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Introduction

• Flavour physics one of the most likely places for 
indirect signs of new physics to show up

• Complementary to direct searches at high energy

• Top-down: flavour structure of models motivated 
by solutions to SM problems

• Bottom-up: models motivated by solutions to
flavour anomalies
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Top-down flavour implications
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• Flavour and cosmology

• Flavour and dark sectors

• Neutrino physics

• Origin of the Higgs sector

• Top physics

Top-down
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Composite Higgs model
• Higgs as a (pseudo) Nambu-Goldstone boson

• Confinement of new strong sector at scale f ~ TeV

• Flavour structure from linear mixing with composite 
operators

• Requires new sector to be coloured and 
electroweak-charged ⇒ TeV-scale leptoquark 
resonances! 

• O(1) top Yukawa ⇒ composite top couples strongest 
to new sector

• Minimal composite Higgs model with 4d UV-
completion: SO(6)/SO(5) ⇒ Higgs + singlet scalar
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FCNC top decays to new scalar 
• Suppressed FCNC in SM

• Dim-6 Top FCNC in SMEFT: 𝑡 → 𝑐 𝑆, 𝑢 𝑆 ≫ 𝑡 → 𝑐 ℎ, 𝑢 ℎ
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Dim-5 NP

f = 2 TeV f = 2 TeV

f = 10 TeV f = 10 TeV



Bottom-up flavour implications
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Bottom-up

• Anomalies in charged (B→ 𝐷(∗)𝜇𝜈) and neutral (B→
𝐾(∗)𝜇+𝜇−) current B decays

• If true, tremendous implications for future colliders
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Bottom-up

• Anomalies in charged (B→ 𝐷(∗)𝜇𝜈) and neutral (B→
𝐾(∗)𝜇+𝜇−) current B decays

• Focus on neutral current B decays for projections
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• Points towards new physics parametrised by a four-
fermion effective operator 

Neutral current B anomalies
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New physics behind B anomalies?

• Z’ or leptoquarks (at tree-level)

• What are the prospects 
for exploring directly this 
new sector?
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• Can we definitely discover directly the source of the 
anomalies at higher energies? 

• Consider sensitivity to most pessimistic scenario: only 
include minimal couplings required to explain 𝑏 →
𝑠𝜇+𝜇− anomalies

• More realistic models will typically be easier to discover

Motivation for future colliders

(Di Luzio, Nardecchia [1706.01868])80 TeV unitarity limit = no general no-lose theorem at FCC-hh
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Z’ Sensitivity 
• Extrapolate current 13 TeV di-muon search:

• Actual limits depend on Z’ couplings in signal x-section
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Z’ Sensitivity 
• Extrapolate current 13 TeV di-muon search:

• Actual limits depend on Z’ couplings in signal x-section

Excluded 
by Bs
mixing

Extrapolated 
95% CL lim.

Fat width

b-anomaly 
compatible
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• Actual limits depend on Z’ couplings in signal x-section

Excluded 
by Bs
mixing

Extrapolated 
95% CL lim.

Fat width

b-anomaly 
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Summary of 
Z’ coverage: 
For each MZ’, 
plot vertically 
the anomaly-
compatible 
region
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Z’ Sensitivity 
• Extrapolate current 13 TeV di-muon search:

• 100 TeV can cover almost all (narrow width) parameter 
space of most pessimistic scenario
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Z’ Sensitivity 
• Extrapolate current 13 TeV di-muon search:

• 100 TeV can cover almost all (narrow width) parameter 
space of most pessimistic scenario
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Narrow width 
approximation no 
longer valid!

Necessarily have 
additional flavour 
structure…
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Z’ Sensitivity 
• Improved MC study including large widths and two 

benchmark flavour scenarios:
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Z’ Sensitivity 
• Indirect effects from effective operators in LHC di-muon tail 

would point towards fat Z’ at higher energies
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Leptoquark Sensitivity

• Extrapolate current 8 TeV LQ di-muon+di-jet search:

• Pair production for scalar LQ depends only on QCD 
coupling

• Upper limit from Bs mixing constraint 
31
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Leptoquark Sensitivity

• Extrapolate current 8 TeV LQ di-muon+di-jet search:

• Pair production for scalar LQ depends only on QCD 
coupling

• Upper limit from Bs mixing constraint 

Extrapolated 
95% CL lim.

Excluded 
by Bs
mixing

b-anomaly 
compatible

Max
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Leptoquark single production
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Take-Home Message: Z’ sensitivity

• Drell-Yan, 𝒑 𝒑 → 𝒁′ → 𝝁+𝝁− for two flavour assumptions:

• Mixed-Up Model: 

• HL-LHC: No sensitivity

• HE-LHC: 𝑀𝑍′ up to 13 TeV, width up to 30%

• FCC-hh: 𝑀𝑍′ up to 22 TeV, width up to 30%  

• Mixed-Down Model:

• HL-LHC: 𝑀𝑍′ up to 5 TeV, width up to 10%

• HE-LHC: 𝑀𝑍′ up to 10 TeV, width up to 60%

• FCC-hh: 𝑀𝑍′ up to 20 TeV (entire parameter space)
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Take-Home Message: LQ sensitivity

• Pair production, 𝒑 𝒑 → 𝑳𝑸 𝑳𝑸 → 𝝁+𝝁−𝒋 𝒋

• Single production, 𝒑 𝒑 → 𝑳𝑸 → 𝝁+𝝁−𝒋

100 TeV 10 
ab-1

40 TeV𝑀𝐿𝑄 = 12 TeV

27 TeV 
10 ab-1

𝑀𝐿𝑄 = 5 TeV

100 TeV 10 ab-1

40 TeV𝑀𝐿𝑄 = 21 TeV

27 TeV 
10 ab-1

LQ coupling strength  

𝑀𝐿𝑄 =6 TeV

𝐵𝑠mixing

𝐵𝑠mixing
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Conclusion

• If confirmed by LHCb and Belle II…

• B anomalies could shed light on many BSM questions

• Accessible scale of new physics

• First studies of direct search potential at future colliders

• Even if anomalies vanish, motivates interplay between 
direct discovery potential of future hadron colliders and 
indirect sensitivity from precision physics
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