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FCC-ee physics runs
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6 × 1012 Z 2 . 4 × 108 WW 2 . 2 × 106 ZH 2 × 106 tt̄, 0 . 5 × 106H

FSR volume 1

https://cds.cern.ch/record/2928193
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Advantage over Belle II

• About 14x more  than Belle II (50 ab )

• All species of b-hadrons are produced

Advantage over LHCb

• Clean collision environment, much better photon, electron reconstruction

• Precisely known initial energy —> missing energy information

B0/B+ −1

FCC-ee as flavor factory
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Best option for next-generation flavor machine

particle count         

Belle II 55 55 0.6 N.A. N.A. 130 90

FCC-ee 770 770 170 7 150 1400 400

B0 (B̄0) B± Bs (B̄s) B±
c Λb (Λ̄b) c (c̄) τ±(×109)
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Selected flavor studies

• Unique probes for rare decays

• Novel CKM measurements

• Opportunities tau, charm, and more

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

https://indico.ihep.ac.cn/event/25300/contributions/201971/
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Probes for rare decays
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Case study - 

• Expected  ~ O( )

• Belle II (365 fb ): < 

• Belle II (50 ab ): < 

B0 → K*0τ+τ−

BRSM(B → Kττ) 10−7

−1 1.8 × 10−3

−1 5.3 × 10−4

b → sℓℓ

6

HFLAV 2206.07501

2504.10042

2207.06307

• PID efficiency 

• Vertex resolution
• Energy resolution

• Missing energy info

requires an excellent detector

https://arxiv.org/abs/2206.07501
https://arxiv.org/abs/2504.10042
https://arxiv.org/abs/2207.06307
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• Theory motivation: O( ) enhancement allowed for 

• Challenge at Belle II: limited amount of 

• Challenge at LHCb: difficult to reduce backgrounds
• Expect strong constraint at Tera-Z 

104 Bs → τ+τ−

Bs

Case study -  Bs → τ+τ−
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, ~10X SMδ ≈ 5 × 10−6

2012.00665PoS FPCP2023 010

https://www.arxiv.org/abs/2012.00665
https://doi.org/10.22323/1.445.0010
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Case study - B0 → K*0τ+τ−
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• Event kinematics fully reconstructable (with 
4-fold ambiguity)

• Expect  significance with nominal IDEA 
detector
• Extensive detector study: strong 

dependence on vertex resolution and 
material budget

3σ

Tristan Miralles et al.

https://doi.org/10.17181/9t6w9-mmd12
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 transitionb → sνν
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Modes Signature

7.9

9.7

2.0

8.6

B0 → K*0νν̄
B0

s → ϕνν̄

B0 → K0
Sνν̄

Λ0
b → Λνν̄

K*0 → K±π∓

ϕ → K+K−

K0
S → π+π−

Λ → pπ−

ℬSM (×10−6)

Prompt decays
• Requirements on 

Kaon/pion ID 

Long-lived
• Requirements on 

displaced vertexing 
and proton ID

arxiv:2309.11353

• Belle II:  established

• Expect 10% precision with 50 ab

• LHCb: measurement not possible

B+ → K+νν
−1

• Tera-Z: high precision expected

• Unique probes of ,  Bs → ϕνν Λb → Λνν

talk by C. Santos

https://arxiv.org/abs/2309.11353
https://indico.global/event/11057/contributions/131840/
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Case study - b → sνν
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B0 → K*0νν̄
0.53% precision for SM signal

Precision most dependent on PID, vertexing, and total stats

• With perfect PID, O(1%) precision for  and 

• With 80%  reco eff, expect better than 10% precision for 
, 

B0 → K*0νν̄ B0
s → ϕνν̄

K0
S , Λ

B0 → K0
Sνν̄ Λ0

b → Λνν̄

2309.11353

https://arxiv.org/abs/2309.11353
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• Heavily suppressed in SM, null test

• , , can be enhanced by 

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

ℬ(B(s) → νν) ≈ 10−25 ℬ(B(s) → 4ν) ≈ 10−15 ℬ(B(s) → γνν)

Case study - B(s) → νν
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2508.04471

https://arxiv.org/abs/2508.04471
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CKM measurements
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CKM at FCC-ee
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Direct W or top decay

From ( ) leptonic decayB+ B+
c

Likely no advantage at FCC-ee

Possibility with 
W decay, 
precision to be 
studied

Can FCC-ee do something?

New methodology to explore at FCC-ee
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Unitary triangle
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Courtesy of Luiz Vale Silva
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Case study - 

• Difficult to identify at LHCb

• No  at Belle II,  measurable to 5%
At Tera-Z factory

• 1~2% precision for  mode

• O(1%) precision for  mode

• Few kinematic handles, some backgrounds irreducible

• Ultimate precision relies on -ID in all modes

B+/B+
c → τ+ντ

B+
c B+ → τ+ντ

τ → 3π±

τ → e/μ

τ

b → qℓν

15

1808.10567

2007.08234

2305.02998

ℬ(B+
q → τ+ντ)SM = τB+

q

G2
F |Vqb |2 f2

B+
q

mB+
q

m2
τ

8π
(1 −

m2
τ

m2
B+

q

)2 , q = u, c

2105.13330

https://arxiv.org/abs/1808.10567
https://arxiv.org/abs/2007.08234
https://arxiv.org/abs/2305.02998
https://arxiv.org/abs/2105.13330
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Case study - B+/B+
c → τ+ντ
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• Determine at 1% precision

