


FCC-ee physics runs

——CDR baseline runs (4IPs)
— Additional opportuniti
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https://cds.cern.ch/record/2928193

FCC-ee as flavor factory (> EPFL

|Best option for next-generation flavor machine]

Advantage over Belle Il

. About 14x more B’/B™ than Belle Il (50 ab™!)

* All species of b-hadrons are produced

Advantage over LHCDb

* Clean collision environment, much better photon, electron reconstruction

* Precisely known initial energy —> missing energy information

particle count (x10°) | B° (BY) B* B, (B, B* A, (A) ¢ (C) TF

Belle |l 55 55 0.6 N.A. N.A. 130 90

FCC-ee 770 770 170 7 150 1400 400

xunwu.zuo@cern.ch



Outline (> EPFL

Selected flavor studies

* Unique probes for rare decays

e Novel CKM measurements

* QOpportunities tau, charm, and more

Complete coverage of a vast flavor landscape. See more by Lorenzo Calibbi

xunwu.zuo@cern.ch



https://indico.ihep.ac.cn/event/25300/contributions/201971/

Probes for rare decays




t,c,u t,c,u
b > > > S b > > >
W=s g, W+ W

Case study - B’ - K VrF7~

« Expected BRy\((B — Kr71) ~ O(107)

. Belle 11 (365 fb~1):<1.8 x 1073
 Bellell (50 ab™!):<5.3x 10~

* PID efficiency .

e Vertex resolution 0

xunwu.zuo@cern.ch

2504.10042

2207.06307

requires an excellent detector |

Energy resolution

Missing energy info

HFLAV
2021 |

(> EPFL
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https://arxiv.org/abs/2206.07501
https://arxiv.org/abs/2504.10042
https://arxiv.org/abs/2207.06307

Case study - B, — 717~ @ =150

. Theory motivation: O(10*) enhancement allowed for B, — 77"
. Challenge at Belle II: limited amount of B,

« Challenge at LHCb: difficult to reduce backgrounds S~5%107% ~10X SM

* EXxpect strong constraint at Tera-Z
10T

. B(B_>K*T+T_) | 0010? B R R R R R RS R R R NI SNSRI
91|= B(B—Kr'17) | M Belle I B H IS HHRH Y
B(Bs = ¢7777) B LHCD PR
31| Béfs_’S;T_) 0.001: g e e A BE T T HHH T T v ATHHHE T
— Ry"/RY" (1, 2, 30) : SRS -
7 A o | M Tera-Z S |
6 UCJ 10_4;3 B0 10xTera=Z | g
Q O g g
o S -EEEEE ittt
S > SEITEEEEEEREEEEEE
— 4 = S i
T m ................
& VAR
) -
3 N S Y
5 | R
) / B
o 11 12 13 14 B >K Tt Byttt B'oK'T'r

SM
Rx/RX"  pos FPCP2023 010 2012.00665
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https://www.arxiv.org/abs/2012.00665
https://doi.org/10.22323/1.445.0010

Case study - BY — Kzt~ (> EPFL

Tristan Miralles et al.

Ipvariant B0 mass with sel solutions and natural number of event

120 1 PV (3.0pm. 0.0238um, 3.0pum) & SV & TV (20.0pm, 5.0pm)
| Probability to identify a 7° = 0.80

B, — K*ODSDS(DS — TV)

B, — K*OD,‘;D,g(D,g — 7r7r7r7r0)

B, — K*ODSTV(DS — TV)

By — K*D.Dy(D; — mrrr'zn")

By — K*D!D,(D: — Dsy, Dy — Tv)
Bs — K*'D,D(Ds; — tv, D, — mrnn’)

By — K*D:tv(D! — Dyy, Dy — mrnm’n)
B, — K*ODSDS(DS — Tv. Dy — 7r7r7r7r07r0)

By — K*'D:D,(D: — Dy, Dy — nrnn’n?)

