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Higgs Characterization with FeynRules

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

• The new states can couple to SM particles via interactions of 
the minimal (and next-to-minimal) dimensions, e.g. for X-Z-Z:

- κi : dimensionless coupling parameters

- cosα : mixing between 0+ and 0- parameters

- Λ : theory cutoff scale

3

Artoisenet, de Aquino, Frederix, Maltoni, Mandal, Mathews, KM, Ravindran, Seth, Torrielli, Zaro (in progress)

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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Higgs Characterization model
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Higgs Characterization model

• There are several advantages in having a first principle 
implementation in terms of an effective Lagrangian which can be 
automatically interfaced to a matrix element generator. 
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automatically interfaced to a matrix element generator. 

1. Flexibility: it is straightforward to modify the model to extend it 
further in case of need, by adding further interactions, for example of 
higher-dimensions. 

2. Modularity/Automation: all relevant production and decay modes can 
be studied within the same model, from gluon-gluon fusion to VBF as 
well as VH and ttH can be considered. 

3. Accuracy: higher-order effects can be easily accounted for, by 
generating multi-jet merged samples or computing NLO corrections 
with automatic framework. 

4



/20Kentarou Mawatari (Vrije U. Brussel)                                                          　                               　   Apr. 20, 2013 MC4BSM@DESY                                      

1. Flexibility

• It is straightforward to modify the model to 
extend it further in case of need, by adding further 
interactions, for example of higher-dimensions. 

5



/20Kentarou Mawatari (Vrije U. Brussel)                                                          　                               　   Apr. 20, 2013 MC4BSM@DESY                                      

1. Flexibility

• It is straightforward to modify the model to 
extend it further in case of need, by adding further 
interactions, for example of higher-dimensions. 

5



/20Kentarou Mawatari (Vrije U. Brussel)                                                          　                               　   Apr. 20, 2013 MC4BSM@DESY                                      

2. Modularity/Automation

• All relevant production and decay modes can be 
studied within the same model: 

a. X→VV→4l

b. X→γγ
c. jjX (VBF)

d. VX/ttX

e. X→ττ

6
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a. X→VV→4l

• Higgs Characterization with MadGraph5:

7

./bin/mg5
>import model XCharac
>generate p p > x0, x0 > mu- mu+ e- e+
>output
>launch
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b. X→γγ

12
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c. pp→jjX (VBF)

14

spin-0                             spin-1                            spin-2

Englert, Goncalves-Netto, KM, Plehn (2013)di-jet correlations
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d. pp→ZX

15

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

17
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3. Accuracy with ME-PS merging

• Higher-order effects can be easily accounted for, by 
generating multi-jet merged samples with automatic 
framework. 

18
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• Higher-order effects can be easily accounted for, by 
computing NLO corrections with automatic 
framework. 

19

3. Accuracy with aMC@NLO
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Outlook

• After the discovery of a BEH-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.

20
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back-up

21
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X→VV decay

The off-shell Z mass and the azimuthal correlations between 
the Z decay planes reflect the XVV tensor structures.

22

Choi, Miller, Muhlleitner, Zerwas (2003)
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Xjj production -- vector boson fusion

The azimuthal correlations between the forward 
tagging jets reflect the XVV tensor structures.

23

Plehn, Rainwater, Zeppenfeld (2002)
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X→VV decay vs. VBF production

24

Nontrivial azimuthal correlations can be explained as 
the quantum interference among different helicity 
states of the intermediate vector-bosons. 

dσ/d∆φ ∼ const. for 0+
SM, dσ/d∆φ ∼ 1±A cos 2∆φ for 0±D5

Hagiwara, Li, KM (2009)


