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'+ General design

- European Strategy & feasibllity study

i Runplan ]

Tera-Z flavor topics |

* Rare b-hadron decays + Charm

i ¢« CKM measurements  Tau

‘ » CP violation » Strange




The FCC-ee project




FCC project

New infrastructure
 90.7 km tunnel

* 8 surface points

* 4 experimental sites

* Deepest shaft 400 m,
average 240 m

Two stages
» FCC-ee (~15 years)
 FCC-hh (>20 years)

o~ [
{ . e/ \
‘ s Schematic of an
’ \ 80 - 100 km
d g long tunnel
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Historic timeline

1st European strategy

“Europe needs to be
In a position to
propose an
ambitious post-LHC
accelerator project
at CERN by the time
of the next Strategy
update”

Higgs
discovery

2013
2012 L

*©*2012-2013  %2014-2018

> EPFL

2nd European strategy 3rd European strategy

Europe, together with its March 31, 2025: Contribution

international partners, submission complete
should investigate the

technical and financial October 02, 2025: Physics
feasibility of a future briefing book

hadron collider at CERN

with a center-of-mass January 2026: ESPP draft to
energy of at least 100 CERN council

TeV and with an

electron-positron Higgs May 29 2026: council decision
and electroweak factory

as a possible first stage.

2026

. P P g N S MG —

**2021-2025 ‘:‘2025-2027

Early concepts FCC conceptual design study pre-TDR

« TLEP concept « FCC CDRs

xunwu.zuo@cern.ch

» Feasibility study reports Decision around 2028



https://arxiv.org/abs/1308.6176
https://cds.cern.ch/record/1551933/
https://cds.cern.ch/record/2721370
https://fcc-cdr.web.cern.ch
https://indico.cern.ch/event/1534205/#1-fcc-feasibility-study-report
https://cds.cern.ch/record/1551933/
https://cds.cern.ch/record/2721370
https://cds.cern.ch/record/2944678
https://cds.cern.ch/record/2944678

FCC-ee physics runs

——CDR baseline runs (4IPs)

> EPFL

FSR volume 1
— Additional opportunities
Z WW ZH tt
O(1) 40 125 40 30 19.2 5 10.8 0.4 2.7
I 1 | I I
40 --- 60 88 91.2 94 125 157.5 --- 162.5 217 240 340 ... 350 365
Z lineshape W mass and width
QCD QCD : : top EW couplings
precision flavour electron N, Higgs mass sl el Mtop Higgs VBF production
studies rare decays Yukawa as ozn (M and Higgs couplings improved)
dark sector flavour (e.g. Vcb)
6x10* 7 2.4%x10° WW 2.2x10°ZH 2x10°tt, 0.5 % 10°H
_-é‘ 7)) (7))
2805 I T 1 T EW sector
® >C o
c 3o
207
5 i, a3 T T T T Higgs sector
N
22 o
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T |

sensitivity to Higgs self-coupling via quantum effects

Total
integrated

luminosity
(ab-)

Energy
(GeV)

Physics
highlights

# events
(4 IPs)



https://cds.cern.ch/record/2928193

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 7
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Flavor physics at FCC-ee/CEPC




Tera-Z factory as a flavor machine @ cPrL

Advantage over Belle |l

. 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 0.7 150 1400 400

xunwu.zuo@cern.ch



Beyond Z factory

0(10%) WW pairs
 Direct CKM measurement

e B(W — £v)for LFU

0(10°) Higgs bosons

» Flavor violating H — qq’, £’ decays
0(10°) top pairs

* Direct CKM measurement

 FCNC top production

xunwu.zuo@cern.ch



Main refs for this talk

 FCC flavor summary

https://indico.cern.ch/event/1439855/contributions/
6461584/

 FCC flavor workshop series
https://indico.cern.ch/event/1588013/

Flavours at FCC Workshop

Nov 19-21, 2025
CERN Q

Europe/Zurich timezone

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

Scientific Program LHC/Belle Il era

Timetable Next in-person event: 16-19 June at CERN. Details to be announced early in New Year.