)

p—

-

-
1

0
-
1

* Event kinematics fully reconstructable (with
4-fold ambiguity)

@)
-
1

W
-]
1 1 1

» Expect 30 significance with nominal IDEA

Candidates / (0.030 GeV/c?
a IRRRRNNRD

deteCtOr zi + bkg’s
20)
* Extensive detector study: strong
dependence on vertex resolution and MY Y M R Y Y T
material budget m(K*[3n],[37];) [GeV/c’]
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https://doi.org/10.17181/9t6w9-mmd12

b — svv transition (> EPFL

* Tera-Z: high precision expected

. Unique probes of B, = ¢vv, A, = Avv

Modes B v (x107°% | Signature

}L,C,‘t M, et BO N K*OI/D 7.9 K*O —> Kiﬂ'$
Decay mode | SM prediction | Experimental Source BY ¢I/17 Q7 ¢ — KK~
x10° value x10° °
BY > K*vi | 522+0.32 13+ 4 arXiv:2311.14647 | | B0 — ngj 20 KQ — 1t
B® — KJvi 212+0.15 | <13(90% C.L.) | arXiv:1702.03224 '
B* > K*vv | 1127151 | <40(90%C.L) | arXiv:1303.3719 AY = Avp 8.6| A = pr~
B > K%% | 9.47+0.32 | <18(90% C.L.) | arXiv:1702.03224 b '
talk by C. Santos 1
. Belle Il: B¥ — K*vv established | Prompt decays | {Long-lived |

1« Requirements on

. i |* Requirements on
|  Kaon/pion ID P

displaced vertexing
and proton ID

o EXxpect 10% precision with 50 ab~!

« LHCb: measurement not possible
arxiv:2309.11353

xunwu.zuo@cern.ch


https://arxiv.org/abs/2309.11353
https://indico.global/event/11057/contributions/131840/

Case study - b — svv

100 -+
Precision most dependent on PID, vertexing, and total stats el
. With perfect PID, O(1%) precision for B — K vi and Bf — puD E od i
T 851
. With 80% K¢, A reco eff, expect better than 10% precision for g
BY - KJvp, A) — Auvw g
75
. 12 ;“Sensilivi. (FCCee) 70 -
3.5 Nz=6x10%1 .. Curretnt tlj,imit -
f ‘ W SM Prediction
3.0 1
: 100
2 25 _ |
§2.0-f B’ - Kup =90
;g 1.5 @).53% precision for SM signal} é 80-
_ 5 | .
1.0- . SR
' E > 70'-
0.5 - \_ §
OO: \ § 60-: |
106 10 10 103 102 -

BF(B = K™vp) £309.11353

Vertex resolution [mm]
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https://arxiv.org/abs/2309.11353

Case study - By = vv @ =PrL

 Heavily suppressed in SM, null test
. BB, — w) ~ 1072, B(B,, — 4v) ~ 107", can be enhanced by %(B,, — ywv)

* No visible decay product, rely on missing energy and absence of objects

....................................... 8

% 0 _ [ | — Counting Experiment
Z By — v I : Counting Experiment
0.7 1 | BY = v - 7 - Including Systematic
j B Z - v [ 1 — Binned Fits
0.6 - B Z - e : 6 -

[_1] Total heavy hadronic background |

<
ot

Normalised Counts
o o
w =~
Significance
M

©
N

: .
I 1
I |
' I
]
] |
0.1 ] i :
' 1 : :
f L
00 """"" i : L L 1
0 1 2 3 4 5 6 7 8 0 ra——— b ————r
1078 1077 10°°

Number of Displaced Vertices in the Signal Hemisphere B(BY, — invisible)
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https://arxiv.org/abs/2508.04471

CKM measurements




CKM at FCC-ee (> EPFL

New methodology to explore at FCC-ee
Likely no advantage at FCC-ee

d

From B™(B) leptonic decay

V= Jec
Possibility with
W decay,

precisiontobe | t
studied

Direct W or top decay

Can FCC-ee do something?

xunwu.zuo@cern.ch



UT: projections

2030’'s: Bellell @ 10 ab* & LHCb @ 50 fb™
2040’s: Belle Il @ 50 ab?* & LHCb @ 300 fb™
Phase lll, 2050’s: Phase Il & FCC-ee (6 x 10*? Z + 3 x 108 WW)

Unitary triangle
* Phase |,
* Phase ll,
'Phasel | =
0.40 - (prelim) f’ €k
1035 J
n >/ T %

0.30

0.25

0.05

- | I
0.10 _
P

xunwu.zuo@cern.ch
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|

: | fi!!!r -
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010

ko]

