¢R

¢ UT WRUt W qRYUWRUqY Waé WWBAY Y qdl mlil R U tdivided into four /b0 Mdod@llit ql ¢ RDG ¢
F WAqRY UL AWnYeal WI+GUI R

straight sections




The FCGee

https://cds.cern.ch/record/2713605

6

10— 7 — T T T A SiperKEKB [ [\ 13
5 [ ® hadron FCC-CCHA ) ]
. . ~ 107k HL-LHC ° -
double ring collider o 10F Lo tepon KEK-B o &  SPRCT T
A e CerC  rec
. . : : o - —eet ]
A many bunches, high current, like LHC and B factories, different from LEP g 10* 3 PEP-II 4  LHC ]
top-up injection 3 3L Dafnie BEPC-II ]
. o 2 10 E A GT E
A standard at modern light sources, like SLS s ; CESRA. evatron ;
A used at recentete- colliders, PERII (USA), KEKB (Japan), BEPCII (China) %‘ 10° F .[S§CES§I§\A/ELPE§.-‘RII_]IJEIEA 1
crab-waist collision scheme 2 oh o PER P%"% s VEPP-2000 :
A successfully demonstrated at DAFNE (ltaly) anSuperKEKRJapan) £ E A0SR graia L
_ _ 2 10°L Adoned o
superconducting radiofrequency system 2 10 g
A Nb/Cu 400 MHz SC cavities pioneered at former CERN LEP & 10"k a*° ;
A bulk Nb 800 MHz SC cavities similar to ESS (SwedeB)XFEL(Germany) L, CBx E
. . o 20
10 " 1 L 1 L 1 " 1 " 1 L 1 " 1 1 1 1
A revolutlonal"y highly efficient R.F power Sourc.es . . 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
A new operation scheme for flexible energy switching & reduced complexity
Year
parameter Z ww H (ZH) tt
Collision energy Vs [GeV] 88,91,94 | 157,163 240 340-350 365
synchrotron radiation/beam [MW] 50 50 50 50 50
beam current [mA] 1294 135 26.8 6.0 5.1
number bunches / beam 11200 1852 300 70 64
total RF voltage 400 / 800 MHz [GV] 0.08/0 1.0/0 211/0 21174 2119.2
luminosity / IP [1034 cm2s] 144 20 7.5 1.8 14
luminosity / year [ab™] 68 9.6 3.6 0.83 0.67
run time (including lumi ramp-up) [years] 4 2 3 1 4
total integrated luminosity [ab™] 205 19.2 10.8 04 2.7
2.4 108 WW _
X 2.210°ZH 210%tt + 370k ZH
12
total number of events 6107 Z | (incl. WW at 65k WW — H + 92k WW — H

higher V's)




Some R&D is still needed

e.g. for the RF power source

A For Z, W, ZH operation: 100 MW RF required via 264 klystron-eeft cavity units, 400 MHz CW.

A New 380 kW Klystron prototype built with industry (HILHC), LI LLUFsMdsignimulation.

A Two-stage klystron design made for LI LIndil& @ DLIC drivebeam and ILC klystrons.

A Concept for multi-beam tristron developed, LW LUb®weDuEdEr range of powers. prototype in 2027.
A Assumption for present FCGee power consumptionis LWI WY ME O

HL-LHC

. # (relevant prototype) Two-stage klystron

(design)




Booster 28 Wi ]

Accelerator versus time

commissioning

W H tt,

DD, »
1 T 1

Collider 66 Hi==t= i

800MHz, 2D0kW Tristrons

264 IR AT +408

+84 = 112 v

28 B Rl  BO0MH:, Z00KW Tristrons
+448 EIIEIED)

1 1 1 1
0 1 2 3 4 S 6 7 8 9 10 N 12 13 14 15

time (operation years)

Superconducting elliptical cavit
400 MHz, 2-cell, copper Nb coated 400 MHz Cryomodule