Contribution List Experimentalists and theorists from the world-wide particle physics community are invited to participate

Registration 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 and

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

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

Participant List

CERN Hostel

xunwu.zuo@cern.ch

 CEPC flavor white paper
Chinese Phys. C 49 103003

ISSN 1674 - 1137 CN 11-5641/04

FEPMC (HKX)

Chlnese Physms C

High En

rgy and Nuclear Phy

Volume 49 October 2025 Number 10
Cover Story
Flavor physics at the CEPC: a general

CHINESE PHYSICAL SocIETY % IOP Publishing
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https://indico.cern.ch/event/1439855/contributions/6461584/
https://indico.cern.ch/event/1439855/contributions/6461584/
https://indico.cern.ch/event/1588013/
https://iopscience.iop.org/article/10.1088/1674-1137/adf1f0

Table of content (> EPFL

 Rare b-hadron decays
e CKM measurements
* CP violation

» Charm

 Tau

» Strange

Opportunity to completely examine flavor landscape, only a fraction studied so far.

xunwu.zuo@cern.ch



Rare b-hadron decays

Cases:
S —
e b > sCC:B, —> 7 B - K'V1¢ FCC note: B->Ktautau
« b — svv: B — Kur, BS — LU 2300.11353  2508.04471

xunwu.zuo@cern.ch


https://doi.org/10.17181/9t6w9-mmd12
https://arxiv.org/abs/2309.11353
https://arxiv.org/abs/2508.04471

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 .

2504.10042

2207.06307

‘requires an excellent detector

Energy resolution

e Vertex resolution 0

xunwu.zuo@cern.ch

Missing energy info

HFLAV
2021 |

BB*-K*ete~)

BB*->K*u*u-)

BB*-=K*1*1)

HELAV 2206.07501

BB*=K*t*17)"
B(B%-K% *e~) -
BB-K%* )

B(BO-K% *1 ) A
B(B-Ku* ™) -

B(B-Ke *e~) 1

B(B-KL *1 ™) 4
B(B*->K"(892)*e*e~ )
BB*-K"(892)*u*tu~)
B(B°-K *(892)%* e~ )
B(B°-K *(892)%%u *u~)
B(B*-K"(892)*1*17) 1
B(BY-K *(892)°%* 1) 1
BB-K"u*u~)
B(B-K'ete~)
B(B-K"1*1~)
B(B-spu* ™) A
B(B-sete™) -

B(B-Xd *17)

B(B*-=¢(1020)K*u*u~) A

BB*-K*n*

mu¥ =)

1077

10-6
N EEETEEETI——

10~4 103



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

xunwu.zuo@cern.ch


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’]

xunwu.zuo@cern.ch


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

More to cover

o Study of A, rare decays
. Radiative decays B, — yy, B, = uu(ee)y, ...
. LFV decays By — tu, 7€

xunwu.zuo@cern.ch



CKM matrix measurements

e V.,V ,fromBT/BT — t7U_  2007.08234 2105.13330 2305.02998

. V

. V. from on-shell W decays  2405.08880  2406.01675

« V.., V,, from on-shell top decays  ECC note: Vts

xunwu.zuo@cern.ch


https://arxiv.org/abs/2105.13330
https://arxiv.org/abs/2305.02998
https://arxiv.org/abs/2007.08234
https://arxiv.org/abs/2405.08880
https://arxiv.org/abs/2406.01675
https://repository.cern/records/4z9vr-jtm22

Current CKM measurements

d B S /- b /-

) g___;\\ég K Eég B = 7?

Y - - 2
= C 17 1% 1%
pe—57 |p==7|n <

t B"B—q B’ | B, B, t\<\b

* Relying on precise theory inputs
* |nclusive vs exclusive puzzle

 Measurements through loops not sensitive to BSM

xunwu.zuo@cern.ch



CKM at FCC-ee (> EPFL

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

d

u From B™(B) meson decay

V= |ec
Possibility with
W decay, _
precisiontobe | t Direct W or top decay
studied

Can FCC-ee do something?

xunwu.zuo@cern.ch



b — qfv

Case study - BY/BT — t7u_

 Difficult to identify at LHCb

« NoB atBellell, BT — 7
At Tera-Z factory

L. measurable to 5% 1808.10567

_ -+
e 1~2% precision for 7 — 37~ mode 210513330 2305.02998

« O(1%) precision for 7 — e/u mode 2007.08234

* Few kinematic handles, some backgrounds irreducible

« Ultimate precision relies on 7-1D in all modes

xunwu.zuo@cern.ch

(> EPFL

Signal hemisphere
3n
_ ,,."""Thrust axis
U, :
AN
Ve
+
BC
PV
Plane normal to thrust axis
(defines hemispheres)
Tag hemisphere