015

o I ¢
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0.25

Central values adjusted to av0|d ten3|on among observables

> EPFL

Courtesy of Luiz Vale Silva

Phase III LV =
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- &y
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0.05 0 10 0 15 0.20 0.25

p




b — qfv (> EPFL

Signal hemisphere
Case study - B"/BT — t7u, 3 |
_ Thrust axis
» Difficult to identify at LHCD % \]/
. No B at Belle Il, BT — 77v_measurable to 5% 18os.10s67 ot
At Tera-Z factory '
.- - —+ B+
e 1~2% precision for 7 — 37~ mode 2105.13330 2305.02998 ‘
PV
e O(1%) precision for 7 — e/ mode 2007.08234
Plane normal to thrust axis
* Few kinematic handles, some backgrounds irreducible (defines hemispheres)
B-jet "
« Ultimate precision relies on 7-1D in all modes
2
+ 4+ \SM G}% ‘ qu‘ f 1%; mB;f mfz mfz ) Tag hemisphere
BB, — 17V, = Tps ™ (1 ; ), g=1u,c
B+

xunwu.zuo@cern.ch


https://arxiv.org/abs/1808.10567
https://arxiv.org/abs/2007.08234
https://arxiv.org/abs/2305.02998
https://arxiv.org/abs/2105.13330

Case study - B*/BT — 1t7v, > EPFL

e Determine |V ,|at 1% precision

» Good separation between BT and B’
» First chance to observe (measure) B — 77,

» Strong constraint to phase space related to
R(D), R(D*) anomalies

» Similarly, determine with knowledge of
fBC+, or vice versa

Predictions
Bt — t7u,. [FCC-ee, 180 ab™', 2%] o4 s o]
FCC-ee Simulation (IDEA Delph FCC-ee Simulation (IDEA Delph
9500 ee Simulation ( elphes) ee Simulation ( elphes) BY s 7t [FCC-ce, 180 ab. 1% o ]
Total fit Total fit
. BTy W Bf -y,
——2000- . B =Tty /\2000 B B -y, BT — T+VT [Belle 11, 50 ab_l] —eo—I—= | } e
% s 7° - bb Bkg % B 70 = bb Bhg
@) 7Y — c¢ Bkg @) 7Y — cc Bkg |
o0 {  Generated data o0 15001 {  Generated data BT — T+VT [Current] ) >
= 1500 =3
g E CKMfitter (Global fit) —e—
§ 1000+ § 1000-
S — o s ( ) — o UTfit (Global fit) —a
% U(I/tB+) — 1 8 /O + % O Il/th' —_ 1 6 /O
~ 500 O 5001
Inclusive (GGOU) | A
S 30 35 40 45 50 L 30 35 40 15 50 Exclusive (HFLAV) —e
Maximum hemisphere E (GeV) Maximum hemisphere E (GeV) Current Values
2.5 3.0 3.5 4.0 4.5
: —3
2305.02998 ‘Vub‘ [10 ]
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https://arxiv.org/abs/2305.02998

Direct CKM measurements — | V.. |,| V., | @ =PrL

o At LEP, O(10%) precision on | V. | DELPHI ALEPH OPAL

o At Tera-Z, O(0.01%) precisionon |V_ |, O(0.1%)on |V, |

V. |,| V., |with WW — 44g channel | V., | with WW — £vgq channel
55 2405.08880 Exp uncert most from mis-tag and bkg rate:
| Scena 1. unc. from Herwig vs Pythia
é 0'50: > SCena 2. 8X better 2406.01675
= bl Uncertainty Stat.  Syst., Secnario 1  Syst., Secnario 2
N 0'1(); L __Unpolarized, Baseline (5 ab~* 072  15% _ 020% |
< 0.05 { | Unpolarized, Extended (20ab ) 0.36% ____ 15% ___ —020% |}
ﬁ | WW Threshold (5 x 107 WW)  0.95% 15%  0.20%
0.01- |Vcs| Unpolarized, Baseline + WW 0.57% 1.1% 0.15%
R Unpolarized, Extended + WW 0.33% 1.1% 0.18%
0.001 0.01 0.1 1 Polarized, Baseline (0.5 ab_-l) 1.5% 1.5% 0.20%
Polarized, Extended (2 ab™*') 0.75% 1.5% 0.20%

o€e/e (%)
More in talk by Zhaoling Zhang

xunwu.zuo@cern.ch


https://www.sciencedirect.com/science/article/abs/pii/S0370269398010612?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0370269399010886?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0370269300009710?via=ihub
https://arxiv.org/abs/2405.08880
https://arxiv.org/abs/2406.01675
https://indico.ihep.ac.cn/event/25300/contributions/203579/