1.5 m. long

800 MHz Collider + Booster
X (102 + 112 booster) s __

X (408 + 448 booster)

Superconducting elliptical cavity
= 800 MHz, 6-cell, bulk Nb

Nb;Sn if R&D is successful

800 MHz Cryomodule

400 MHz RF layout and beam switching

RF geometry schematics

500

200 | - —3 -—

-100 }
—-—
-400 - .
20l Z, WWoperation
3t ; : ; . .
-500 0 500 1000 1500 2000 2500
500 T T T T T
I P e—
B ] | Ex
-100
-——
-400 |
20l ZHoperation
aaaaa
1000 . ; ; ; ;
-500 0 500 1000 1500 2000 2500

2-cell 400 MHz SRF system designed for Z, W
and ZH, with entire system installed at

operation start
A Allows flexibility for switching between Z,

WW, ZH operation
A reverse phase operation at Z allows

constant cavity coupling

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

— Quasi-total order flexibility —
- T T T i T i I I V I
‘o 200 i _]
W 1
—_— | : —
2 '
w — 1 —
e ]
e L : ]
£ i
3 - : .
1
9D 00— : |
= 1
@ | ' _
o i
Q - i 4
c :
—_ | 1 |
1
i
- H —
1
0 | | | i ; | | |
0 1 2 3 4 10 11 12 13 14 15
Years
FCC-ee Physics Runs Qrdered by Energy
—CDR baseline runs (4IPs)
— Additional opportunities
ry Total
z ww ZH t integrated
o(1) 4 125 40 30 19.2 5 10.8 0.4 27 luminosity
| — | | | 1 | )
I_Ill_l — T T l_lll_‘ T T V_I_T_I_| T Energy
40 .- 60 88 91.2 94 125 157.5 - 1625 217 240 340 ... 350 363 (Ge\f}
- Z Inssl"npe W mass and width
p —--5. f:‘cf:al:l.)\r electro = Higgs mass Higge ':?Upl ngs Mhap Physics
studies rare decays rsaw = highlights
dark sector flavour (e.g. Ver)
0(10) 0(109) O(2x10%) 0(2x109) #[:‘;;'35
=
% 5% _EE T T I T EW sector
3233
I % &E T I I T Higgs sector
§273

sensitivity to Higgs self-coupling via quantum effects

For 4 detectors

Working point Z pole WW thresh. ZH tt

V5 (GeV) 88,91,94 157, 163 240 340-350 365
Lumi/IP (10* cm—25—1) 140 20 7.5 1.8 1.4
Lumi/year (ab—1) 08 9.6 3.6 0.83 0.67
Run time (year) 4 2 3 1 4
Integrated lumi. (ab—1) 205 19.2 10.8 0.42 270

2.2 x 10° ZH 2 x 10" tt

Number of events 6x102Z 24x10°WW + 4370k ZH

65k WW —-H +92kWW -+ H

— 10?
c
=
~
T 10%4
Qo
s
s
= 0
2 107
g /“ \‘ T
wn
c
S 10714
2 —— FCC-ee (4 IPs)
e CEPC - baseline (2 IPs)
2 102 —— CEPC - 50 MW (2 IPs)
[=]
> —— CLIC (2 IPs at 380 GeV, 1 IP at 1.5 TeV)
7 * LCF Low-Power (2 IPs)
; 1073 .—”””’/‘ —e— LCF Full-Power (2 IPs)
3 ILC Japan (1 IP)
I —— LEP/LEP2 (4 IPs)
= 10
50 100 200 500 1000 2000

c.o.m. energy [GeV]

TeraZ run will nail down most SM parameters

WW nails the W mass

Top nails the top mass

ZH run probes the Higgs at an unprecedented level

All energies allow a diverse program of intensity frontier physics
All energies allow a diverse set of searches for new patrticles
Beyond the standard run plan, possibility of directly measuring the
Higgs Yukawa to electrons
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monochromatization

