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Higgs BSM simulations

Kentarou Mawatari     
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disclaimer (Who am I?) 
•  I’m a pheno person.
•  I’d stayed for about 9 years in Europe 

and worked with ‘MAD’ people, so…
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Plan of my talk

• Introduction: bottom-up

• BSM simulation framework

• Higgs Characterisation, SMEFT, … 

• Discussions
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The SM cannot be the ultimate theory !
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CONF-2015-081 (diphoton)

Butter et al. [1604.03105, JHEP]

How can we find BSM physics?

✓Find new particles/
phenomena.

➡ Top-down approach:  
SUSY, ExtraDim, 2HDM, ...

✓Find small deviations from 
the SM expectation.

➡ Top-down approach:  
SUSY, ExtraD, 2HDM, ... 

➡ Bottom-up approach: 
Effective field theory (EFT)

PAS EXO-16-052 (mono-higgs)

Kanemura et al. [1705.05399, PRD]
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Extending the SM Lagrangian
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Top-down approach

Bottom-up approach

UV model : SUSY, ExtraDim, extended Higgs, …
{L;m1,m2, · · · , g1, g2, · · · }

EFT : SM gauge group, particles
{L;⇤, c1, c2, · · · }

deviation 
from SM
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renormalizable order by order,  systematically improvable
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Deviation patterns → BSM model
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by K. Fujii
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Bottom-up strategy

• Use EFT to find the deviations from SM expectations systematically. 

1. deviations ! 

➡deviation patterns can select UV models

➡learn the mass scale in the loops

➡build a100TeV collider ?

2. no deviations … 

➡constraints UV models

➡learn the lowest mass scale in the loops

➡switch to astro-particle, string ?

6



                            Kentarou Mawatari (Osaka U.)HC2017 - Heidelberg - 2017.11.9 /22

Lagrangian (TH) ⇔ Data (EXP)
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simulation tools

Higgs Couplings 
2017

predictioninterpretation
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BSM workflow (I) before LHC (Tilman’s generation)
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Herwig, Pythia

• take a BSM model (symmetry, particle contents,…), i.e. Lagrangian

• derive the Feynman rules

• draw Feynman diagrams for interesting 2→2 processes 

• compute the amplitude (squared)

• implement it into a generator manually

• generate events

• parton-shower/hadronisation

• detector simulation

• analysis
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BSM workflow (II) before LHC (Tilman’s generation)

MadGraph4

9

Herwig, Pythia

• take a BSM model (symmetry, particle contents,…), i.e. Lagrangian

• derive the Feynman rules

• make the model file (make subroutines to compute helicity amplitudes) 

• draw Feynman diagrams for interesting any processes

• compute the amplitude (squared)

• generate events

• parton-shower/hadronisation

• detector simulation

• analysis



                            Kentarou Mawatari (Osaka U.)HC2017 - Heidelberg - 2017.11.9 /22

BSM workflow after LHC (my generation)
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Model providers

Shower MC

Detector simulation tools

Analysis tools

Matrix-element generators

• take a BSM model (symmetry, particle contents,…), i.e. Lagrangian

• derive the Feynman rules

• draw Feynman diagrams for interesting any processes

• compute the amplitude (squared)

• generate events

• parton-shower/hadronisation

• detector simulation

• analysis

at NLO (QCD) partially
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FeynRules 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. CalcHEP, FeynArts, MadGraph, 
Sherpa, Whizard, ...  

• The only requirements on the Lagrangian are Locality and 
Lorentz invariance; no limitation for the dimensionality. 

• Supported filed types are spin-0, 1/2, 1, 3/2, and 2 (as well 
as superfields).
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FR1: Christensen, Duhr [0806.4194, CPC]
FR2: Alloul, Christensen, Degrande, Duhr, Fuks [1310.1921, CPC]
NLOCT: Degrande [1406.3030, CPC] 

FeynRules: http://feynrules.irmp.ucl.ac.be/

https://launchpad.net/mg5amcnlo
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BSM models in the FeynRules model database
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EFT models in the FeynRules model database
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YR4. Deciphering the nature of the Higgs sector

Abstract

… The main goal of the working group was to present the state-of-the-
art of Higgs physics at the LHC, integrating all new results that have 
appeared in the last few years. …

Contents

I. Standard Model Predictions (WG1)

II. Effective Field Theory Predictions (WG2)

III. Measurements and Observables (WG2)

IV. Beyond the Standard Model Predictions (WG3)
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WG1: HiggsXS&BR
WG2: Higgs properties
WG3: BSM Higgs 

[HXSWG, 1610.07922]

https://arxiv.org/abs/1610.07922
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Effective Field Theory Predictions (WG2)
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SMEFTsim
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BSM simulation tools

• Impressive progresses during the last 10 years. 

- We can simulate any processes in any BSM models (specific 
models and EFT) at the tree level by ME+PS merging.