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

» Super clean SM prediction, only unknown is |V, |  Determine |V, , | at 1% precision

(in addition to fragmentation function f(B.")) o | |
» Similarly, determine with knowledge of

f(BT), or vice versa

2 ) 2
G | qu| JB+ Mg+ m; m?
%(B+—>T+U)SM=T : ’ (1 1)2 = U.cC —_— —_— — —_— .
q T B;_ 9) ° q ° ' ' ' T
87[ mB+ Predictions
q
Bt — t7u,. [FCC-ee, 180 ab™', 2%] o4 s o]
9500 FCC-ee Simulation (IDEA Delphes) FCC-ee Simulation (IDEA Delphes) Bt — . FCC-ce, 180 ab !, 1% o i
Total fit Total fit
B BT - T, N B — 71y,
——2000- . B =Tty /\2000 B B -y, BT — T+VT [Belle 11, 50 ab_l] —eo—I—= | } e
% e 7 - bb Bkg % B 70— 0 BRE B
5 79 — ce Bkg 5 79 — c¢ Bkg |
o0 {  Generated data o0 1500 {  Generated data BT — T+VT [Current] ) >
= 1500 8
g E CKMfitter (Global fit) —e—
§ 1000+ § 1000-
s ) — o s ( ) — o UTfit (Global fit) —=
% U(I/tB+ 18 /O + % O Il/th' —_ 16 /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 ]

xunwu.zuo@cern.ch 25


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

More to cover

« Inclusive V, determination

* R(Xc) for all c-hadrons + theory discussion

 Double inclusive decay (measure quark level transition,
agnostic of initial and final hadrons)

xunwu.zuo@cern.ch



CP violation

Case:

e B, = ¢uu time-dependent analysis  2506.08089

xunwu.zuo@cern.ch


https://arxiv.org/abs/2506.08089

B, — ¢upu @EPFL

e SMAB(B;, = pup) at 0(10‘6) Direct CPV  CPV in Interference
Crcos(Amgt) — Sgsin(Amt)

cosh(AI'g#/2) + Dy sinh(Al'st/2)

 Time-dependent CP asymmetry through mixing Arp(t) =

» After selections, 40K signals with S/B = 25 (bkg free)

FCC-ee Simulation (IDEA) 4
109 o a v/Z L
Bs = ou™u
10815 l Z - bb u, C, t
107 zce . W+
Q ] _
61 - | b < 4 S
g 10 | BO< q’;) Vvqs >¢
- 10° S
S 104E S > S
"R -
c 103
S 102
T 10 1
10
100 I
0 5 10 15 20 25
g’ [GeV?]
g vetoes for ¢, J/w, w(2S) resonances 5506.08089
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https://arxiv.org/abs/2506.08089

Decay time reSO‘UﬂOn Slide from Valeriia Lukashenko@FCC flavor WS

O . : N
° BS oscillations are extremely fast with a y BO — Jlyg

frequency
Am** = 17.765 £ 0.005 ps-!

® \\le need resolution that can capture it

e ffectively finite resolution introduces a
damping factor D

OrHcp = 47 fS DLHCb = 0.7 0.2 Effectively finite resolution is a -
6 5 I damping factor I
O-CMS_ 7fS DCMS—O. OO-....I....I....I....I....I....I....I....
* 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Practically we can forget about resolution!

*For average decay length of Bg ~ 2.8mm (ignore
momentum resolution)

xunwu.zuo@cern.ch 31


https://indico.cern.ch/event/1588013/timetable/#30-time-dependent-cp-violation

B % ¢ﬂﬂ 5 100 | — Fecee | — 2024 Result/
A) O ] (—— ’
) e
8; '10 —— 10_2- -
= 1073 ‘ |
0.10 7= tsaet 8 -10-2- T
* High precision on many observables ~ oos TN A (A = |
~ 0.05{ r ) ~10
gl [ : )
% 0.05 | N o
—VU. : [ ‘,",': T rlo elle ab-1
5 5 S S——————— _0.10_:_\_\__3%--—/;:"/ ': —10°1 | — RLALHC 300 fb-"
o(Br) o(Br? €116y 5(Bra”215) i 75 T 7 N S A~ A »2 s> a4 A~
“Br Bra2€[1.1,6] Bra2>15 O'(Df) U(<A0p>) ’ O'(Cf) O'(Sf) | g.g:-/ ‘\ . // \%\\ L 20 /\,0 /\9 /\9 /\9,\9 RS N