\ // 8
7
— w/o
a B .
V\ T monochroma-
\ NE > ” monochromatization tization
u_‘:‘ 4 ® with or w/o crab crossing
S 3 e '
i
=, ¥
~ 3
- 1 '
2E : i IDD 20 A0 &0 a0 100 120 140
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BN apaue c.m. energy spread [MeV]

https://link.springer.com/article/10.1140/epjp/s13360 -021-02204-2
https://accelconfweb.cern.ch/ipac2017/papers/wepik015.pdf
https://arxiv.org/abs/2107.02686
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https://accelconf.web.cern.ch/ipac2017/papers/wepik015.pdf

FCGee: the Higgs and so much more

+

e ¥ | e ——
z

..:—D—Hn

. o | I

10°
10’
10°
10°
10*
10°
102
10
1
107"

G (fb)

The Higgs is at the center of all we hate about the standard model. Because of its unique properties, we can hope
it holds the keys to many of its mysteries.

\

|\I\\\III‘I\\I
ZH

—ZZ

—WW

Z Fusion
Single Z
—— Single W
—qq
— {1 I

t

50 100 150 200 250 300 350 400
/s (GeV)

Beautiful theory based on elegant symmetries messy set of parameters for the Higgs to interact

with fermions:

~ g ~ 5 .
—eY Qi vi Ay — S v (9y — g4 ¥i 2 -

2cos Oy

3 parameters 3 neutrino masses, 3 neutrino mixing angles and 1
.2 phase
g, , sin“ Oy
b
L <
\ E
Add just scalar field
As , P
Ao g A — Lo=peros (@ H 20|12
L= *—|H|HO Low Q?integration \ T
2 contains — L= m (Db + v + o)

(]

This contains a modification to the 4-Higgs coupling. This new quartic interaction will interact with the
Higgs condensate v so now have

b v. ," b
L -~ D o _\\L___<7

b b

Can think of as similar to the change in the apparent electric charge of an electron due to
screening

McCullough Annu. Rev. Nucl. Part. Sci. 2021 71 528-551

And maybe related to the Higgs:

L =Y, (r’s’/’ e — m:.U) o — )% S Wit (1 - PNTEWE+T W)W, Higgs mass, 6 quark masses, 3 charged lepton masses,
i Ve 3 quark mixing angles and 1 phase

13



A program that keeps giving
FCC-ee Physics Programme.

'mz, Iz, N, * ot 5(mz) with per-mil accuracy -
*Ri. Ars *Quark and gluon fragmentation nggS
‘Mw, MNw *Clean non-perturbative QCD studies
m-hggs, r-hggs
EW & QCD Higgs couplings
self-coupling
detector hermeticity particle flow 'C_i
tracking, calorimetry energy resol. ¥
particle ID S
s n: :
direct searches intensity *____ %
of light new physics frontier” i
*Axion-like particles, dark photons, ®
Heavy Neutral Leptons @
* |long lifetimes - LLPs §
Q)
flavour factory 0
(102bb/cc; 1.7x10" 77) T =
op
7 physics B physics
n“wp, r'.op
*Flavour EWPOSs (Rp, AFg?€) EW top couplings
er-based EWPOs *«CKM matrix,
elept. univ. violation tests +CP violation in neutral B mesons ) :
momentum resol. . s vertexing, tagging
ke Flavour anomalies in, €g., b = srr energy resolution detector req

hadron identification

mention a few of the many additional features.

rr

i kGO WsE el WayYl JWeHYe qWagsé Wt el #6WGYqlJUqR¢e aWwe Ul Waé |

14



Improvement in SM parameters

TO See the neW Observable present FCC-¢e FCC-ee Comment and LT 7 . 3 n — -
value £  uncertainty  Stat. Syst. leading uncertainty Apg' (x10%) 1498 £+ 49 0.07 0.2 7 polarisation asymmelry 230

