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Higgs observation, evidence, precision, ...

• 2012 July

‣ Observation of a new particle in the search for the Standard Model Higgs boson with the 
ATLAS detector at the LHC

‣ Observation of a new boson at a mass of 125 GeV with the CMS experiment at the LHC

• 2013 July

‣ Evidence for the spin-0 nature of the Higgs boson using ATLAS data

• 2013 October

‣ Physics Nobel Prize [F. Englert (Brussels) and P. Higgs (Edinburgh)]

• 2015 Spring

‣ LHC Run-II
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looking for deviations from the SM ⇔ Higgs precision

- effective field theory (EFT) approach
- theory predictions as precise as possible
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A framework
for Higgs characterisation

[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)
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P. Mathews, S. Seth (Saha Inst.)

V. Ravindran (CIT)

The FeynRules and MadGraph5 framework
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Higgs Characterisation (HC)
via the FeynRules and MadGraph5_aMC@NLO frameworks

NLO+PS (parton-shower) effects
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‣HC1: “A framework for Higgs characterisation” JHEP11(2013)043 [arXiv:1306.6464]
     Artoisenet, de Aquino, Demartin, Frederix, Frixione, Maltoni, Mandal, Mathews, Mawatari, Ravindran, Seth, Torrielli, Zaro

➡ HC framework based on the effective filed theory (EFT) approach
‣HC2: “Higgs characterisation via VBF/VH: NLO and parton-shower effects” EPJC74(2014)2710 [arXiv:1311.1829]
     Maltoni, Mawatari, Zaro

➡ VBF and VH @ automated NLO+PS
‣HC3: “Higgs characterisation at NLO in QCD: CP properties of the top Yukawa” EPJC74(2014)3065 [arXiv:1407.5089]
     Demartin, Maltoni, Mawatari, Page, Zaro

➡ GF (H+jets) and ttH @ automated NLO+PS
‣HC4: “Higgs production in associated with a single top quark at the LHC” [arXiv:1504.xxxxx]
     Demartin, Maltoni, Mawatari, Zaro

➡ tH @ automated NLO+PS

• HC provides an automated NLO+PS accurate tool and predictions to accomplish 
the most general and accurate chracterisation of Higgs interactions in the main 
production and decay modes at the LHC. 
• The code is publicly available at the FeynRules repository:
  https://feynrules.irmp.ucl.ac.be/wiki/HiggsCharacterisation
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Higgs Characterisation (HC) model

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

- Any-process, any-decay, any-observable (thanks to event 
generators, e.g. MadGraph5_aMC@NLO)

- Equally useful for theorists (it can be systematically improved, 
changed easily) and experimentalists (event generation easily).

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

- The code is publicly available at the FeynRules repository:
  https://feynrules.irmp.ucl.ac.be/wiki/HiggsCharacterisation

The parametrization is based on the recent work:
[Englert, Goncalves-Netto, KM, Plehn, JHEP(2013)].
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https://feynrules.irmp.ucl.ac.be/wiki/HEL
https://feynrules.irmp.ucl.ac.be/wiki/HEL
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Effective Lagrangian -- spin0
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param_card.dat



Kentarou Mawatari (Vrije U. Brussel)                                                          　                      March 27, 2015 MG5_aMC@ Kavli IPMU                    

Effective Lagrangian -- spin0

Dimensionful couplings g are set 
as internal parameters so as to 
reproduce a SM Higgs for κ=1. 
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3-min MadGraph5_aMC@NLO tutorial (ttH)
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./bin/mg5_aMC
>import model HC_NLO_X0
>generate p p > x0 t t~ [QCD]
>output mg5amcfemto
>launch

FeynRules: http://feynrules.irmp.ucl.ac.be/
MG5_aMC: https://launchpad.net/mg5amcnlo

☜ Start the MG5_aMC shell
☜ Import the model
☜ Generate the process
☜  Write the code (including html)
☜ Generate the LO/NLO events 

/Users/mawatari/work/tools/madgraph5/mg5amcfemto/index.html

https://launchpad.net/mg5amcnlo
https://launchpad.net/mg5amcnlo
https://launchpad.net/mg5amcnlo
https://launchpad.net/mg5amcnlo
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born (ttH)
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virtual (ttH)
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real (ttH)
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3-min MadGraph5_aMC@NLO tutorial (ttH)
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./bin/mg5_aMC
>import model HC_NLO_X0
>generate p p > x0 t t~ [QCD]
>output mg5amcfemto
>launch

FeynRules: http://feynrules.irmp.ucl.ac.be/
MG5_aMC: https://launchpad.net/mg5amcnlo

☜ Start the MG5_aMC shell
☜ Import the model
☜ Generate the process
☜  Write the code (including html)
☜ Generate the LO/NLO events 