(> EPFL

Direct CKM measurements — |V, |

’ t S » Current (PDG): from B — B_f mixing at LHCb
woow + |Vl =(41.5%0.9) x 10~ (2.2% precision)

* Assume no NP in the loop, dominated by LQCD uncertainty

> Direct measurement at LHC: single top production
.« |V, * + | th\z = 0.06 £ 0.06, far from SM precision

» Potential at ee™ colliders
 Model-independent direct measurement
. FCC-ee expects 2 X 100X 2 x | V,_|*~ 6600 cases of t — Wi
. Expect precisionon |V, | at 3.1% or better  FCC note: Vis
. Similar measurement for | V,, |, expect O(0.1%) precision

® |th‘ ® ‘Vts‘

xunwu.zuo@cern.ch


https://repository.cern/records/4z9vr-jtm22

Tau, Charm




7: CLFV (> EPFL

Discussion on tau LFU covered by Lorenzo Calibbi

* Lepton number is an accidental symmetry in SM, linked to small neutrino masses

. FCC-ee expect to probe 7 — uy at O(10~°) and 7 — 3u at (10~

B(T - uy), measured or expected upper limit B(T - 3u), measured or expected upper limit
_ ] LHCb 90% CL
5x107° - Belle 2008 90% CL ® Measurement 5% 10-8 . ’ ® Measurement
B B. .2010 90% CL ® <4 Guestimate | ° CMS 2023 prelim. 90% CL » Estimate
asar ° Belle 2021 90% CL ‘ BaBar 90% CL o <« Guestimate
2x107° - ®Belle 90% CL
-8 | ) 0
5 5 10-6 - 1x 10 § >LHCb 50fb-1 95% CL
5% 1072 -
] LHCb 300fb-1 95% CL
T <4
2 1x107 - 2 2x107° 4
= Bellell 90% CL 50 ab-1, V£ scaling = 9
Q <] Q i
o o 10 -
S _ S5 5% 107 -
5x107° - STCF 90% CL, 10y, VZ scaling ] >
. - Bellell 90% CL
) 5 % 10-10 - SRetpme STCF 90% CL 10y, £ scaling
<
1x 10710 -
-9 _ ]
2xX10 5 X 10—11 .
FCC-ee(Z) 90% CL, 6 - 1012 7 . FCC-ee(Z) 90% CL 6 - 1012 Z, L scaling
< 2 x 1071 <
1x1079 -
2000 2010 2020 2030 2040 2050 2060 2000 2010 2020 2030 2040 2050

FCC note: tau physics

xunwu.zuo@cern.ch


https://doi.org/10.17181/fscbf-jpg31
https://indico.ihep.ac.cn/event/25300/contributions/201971/

Charm: ¢ — urvv

o ¢ — uvv highly suppressed in SM — clean null test

. DY = 7% 1 <O(10™% from BESIII 2112.14236

* Expect >100x improvement at FCC-ee (by naive lumi scaling)

. Angular measurements of D - KK~ uu and
D" - ztznuu at LHCb 180610793 2111.03327

. DY = gtz can be probed at FCC-ee at
O(107) level

xunwu.zuo@cern.ch

. PHSP

- —— DT s atrTety, FCC
i Z pole, IDEA -
5t _
4 _
3 _
120—7 2 X '10—7 3x 1077  4x 10—7
2509.10447  B(D" — ntn vo)



https://arxiv.org/abs/2509.10447
https://arxiv.org/abs/2112.14236
https://arxiv.org/abs/1806.10793
https://arxiv.org/abs/2111.03327

Summary

FCC-ee is an excellent flavor factory
 Complete coverage of flavor program

* Highly complementary to Belle Il and LHCb
 Many unigue new probes

* High precision for whole flavor landscape

Flavor at FCC-ee/CEPC is a rich realm, much more to explore!

xunwu.zuo@cern.ch



Ads: Flavours@FCC WS

* 4 workshops in 2025-2027
* First one at CERN, Nov. 19 - 21, 2025
* You are invited: https://indico.cern.ch/event/1588013/

