
Kentarou Mawatari (Vrije U. Brussel)                                                          　                         July 20, 2013 Toyama ILC summer camp                                    

Higgs characterisation
at colliders

[arXiv: 1306.6464]

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

MadWeight
P. Artoisenet (Nikhef)

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

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 framework



Kentarou Mawatari (Vrije U. Brussel)                                                          　                         July 20, 2013 Toyama ILC summer camp                                    

Abstract

• We introduce a complete framework, based on an effective 
field theory approach, that allows one to perform 
characterisation studies of the boson recently discovered at 
the LHC, for all the relevant channels and in a consistent, 
systematic and accurate way.

• The production and decay of such a boson with various spin 
and parity assignments can be simulated by means of multi-
parton, tree-level matrix elements and of NLO QCD 
calculations, both matched with parton showers.

• Several sample applications are presented which show, in 
particular, that beyond-leading-order effects in QCD have 
non-trivial phenomenological implications.
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Higgs Characterisation model in FeynRules

• We implemented an effective Lagrangian featuring bosons 
                       X(JP=0+,0−,1+,1−,2+)
in FeynRules (http://feynrules.irmp.ucl.ac.be).

‣ 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)].

http://feynrules.irmp.ucl.ac.be
http://feynrules.irmp.ucl.ac.be
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Effective Lagrangian -- spin0

• allows one to recover the SM case easily.

• includes all possible interactions that are generated by gauge-
invariant D6 operators above the EW scale

• includes 0- state couplings typical of SUSY or of generic 2HDM

• allows CP-mixing between 0+ and 0− states
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Effective Lagrangian -- spin0
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Effective Lagrangian -- spin1

• The most general interactions at the lowest canonical 
dimension:

• Parity conservation implies that

‣ for X1−

‣ for X1+
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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:
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Mass and angular distributions -- spin0

./bin/mg5
>import model HiggsCharac
>generate p p > x0, x0 > mu- mu+ e- e+
>output
>launch
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Mass and angular distributions -- spin1
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Mass and angular distributions -- spin2
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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]

Higher order effects in QCD
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Spin/parity determination
1. X→γγ
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Spin/parity determination
2. X→VV*→4l
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spin-0                             spin-1                            spin-2
Englert, Goncalves-Netto, KM, Plehn (2013)di-jet correlations

Δη as well as ΔΦ are the powerful observables.

Spin/parity determination
3. pp→jjX
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Spin/parity determination
4. pp→ZX

Englert, Goncalves-Netto, KM, Plehn (2013)
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Spin/parity determination
5. X→ττ
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TauDecay
a library to simulate polarized tau decays via FeynRules/MadGraph5
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Outlook

• 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 the ‘Higgs’ boson.

- an independent measurement of the coupling strength.

• Our FR/MG5 Higgs Characterization model is ready for 
the spin/parity determination.
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• Since October 2010, to make a chain between the 
theoretical and experimental groups at the VUB.

• Contact to

‣ http://we.vub.ac.be/HEPVUB/

‣ pheno@vub.ac.be, kentarou.mawatari@vub.ac.be

pheno

Englert, Frere,
Hambye, Tinyakov, 
Tytgat, Argurio, ... 

Phenomenology group
at the Vrije Universiteit Brussel

Maltoni, ...
CMS

CMS, IceCube,
H1, OPERA, ...

http://we.vub.ac.be/dntk/onderzoek/GOAindex.htm
http://we.vub.ac.be/dntk/onderzoek/GOAindex.htm
mailto:pheno@vub.ac.be
mailto:pheno@vub.ac.be
mailto:kentarou@vub.ac.be
mailto:kentarou@vub.ac.be