\“\‘\ /I
0.004 it / \ R(6Cq)

10.0210 0.0214 | O =\
ISP SIS RNl TR SIS S e _ 0 ) O 2 i ‘\\‘“ \““ \““‘ lI:II,‘ ///\\ ““\\‘ - 1 0 x S M

' -0.041 / "\ ARY ) ! _
Expressed In WCS - (Bd’HH)Non Res

2
—— (B9 €11:1,6.0]

0.515% 0.810% 1.577%  0.103 9.21 x 103

3%(6C_c;)

- (B¢ﬂu)q2 =1

D 5¢uu
-1lo —— Combined

]
1
1
.
: N =~ £
/,
.
L L
-~ = = S~
= 7 td ~ \
’ h h y
/ \ 2
/ \ J . B g
’ \ /
- / A \\ 1
1]
/ 'l \ /
/ 1 \ 5
- 7 \\ I a3 ,l
’, \‘ 'I / \
1,
! \Y 1 / y 7
~0.02- f : j \ '
. ! /

' 1 \\ ’ 10
/ \ 7
’ \ /
—0.04 1 ' I, 4
. ‘| ;D P
’
A 1 Vi '
7 oy~
Y S -
\ \ - =

I(6Cy)

R(6C10)

0.4 -

0.2_ “/ - /

u M /
O-O' 1 /

\ l”!

] - -7 \~-
sk e
o~ PPN N IR P FIS I
/

3(6C10)

Y v o F QP ¥ oYY oY o
/Q’ Q' O © /Q' /Q' Q- O © /Q’ /Q’ Q' O © /Q /Q SARSHIRS /Q’ /Q' Q QO © /Q /Q NARERS

R(6C7) 3(0C7) R(6Co) 3(6C) R(6C10) 3(6C10)

2506.08089
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https://arxiv.org/abs/2506.08089

More to cover

 Key B decay modes
. B — JIyK,
. B> n'OKS, B.—- DK,B — nr, B — pp
e« B.—> 0, B— K(C,B, > ¢
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Charm physics

(> EPFL

Particle species

DO

D+

D+

\)

D™t

FCC-ee yield (x10') 7.94

3.38

1.31

0.84

3.36

N(cc)@ LHCb, 300 fb~! >> N(cc)@FCC-ee > N(c¢)@ Belle 11, 50 fo!

Cases:
. DY > 2t

. DY = 7970

~ 1000x

2509.10447

Willy Weber@FCC flavor WS
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https://arxiv.org/abs/2509.10447
https://indico.cern.ch/event/1588013/timetable/#19-cp-violation-in-d-decays

Charm: ¢ — uvv (> EPFL

o C — uvv highly suppressed in SM — clean null test « FCC-ee example: probe
D° = ztz v at O(107) level

— 6
S I pugp :
ﬁ - —— DT s ety > IFT;E.: 7
N ' HHYPT, Poe ‘
L5 HHYPT i
Decay B @ 90 C.L. References 4r -
DO — znvzszble < 94 . 10_5 [Belle, 1611.09455] —
DY — 7w < 2.1 104 [BESIII, 2112.14236] 3T j
AC — p’)/ < 8.0 - 10_5 [BESIII, 2208.04496]
DO — w’)// <1.1- 10_5 [BESIII, 2409.02578] %0_7 5 % '10_7 3% 10~  4x '10_7
DO — ’}/’y/ < 2.0- 10_6 [BESIII, 2409.02578] 2509.10447 B(DO —> 7T+7T_I/I7)
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https://arxiv.org/abs/2509.10447

Charm: CPin D — 77" @EPFL

Reconstructed 1nvar1ant mass dlfferenee Am m D*Jr

| | |
210000 - O FoC “_

91 GeV, IDEA, prel.

events

Decay rate asymmetry by LHCb 2209.03179 _
Arp(DY - KTK™) = (7.7+£5.7) x 107 8000 |-
Arp(D? = 7tn7) = (23.1+£6.1) x 107~ |

Neutral mode at Belle 1404.1266
ACP(DO — 7°7%) = (0.000 = 0.006)

. FullBelle Il o4 (po_,z000) = £ 7 X 10™* 2503.24346 2000 o o o

/'/ RL‘«M Y40 145 150 155 160

Reconstructed invariant mass difference Am(MeV/c?)