Flavours at FCC Workshop

Nov 19-21, 2025 Q
CERN

Europe/Zurich timezone

SRR Physics at the Flavoured Circular Collider: preparing for heavy quark and lepton studies in the post HL-

Videoconference LHC/Belle Il era

Scientific Program Experimentalists and theorists from the world-wide particle physics community are invited to

Timetable participate in an extended workshop, beginning autumn 2025 and scheduled to continue until summer
2027 to deepen our understanding of the potential of the FCC-ee for heavy-flavour physics in the quark

Registration and lepton sector. This will build on the studies performed for the Conceptual Design Report and

Feasibility Study Report and seek to set the agenda, and prepare the tools, for physics in the post HL-
FCC Secretariat LHC and Belle Il era.

Ivl frr carratariatimMerarn ~h
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https://indico.cern.ch/event/1588013/

Backup




Physics program

'mz, ['z, N, » 0. s(mz) with per-mil accuracy

‘R, Ars *Quark and gluon fragmentation

‘mw, l'w *Clean non-perturbative QCD studies

EW & QCD Higgs couplings
self-coupling
detector hermeticity particle flow o
tracking, calorimetry energy resol.
particle 1D

direct searches ‘
of light new physics

e Axion-like particles, dark photons,
Heavy Neutral Leptons
e long lifetimes - LLPs

flavour factory
(10'2bb/cc; 1.7x10" z7)

o

7 physics B physics e T
op, 1 1op
*Flavour EWPOs (Rp, AFgP*°) EW top couplings
ez-based EWPOs e CKM matrix,
elept. univ. violation tests ¢CP violation in neutral B mesons vertexing, tagging
momentum resol. eFlavour anomalies in, e.g., b = szz energy resolution

tracker detector req.

hadron identification

xunwu.zuo@cern.ch 25



Detector concepts

CLD (CLIC-like detector)

Full silicon vertex detector and
tracker

High granularity silicon-tungsten
ECAL + scintillator-steel HCAL

Solenoid outside of calorimeter

xunwu.zuo@cern.ch

IDEA (Innovative detector for
an electron-positron accelerator)

Silicon vertex detector
Low mass drift chamber

Thin solenoid inside of duel-
readout calorimeter
(Cherenkov and scintillator)

> EPFL

AL L EG RO (A Lepton-Lepton

collider Experiment with Granular Read-Out)

» Silicon vertex detector +
silicon or gaseous tracker

* Noble liquid + Pb/W ECAL
« Solenoid between ECAL and

..............................................
.............................................

S S 4 7 ) N A A A O

HCAL Barrel

dejpu3 1vOH

Drift Chamber

dejpu3 1vd3




IDEA detector (> EPFL

| Superconducting solenoid |
e+ 2T, R=2.0-24m .
10 074 Xo, 016 ﬁ @900 .. ': xﬁ;'

Preshower ;'
. 1 2layers, gas detector
i+ Spatial reso <100 ym

i Wire drift chamber
- 112 layers, R = 35 - 200 cm
j 0.016 X,@90

scintillation fibers
10 % 30 %

{., OEM ™~ > Ohad ™
f,f- \/l_f \/l_f !

| Silicon vertex detector |
t* 5layers, R=1.7-34 cm
{- Pixel 20 x 20 ym’

IMuon chambers L'
te 3 layers, gas detector
+ Spatial reso < 400 um :

iBeam pipe |
, e R~1.5¢cm

xunwu.zuo@cern.ch



FCC jet flavor taggin

FCC-ee Simulation (IDEA)

FCC-ee Simulation (IDEA)

a 1 : T 1 Ll | T 1 Ll ! Ll 1 1 ! T 1 Ll I 1 1 L] b 1 : T T 1] ! T T 1 ! T Ll |l l ] Ll L ' ] 1 1
X - efe = ZH H=j) b tagging s F e ZH H~jj ¢ tagging
FCC-ee simulation (Delphes) FCC-ee simulation (Delphes) = F— :
o : o :
'8 oogj_lIlllIlllIllIIIllllllllllllllllllllll—:l '8 T LA L B B N B R B BN L B B B B R . 10—1 E__bv.sg .................................................................................................. . 10—1; ....... _ cvs .................................................................................................... -
2 7T {s=240 Gev —bjets 3 2 1of (s=240GeVv —bjets 2 : z =2 = 5 .
£ 0.08F —C jets 3 = 2 —Cjets L2 - —bvsud 2 - —cvsud B
= F e'e—=2ZH —-vvijj . . = - e'e —»ZH —vvjj . B : B : I
N —sjets ] 5 —sjets S L —buvsc S L —cvusb :
S 0.07F —udjets - < I — ud jets o _ o u i
0065 g jets . i gjets = 2
. E E 10" 10—2 s ................... = 10—2 pmmt ............................................ _:4
0.05F = - - - B
004:_ E 107 B i B :
0.03F- 3 102k | n

