


Phenomenology Breakout Session 

• Joint FCC-hh/ee/he session 

• Important to work in close coordination 



TLEP FCC-ee Activities 

• There have been a series of TLEP 

workshops, e.g., #6: 

• https://indico.cern.ch/event/257713/ 

• A ‘First Look at TLEP Physics’ has been 

published: 

• http://arxiv.org/abs/arXiv:1308.6176 

 DOI: 10.1007/JHEP01(2014)164  

• There are continuing TLEP Physics 

Vidyo meetings: 

• https://indico.cern.ch/event/296628/ 

• Now integrated within the FCC structure 

_______ 

TLEP6 

http://tlep.web.cern.ch/ 

https://indico.cern.ch/event/257713/
http://arxiv.org/abs/arXiv:1308.6176
https://indico.cern.ch/event/296628/


The Twin Pillars of FCC-ee Physics 

Precision Measurements  

• Springboard for 

sensitivity to new 

physics 

• Theoretical issues: 
– Higher-order QCD 

– Higher-order EW 

– Mixed QCD + EW 

• Experimental issues 
– Patrick Janot 

Rare Decays 

• Direct searches for new 

physics 

• Many opportunities 

• Z: 1012 

• b, c, τ: 1011 

• W: 108 

• H: 106 

• t: 106 

 



Higgs Production @ TLEP 

Spira 



• Threshold sensitive to 

Higgs spin KNOWN 

• Also sensitive to 

parity: 0+ vs 0- 

• In presence of CP 

violation, could be a 

mixture 

• What sensitivity to 0- 

admixture? 

Higgs Production @ TLEP 

Spira 



(Mainly) QCD Uncertainties 

• Higgs Γb:  

– Higgs WG: ΔΓb = 7.5% 

– Should be 1.7%? 0.3% possible? 

– Higher-order QCD 0.25% 

– mb uncertainty overstated by factor 4? 

– Error could be reduced by running SuperKEK-B above ϒ 

– 5-loop running underway, need inputs from LE: mb, mc, αEM, αs 

• MW: 

– 4-loop uncertainty of 2.1 MeV insufficient: use MS mt 

– Could do 4-loop mixed EW/QCD 

• mt:  

– calculation of σ at NNNLO underway 

__ 

Kuehn 

Higgs X-Section WG: Spira 



(Mainly) QCD Uncertainties 

• ΓZ:  

– Δ(non-singlet) = 101 KeV 

– Δ(singlet) V (3g) = 2.7 KeV, A (2g) = 42 KeV 

– Difficult to do next order 

• Z Γb: 

– Correction @ GFmt
2αs

2 = 0.1 MeV 

– Smaller corrections if use MSbar mt, but need to know 4-loop 

conversion (underway) 

– Not well-defined at higher order: bbcc final states! 

• ΓW:  

– Mixed EW/QCD calculated @ 2-loop: – 0.55 MeV 

– 3-loop αWαs
2 difficult but feasible 
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Kuehn 



Zanderighi 



Skands 



Rare Leptonic Z Decays? 

• Upper limits from flavour-changing neutral 

currents (FCNC) 

Opportunities 

Silvestrini 



Rare Hadronic Z Decays? 

• Upper limits from flavour-changing neutral 

currents (FCNC) 

Opportunities 

Silvestrini 



Rare Higgs Decays? 

• Upper limits from FCNC, EDMs, … 

 

 

 

• Quark FCNC bounds exclude observability of 

quark-flavour-violating h decays 

• Lepton-flavour-violating h decays could be large: 

 BR(τμ) or BR(τe) could be O(10)% 

     B    BR(μe) must be < 2 ✕ 10-5 
Blankenburg, JE, Isidori: arXiv:1202.5704 





FCC-pp 















“Neutrino Counting” 

• On Z peak: 

 

• Error ΔNν dominated by ΔL, theory dominated: 

• Bhabha uncertainty ± 0.0046 

• Building blocks available to bring perturbative 
error < 0.1% 

• Radiative return: Nν = 2.92 ± 0.05 

• EW corrections! 

• Useful to study WWγ vertex: EW NLO 

Blondel 

Piccinini 





Direct Searches for New Particles? 

• Best chance may be pair-production of dark 
matter particles + soft γ, … 

• Way to get “Nν > 3” Compressed spectra 

Sanz 



Sparticle Production? 

• Unlikely? But cross-sections under control Spira 