— 7 decay physics

5 mz (keV) 91187600 £ 2000 4 100 From Z line shape scan 20 - - = 100
phySICS effeCtS Of Beam energy calibration T lifetime (fs) 2903 £ 05 0.001 0.005 ISR. 7 mass
. . I'z (keV) 2495500 = 2300 4 12 From Z line shape scan 180 T mass (MeV) 177693 £ 0.09 0.002 0.02 estimator bias, ISR, FSR 4 4
th H t Beam energy calibration z S ) :
e Iggs proper Ies, - — T leptonic (v, v,) BR (%) 17.38 +  0.04 0.00007  0.003 PID, 7" efficiency 13
sin” 65§ (x10°) 231480 = 160 1.2 1.2 From Apy at Z peak - —
Baan enersy: calibrtion 94 mw (MeV) 803602 + 99 0.18 0.16 From WW lI1('¢\I1(}I(I scan 41
We nee e z : — Beam energy calibration
favopn(m2) (x 10 28952 <+ 39 b “rom Aph ¢ ' = — e - -
t I : nemlralixi) 2R . e g Sl a7 Fw (MeV) 2085 = 42 027 02 From WW threshold scan 125
eX rel I Ie y preCISe ’ > ) W e B LS : Beam energy calibration
QED&EW uncert. dominate &9 ¥
d 2 t d R” (x10%) 20767 + 25 0.05  0.05  Ratio of hadrons o leptons 350 as(miy) (x10%) oo £ 270 2 2 Combined )", Iy fit 95
p re IC IO nS 1 an Acceptance for leptons N, (x10%) 2920 %= 50 0.5 small Ratio of invis. to leptonic 1 OO
th t I as(m3) (x10%) 1196 + 30 0.1 I Combined RZ, TZ,, o0, fit 30 ] in radiative 7 returns
US eX re e y T (x10%) (nb) 414802 £ 325 0.03 0.8 Peak hadronic cross section Myop (MeV) 172570 = 290 4.2 49 F]"T!” tt threshold scan 45
. Luminosity measurement 40 QCD uncert. dominate
preCISe Ny(x10%) 29963 + 74 0.09 0.12 7 peak cross sections I]..,. (MeV) 1420 =+ 190 10 6 l'mfn tt threshold scan 16
Luminosity measurement 50 QCD uncert. dominate

measurements Of Ry, (x10%) 216290 + 660 0.25 0.3 Ratio of bb to hadrons 1700 ,\,,‘Pg,\m,‘ 1.2 £ 03 0.015 0.015 };‘1)1(331[1) llﬁll'h'l;:\hln\ll‘lln\ll\‘.‘lllf 14
the SM inpUtS tO the ‘”; ) v e (KO Brackaty ml”ll(\‘::l\k‘ll \/hl::ilt 280 tt7Z couplings - 30% 0.5-1.5 % small From /s = 365 GeV run
calculations, as well

as new higher order

calculations.

10 Ratios real EW!;;erfect EW T wio FCC-ee Z-pole HEPIT

y v B Y10 L6X ic ec.a_y)lll

ShiwAYeal t JAWagoRA LLI{'anY?EL}JqK ay t
2

HIJWIJEt ! B

1.5+ —

6977 6giw oaly 592 5959 695y ogpp (o ol 091 z OKy



This program requires fascinating, Average beam energy might be known to

Cal | b ratl O n extremely precise calibration (and less than 100 keV at/i 100 GeV!

luminosity measurement)

