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The FCC-hh Collider at 100 TeV 
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Outline

●Physics case for a 100 TeV collider  
●Precision Higgs physics including exotic & rare decays
●Discovery of extended Higgs Sectors 
●Double-Higgs production 
●Conclusion 

●Talk is based on FCC document on “Higgs and EWSB studies”

●Studies contributed by many people 

●Some of slides are borrowed from Mangano's ICHEP 2016 talk 

Disclaim:
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  Higgs and EWSB Studies at 100TeV 

● Not conclusive 

result, rather 

starting point 

for study of 

FCC  physics.

●Providing some 

initial guide for 

the detector 

design.

●Total 187 pages!

(1606.0940v1)
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  The Contents 
●Study of single-Higgs 

production modes, 

cross section 

predictions

● Prospects for precision 

measurements of 

Higgs couplings 

●Multi-Higgs production 

and measurement of 

the trilinear Higgs self-

coupling 

●Extended Higgs sectors 

in BSM theories    6



  Higgs physics at 100 TeV  
●Providing an energy frontier as well as intensity frontier experiment. 

●Discovery of extended Higgs sectors >1Tev(EWPT, DM, Naturalness)  

●Huge number of Higgs bosons produced (10Billions), two order of 

magnitude increase with respect to HL-LHC. 

●VBF, ttH and other rare processes become more important. 
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  Higgs as a Probe for High Mass Scale (λ)   
●For BSM EFT, ℒ = ℒ

SM
 + 1/λ2 *∑ O

k
 + …  where λ is the cut off scale 

●Any observable: O=|<f|ℒ|i>|2=O
SM

(1+O(μ2/λ2)+...) , μ=m
H
,ν,Q
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●δO~(ν/λ)2 ~6%(TeV/λ)2 ~1%  ⇒ λ>2.5 TeV.

●δO~(Q/λ)2~15% up to Q=1TeV ⇒ λ>2.5 TeV.



  H at large Pt   
●Sensitive to different Higgs production process directly. 

●Hierarchy of production channels changes at large Pt(H)
–Pt>800 GeV: σ(tth) > σ(gg→H); Pt>1.8TeV: σ(VBF) > σ(gg→H)
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  gg→H→γγ at large Pt  
●With more statistics, we can focus in the semi-boosted region where 

the backgrounds are smaller, which could improve sensitivities. 

● Pt(H)>300 GeV, S/B~1, very clean probe of Higgs up to large Pt.  
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  gg→H→μμ at large Pt  
●Start reach ~ 1% for Pt(H→μμ)>100 GeV 

●Reduce systematics on Br(H→μμ)/Br(H→γγ) by using same fiducial cuts.  
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Top Yukawa y
top

 from σ(ttH)/σ(ttZ)

●Identical production dynamics
–Correlated QCD corrections, correlated scale dependence

–Correlated αs systematics
●mZ~mH: expect almost identical kinematic boundaries

–Correlated PDF systematics

–Correlated Mtop systematics 
●For a given y

top
, the ratio σ(ttH)/σ(ttZ) is well predicted. 
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Cross Section Ratio Stability
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Top Yukawa y
top

 Sensitivity 
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  Rare Higgs decays 
●Exclusive modes:  BR(H→Vγ)~10-6 (V = vector meson) , allow 

extraction of Yukawa couplings to frst 2 quark generations. 

(Bodwin et al PRD 88(2013) 053003, Kagan et al PRL 114(2015) 101802)

– H → J/Ψ γ   (y
c
)

– H → Φ γ (y
s
)

– H → ρ γ (y
u,d

)

● Limits on H→ J/Ψ γ from LHC: 
– Current @ LHC 8 TeV 20 fb-1 <1.5x10-3 

– LHC @14 TeV 300 fb-1 < 150 x10-6 
– HL-LHC @14 TeV 3 ab-1 <45x10-6 

●FCC 100 TeV seems able to reach ~10-6, close to SM value with 100 

times increases in number of events  with respect to the HL-LHC. 
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  Search for Extended Higgs Sectors  
●FCC 100 TeV offers unique opportunity to search for extended Higgs 

sector, which is a prediction of many BSM scenarios.

●They may play a role in the following open questions 
–(EW) Baryogenesis: Modifed scalar potential can lead to a frst 

order EW phase transition (EWPT).
–Identity of Dark Matter

•Scalar DM with TeV mass
•Scalar mediators in hidden sector
• DM coupled to Higgs portal

–Smallness of the neutrino masses
•Type-II see-saw through extra scalars 

–Naturalness of the EW scale  
•Extended scalar sectors follows in natural theories
•SUSY
• Neutral Naturalness    16
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  Analysis Strategy of HH → bbγγ 
●Interested in events at threshold, no boosted techniques needed.

●Optimize cuts to maximize sensitivity on trilinear coupling not xsec. 

●Event selections: 
–Two isolated photons, |eta|<4.5, Pt(1)>60 GeV, Pt(g2)>35 GeV
–Jets anti-kt with cone 0.4, |eta|<4.5, pt(b1)>60, pt(b2)>35 GeV
–|mgg -mh|<2.0, 3.0, 4.5 for high/med/low scenarios
–Pt(bb), Pt(gg)>100 GeV, DeltaR*bb), DeltaR(gg)<3.5 
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S/B=0.45
S/sqrt(S+B)=61.
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 Higgs-self Coupling Sensitivity  
●Study Higgs-self coupling vs di-photon mass: signifcant gain from 

low to Med, small change from Med to High 

● Most signal are central, no signifcant gain beyond |eta|>3.5 GeV. 
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  Higgs-self Coupling Precision  
●Checked the Higgs-self coupling vs tagging rates (Med+30ab-1) 

●Precision is below ~3.5% with reasonable of tagging/mis-tagging  

rates.
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  Triple Higgs coupling sensitivity  
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●Higgs self-coupling 

dependence at 14 TeV 

and 100 TeV are similar.



  Conclusion 
●FCC Volume on “Higgs and EWSB studies” frst important step 

towards a careful assessment of the physics potential of a 

FCC-hh.

●FCC-hh both an energy and an intensity frontier machine.

●Unique opportunities for Higgs and EWSB physics at 100 TeV:
–Measuring the Higgs trilinear coupling at <5% level
–Ultra-rare Higgs decays including h → V gamma
–Discovering extended Higgs sectors (new EW-charged or 

singlet scalars)
–Testing EW Baryogenesis 
–Discovering DM sectors 
–Many more ...
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