/ \ v Am = m(D™") — m(DY)
Cal l“x

wt Y . Use ¥ totag D vs DY

O

Reconstructed signal —

Part. reconstructed signal

Bg from DY(— 7' + X)) + #*
B Combinatorial backgrounds

__________________

_____________________________

6000 |-

_________________________________

w00 B

____________________________________________

*—-—--,———-————————————————————

. Estimated uncertainty 6, 0. 0.0, = +2.2 x 107
Willy Weber@FCC flavor WS y Acp(D°—n°n%)
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https://arxiv.org/abs/2209.03179
https://arxiv.org/abs/1404.1266
https://indico.cern.ch/event/1588013/timetable/#19-cp-violation-in-d-decays
https://arxiv.org/abs/2503.24346

More to cover

Aim for next workshop GuyWilkinson@FCC flavor WS

* Elaborate also on multi-pronged charged modes and estimate the sensitivity
for CPV in D—h+h-. Go ahead with the initial studies presented.

* Explore radiative decays, including D—=vyy, D= ¢y, D—=py, ...
Time-integrated and time-dependent analysis of radiative decays”?

 Find benchmarks to define detector requirements. Calorimetry resolution for
decays with neutrals? Move towards improved simulation models

Also
e C = UL
o Dy — v

* Progress in lattice would be appreciated

xunwu.zuo@cern.ch


https://indico.cern.ch/event/1588013/timetable/#38-experimental-summary-and-ne

Tau physics

Case:
e | FU test
 CLFV probes

FCC note: tau physics

xunwu.zuo@cern.ch


https://doi.org/10.17181/fscbf-jpg31

7: LFU test (> EPFL

o LFU:ge=gM=gT=g

PDG 2024 [ CEPC estimate

. Tera-Z tests tau LFU at 10~ level, probing NP 0 1790 -
up to 20 TeV 68% CL contour
.. phase-space factors
| RTe
W ] ] ]
R} radiative corrections g 17gs- '
ulevir) f(me -
-~ 2
(i evm) f(m?,
- 0.1780 -
Measurement Current Belle IT  ™~_ , FCC CEPC prelim.
Lifetime [sec] (2903 £5) x 10~1¢ ' 6x10-% £ 7x10°18 |
BR(’T — 61/17) (17.82 T 0.04)% + 0.003% + 0.003% |
BR(T — /,Ll/17) (1739 - 004)% - 0003% - 0003% ! 28I9.5 ggb_o 296_5 29'1_0 29'1_5
i+ 0. . '4 [f
m, [MeV] 1776.93 + 0.09 + 0.0016 (stat.) v [fs]
{ £+ 0.018 (syst.) ]
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https://iopscience.iop.org/article/10.1088/1674-1137/adf1f0

7: CLFV (> EPFL

* 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
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https://doi.org/10.17181/fscbf-jpg31

More to cover (> EPFL

« Rare hadronic decays: tau -> 7 prongs, 7 — nnx
 Decays involving kaons

« Valuable tool to understand non-perturbative QCD and determine CKM (e.g. V)

xunwu.zuo@cern.ch



Strange physics

Detector not very long, czg.x y = 3.7(15) m

Great for K, and hyperons

* Large acceptance
* Clean environment

e Excellent mass resolution

Rado Marchevski@FCC flavor WS
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https://indico.cern.ch/event/1588013/timetable/#4-strange-physics-at-fcc-ee

= Generated: N = 86120
10° I N N - = Reconstructed: N = 56029, ratio = 0.651
Teaser for Kaon decays s
Y 102+
13 :
« Expect O(10"°) kaons at FCC-ee
S 101
* Acceptance X efficiency = 65%
* Sub-MeV mass resolution for very
" + —_ 10° ;
displaced K, » 7*n - 17
10 10 10 10
rk, decay position [mm]
200000 Ks mass peak by region, Zss
— K.: mean yield = 1.27
o —— Ks: mean yield = 1.26 1000 -
150000 - — K*: mean yield = 2.57
— ®: mean yield = 0.00
125000 - 3000 -
— A: mean yield = 0.43
£ ” Ks before VDet: u=0.4976 GeV, 0 =0.3 MeV
g 1% —— 2% meanyield = 0.11 = Ks within VDet: = 0.4976 GeV, 0 = 0.2 MeV
. 5 + . mean YIe|d = 020 O 2000 - Ks beyond VDet: u=0.4976 GeV, 0= 0.2 MeV
50000 -
1000 A
25000 -
0 0 1 2'=_i,=:1=:3 6 7 8 0 ; == =22 — = ; ; r ;
Generated multiplicity 0.4900 0.4925 0.4950 0.4975 0.5000 0.5025 0.5050 0.5075 0.5100

