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Effective theory approach
in H-boson coupling determination
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"for the theoretical discovery of a mechanism that 
contributes to our understanding of the origin of mass of 
subatomic particles, and which recently was confirmed 

through the discovery of the predicted fundamental 
particle, by the ATLAS and CMS experiments at CERN's 

Large Hadron Collider" [http://www.nobelprize.org]

http://www
http://www
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in this talk
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Is this the Standard Model scalar boson?

➡ Higgs boson precision measurement  

➡ determination of the Higgs boson Lagrangian

- the structure of the operators, linked to the spin/
parity of a Higgs boson

‣ distributions 

- the coupling strength

‣ rate

➡How do we approach to get them?

6
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Top-down

bottom-up
in this talk
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Effective field theory approach

• Given the fact that only a 125 GeV SM-like boson and nothing else so far, 
the effective field theory approach is one of the best way to explore BSM 
effects. 

• All new particles and phenomena are assumed to appear at some scale Λ. 

• Not predictive at scales larger than Λ → loss of unitarity

• Below Λ,  all new physics effects are parametrized by higher dimensional 
gauge invariant operators made of SM fields. → many parameters 59!

•  No assumption on the form of new physics → model independent

•  Renormalisable order by order in the scale Λ → systematically improbable 

8

L = LSM +
1
Λ2

L6 + · · · L6 =
�

i

CiQi

Buchmuller&Wyler 1986 ... 
Grzadkowski et al. 2010
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HEFT2014 (28 - 30 September 2014)

 @ the Instituto de Física Teórica (UAM-CSIC), Madrid 
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Tool development (example)

10

FeynRules(v2.0)

MadGraph5_aMC@NLO
(Pythia, Herwig)

Delphes

MadAnalysis5

UFO model file

StdHep event file

LHCO event file
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in this talk
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Tools for Higgs properties

• The general scattering amplitude approach

- Couplings can be momentum dependent form factors and 
can be complex.

- Public code: e.g. JHUGen

• The effective field theory approach

- Public code: e.g. HEL(HiggsEffectiveLagrangian)
           HC(HiggsCharacterisation)

12

L = LSM +
1
Λ2

L6 + · · · L6 =
�

i

CiQi

[1001.3396, 1208.4018, 1309.4819]

[1310.5150]

[1306.6464, 1311.1829]



Introduction                                                     HEFT in FEYNRULES                                                     Phenomenological examples                                                     Summary

Higgs effective field theories made easy with FEYNRULES Benjamin Fuks - HEFT 2013 - 11.10.2013 - 13

D6 Higgs Effective Lagrangian
[ from Contino, Ghezzi, Grojean, Muhlleitner, Spira (JHEP ’13) ]

✦ The model file is publicly available. (https://feynrules.irmp.ucl.ac.be/wiki/HEL)

[ Alloul, Fuks, Sanz (1310.5150) ]

https://feynrules.irmp.ucl.ac.be/wiki/HEL
https://feynrules.irmp.ucl.ac.be/wiki/HEL
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before vs. after EW symmetry breaking

14

HC [arXiv: 1306.6464] HEL [arXiv: 1310.5150] 
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A framework
for Higgs characterisation

JHEP11(2013)043 [arXiv: 1306.6464]
EPJC74(2014)2710 [arXiv:1311.1829]

FeynRules model
P. de Aquino, K. Mawatari (Vrije U. Brussel)

MadWeight
P. Artoisenet (Nikhef)

aMC@NLO
F. Demartin, F. Maltoni (UC Louvain), M.Zaro (Paris)

R. Frederix, S. Frixione (CERN)
P. Torrielli (Zurich)

spin2 in aMC@NLO
M.K. Mandal (Harish-Chandra)
P. Mathews, S. Seth (Saha Inst.)

V. Ravindran (CIT)

The FeynRules and MadGraph5_aMC@NLO framework

15
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Desiderata for a HC framework

• Study Higgs quantum numbers, coupling strengths and 
structures in a model independent way.

• Go beyond the “one-process, one-decay, one-
observable” approach, i.e. go to “any-process, any-
decay, any-observable” one. 

• Equally useful for theorists (it can be systematically 
improved, changed - easily) and experimentalists (MC’s 
event generation directly in analyses).

• Adaptable to the present/future analyses and accuracy 
targets. 

16
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Higgs Characterisation model

• We implemented an effective Lagrangian featuring bosons 
                       X(JP=0+,0−,1+,1−,2+)
in FeynRules.

‣ Effective field theory approach, valid up to a cutoff 
scale Λ        

‣ Only one new bosonic state X(JP) at the EW scale (No 
other state below the cutoff Λ)

‣ Any new physics is described by the lowest 
dimensional operators.

The parametrization is based on the recent work 
[Englert, Goncalves-Netto, KM, Plehn (2013)].

