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INTRODUCTION

● SU(2)L X U(1)Y symmetry hidden at low 
energies, but restored in the UV
– tree-level relations among weak couplings and 

masses corrected by finite and calculable loop 
corrections

– precision measurements of masses and couplings
● test the quantum structure of the SM
● probe NP through its virtual effects
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EW PHYSICS IN THE LHC ERA
● The measurement of the Higgs mass completes 

the knowledge of ℒSM 
– all EWPO now fully computable in the SM

● Higgs signal strengths directly probe 
electroweak symmetry breaking
– test SM Higgs couplings – now include run II results!

● Combine EWPO and Higgs signal strengths to 
constrain extensions of the SM   
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EWPO FIT
● SM input parameters:

– GF, α, MZ, MH, mt, αs(MZ), Δαhad(5)

● state-of-the-art computation of EWPO
● parametrize possible NP effects (modified couplings, 

additional loop contributions, D=6 operators)
● perform a fit to experimental data

● GAPP (Erler)
● ZFITTER (Akhundov, Arbuzov, S. & T. Riemann)
● Gfitter – see next talk
● us, using the                 public code available from http://hepfit.roma1.infn.it
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EW FITS WITH    
● Both electroweak and Higgs observables are calculated as a SM core plus 

corrections:
– the SM core includes all existing higher order corrections
– NP corrections are at the lowest order in all SM couplings

● Experimental results are taken from the most recent published analyses
● The fit procedure uses BAT (Bayesan Analysis Toolkit) with flat priors for all 

input parameters, and posteriors calculated using a Markov Chain Monte Carlo 
● Stand-alone or library mode to compute observables in a given model:

– Implemented models:
● SM, Oblique parameters (S,T,U), εi parameters, modified Zb  couplings, Modified Higgs couplings bb

(κi), SMEFT (D=6), 2HDM, LUV in b®s transitions

– Implemented observables: 
● EWPO, Higgs signal strengths, Flavour (ΔF = 2, UT, rare B decays)
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Excellent agreement between full, direct and indirect 
determinations of input parameters
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IMPACT OF mH, mt, MW, sin2θ & ΓZ



Luca Silvestrini 9

 

EPS-HEP Venice, 6/5/2017

EW FIT BEYOND THE SM

● Oblique corrections
– S, T, U; δε1,2,3,b

● Modified Zbb couplings – see backup
● Modified Higgs couplings

– κV,f

● Effective theory with D=6
– Ci 
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OBLIQUE CORRECTIONS

● Parameterize dominant NP effects in gauge-
boson vacuum polarization:
– S,T,U 
– ε1,2,3  → δε1,2,3 now that mt and mH are known 

precisely

● U≪S,T (δε2 ≪ δε1,3) in many NP models 
(linearly realized EWSB)

[Peskin & Takeuchi ‘90,‘92]

[Altarelli & Barbieri ‘91; + Jadach ‘92; + Caravaglios ‘93]
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Non-standard Higgs boson couplings

● Minimal assumptions (inspired by strong-
dynamics EWSB models):
– only one Higgs boson below the cutoff Λ
– custodial symmetry approximately realized
– NP corrections flavour-diagonal and universal

where                               → W/Z longitudinal pol
– SM given by κV,κf → 1
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κV ONLY

● set cutoff Λ to scale of perturbative 
unitarity violation: 

[Barbieri et al., PRD 76 (2007) 115008

κV < 1 predicted in composite 
Higgs models disfavoured ⇒ 
need additional contributions

[Grojean et al; Azatov et al; Pich et al]

http://arxiv.org/abs/0706.0432
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Higgs data only

Higgs + EWPO

κV and κf
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The SM as an effective theory

● d=6 only, one Higgs doublet, SU(2)xU(1), B, L
● with flavour universality/conservation, 59 

operators (we use GIMR basis)
● contributing to EWPO + μi : 18 operators
● take Ci at EW scale, no running included

[Grzadkowski et al.]

[See also Corbett et al, Ellis et al, Falkowski & Riva, ...]
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Bounds from EWPO

One operator at a time



Luca Silvestrini 17

 

EPS-HEP Venice, 6/5/2017

Bounds from EWPO + Higgs
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Future Prospects: data sets

plus CepC: 106 H @ 240 GeV + 1011 Z @ MZ

[Talk by P. Azzi @ 2016 FCC week]

[S. Dawson et al., 1310.8361]

[CepC-SPPC preliminary CDR, 2015]

http://arxiv.org/abs/1310.8361
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Future Prospects: NP analyses

Lighter: incl. th. error;
darker: no theory error
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Future Prospects: Λ from EWPO
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Future Prospects: Λ from EWPO, μi



Luca Silvestrini 22

 

EPS-HEP Venice, 6/5/2017

Conclusions
● Remarkable experimental progress on EWSB 

with measurements of mH & μi

● Combined with EWPO: high sensitivity to NP, 
currently probing scales up to 14 TeV 

● Impressive progress foreseen with future 
facilities will allow us to challenge further the 
SM and hopefully see some NP effect, with 
order-of-magnitude improvements in the 
sensitivity to NP  
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BACKUP SLIDES
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Modified Zbb couplings
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Parametric error budget for theoretical predictions  (no fit)
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Future Prospects: EWPO
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Future Prospects: Higgs + Th

[Freitas et al.,
1307.3962;
A. Freitas,
1406.6980,
1604.00406]

+ δΔα(5)
had = 5 10-5 from R; δαs(MZ) = 2 10-4

 from LQCD 

http://arxiv.org/abs/1307.3962
http://arxiv.org/abs/1406.6980
http://arxiv.org/abs/1604.00406
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Data from Run II
● h®bb: ATLAS-CONF-2016-091, ATLAS-CONF-2016-

080, CMS-PAS-HIG-16-003,CMS-PAS-HIG-16-038
● h®gg: ATLAS-CONF-2016-081, CMS-PAS-HIG-16-040
● h®tt: CMS-PAS-HIG-16-043, CMS-PAS-HIG-17-003
● h®W+W-: ATLAS-CONF-2016-112
● h®ZZ: ATLAS-CONF-2016-081,CMS-PAS-HIG-16-041
● h®mm: arXiv:1705.04582
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EW fit – all ops
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