• Similarly, determine with knowledge of 
, or vice versa

|Vub |

fB+
c
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Generated data

• Good separation between  and  
• First chance to observe (measure) 
• Strong constraint to phase space related to 

 anomalies

B+ B+
c

B+
c → τ+ντ

R(D), R(D*)

2305.02998

https://arxiv.org/abs/2305.02998
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• At LEP, O(10%) precision on |Vcs |

Direct CKM measurements — ,|Vcs | |Vcb |
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DELPHI ALEPH OPAL

• At Tera-Z, O(0.01%) precision on , O(0.1%) on |Vcs | |Vcb |

2405.08880

2406.01675

Exp uncert most from mis-tag and bkg rate:
Scena 1. unc. from Herwig vs Pythia
Scena 2. 8x better 

, with  channel|Vcs | |Vcb | WW → 4q  with  channel|Vcb | WW → ℓνqq

More in talk by Zhaoling Zhang

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/
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Direct CKM measurements — |Vts |

18

s̄ t̄

W

b t

W

b̄

s

g

q

q̄

W+ t

q q→

W+

b

e

e
Z/ω↑

t

t̄

b

W+

s̄

W↓

s̄ t̄

W

b t

W

b̄

s

g

q

q̄

W+ t

q q→

W+

b

e

e
Z/ω↑

t

t̄

b

W+

s̄

W↓

s̄ t̄

W

b t

W

b̄

s

g

q

q̄

W+ t

q q→

W+

b

e

e
Z/ω↑

t

t̄

b

W+

s̄

W↓

• |Vts |• |Vtb |

‣ Current (PDG): from  mixing at LHCb
•  (2.2% precision)
• Assume no NP in the loop, dominated by LQCD uncertainty

B0
s − B̄0

s
|Vts | = (41.5 ± 0.9) × 10−3

‣ Direct measurement at LHC: single top production
• , far from SM precision|Vts |2 + |Vtd |2 = 0.06 ± 0.06

‣ Potential at  colliders
• Model-independent direct measurement

• FCC-ee expects ~ 6600 cases of 
• Expect precision on  at 3.1% or better
• Similar measurement for , expect O(0.1%) precision

e+e−

2 × 106 × 2 × |Vts |2 t → Ws
|Vts |

|Vtb |
FCC note: Vts

https://repository.cern/records/4z9vr-jtm22
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Tau, Charm

19
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• Lepton number is an accidental symmetry in SM, linked to small neutrino masses

• FCC-ee expect to probe  at O( ) and  at O( )τ → μγ 10−9 τ → 3μ 10−11

: CLFVτ

20

FCC note: tau physics

Discussion on tau LFU covered by Lorenzo Calibbi

https://doi.org/10.17181/fscbf-jpg31
https://indico.ihep.ac.cn/event/25300/contributions/201971/
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•  highly suppressed in SM     clean null test

•  <O( ) from BESIII

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

c → uνν →
D0 → π0νν 10−4

Charm: c → uνν

21

2509.10447

2112.14236

• Angular measurements of  and 
 at LHCb

•  can be probed at FCC-ee at 
O( ) level

D0 → K+K−μμ
D0 → π+π−μμ
D0 → π+π−νν

10−7

1806.10793 2111.03327

https://arxiv.org/abs/2509.10447
https://arxiv.org/abs/2112.14236
https://arxiv.org/abs/1806.10793
https://arxiv.org/abs/2111.03327
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FCC-ee is an excellent flavor factory
• Complete coverage of flavor program
• Highly complementary to Belle II and LHCb
• Many unique new probes 
• High precision for whole flavor landscape

Summary

22

Flavor at FCC-ee/CEPC is a rich realm, much more to explore!
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• 4 workshops in 2025-2027
• First one at CERN, Nov. 19 - 21, 2025
• You are invited: https://indico.cern.ch/event/1588013/ 

Ads: Flavours@FCC WS

23

https://indico.cern.ch/event/1588013/
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Backup

24



xunwu.zuo@cern.ch

Physics program
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CLD (CLIC-like detector)

• Full silicon vertex detector and 
tracker

• High granularity silicon-tungsten 
ECAL + scintillator-steel HCAL

• Solenoid outside of calorimeter

Detector concepts

26

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)

ALLEGRO (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 
HCAL
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IDEA detector
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Beam pipe 
• R ~ 1.5 cm

Silicon vertex detector
• 5 layers, R = 1.7 - 34 cm
• Pixel 20 × 20 μm2

Wire drift chamber
• 112 layers, R = 35 - 200 cm
• 0.016  X0@90∘

Superconducting solenoid
• 2 T, R = 2.0 - 2.4 m
•   0.74 X0, 0.16 λ @90∘

Dual-readout calorimeter
• 2 m capillaries
• Alternate Cherenkov and 

scintillation fibers

•   σEM ≈
10 %

E
, σhad ≈

30 %

E

Muon chambers
• 3 layers, gas detector
• Spatial reso < 400  μm

Preshower
• 2 layers, gas detector
• Spatial reso < 100  μm
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FCC jet flavor tagging
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Kaon vs Pion ID
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Assume perfect ID in the kinematic region (p < 30 GeV) of study.
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• Need exquisite EM calorimetry for pi0 identification

•   expected3 % / E

 identificationπ0
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JINST 15 P11005

https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11005
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Gianotti at FCC week 2025

https://indico.cern.ch/event/1408515/timetable/#78-welcome-and-introduction
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