- Fully automatic NLO-QCD computations for SM processes 
as well as for several BSM processes, e.g. simplified SUSY 
and DM models, are already publicly available. 

- A lots of developments of EFT-related tools are on-going.

• What is our short-term (by the end of Run-II) goal ?

•  What should we do toward higher precision data (HL-LHC, 
ILC, etc) ? 

16
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Higgs Characterisation (HC) 
via the FeynRules and MadGraph5_aMC@NLO frameworks
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• provides an automated NLO(QCD)+PS accurate tool and predictions 
to accomplish the general and accurate characterisation of Higgs 
interactions in the main production and decay modes at the LHC. 
• is equally useful for theorists (it can be systematically improved, 
changed easily) and experimentalists (event generation easily).
• is publicly available at the FeynRules repository:  
  https://feynrules.irmp.ucl.ac.be/wiki/HiggsCharacterisation 
‣HC1 (spin-0,1,2): “A framework for Higgs characterisation” [1306.6464, JHEP] 
     Artoisenet, de Aquino, Demartin, Frederix, Frixione, Maltoni, Mandal, Mathews,  
     Mawatari, Ravindran, Seth,Torrielli, Zaro
‣HC2 (VBF/VH): “Higgs characterisation via VBF/VH: NLO and parton-shower effects” [1311.1829, EPJC]  
     Maltoni, Mawatari, Zaro
‣HC3 (GF(H+jets)/ttH): “Higgs characterisation at NLO: CP properties of the top Yukawa” [1407.5089, EPJC]  
     Demartin, Maltoni, Mawatari, Page, Zaro
‣HC4 (tH): “Higgs production in association with a single top quark at the LHC” [1504.00611, EPJC]  
     Demartin, Maltoni, Mawatari, Zaro
‣HC5 (tWH): “tWH associated production at the LHC” [1607.05862, EPJC] 
     Demartin, Maier, Maltoni, Mawatari, Zaro

https://feynrules.irmp.ucl.ac.be/wiki/HEL
http://inspirehep.net/author/Artoisenet%2C%20P.?recid=1240105&ln=en
http://inspirehep.net/author/de%20Aquino%2C%20P.?recid=1240105&ln=en
http://inspirehep.net/author/Demartin%2C%20F.?recid=1240105&ln=en
http://inspirehep.net/author/Frederix%2C%20R.?recid=1240105&ln=en
http://inspirehep.net/author/Frixione%2C%20S.?recid=1240105&ln=en
http://inspirehep.net/author/Maltoni%2C%20F.?recid=1240105&ln=en
http://inspirehep.net/author/Mandal%2C%20M.K.?recid=1240105&ln=en
http://inspirehep.net/author/Mathews%2C%20P.?recid=1240105&ln=en
http://inspirehep.net/author/Ravindran%2C%20V.?recid=1240105&ln=en
http://inspirehep.net/author/Seth%2C%20S.?recid=1240105&ln=en
http://inspirehep.net/author/Torrielli%2C%20P.?recid=1240105&ln=en
http://inspirehep.net/author/Zaro%2C%20M.?recid=1240105&ln=en
http://inspirehep.net/author/Maltoni%2C%20F.?recid=1240105&ln=en
http://inspirehep.net/author/Zaro%2C%20M.?recid=1240105&ln=en
http://inspirehep.net/author/Maltoni%2C%20F.?recid=1240105&ln=en
http://inspirehep.net/author/Zaro%2C%20M.?recid=1240105&ln=en
http://inspirehep.net/author/Maltoni%2C%20F.?recid=1240105&ln=en
http://inspirehep.net/author/Zaro%2C%20M.?recid=1240105&ln=en
http://inspirehep.net/author/Maltoni%2C%20F.?recid=1240105&ln=en
http://inspirehep.net/author/Zaro%2C%20M.?recid=1240105&ln=en
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???GeV resonance characterisation
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spin-2?

Bernon, Goudelis, Kraml, KM, Sengupta [1603.03421, JHEP]

spin-0?

[ATLAS CONF-2015-081]
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HC effective Lagrangian -- spin0
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Dimensionful couplings g are set 
as internal parameters so as to 
reproduce a SM Higgs for κ=1. 

HC1: Artoisenet et al. [1306.6464, JHEP]
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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 
>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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Towards a complete SMEFT at NLO(QCD)
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Degrande, Fuks, KM, Mimasu, Sanz [1609.04833, EPJC]

validation with MCFM/Powheg
Mimasu, Sanz, Williams [1512.02572, JHEP]
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Time for discussions

• The EFT (bottom-up) approach is not so 
exciting, but rather crucial to explore BSM.

• What is our short-term (by the end of 
Run-II) goal ?

• What should we do toward higher 
precision experiments (HL-LHC, ILC, etc) ? 
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