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Nothing but Higgs, with~10-20% Precision for Higgs couplings 
so far  

mH=
𝜇=



New era of precision studies of the Higgs sector
 (from Snowmass Higgs working group report): Higgs precision will approach that of EWP



@ 100 TeV

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HiggsEuropeanStrategy2012
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Precision Higgs Analysis: expansion formalism of the 
Higgs boson partial widths and branching fractions

❖ The sub-percent-level determination of the Higgs boson 
mass now enables a complete set of input observables 
whereby any perturbative high-energy observable 
involving the Higgs boson can be predicted.
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❖ The sub-percent-level determination of the Higgs boson 
mass now enables a complete set of input observables 
whereby any perturbative high-energy observable 
involving the Higgs boson can be predicted.

❖ careful exposition of the decay partial widths and 
branching fractions of a SM Higgs boson with mass near 
125 GeV.

❖  state-of-the-art formulas that can be used in any precision 
electroweak analysis to investigate compatibility of the data 
with the SM predictions in these most fundamental and 
sensitive observables
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What’s new in our expansion formalism?
❖ Other calculations exist in the literature, mostly notably 

from the computer program HDECAY; however, we 
wish to provide an independent calculation that 
includes the latest advances and allows us to vary the 
renormalization scale in all parts of the computations. 
This flexibility will be useful in discussions regarding 

uncertainties
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from the computer program HDECAY; however, we 
wish to provide an independent calculation that 
includes the latest advances and allows us to vary the 
renormalization scale in all parts of the computations. 
This flexibility will be useful in discussions regarding 

uncertainties
❖ We also aim to detail the errors that each input into the 

computation propagates to the final answer for each 
observable



Our Expansion Formalism of Partial Widths and Uncertainties
Taylor expand the full expressions for partial width around the input observables. This 
expansion is made possible by the fact that with the discovery of the Higgs boson, and 
knowledge of its mass, all input observables are now known to good enough accuracy to 
render an expansion of this nature useful and accurate.
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Input Parameters for our expansion
❖ Input: 

❖ s

❖ s
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Expansion of BR and ratio of BRs

the uncertainty in the b-quark mass input 
observable constitutes the largest uncertainty 

in the branching ratio computations.

The large uncertainty of the charm quark mass 
is the decisive contributor to H ->cc 

uncertainty as well





How well can we predict SM observables?
Percent relative uncertainty, PQ:

() => if the Higgs mass uncertainty were 0.1 GeV (instead of 0.4 GeV)
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() => if the Higgs mass uncertainty were 0.1 GeV (instead of 0.4 GeV)

Thus,  without reducing this error, any
new physics contribution to the bb

branching fraction that is not at least a factor of three or 
four larger than 1% cannot be discerned from SM. Thus, 
a deviation of at least 3% is required of detectable new 

physics. 

However, the lattice QCD calculation could improve it to 
match the experimental improvement  on time.
(arXiv:1404.0319v1, Lepege, Mechenzie, Peskin)
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The TLEP 
Design 
Study 
Working 
Group

~2% level

< 1 % level

~ 1 % level

Theoretical uncertainties will limit 
the interpretation of experimentalu 

measurement!
uncertainties from input parameters 

are major sources  here.
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FCC-hh can measure ratio of BF very 
precisely (already at the end of HL LHC, some ratios 

can be measured at ~5% level) . And FCC-hh will 
have much larger number of events:

(c.f.., for a given integrated luminosity, 2 order of 
magnitude larger number of events compared to TLEP 

350 (FCC-ee)  for ZH channel!)

c.f.
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c.f. ΔiX for Branching Fractions:

Percent relative uncertainty, PQ:
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() => if the Higgs mass uncertainty were 0.1 GeV (instead of 0.4 GeV)

_

❖ The percent uncertainty due to the input parameter 
(with Δmh=0.1 GeV):

�X,Y
i = (100%)⇥ |r⌧i,X,Y | �⌧i

⌧ref
i

Perturbative Uncertainties become the 
major source of uncertainty:

cry for higher order perturbative 
calculations!!



Summary
❖ Higgs Precision can be reaching at the level of EWP 

❖ With improved theoretical tools (e.g. expansion formalism), SM will be 
tested at per mille level

❖ SM Higgs vs. BSM Higgs can be tested @ FCC (and ILC) beyond the typical 
direct search limit

❖ @ FCC-hh (100 TeV) can measure the ratio of Branching Fractions very 
precisely, and potentially provide the most precise test of the SM (therefore 
probing the BSM in higgs observables)

❖ Lattice QCD may reduce the parametric uncertainties due to heavy quark 
masses. Also recently a further study on low energy observables were done 
(see arXiv:1501.02803v1 by Petrov, Porkoski, Wells, Zhang)


