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Higgs characterisation
spin and CP properties

1

Kentarou Mawatari

2017.02.25 2016.12.04



                  Kentarou Mawatari (LPSC Grenoble)HPNP2017 - Toyama - 2017.03.01 /26

Contents

1. Introduction

• Yellow report 4

• Higgs characterisation (HC)

2. The Higgs CP property at the LHC

• in ttH/tH/tWH

• in azimuthal correlations

3. SMEFT (Standard Model Effective Field Theory)

4. Summary and outlook

2



                  Kentarou Mawatari (LPSC Grenoble)HPNP2017 - Toyama - 2017.03.01 /26

Yellow report 4
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* about 400 authors, 868 pages, 295 figures, 248 tables and 1642 citations

YR1: Inclusive Observables [1101.0593] 
YR2: Differential Distributions [1201.3084]
YR3: Higgs properties [1307.1347]
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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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Higgs Characterisation (HC) 
via the FeynRules and MadGraph5_aMC@NLO frameworks 
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‣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

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

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
https://feynrules.irmp.ucl.ac.be/wiki/HEL
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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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1-min MadGraph5_aMC@NLO tutorial
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./bin/mg5_aMC 
>import model HC_NLO_X0 
>generate p p > x0 t t~ [QCD] 
>output 
>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 

https://launchpad.net/mg5amcnlo
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Born diagrams
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Virtual corrections
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Real emissions
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pp→ttH production @MG5aMC 
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./bin/mg5_aMC 
>import model HC_NLO_X0 
>generate p p > x0 t t~ [QCD] 
>output 
>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 

param_card.dat run_card.dat

https://launchpad.net/mg5amcnlo
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• From 8 to 13TeV:
- the cross sections enhance by about a factor 4.
- the K factors slightly increase.

• From LO to NLO:
- the uncertainties are significantly reduced.

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

HC in ttH (total rates)

• σ(0+) > σ(0-)

• σ(0±) = (σ(0+)+σ(0-))/2

• K(0-) > K(0+); Δσ(0-) > Δσ(0+)

J. Gunion, X-G. He [hep-ph/9602226, PRL]
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HC in ttH/tH/tWH (total rates)

The ttH/tH/tWH total cross sections are very sensitive to the CP mixing.

HC3: Demartin, Maltoni, KM, Page, Zaro [1407.5089, EPJC]
HC4: Demartin, Maltoni, KM, Zaro [1504.00611, EPJC]
HC5: Demartin, Maier, Maltoni, KM, Zaro [1607.05862, EPJC]

GF

tH

tWH
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Let’s wait for Moriond… (or summer conferences)
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[ATLAS-CONF-2016-068]

Obs. (exp.) significance:
2.8 (1.8) σ

[CMS PAS HIG-16-019]

α=0°α=180°

113.7(98.6)×σSM

6.0(6.4)×σITC
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HC3: Demartin, Maltoni, KM, Page, Zaro [1407.5089, EPJC]

HC in ttH (distributions)

• 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? 
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HC in ttH (distributions w/ the boosted Higgs)

• NLO corrections can reduce the 
theory uncertainties significantly.  

• NLO corrections cannot be 
described by an overall K factor 
and the constant theoretical 
uncertainties.

• The correlations between top and 
antitop decay products can be 
sensitive to the CP nature of the 
Higgs boson.

16

CP-even (SM)
CP-odd

CP-mixed

HC3: Demartin, Maltoni, KM, Page, Zaro [1407.5089, EPJC]
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Spin: pp>X>γγ
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Higgs characterisation [1306.6464, JHEP]
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CP: pp>X>γγ>4e
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Bishara et al. [1312.2955, JHEP]

KTeV collaboration [0802.2064, PRL]

Br～O(10-5)
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CP: X>ZZ>4leptons
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Choi, Miller, Muhlleitner, Zerwas [hep-ph/0210077, PLB]

Higgs characterisation [1306.6464, JHEP]

L0+
SM

= g0+
SM

VµV µX0

L0+
D5

= g0+
D5

Vµ�V µ�X0

L0�D5
= g0�D5

Vµ�
�V µ�X0
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CP: pp>Xjj (VBF: vector boson fusion)
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Plehn, Rainwater, Zeppenfeld [hep-ph/0105325, PRL] Demartin, Maltoni, KM, Page, Zaro [1407.5089, EPJC]

L0+
SM

= g0+
SM

VµV µX0

L0+
D5

= g0+
D5

Vµ�V µ�X0

L0�D5
= g0�D5

Vµ�
�V µ�X0
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CP determination with gauge bosons
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Hagiwara, Li, KM [0905.4314, JHEP]
Englert, Goncalves-Netto, KM, Plehn [1212.0843, JHEP]
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CP: X>ττ
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Kramer, Kuhn, Stong, Zerwas [hep-ph/9404280, ZPC]

Hagiwara, Li, KM, Nakamura [1212.6247, EPJC] Hagiwara, Ma, Mori [1609.00943]
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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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SM Effective Field Theory (SMEFT)
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e.g. Butter, Eboli, Gonzalez-Fraile, Gonzalez-Garcia, Plehn, Rauch [1604.03105, JHEP]

Synergy among different analyses/experiments.
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SMEFT: translator, NLO, …

25

D6 SMEFT HC

HC model

Degrande, Fuks, KM, Mimasu, Sanz [1609.04833]
Falkowski, Fuks, KM, Mimasu, Riva, Sanz [1508.05895, EPJC]

operator basis translator
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Summary and outlook

• We discussed

- the EFT is one of the main approaches to explore the Higgs 
sector.

- how we can determine the Higgs CP properties at the LHC:

‣ azimuthal correlations.

‣ ttH/tH/tWH processes.

- SMEFT provides a powerful framework to combine different 
analyses, such as Higgs, gauge boson, EWPO, B-physics, …
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