A cool thing is that, because the beams tend to be | k : | mi .r.r' s ”J'\
transversely polarized due to the SokoloMernov | - . AL 9; ¥ I W
effect, the beam energy can be calibrated e | op) # Y
U#aql DGNG! WGI VAR VG! W2Re Wl | 8 N7 N {ecqRY Ums Luwﬂk " F— N\
used to measure the spin precession frequency, E3 L ““f:ti, B TR
which is related to the beam energy via L ‘ j,ﬁﬁ;ﬁjﬂ”_‘ii
: . . 100 | T
For an accelerator particle in a vertical field B, from the If the b?am_ IS e_XC|ted by a m_agnet|c field along ' ]
dipole bending magnets, the cyclotron frequency is the radial direction, the polarization rotates AEE -, L—- |
e along the radiation direction. If the excitation is (ppm)
Qo =——"B, in phase so these add coherently, the spin can I ]
vy~ - P Y, Y £ 29 August 1993 ]

flip. The dotted lines below indicate times

__ ‘ when the frequency was scanned, to
ge—2 L ge — 2 - :

Q= Q¢ (1 + == ) = Q¢ (1 + 5 ’}/) determine the flip frequency oo

The spin procession frequency is 10:00 14:00 1800 2200 2:00 600 10:00 14:00

2 m,
Comparing 2 and ¢, spin processes by Vscan = TSRS P S Q AEE [_ / .__\.W.f\

Ge — 2/\_ - EI\I(‘V] {ppm)

vV = Y = = -1
2 440.6486 S | 1 e 199
. 40 - -
for each turn. I 500 1200 1600 2000 2400 400 80 1200
20 |- Daytime

: Fig. 3. The evolution of the relative beam energy variation due to
= o 2 0 tides is shown as a function of time for three periods with stable
MeaSU”ng the Spln tune:l: glveS the [ heam conditions. The solid line is calculated using the CTE ride
r model with the average coefficient from Eg. (4). The top picture
beam energy 20 corresponds to full-moon, the bottom picture to a time close to

o P U S R U R S
22:25 22 30 22.35 2240 22:45 half-moon. Relative beam energy variations of up to 220 ppm are

Daytime observed on November 11th 1992,
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B physics

: : 0 + 0 + =
Particle species B B B, A, B «cc

ttt

Yield (x10%) 370 370 90 80 2 720

200

Attribute T(4S)

All hadron species

High boost

Enormous production cross-section
Negligible trigger losses

High geometrical acceptance

Low backgrounds

Flavour-tagging power
Initial-energy constraint
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=
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FCCee detectors

CLD *  Well established design IDEA ) -
- ILC — CLIC detector — CLD . * Design developed specifically
o Full Si VXD + tracker 2 for FCC-ee and CEPC
i i i h ¢ Si VXD; ultra-light drift
azal Cort Start detector commissioning - ¢ CALICE-like calorimetry — very high Si ,
Start erator fasloning = granularity N chamber with powerful PID
+  Coil outside calorimetry, muon system """~ * Crystal ECA.'- w. d‘_’a| readout
End of HL-LHC Start detector installation +  Possible detector optimizations wl * Compact, |'ght.C°l|; .
Start accelerator installation - Improved o,/p, 0¢/E Sasrmcee I * Dualreadout fibre calorimeter
- PID: precise timing and RICH i * Muon system
Industrialisation and component production D p production wiskasint L LY = | https://doi.org/10.48550/arXiv.2502.21223
Technical design & prototyping completed Four detector TDRs completed A arXiv:1911.12230 T e
Start of ground-breaking and CE at IPs ILD

* Designed originally for
operation at the ILC

* Together with SiD, ancestor
of CLD.

* Main difference and
signature element:
- Large-volume time

projection chamber (TPC)

* Stillin early design phase
Design centred around High
granularity Noble Liquid ECAL

*  Pb+LAr (or denser W+LKr)
Si VXD
Tracker: Drift chamber, straws, or Si
Steel-scintillator HCAL
Coil outside ECAL in same cryostat
Muon system

Detector CDRs (>4) submitted to FC?