0.02

0.01

Illllllllllllll_

0 10 20 30 40 50 60 70
number of constituents

(a)

107 3 E 3 —gvsud3

107 3 - - - —gVss _
107§ | _ - _

I ] i —gvsc ]|

e T e
s b e b by v e by e

0 1 2 3 4 5
2D signed IP (mm)

()
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i 1 1 1 1 [ 1 1 1 1 I 1 1 1 1 I L 1 1 1 3
-10 -5 0 5 10
2D signed IP significance

(d)

—y
S
w
o

—
<
N

—y
S
w
o

04 06 08 1
jet tagging efficiency

FCC-ee Simulation (IDEA)

04 06 08 1
jet tagging efficiency

—
S
w

b : I 1 ! I I I I 1 I I 1 1 ! I 1 I a : I I I ! I I I I I I I I I I 1 l I I I
FCC-ee simulation (Delphes) FCC-ee simulation (Delphes) = - ete > ZH H—ij . — = et > ZH H—jj .

8 : ] I ] ] Ll 1 I 1 1 I I I 1 1 1 1 I ] ] ] I I 1 1 1 1 I 8 t 1 1 [ I ] ] 1 I ] 1 1 1 I L ] 1 1 i % B - s éjj s tagglng % B b : s’ 9j! z g t:agglng
= joL Vs=240GeV —blets = | (s=240Gev —Dbjets - S  j=uds.cbg 2 - j=uds.cbg
£ : ete - ZH — i —clets : E 10'5_ efe »-ZH — f —clets 3 = § - :
s f w“ —S Jots ] S o —sjets ] DT | R B S 1 - A Qi S
< i ~—ud jets ) < i ~—ud jets 7 'U 107 E — S VS 'CJ 107 E

3 g jets E 1 i k7 - » -

2 E é - =——svsud é -
107" @ Q

—
S
N

1072

o
o
N
o
S

06 08 1
jet tagging efficiency

FCC-ee Simulation (IDEA)

06 08 1
jet tagging efficiency
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Kaon vs Pion ID

[0 m ¢
§ 15 - E —— time of flight
. e =} = s dN/dx
Time of Flight Cluster Counting S uf L. & ool
) § \
. 10~ i,\
e Good K/x separation atlow ® Countnumber of primary I ;
et ionization clusters along :
track path o \\
i \
13000 o E RNV S T . (R, Ea—
% - E, 2400}~ o \'\
12000 - 3 = \\ ~~~~~
% R —K Z 2200 —K 0 |1 iy l...TB\\_ R
= i ; 1 102
£ 110001 20001;_ Momentum [GeV/c’]
10000:— :5 . .
a0 3-sigma separation for
0 tracks with p < 30GeV
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Assume perfect ID in the kinematic region (p <30 GeV) of study.
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JZ'O iIdentification

* Need exquisite EM calorimetry for piO identification

. 3% /+/E expected
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—
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Fraction of correctly reconstructed n°
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Fraction of photons

(> EPFL

JINST 15 P11005

1.4

1 ol = Wrong pairing

- Expected y (from real n°'s)

Correct pairing

Total paired y

llll|llllllllllllllllllllllll

0.05 0.1 0.15 0.2 0.25 0.3
EM resolution

30


https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11005

> EPFL

[ Start of FCC-ee physics run |

2047 — — 2047

2046
= Start detector commissioning

2046 —
Start accelerator commissioning -

2044 — 2044
2043 — 2043
2042 — 2042
End of HL-LHC = = Start detector installation
Start accelerator installation = 2040
2039 — 2039
2038 — 2038
2037 - 2037
Industrialisation and component production - Detector component production
Technical design & prototyping completed - Four detector TDRs completed

