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Motivations

Discovery of the Higgs boson: most important element in our understanding of 
electroweak symmetry breaking.  

The hierarchy problem and other open questions in the SM motivate us to 
explore extensions to the Higgs sector.  

SM is very well tested. If there are new physics effects they are likely to show 
up in the Higgs sector, but no evidence of new physics has been found up to 
date. 

New physics may hide at higher scales, therefore a low energy approximation 
of new physics can allow us to parametrize new physics contributions.  

So we work in an Effective Field Theory (EFT) framework, in particular the one 
provided by the ElectroWeak Chiral Lagrangian (EWChL) [Buchalla et al. arXiv: 
1307.5017].
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Motivations

EWChL provides a non linear 
realization of the electroweak 
symmetry breaking sector. 

Many of the Higgs couplings are well 
constrained already or can be 
obtained from other processes, but 
this is not true for the Higgs boson 
self coupling. 

Therefore we only consider the Higgs 
sector within the EWChL framework.
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Effective Field Theory
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Effective Field Theory (EFT)

In order to parametrize new physics contributions in the Higgs sector 
we use an effective field theory. 

The basic idea is to work at energy lower than the ones where the 
new particles could show up                    Definition of an energy 
scale.  

In order to build your EFT theory you have to add the effective 
operators to the Standard Model lagrangian. 

In the Higgs sector these new operators  are at least of canonical 
dimension 6.
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The ggH vertex

In order to understand the effective field theory let us analyze one of the 
diagram contributing to the Higgs boson production. 

One can find the diagram is proportional to:
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The ggH vertex

In the limit                    (the heavy top limit)  : 

Let us generalize the computation, when the loop is not involving the top quark 
but a new physics particle.  

Acting in the same way one can write the Feynman rule for the effective vertex as: 

Here the coefficient           is encoding the information about the new particle. 

This corresponds to insert in the Lagrangian the operator: 
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ElectroWeak Chiral Langrangian (EWChL)

The EWChL for the Higgs boson production stands: 

There  are 5 anomalous couplings: 

•               rescaling of SM couplings. 

•      new Yukawa interaction. 

•                   effective interactions couplings.