17
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Effective Lagrangian -- spin0

18
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Effective Lagrangian -- spin0

19

Dimensionful couplings g are set 
as internal parameters so as to 
reproduce a SM Higgs for κ=1. 
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Mass and angular distributions -- spin0

./bin/mg5_aMC
>import model HC
>generate p p > x0, x0 > mu- mu+ e- e+
>launch

20
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Effective Lagrangian -- spin1

• The most general interactions at the lowest canonical 
dimension:

• Parity conservation implies that

‣ for X1−

‣ for X1+

21
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Effective Lagrangian -- spin2

• via the energy-momentum tensor of the SM fields, 
starting from D5:

‣ The E-M tensor for QED:

22
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./bin/mg5_aMC
>import model HC
>generate p p > x1, x1 > mu- mu+ e- e+
>launch

./bin/mg5_aMC
>import model HC
>generate p p > x2, x2 > mu- mu+ e- e+
>launch
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• The LO predictions can be systematically improved by including the effects due 
to the emission of QCD partons.

‣ LO Matrix-Element/Parton-Shower merging [ME+PS]

‣ full-NLO matrix element with parton-shower [aMC@NLO+Pythia/Herwig]

24

Higher order effects in QCD



/28Kentarou Mawatari (Vrije U. Brussel)                                                          　                                                 Apr. 9, 2014  SM@LHC                              25

aMC@NLO vs. ME+PS

Good agreement between 
the ME+PS and aMC@NLO 
p r e d i c t i o n s f o r m o s t 
observables.

For spin0, the production and 
decay factorize, for spin 1 and 
2 this does not happen and 
the fu l l 2 ->4 ,5 matr ix 
elements need to be used.
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VBF

26

./bin/mg5_aMC
> import model HC_NLO
> generate p p > x0 j j QCD=0[QCD]
> launch

F.Maltoni, KM, M.Zaro [arXiv:1311.1829]
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VH

27

./bin/mg5_aMC
> import model HC_NLO
> generate p p > x0 e+ e- [QCD]
> launch

F.Maltoni, KM, M.Zaro [arXiv:1311.1829]
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Summary

• After the discovery of a Higgs-like resonance at the LHC, the 
main focus of the analyses now is the determination of the Higgs 
Lagrangian.

• This includes 

- the structure of the operators, linked to the spin/parity of a 
‘Higgs’ boson.

- the coupling strength.

• MC tools to study the property of the SM-like boson are 
publicly available, e.g. JHUGen, HC, HEL.

• Event generation at NLO is possible for (several) spin 0,1,2 
hypothesis and can be used to validate merged samples.

28
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back-up

30
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FeynRules(v2.0) in a nutshell

- a Mathematica package that allows to derive Feynman 
rules from a Lagrangian.

- allows to export the Feynman rules to various matrix 
element generators, e.g. MadGraph, Herwig, Sherpa, ...

• The only requirements on the Lagrangian are:

✓ Locality, Lorentz and gauge invariance 

✓ Supported filed types: spin-0, 1/2, 1, 3/2, and 2 (as 
well as superfields).

31

Alloul, Christensen, Degrande, Duhr, Fuks, http://feynrules.irmp.ucl.ac.be

[Christensen, de Aquino, Deutschmann, Duhr, Fuks, Garcia-Cely,
Mattelaer, Mawatari, Oexl, Takaesu, EPJC(2013)]

new!

http://feynrules.irmp.ucl.ac.be
http://feynrules.irmp.ucl.ac.be
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Effective Lagrangian → Amplitudes

33

L =
1

2
cακSMgHZZ ZµZ

µX0

−1

4

1

Λ
cακHZZ ZµνZ

µν

−1

4

1

Λ
sακAZZ Zµν

�Zµν

− 1

Λ
cακH∂Z Zν∂µZ

µν

icακSMgHZZ gµν

icα
κHZZ

Λ
(gµνq1.q2 − q2µq1ν)

icα
κH∂Z

Λ
[gµν(q1.q1 + q2.q2)− q1µq1ν − q2µq2ν ]

isα
κAZZ

Λ
�µνρσq

ρ
2q

σ
1

(g1 term in JHU)

(g2 term in JHU)

(g4 term in JHU)
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Mass and angular distributions -- spin1

34
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Mass and angular distributions -- spin2

35
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The matched sample is harder than 
aMC@NLO at large pT due to the 
extra 2 ME patrons in the matched 
sample.  

The different shapes are due 
to the different initial state.

excellent agreement between  
ME+PS and aMC@NLO

36

spin-0,2

spin-1

gg

qq

Higher order effects in QCD (I)
inclusive production in pp → X(JP)
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Diagrams made by MadGraph5
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|M|2 ∝ s/Λ2 for κq = κg

|M|2 ∝ s3/m4Λ2 for κq �= κg
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Higher order effects in QCD (II)
unitarity-violating behavior of models with a spin-2 state
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A model with non-universal couplings 
dramatically changes the pT(X) spectrum. 

page 1/1

Diagrams made by MadGraph5
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κq≠κg

κq=κg

Higher order effects in QCD (II)
unitarity-violating behavior of models with a spin-2 state
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σgg/σtot

～96%

39

scattering angle
in pp→X→γγ

aMC@NLO

Higher order effects in QCD (III)
on spin observables for a spin-2 state