2034 — 2034
2033 — 2033
Start of ground-breaking and CE at IPs 2032 - 2032

2031 - Detector CDRs (>4) submitted to FC3
2030 — 2030

End of HL-LHC upgrade: more detector experts available
FC3 formation, call for CDRs, collaboration forming

End of HL-LHC upgrade: more ATS personnel available =

FCC Approval: Start of prototyping work —~
2027 —

2026 —

FCC Feasibility Study Report _ 3

European Strategy Update: FCC Recommendation
Detector Eol submission by the community

_..-— T
va —— ~N
FCC-ee Accelerator FCC-ee Detectorsj
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Domain

Updated project cost for FCC-ee up to and including Civil engineering
operation at ZH and 4 experiments Technical infrastructures

t-tbar upgrade requires additional 1.3 BCHF Injectors and transfer lines

Booster and collider
CERN contribution to four experiments

FCC-ee total
+ Four experiments (non-CERN part)

FCC-ee total, including four experiments

Funding of FCC (and any other major future collider project) will come from two main sources:
0 CERN Budget (i.e. revenues from Member and Associate Member States): would cover more than 50% of FCC investment cost
O External contributions:

- additional voluntary contributions (in-cash or in-kind) from Member and Associate Member States

- contributions from non-Member States

- exploring possible contributions from the European Union in the next Multiannual Financial Framework (MFF 2028-2034)

- exploring possible contributions of private donors (= in Dec 2024, Council approved “Policy for fundraising from private donors
for scientific activities at CERN ")

Several funding models developed, based on different assumptions (e.g. constant or slightly increased CERN Budget)
- final report will be submitted to Council and its subordinate bodies in August

Gianotti at FCC week 2025
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https://indico.cern.ch/event/1408515/timetable/#78-welcome-and-introduction

FCC-ee cost estimate (FSR 2025)

Capital cost (2024 CHF) for construction of the FCC-ee is summarised below. This cost includes construction
of the entire new infrastructure and all equipment for operation at the Z, WW and ZH working points. LC F C L | C

LEP3

Unit: MCHF LCF 250 (LP) ALCF 550 (FP) CLIC380 ACLIC 1500 '
Cost Element 2 new Xpts [2 Exist Xpts
ey ™ A pap Accelerato 2705 2705 h
rator
FCC‘ee Technical infrastructures 2,840 Main Beam > .
_ inj./transfer Injectors and Transfer Lines 295 295
RSO G Sa e o Ak Technical Infrastructures 435 435
CERN contribution to four experiments 290 Civil Engineering Civil Engineering 165 165
FCC-ee total 14,020 Technical LHC Removal/LEP3 Installation 140 140
+ four experiments (non-CERN part) 1,300 Infrastructure Total CERN (MCHF) 3870 | 3800
FCC-ee total incl. four experiments 15,320 sl Experiments non-CERN part 900 270
Note: Upgrade of SRF (800 MHz) & cryogenics for ttbar operation corresponds to additional cost of 1,260 MCHF
Cost summary table in 2024 MCHF for
the construction of FCC-hh. -
Muon Collider LHeC (cost estimate 2018, 60 GeV e-)
Domain FCC-hh Cost [MCHF] Bud
R S ™ 50 Cost range for Muon Collider scenarios udget Item Cost
FCC-hh Soledlo o SRF System 80SMCHF
fter FCC- AORCKY il 10 TeV Green Fieid B = SRF R&D and Proto Typing 31IMCHF
(aftor FCC-ee) 1000
""r:ear G Q. Trancior Injector 40MCHF
Civil Engineering 520 7.6 TeV @ CERN _ Magnet and Vacuum System 215SMCHF
Technical infrastructures 3960 SC IR magnets 10SMCHF
Experiments N/A 3.2 TeV @ CERN - Dump System and Source SMCHF
Total 19080 Cryogenic Infrastructure 100MCHF
*target price of 2.0 MCHF per 14.3 m long magnet it & = i = m & = Qenc:l:al.lnfrastructure and 69MCHF
with 1.0 MCHF of conductor, 0.5 MCHF for assembly, e
and 0.5 MCHF for components Civil Engineering 386MCHF
Total 1756 MCHF

> ~2 BCHF (2025)

K. Jakobs, ESPP Open Symposium, 27" June 2025 19




