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Particle Physics before LHC Particle Physics before FCC

W boson

Top ? ? ?

Particle physics is not validation anymore, rather it 
is exploration of unknown territories *

* Not necessarily a bad thing. Columbus left for his trip just 
because he had no idea of where he was going !!

Higgs
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Today
FCCee (Z,unpolarized)
FCCee (Z,polarized)
FCCee (Z+WW)
FCCee (Z+WW+tt)

 Dimension six SMEFT (EWPD): Present vs. Future
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Jorge de Blas 
INFN -University of Padova 

1st FCC Physics Workshop 
CERN January 17, 2017  

EWPO at Future colliders: sensitivity to NP

Preliminary

“Λ” ≠ new physics scale !  ;  Λ = interaction scale ! 

Coupling is also essential to assess EFT validity
Bound on interaction scale is just the first step.
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EW+Higgs+Top Measurements

Composite tR, comp. Higgs, elementary tL and gauge

ttH@hh/ee
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EW+Higgs+Top Measurements

Composite tR, comp. Higgs, elementary tL and gauge

ttV coupling @ee/hh: [Janot / Farina et.al.]
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PLR Custodial eliminates these effects !
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Food for thoughts

Complementarity breaks degeneracy in EFT space (e.g., 
ttH vs ggH vs ttZ)

How to fit rare Higgs channels on a map? Light weakly-
coupled new physics?

PDF measurements @ ep useful to control PDF uncertainty 
for Higgs precision program and new physics tests?

Independent alpha_S(Mz) measurement @ ep improves EW 
precision tests @ ee?

LHC/ILC Higgs complementarity [Peskin 1312.4974] :            
BR(γγ)/BR(ZZ) @LHC plus Kv @ILC => Kγ.             
Something similar @FCC?



Food for thoughts

Christophe Grojean Physics Highlights of future ee colliders CERN, Nov. 19, 2o15/36

(1) Higgs kinematic parameters: mH and ΓH
� reduce parametric uncertainties in xs and BR
� control the fate of EW vacuum within the SM
� constrain new physics models (e.g. MSSM) 

(2) Precise and model-independent access to Higgs couplings
� 1% level
� identification of correlation patterns among deviations
� indirect test of extended Higgs sectors/composite nature
� ultimate test of naturalness 

(3) Access to decays modes that are background dominated @ LHC
� bb/cc/gg
� exotic decay modes (� portal models of Dark Matter)

(4) Constraints on Higgs flavor violating couplings
� shed light on the origin of fermion masses and flavors

15

~~ significant steps in precision study of Higgs properties ~~
0.05%
0.19%

gHXY FCC-ee
ZZ 0.16%

WW 0.85%
γ γ 1.7%
Zγ
tt
bb 0.88%
τ τ 0.94%
cc 1.0%
ss H→Vγ, in progr.

μμ 6.4%
uu,dd H→Vγ, in progr.

ee e+e–→H, in progr.

HH
BRexo 0.48%

Guessed projections

FCC-hh

<1% ?
1% ?
1% ?

2% ?

5% ?
< 10–6 ?

FCC-hh ambitious but 
possible targets?

→ from ttH/ttZ

→ extrapolation from HL-LHC estimates

→ from HH → bb γγ
→ for specific channels, like H→eμ, ...

→ extrapolation from HL-LHC estimates

gg→H 740 pb 7.4 G

VBF 82 pb 0.8 G

WH 16 pb 160 M

ZH 11 pb 110 M

ttH 38 pb 380 M

gg→HH 1.4 pb 14 M

N / 10ab–1σ

→ from γ γ/ ZZ and ZZ from FCC-ee
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adapted from M. Mangano, HXSWG ’15

CLIC

Topic Parameter Initial Phase Full Data Set units ref.
Higgs m

h

25 15 MeV [15]
g(hZZ) 0.58 0.31 % [2]
g(hWW ) 0.81 0.42 % [2]
g(hbb) 1.5 0.7 % [2]
g(hgg) 2.3 1.0 % [2]
g(h��) 7.8 3.4 % [2]

1.2 1.0 %, w. LHC results [17]
g(h⌧⌧) 1.9 0.9 % [2]
g(hcc) 2.7 1.2 % [2]
g(htt) 18 6.3 %, direct [2]

20 20 %, tt threshold [34]
g(hµµ) 20 9.2 % [2]
g(hhh) 77 27 % [2]
�
tot

3.8 1.8 % [2]
�
invis

0.54 0.29 %, 95% conf. limit [2]
Top m

t

50 50 MeV (m
t

(1S)) [33]
�
t

60 60 MeV [34]
g�
L

0.8 0.6 % [42]
g�
R

0.8 0.6 % [42]
gZ
L

1.0 0.6 % [42]
gZ
R

2.5 1.0 % [42]
F �

2 0.001 0.001 absolute [42]
FZ

2 0.002 0.002 absolute [42]
W m

W

2.8 2.4 MeV [62]
gZ1 8.5⇥ 10�4 6⇥ 10�4 absolute [63]

�

9.2⇥ 10�4 7⇥ 10�4 absolute [63]
�
�

7⇥ 10�4 2.5⇥ 10�4 absolute [63]
Dark Matter EFT ⇤: D5 2.3 3.0 TeV, 90% conf. limit [61]

EFT ⇤: D8 2.2 2.8 TeV, 90% conf. limit [61]

Table 1: Projected accuracies of measurements of Standard Model parameters at the two
stages of the ILC program proposed in the report of the ILC Parameters Joint Working
Group [7]. This program has an initial phase with 500 fb�1 at 500 GeV, 200 fb�1 at 350 GeV,
and 500 fb�1 at 250 GeV, and a luminosity-upgraded phase with an additional 3500 fb�1

at 500 GeV and 1500 fb�1 at 250 GeV. Initial state polarizations are taken according to
the prescriptions of [7]. Uncertainties are listed as 1� errors (except where indicated),
computed cumulatively at each stage of the program. These estimated errors include both
statistical uncertainties and theoretical and experimental systematic uncertainties. Except
where indicated, errors in percent (%) are fractional uncertainties relative to the Standard
Model values. More specific information for the sets of measurements is given in the text.
For each measurement, a reference describing the technique is given.
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