Rado MarCheVSk| @ FC_C ﬂavor WS_ Reconstructed mass m (GeV)
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https://indico.cern.ch/event/1588013/timetable/#4-strange-physics-at-fcc-ee

More to cover

« K, — up benchmark
< KS —> ﬂoff

 Hyperon channels

xunwu.zuo@cern.ch



Summary (> EPFL

* An ideal machine to fully explore flavor landscape

* Broad program, great precision
* Test NP generally at O(10) TeV

100:— [ Current / 2040s / LCF FCC-ee |
Physics briefing book (
- = N\\N
50 EraRean Sy ]
N
\
| N
%
10} %
>3 T = I\
> \
= sl N\

(/A

1 3 1 3 1
iy i ch o b ch
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https://cds.cern.ch/record/2944678

Backups




> EPFL

Detector concepts

taken from Mogens Dam

CLD e Well established design IDEA
r - ILC — CLIC detector — CLD .  Design developed specifically
e Full Si VXD + tracker : | for FCC-ee and CEPC
e CALICE-like calorimetry — very high "".f&ﬁ'::'?:f!:f | e SiVXD; ultra-light drift
granularity chamber with powerful PID
* Coil outside calorimetry, muon system = """ * Crystal ECA.‘L w. dlfal readout
* Possible detector optimizations - | * Compact, |Ight.C0I|; |
- Improved o,/p, o¢/E sllicon Wrapper. 7 * Dualreadout fibre calorimeter
- PID: precise timing and RICH * Muon system
, vertex Detector ] 11 — - https://doi.org/10.48550/arXiv.2502.21223
,_ arXiv:1911.12230 T
Allegro B

* Designed originally for
operation at the ILC

* Together with SiD, ancestor
of CLD.

 Main difference and
signature element:

e Stillin early design phase
 Design centred around High
granularity Noble Liquid ECAL
* Pb+LAr (or denser W+LKr)
e SiVXD
* Tracker: Drift chamber, straws, or Si

: * Steel-scintillator HCAL - Large-volume time
:  Coil outside ECAL in same cryostat — projection chamber (TPC)
* Muon system 3 ‘ e | g|8l8| ° The International Linear Collider Technical
6 Voo muon | noaL | o Design Report - Volume 4: Detectors
Eur.Phys.J.Plus 136 (2021) 10, 1066, arXiv:2109.00391 FCAL  ECAL P arXiv:1306.6329
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https://indico.cern.ch/event/1588013/timetable/#11-detector-challenges-and-con

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



Detector requirements

Higgs Factory Programme

At Vs=240 and Vs=365 GeV collect 2.6M HZ and
150k WW — H events

 Higgs couplings to fermions and bosons

* Higgs self-coupling (~4 o) via loop diagrams

* Unique possibility: s-channel ete-— H at 125 GeV

Precision EW and QCD Programme

e 6x10%Zand 2 x 108 WW events

* x500improvement of statistical precision on EWPO:
mz Iz, Finw SiN%0w, Ry, My, Ty, ..

* 2x10%tt events: m,, [, EW couplings

* Indirect sensitivity to new physics up to tens of TeV

Heavy Flavour Programme

e 10%2bb, cc, 2 x 10121t (clean, boosted): 10 x Bellell stats.
e CKM matrix, CP measurements

* rare decays, CLFV searches, lepton universality

Feebly coupled particles Beyond SM

 Opportunity to directly observe new feebly interacting
particles with masses below m;,

* Axion-like particles, dark photons, Heavy Neutral Leptons

 Long-lifetime LLPs

xunwu.zuo@cern.ch

VARV RN A

taken from Mogens Dam @ E P F L

Momentum resolution o(p;)/pr= 103 @ p; ~ 50 GeV

- o(p)/p limited by multiple scattering — minimise material
Jet o(E)/E = 3-4% in multijet events for Z/W/H separation
Superior impact parameter resolution for b, c tagging
Hadron PID for s tagging

