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• We’ve found the Higgs boson! What can we say about 
it’s couplings to other particles?

• Can electroweak measurements tell us anything 
about the Higgs couplings?

• Derive bounds from the oblique parameters and the  
recent Higgs data on the dimension-6 operators. 

• Are constraints on coefficients of the effective 
operators from precision test complementary to 
those from direct Higgs production measurements?

Motivations 
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Oblique parameters
• Most of the effects on electroweak 

precision observables can be parametrized 
by S, T and U.  [Phys.Rev.D46, 38, Peskin and Takeuchi]

Best fit:



Higgs Data: signal strength

• Measuring deviations of the couplings from the SM

•     =1 : Standard Model Higgs

[HIG-14-009-PAS]

µ

µ

[ATLAS-CONF-2014-009]



• Focus on electroweak sector of the SM 

• The lowest-dimension operators,      ,  
which contribute to processes involving the 
SM gauge bosons and Higgs doublets are 
dimension six.

• Assume flavor and CP conservation

Oi

• Assume new physics is at a scale (   ) much 
higher than that we can probe experimentally.
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• Lagrangian

• Derive Feynman rules: e.g. HWW

Approach



• Four operators that affect the gauge boson 
two point functions at tree level:

Approach



• There are six bosonic operators which 
contribute to the oblique parameters at one 
loop

• Neglect 

Approach



• S,T and U parameters defined in terms of self-
energies are gauge dependent 

• Need pinch part of the vertex corrections
[Degrassi and Sirlin, 1992]
[Binosi, Papavassiliou, 2009]

• The gauge dependence of the gauge boson self-
energies is exactly canceled by the pinch part of the 
vertex corrections.

Two point functions 



Two point functions 



Results

3 order of magnitude smaller 



Renormalization
•         scheme

• In      Gauge

• The divergences have been eliminated by the 
renormalization of the tree level couplings.

• The only remaining contributions to the oblique 
corrections are the finite contributions at           .

Rξ
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µ = mZ



Results
• Limits from the oblique parameters.

• Coefficients of the operators that contribute at 
tree level are significantly restricted (all other 
coefficients are set to zero.)

From outer to inner are 
99%, 95% and 68% CL

µ = mZ



Results
• Limits from the oblique parameters on        and       

(other coefficients are set to zero.)

Leading logarithmic result Renormalized result at

fWW fBB

µ = Λ µ = mZ



Results
• Limits from the oblique parameters on         and      

(other coefficients are set to zero.)
fWW fW

Leading logarithmic result Renormalized result atµ = Λ µ = mZ



Oblique parameters v.s. H-> WW

• Complementary bounds from oblique parameters 
and Higgs data.

Higgs data 
95%CL

oblique parameter

µ = mZ



Oblique parameters v.s. H-> 2 photons

• Comparison of limits from the oblique parameters 
and H-> 2 photons on                 and               
(other coefficients are set to zero.) 

Higgs data

oblique parameter

fWW + fBB fWW − fBB

µ = mZ



Results
• Limits from oblique parameters, which 

influence the decay H-> Z photon.

• Neglect all coefficients except                           .

µ = mZ



Conclusions
• Only weak limits on the couplings that contribute at one 

loop can be obtained from the oblique parameters.

• In contrast, the couplings that contribute at tree level, are 
tightly constrained.

• Loop contributions to oblique parameters yield 
complementary information to direct H->WW 
measurement.



Backup slides



Example
• Anomalous contributions 

to 
• Anomalous contributions to 

the W u d vertex ∆ΓWud
L

χ± and χ3: Goldstone bosons
c± and cZ : Faddeev-Popov ghosts.



Effective field theory

• Assume new physics is at a scale (   ) much higher 
than that we can probe experimentally.

• e.g. Fermi’s four fermion interaction
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