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• FCC-ee dataset
• b physics program
• Charm physics program
• Tau physics program
• Other opportunities

Outline
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FCC-ee
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• 91km ring near CERN
• Possibility for 4 

experiment sites
• Operate at Z, WW, 

ZH, tt energies
• ~15 years of 

operation starting 
2045(?)
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• Splendid datasets expected with a plethora of 
physics opportunities
• EW precision measurement (Z, W, H, t)

• QCD precision measurement ( )

• Flavor physics ( )

• Rare decay searches
• BSM particles (ALPs, dark photons, LLPs)

αs

b, c, τ

FCC-ee dataset
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Dataset Operation Int. lumi. (ab  ) Events

Z 4 years 150

WW 2 years 12

ZH 3 years 5

tt 5 years 2

5 × 1012

5 × 107

> 106

> 106

Much more than just “H-factory”
Manqi Ruan

−1

2 IPs assumed for luminosity 
estimates, and the rest of the slides

https://indico.cern.ch/event/1165192/#4-flavour-physics-studies-at-c
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• FCC-ee expects to operate at Z-pole for 4 years, 
producing a total of  Z bosons

• About 13x as many  as at Belle II (50 ab )

• About 8x as many  as Super tau-charm factory

• All species of b-hadrons are produced

• Decay products significantly boosted

5 × 1012

B0/B+ −1

τ

FCC-ee as flavor factory
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Best option for next-generation flavor machine
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b physics
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• Measurements of ultra-rare , some unique at FCC-ee

• High invariant-mass resolution expected from excellent tracking performance

• Controlling the misidentification of  as  is a important consideration in detector design

B → μ+μ−

π+ μ+

B0/B0
s → μ+μ−
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Phys. Rev. Lett. 128, 041801Eur. Phys. J. Plus (2021) 136:837 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.041801
https://link.springer.com/article/10.1140/epjp/s13360-021-01814-0
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•  is mediated by different diagrams in SM, with 
their relative importance varying with 

• BR highly sensitive to BSM modification (and also have 
large uncertainties due to non-perturbative QCD) 

• Hints of LFUV seen in  and  between  and 

•  not yet established for 

• Expected  ~ O( )

b → sℓℓ
q2 = M2

ll

RK RK* e μ
b → sℓℓ τ

BRSM 10−7

 transitionb → sℓℓ
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arxiv 1909.12524

https://www.arxiv.org/abs/1909.12524
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 transitionb → sℓℓ
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Tristan Miralles at FCC Week

• Additional test of LFV in 

• Background with the same final state can 
be separated by kinematic properties 
• More ongoing studies on comprehensive 

backgrounds toward a full analysis
• The goal is to understand the performance/

requirements for vertex detectors (backup 
for  ID)

b → sττ

π0

https://indico.cern.ch/event/1064327/timetable/?view=standard#162-b-to-k-tau-tau
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• Not possible to study  at LHCb or Belle

• Decays suppressed by CKM
• Still, millions of signals at FCC-ee

• Highly pure selections can be achieve for both signal modes
• 2%-3% statistical uncertainties on signal yields

B+
c → τ+ντ

B+/B+
c → τ+ντ
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Results can be interpreted in two ways

• Measure  and  

• Depends on the theoretical expectation of  and 

• Constrain BSM models

|Vcb | |Vub |

f(B+
c ) ℬ(B+ → τ+ντ)

Flavor case - B+/B+
c → τ+ντ
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lepto-quark model2HDM

• Measure ratio 
relative to a 
normalization mode 

 to 
decoupled from 

 and 

B+
c → j/ψμ+νμ

|Vcb | f(B+
c )

JHEP12(2021)133

https://link.springer.com/article/10.1007/JHEP12(2021)133
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• Potential status of the unitary triangle in 2030s based on LHCb measurements and improved 
lattice QCD calculations

• Complementary measurement of  to be added by Belle and FCC-ee|Vub | / |Vcb |

CMK fit
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arxiv 1808.08865

https://arxiv.org/abs/1808.08865
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• Model-independent 
search for CPV in the 

 and  
mixings

•  precision and 
LQCD mixing 
parameters are main 
sources of uncertainty.

•  will be greatly 
improved at FCC-ee 
with on-sell W 
decays

B0 − B̄0 B0
s − B̄0

s

|Vcb |

|Vcb |

b physics
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Phys. Rev. D 102, 056023 (2020)

Now

~2030
after LHCb U1 
and Belle II

~2040
after LHCb U2 
and Belle III

FCC-ee
Vcb updated 
LQCD not

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.056023
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non-b flavor physics
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• FCNC  decay 

• , , , etc.

• Complementary to  channels

• Clean null tests of SM, no experimental limits at the moment

• BR can be probed down to  level at FCC-ee

• Pure leptonic  decay

• Very little SM contribution

• NP that contributes to  would also have effect on 

• CP asymmetry in  and  decays

• CP violation for  may be ~1% in SM, could become the first evidence of CP 
violation in charm sector

• CP violation for  is 0 in SM, good null test

c → uνν
D → πνν Ds → Kνν Λ+

c → pνν
c → ull

10−6

D0 → l+l−

c → ull D0 → l+l−

D+ → π+π0 D0 → K0
s K0

s

D0 → K0
s K0

s

D+ → π+π0

charm physics
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Phys. Rev. D 103, 015033

Phys. Rev. D 92, 054036

Belle II physics book

Appealing opportunities. Experimental performance to be studied

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.015033
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054036
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054036
https://academic.oup.com/ptep/article/2019/12/123C01/5685006
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• High precision on tau properties (complementary to STCF)

• Lifetime measurement benefits from high boost in  decays

• Systematic uncertainties to be studied and improved

• Probe CLFV  decay

• Higher efficiency than the LHC and Belle
• Essentially background free

Z → ττ

τ → 3μ

tau physics
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FCC CDR

Mogens Dam
(Estimates made in 2018, no significant change since then)

https://indico.cern.ch/event/848732/contributions/4524463/attachments/2320801/3951935/STCF_tau2021.pdf
https://link.springer.com/article/10.1140/epjst/e2019-900045-4
https://indico.cern.ch/event/632562/contributions/3117973/attachments/1724497/2787464/FCCtau2018.pdf


xunwu.zuo@cern.ch

• Test LFV in  decays and  decays

• Probe BR down to  (SciPost Phys. Proc. 1, 041 (2019))
Z → τμ, Z → τe H → ll′ 

10−8 − 10−10

Other opportunities
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FCC CDR

• FCNC in top quark decays

• Advantage in  and  at FCC-ee

• distinguish  from 

• Measure CMK elements with on-shell  decays

• Expect excellent vertexing and flavor tagging efficiencies
• Direct (theory-free) determination.

• (Preliminary) expect  precision at 0.4%

t → γq t → Zq
c u

W → bc, W → cs

|Vcb |

https://scipost.org/SciPostPhysProc.1.041
https://link.springer.com/article/10.1140/epjst/e2019-900045-4
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Backup
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b physics
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Phys. Rev. D 102, 056023 (2020)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.056023
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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