End of HL-LHC upgrade: more detector experts available

FC? formation, call for CDRs, collaboration forming
European Strategy Update: FCC Recommendation

Detector Eol submission by the community

End of HL-LHC de: more ATS |
FCC Approval: Start of prototyping work

The International Linear Collider Technical
Design Report - Volume 4: Detectors
arXiv:1306.6329

Eur.Phys.J.Plus 136 (2021) 10, 1066, arXiv:2109.00391

_, 2FCC-ee smuiston _(5=240GeV, 108 ab!
> [ LWL ! I
ﬁ 18 :____ Muon final state Z{u'u-JH (stat. + syst.) L.
' [ | e—DEA =474 MeV
Silicon Genesis: 20 micron thick wafer S i":;;’cl oon s =65 wey o
14 = IDEA 3T &(m) = 4.14 MeV/
. e |DEA CLD silicon tracker Stm"} =573 MeV

L\ Il
S\ W/
N\ W
A\ N/
N\

involved Is
now!

1 1 1 1 1 1 1 1 1 1 1
124 995 125 125.005 125.01
m,, (GeV)

145

Dual-Readout Segmented Crystal ECAL 18



The FCEhh

transfer lines proposed | |

to be installed inside / \ - . .
FCC-hh ring tunnel PA (Fxpe"ment site) Azimuth = -10.2
fffff >
Injection Injection
“u

PL PB

(Techical site) (Technical site)
400 MHz RF Momentum

collimation

Pe - e PD
(Secondary

S

(Secondary Experiment

Experiment

site) site)

PF
(Technical site)

PH
(Technical site)

Betatron
collimation

Beam absorber

PG (Experiment site)

FCC-hh HL-LHC

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

®
5500 ) HL-LHC _
Feasibility Study Project approval by " Operation of FCC-ee Operation of FCC-hh
Construction starts ends .
or, CERN Council (15 years physics exploitation) ~ (~ 20 years of physics exploitation)

3780

(or alternative project selected)

feasibilty, etc.)

4000 ——— JASTEC 0.7 mm
A 3500 = T-HLAHCO8S mm pIT
o __ 3000 : EZ‘I@L}?&L 1.0 mm
Eoaso e e 2 Rl ecos mm
< 2000 el
=" 1500
1000
500
11 12 13 14 15 16

Field (T)

Component Main parameter to Improvement R&D effort (CERN contributions)

[Subsystem be improved factor Personnel Material Timescale
[ETEy] [MCHF] [years]
30 7

Nb;Sn conductor2 Cost & & 10

industrialisation

(more manufacturers)

Nb;Sn magnet 6 max. field® 20% 100 20 5
short model
NbsSn scalingto 5 length 3 100 40 10
5m
Nb,;Sn scalingto 4 length 3 100 100 15
15m
HTS magnet field & all accelerator 5-10 100 50 10
short model 20 T magnet features
HTS long magnet - length 15 100 150 25
20T
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Possible magnet timescale

Select the design by 2028/29 (first indications from HFM tests in 2028027)

Short model program to verify reproducibility and optimize manufacturing processes: in 2022031
Scaling in length in two steps: TRL 7 achieved between 2032 and 2040

Industrialization for final magnets, with preseries

9 years of production, installation and commissioning in parallel

First selection —
of design 5-m-long Industrializati
prototypes (pre-series
Short Mool (>5 each typ magnets)
program on
two selecte
designs 15 m long ]
(>5 each typ prototypes (> Production and te
4
Ongoin ] ] ] A
> 12T gnd 34 Selection of final design Tord
ender ! .
short model to start long magnets for the seried Installation and comml-
25| 26| 27| 28] 29] 30| 31| 32| 33 [ 34| 35| 36| 37| 38| 39| 40| 41| 42| 43| 44| 45| 46| 47| 48| 49| 50| 51| 52| 53] 54|
Runlll HL-LHC RunlV HL-LHC RunV

E. Todesco, B. Auchmann N



HTS

Some international work on potential high temperature superconductor. FNAL is also working on this.