Absolute normalisation of luminosity to 10 - 10 level
Relative normalisation to 0(10°) [e.g. ,.4/T/]
- Acceptance definition to O(10 um)

Track angular resolution < 0.1 mrad
Stability of B field to 10

Superior impact parameter resolution

Precise identification and measurement of secondary vertices
ECAL resolution at few %/VE

Excellent n°/y separation for T decay-mode identification

PID: K/mt separation over wide p range — dN/dx, RICH, timing

Sensitivity to (significantly) detached vertices (mm — m)

- tracking: more layers, “continous” tracking

- calorimetry: granularity, tracking capabilities
Precise timing
Hermeticity



https://indico.cern.ch/event/1588013/timetable/#11-detector-challenges-and-con

Analysis framework

Abundant centrally-produced simulation
* (Generators: Pythia 8, Whizard + Pythia 6

 Simulation: Delphes fastsim based on IDEA concept

* 600+ MC samples, tens of billion events

Common analysis tools

 RDataFrame-based common workflow
» Jet reconstruction: FastJet, exclusive Durham KT algorithm for most cases

* Flavor tagging: Particle Net, considering properties of all constituents (full track info, dN/dx, mTOF)

o Statistical analysis: CMS combine tool

Dedicated analyses to cover all Higgs properties
 ~ 20 dedicated analysis notes

* (Centrally coordinated and reviewed

xunwu.zuo@cern.ch



Simulated samples (> EPFL

Generators: pythia8 + EvtGen | |
FCC tutorial: generation workflow

Simulation: Delphes with IDEA concept

 Official samples

Official sample listing
{* Central storage @CERN EOS

{Decay process num. of evt. sample size

Inclusive Z — bb, c¢, 55, qq 5 X 108/sample 5 TB/sample

170 excl. d f Z - bl :
! excl. decays of Z — b[_Q I X 108/sample O(100) GB/sample §
1~10 excl. decays of Z — cc ;;

Example: excl. samples considered for B / BT — t7v_study

e« Z—bb, B— Drtu, e Z—bb, B— Dutv, e Z—bb,B— DD} e« DT > 7ty e AY = Alety,

e Z —bb, B— D*rtu, e« Z—bb, B— D*utuy, e« Z = bb, B— D*D} e« Dt - KOrtata— e« AT = Auty,

e Z —bb, B— Detv, e Z —bb, B— Drtntn~ e Z —bb, B— D*D:*t e« Df = 71tv, o A} = Aontata™
e Z —bb, B— D*etu, e Z —bb,B— D*rtrtor e Df —p™yf o AT =Xt

xunwu.zuo@cern.ch 51


https://hep-fcc.github.io/fcc-tutorials/master/fast-sim-and-analysis/k4simdelphes/doc/starterkit/FccFastSimDelphes/Readme.html#sample-generation-pythia8-evtgen
https://fcc-physics-events.web.cern.ch/fcc-ee/rec/winter2023/IDEA

Example workflow (> EPFL

| dataset samples{  {processed events}|
. EDM4hep (.root) |

000 T8)

t custom trees (.root) |

iprocessed events| \

{ custom trees (.root)

\ \ O(100 jobs) % |
‘' O®hours) ! '

O(1000 jobs)
1-2 days

centrally managed f
requests welcome ¢

Generators

| Further processing{ | dedicated studies |

|__FCCAnaysis[1] _

{ Analysis selection |
|__FCCAnalysis [1] _

| pythia+EvtGen | | Custom scripts [2]

[1]. https://github.com/HEP-FCC/FCCAnalyses/tree/master/examples/FCCee/flavour/BuBc2TauNu
[2]. https://github.com/HEP-FCC/FCCeePhysicsPerformance/tree/master/case-studies/flavour/BuBc2TauNu
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https://github.com/HEP-FCC/FCCAnalyses/tree/master/examples/FCCee/flavour/BuBc2TauNu
https://github.com/HEP-FCC/FCCeePhysicsPerformance/tree/master/case-studies/flavour/BuBc2TauNu

Feasibility study and ESPPU submission e EPFL

FCC feasibility study reports
* Vol. 1: Physics, Experiment, Detectors (~260 pages)