ct, chhh
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<latexit sha1_base64="YcIJ8d1Z3orp7LCAhmuGGlfIEkY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFcSElE0GXRjcsK9gFtCJPpJBk6mYSZSaGE/IkbF4q49U/c+TdO2yy09cDlHs65l7lzgowzpR3n21pb39jc2q7t1Hf39g8O7aPjrkpzSWiHpDyV/QArypmgHc00p/1MUpwEnPaC8f3M702oVCwVT3qaUS/BkWAhI1gbybdt4hdRFJeXix6Xvt1wms4caJW4FWlAhbZvfw1HKckTKjThWKmB62TaK7DUjHBa1oe5ohkmYxzRgaECJ1R5xfzyEp0bZYTCVJoSGs3V3xsFTpSaJoGZTLCO1bI3E//zBrkOb72CiSzXVJDFQ2HOkU7RLAY0YpISzaeGYCKZuRWRGEtMtAmrbkJwl7+8SrpXTddpuo/XjdZdFUcNTuEMLsCFG2jBA7ShAwQm8Ayv8GYV1ov1bn0sRtesaucE/sD6/AHKkpO/</latexit><latexit sha1_base64="YcIJ8d1Z3orp7LCAhmuGGlfIEkY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFcSElE0GXRjcsK9gFtCJPpJBk6mYSZSaGE/IkbF4q49U/c+TdO2yy09cDlHs65l7lzgowzpR3n21pb39jc2q7t1Hf39g8O7aPjrkpzSWiHpDyV/QArypmgHc00p/1MUpwEnPaC8f3M702oVCwVT3qaUS/BkWAhI1gbybdt4hdRFJeXix6Xvt1wms4caJW4FWlAhbZvfw1HKckTKjThWKmB62TaK7DUjHBa1oe5ohkmYxzRgaECJ1R5xfzyEp0bZYTCVJoSGs3V3xsFTpSaJoGZTLCO1bI3E//zBrkOb72CiSzXVJDFQ2HOkU7RLAY0YpISzaeGYCKZuRWRGEtMtAmrbkJwl7+8SrpXTddpuo/XjdZdFUcNTuEMLsCFG2jBA7ShAwQm8Ayv8GYV1ov1bn0sRtesaucE/sD6/AHKkpO/</latexit><latexit sha1_base64="YcIJ8d1Z3orp7LCAhmuGGlfIEkY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFcSElE0GXRjcsK9gFtCJPpJBk6mYSZSaGE/IkbF4q49U/c+TdO2yy09cDlHs65l7lzgowzpR3n21pb39jc2q7t1Hf39g8O7aPjrkpzSWiHpDyV/QArypmgHc00p/1MUpwEnPaC8f3M702oVCwVT3qaUS/BkWAhI1gbybdt4hdRFJeXix6Xvt1wms4caJW4FWlAhbZvfw1HKckTKjThWKmB62TaK7DUjHBa1oe5ohkmYxzRgaECJ1R5xfzyEp0bZYTCVJoSGs3V3xsFTpSaJoGZTLCO1bI3E//zBrkOb72CiSzXVJDFQ2HOkU7RLAY0YpISzaeGYCKZuRWRGEtMtAmrbkJwl7+8SrpXTddpuo/XjdZdFUcNTuEMLsCFG2jBA7ShAwQm8Ayv8GYV1ov1bn0sRtesaucE/sD6/AHKkpO/</latexit><latexit sha1_base64="YcIJ8d1Z3orp7LCAhmuGGlfIEkY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFcSElE0GXRjcsK9gFtCJPpJBk6mYSZSaGE/IkbF4q49U/c+TdO2yy09cDlHs65l7lzgowzpR3n21pb39jc2q7t1Hf39g8O7aPjrkpzSWiHpDyV/QArypmgHc00p/1MUpwEnPaC8f3M702oVCwVT3qaUS/BkWAhI1gbybdt4hdRFJeXix6Xvt1wms4caJW4FWlAhbZvfw1HKckTKjThWKmB62TaK7DUjHBa1oe5ohkmYxzRgaECJ1R5xfzyEp0bZYTCVJoSGs3V3xsFTpSaJoGZTLCO1bI3E//zBrkOb72CiSzXVJDFQ2HOkU7RLAY0YpISzaeGYCKZuRWRGEtMtAmrbkJwl7+8SrpXTddpuo/XjdZdFUcNTuEMLsCFG2jBA7ShAwQm8Ayv8GYV1ov1bn0sRtesaucE/sD6/AHKkpO/</latexit>
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ElectroWeak Chiral Langrangian (EWChL)

The Lagrangian is gauge invariant but not 
renormalizable in the common sense. 

 When deviation of the couplings from SM values are 
smaller than unity it is useful to parametrize them by: 

            represents a new scale related to a new 
strongly interacting dynamics.
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ElectroWeak Chiral Langrangian (EWChL)

In the Lagrangian SM particles are weak coupled to the 
Higgs sector.  

There are SM gauge symmetries. Lepton and barion 
number conserved. 

CP invariance in the Higgs sector and fermion flavour are 
are violated at some level. 

The EFT contains interaction terms of arbitrary canonical 
dimension. Therefore is not organized by canonical 
dimension of operator but by chiral counting.
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Chiral counting 

Each term of the lagrangian has a chiral dimension:  

0 for bosons  

1 for bilinear fermions, derivatives and weak couplings. 

The chiral dimension of a term in the Lagrangian is equivalent to its loop order

Chiral dimension 4 �13



Higgs boson pair production
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Higgs boson pair production

In SM the process is loop-induced. Not true in the EWChL framework. 

LO mixes tree and loop diagrams. 

LO loop order = 4. NLO loop order = 6. 

There are 5 anomalous couplings. Two are rescaling of SM couplings while the 
other 3 appear in new diagrams.  

The tree-level diagrams contain effective vertices involving new physics 
contribution. 
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Higgs boson pair production

Different values of the anomalous coupling modify the total 
cross sections and differential distributions.

chhh = 1.0, ct = 1.0, ctt = 0.5, cggh =
0.8

3
, cgghh = 0
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Conclusion and outlooks 
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Conclusions and outlooks

Conclusions: 

Review of EFT. 

The ElectroWeak Chiral Lagrangian. New interactions and new couplings. 

Higgs boson pair production, how non standard couplings can influence the cross 
sections. 

Outlooks: 

Higgs plus jet production in the EWChL framework. 
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