1.E+08
59
%
1.E+07 XL%WXXxx!}EiCO’ =
X%(Q?( X % X X %% X 4.2 K
X XX x X X X X - S
& el 5 TOTPRI LN S 10 K
£ XX X7X20K
~ 1.E+06 - X X
< NB-TILHC  Nb,Sn HL-LHC™
o 4.2K 4.2K x
. T—— "“0‘. e X 30K
1.E+05 A 9-0see
-doped Ba-122 tape, 4.2
l(an AS, unpuzbﬁls%%d 2024
1.E4+04
i F ¢ "IN =y =] y l 0 5 10 15 20 25 30
E’k ; ' \ o : L ) - L windng CL winding + 100 tums CL winding + B (T)
L 2 s of Durnomag 120 turrs MU
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.

In Shanghai, can currently produce 200 km/yr. Faraday Factor in Japan makes 2000 km/yr.
FCC-hh needs one million km (500 years).
Industrialization drive primarily by Fusion start ups.



Detectors

Fig. 7.1. The FCC-hh reference detector with an overall length of 50 m and a diameter
of 20m. A central solenoid with 10 m diameter bore and two forward solenoids with 5m
diameter bores provide a 4 T field for momentum spectroscopy in the entire tracking volume.
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705 110
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8 Ba7{Muon System

7

6
Main Solenoid |

5

EMCAL Barrel (EMB) I

Central Tracker

EMCAL Forward (EMF)
HCAL Forward (HF)

Fig. 7.2. Longitudinal cross-section of the FCC-hh reference detector. The installation and
opening scenario for the detector requires a cavern length of 66 m, which is compatible with
the baseline assumption of L* = 40m for the FCC-hh machine.
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Funding: FC&e

Cost [MCHE

Civil engineering 6,160
Technical infrastructures 2,840
Injectors and transfer lines 590
Booster and collider 4,140
CERN contribution to four experiments 290
FCC-ee total 14,020
+ four experiments (noRCERN part) 1,300
FCC-ee total incl. four experiments 15,320

For ttbar need additional 1.26 MCHF

About half expected to come from the current CERN budget



Update on FCC funding

The European commission appears to be
working to line up additional financial support:
https://commission.europa.eu/document/dow
nload/aOecf3f6-a964-4e00-9ch3-
4be28833b386_en?filename=MFF_HORIZON%
20EUROPE_V9.pdf

On 16 July 2025, Commission President Ursula

2YU0UW 3 wx 3! 3owa!t 3+ 3Uql Waé 1J LW

proposal for the next Multiannual Financial
Framework (MFF) 202834 and the European
Competitiveness Fund (ECF), which would
represent with 410 billion EUR (in American
billions, Milliarden in German) 23 % of the total
budget of the Union for the next funding period.
These proposals still need to be negotiated
with the European Parliament and, most
importantly, with the Member States who

HYUq!| RHea qUlWqY Waq6 JWOURY Uk

t WHe2 .

Role of the European Commission

The Commission helps to shape the EU's overall strategy, proposes new EU laws and policies, monitors
their implementation and manages the EU budget. It also plays a significant role in supporting international
development and delivering aid.

The European Commission is the executive branch of the European Union. Its main roles include

» proposing legislation

» implementing decisions

» upholding the EU treaties

» managing the day-to-day business of the EU.
The Commission is responsible for ensuring that EU policies and laws are correctly applied across EU
countries, negotiating international agreements on behalf of the EU, and managing the EU's budget.

Additionally, it represents the interests of the EU on the global stage, ensuring a coordinated approach
among EU countries.
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Moonshots -

Future Circular Collider Clean Aviation Quantum Computing

HHH\\‘M

Data Sovereignty

Automated Transport Regenerative Fusion Space Zero Water Ocean
and Mobility Therapies Energy Economy Pollution Observation
What: A L

1J 1V UI 1\
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Purple line
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The additional funding being sought pushes the cost of the project to about $4 billion

. Including
financing over the 36-year life of the project, the cost is $10 billion.
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Final note

The US has strong involvement in FCC.
For information on how to get involved, pleas
visit https://higgsfactory.slac.stanford.edu/
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