MadSpin: Artoisenet, Frederix, Mattelaer, Rietkerk [arXiv:1212.3460] 
• allows one to decay narrow resonances in Les Houches Monte Carlo events.
• preserves both spin correlation and finite width effects.

https://launchpad.net/mg5amcnlo
https://launchpad.net/mg5amcnlo
https://launchpad.net/mg5amcnlo
https://launchpad.net/mg5amcnlo
http://arxiv.org/abs/1310.1921
http://arxiv.org/abs/1310.1921
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3-min MadGraph5_aMC@NLO tutorial (ttH)
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param_card.dat run_card.dat
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Higgs characterisation in ttH
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./bin/mg5_aMC
>import model HC_NLO_X0
>generate p p > x0 t t~ [QCD]
>output mg5amcfemto
>launch

• The total rate and the correlations between top 
and antitop decay products can be sensitive to the 
CP nature of the Higgs boson.
• NLO corrections cannot be described by an overall 
K factor and the constant theoretical uncertainties.

CP-even (SM)
CP-odd

CP-mixed

HC3: Demartin, Maltoni, KM, Page, Zaro [arXiv:1407.5089]
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Back-up
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Total cross sections (ttH)

•  Scale and PDF uncertainties are evaluated automatically at no extra computing 
cost via a reweighting technique. 

•  Such information is available on an event-by-event basis and therefore 
uncertainty bands can be plotted for any observables of interest.

19

• σ(0+) > σ(0-)

• σ(0±) = (σ(0+)+σ(0-))/2

• Δσ(0-) > Δσ(0+)

Frederix, Frixione, Hirschi, Maltoni, Pittau, Torrielli [arXiv:1110.4738] 

HC3: Demartin, Maltoni, KM, Page, Zaro [arXiv:1407.5089]

http://arxiv.org/abs/1310.1921
http://arxiv.org/abs/1310.1921
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Distributions (ttH)

• The difference is 
significant in the low 
pT region.

• The high-pT tail is 
not sensitive to the 
CP mixing.

➡ Is the boosted-Higgs 
analyses still sensitive 
to the CP mixing? 

20
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Distributions without and with a boosted Higgs (ttH)

• The most CP sensitive distribution is the rapidity difference between 
the top and antitop, which is hardly affected by the pT(X) cut. 

21

pT(X)>200GeV

no cuts
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Correlations between the top-decay products (ttH)
(in the di-leptonic channel)

• As expected from the Δη(t), Δη(l) and Δη(b) are almost insensitive to the pT(X) 
cut, while the angle between the leptons (b jets) is significantly affected by the boost.

22

no cuts

pT(X)>200GeV
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Theoretical uncertainties (ttH)
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The NLO corrections
• considerably reduce the theoretical 
uncertainties.  
• cannot be described by an overall K factor 
and the constant theoretical uncertainties.
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   VBF

24

• The mjj distributions are all very similar (except the scenario 
with the derivative operator.

• The QCD corrections tend to make the tagging jets softer.

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



Kentarou Mawatari (Vrije U. Brussel)                                                          　                      March 27, 2015 MG5_aMC@ Kavli IPMU                    

pT distributions (VBF)

• The unitarity violating behavior of the HD 
interactions, especially HDder, clearly manifests itself.

25
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mjj cuts (VBF)

• The mjj cut effectively suppresses the central jet activity, especially for SM.

• The difference among the scenarios becomes more pronounced.

• NLO corrections cannot be described by an overall K factor, and also depends on the applied cuts.

26

mjj>500GeV

acceptance cuts only
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HC2: Maltoni, KM, Zaro [arXiv:1311.1829]
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Higgs + 2 jets

./bin/mg5_aMC
>import model HC_NLO_X0-heft
>generate p p > x0 j j / t [QCD]
>output
>launch

./bin/mg5_aMC
>import model HC_NLO_X0
>generate p p > x0 j j $$ w+ w- z QCD=0 [QCD]
>output
>launch

HC3: Demartin, Maltoni, KM, Page, Zaro [arXiv:1407.5089]
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GF vs. VBF

28

• Di-jet correlations are still sensitive probes of 
the CP mixing of the Higgs boson even after PS.

HC3: Demartin, Maltoni, KM, Page, Zaro [arXiv:1407.5089]
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Vector-boson associated production (VH)

Maltoni, KM, Zaro [arXiv:1311.1829]
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• Scale and PDF uncertainties are evaluated 
automatically at no extra computing cost via a 
reweighting technique.
• Such information is available on an event-by-
event basis and therefore uncertainty bands can 
be plotted for any observables of interest.
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Higgs decay to 4 leptons

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

30