* Vol. 2: Accelerators, technical infrastructure and safety (~600 pages)

* Vol. 3: Civil Engineering, Implementation and Sustainability (~330 pages)

Submissions to ESPPU (10 pages each)
 FCC Integrated Programme Stage 1: The FCC-ee
* FCC Integrated Programme Stage 2: The FCC-hh

 The FCC Integrated Programme: A physics manifesto

* Prospects in Electroweak, Higgs and Top physics at FCC
* Prospects in BSM physics at FCC

« FCC: QCD physics

* Prospects for flavour physics at FCC

* Prospects for physics at FCC-hh

* EXxpressions of Interest for the development of Detector Concepts and Sub-detector Systems for the FCC
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https://indico.cern.ch/event/1534205/#1-fcc-feasibility-study-report
https://indico.cern.ch/event/1534205/#2-esppu-general-documents

> EPFL

EFT landscape

Z BSM?2

Art from Fabio Maltoni
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https://agenda.infn.it/event/44943/contributions/263370/attachments/137615/206938/Strategy-Maltoni-BSM-final.pdf

At least 1 order of magnitude
advancement everywhere

FSR volume 1
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https://cds.cern.ch/record/2928193

Dim-6 flavor operators (> EPFL

100_— i Current / 2040s / LCF FCC-ee
: Flavour (down) ] NN
- Large advancement wrt. ol . S/ﬁ@ o (o m S
t~r Particle Phveir ectrowea N
HL-LHC + Belle Il for all - \ § S Collider —
operators N D |
- ' N
* Probe scale of O(10) TeV gg
globally 10, N
A N
= 5L F AN
\
U N
(1) (3) (1) ) (1) (3)
Cae Coe Cq, C Coi Caq Ce

Physics briefing book
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https://cds.cern.ch/record/2944678

Probing new particles (> EPFL

48 possible types of particles that can have tree-level linear interaction to SM,
matched to Dim-6 SMEFT operators.

* All, but a few, can be probed by W- and Z-pole observables

arXiv: 2408.03992

M Universal couplings M Third-gen. only M Flavourless couplings M Antisymm. couplings M Universal couplings W Third-gen. only W Other B Universal couplings M Third-gen. only
60 [ tree-level one-loop (LL RG F) b ll lg i tree-level ((Ellii;)éll)j) - t.rcc-lcvcl:ono—loop (LL RGE)
i 50 - 80
50
40 - 40 60 -
Z ot 2 30F Z
) 3 I
= 30F v
I = = m
20 L 20 _
I 20 1
10 - l() i
0l — ol =8 M 28 FN FM 5 PN M B FA FM PM 0
= = S = _1 )8 S ¢CIL I T ¢ @ w QY w D wy Q 6, 6 D FE N @ Q Q; T T, U A A; X Zl Q B B W w, B% BE*) WH G G H Ly Q Qs Uy Us X Vi Vs
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https://arxiv.org/abs/2408.03992

> 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

Comparison of proposals

All first-stage faci

Options for next stage collider:

(> EPFL

Project Construction First ::;a: el; |a|: Years _of P:)j:tc t Next §tage
start beams | 40%.m?s") | OPeration| (BCHF) collider

FCC-ee 2033 16 15.3 FCC-hh
LEP3 2037 15 4.1 FCC-hh
LHeC 2037 7 2.1 FCC-hh
“Ss0cev | 20% 20| "s || colider?
38‘(’(:555““ 2035 22 | “J46" || colider?

ities start ~ 2045 (driven by HL-LHC running until 2041)

Higher peak luminosity for FCC-ee and 4 IPs - operation is few years shorter than for linear colliders
Project cost (only CERN part shown here) similar for FCC-ee and linear colliders, lower for colliders re-using the LHC tunnel

B For FCC-ee: FCC-hh

B For LEP3 and LHeC: FCC-hh; maybe a muon collider if technology demonstrated, not built in the US, and machine available on ~ 2070 timeframe?

B Forlinear colliders: 1-10 TeV upgrade (technology? power consumption)? Muon collider if not built in the US, machine available on ~ 2070 timeframe
and can mostly be built within current CERN land?

xunwu.zuo@cern.ch

Gianotti at 117th plenary ECFA



https://indico.cern.ch/event/1567662/#11-report-from-cern

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




