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Higgs Tagging Using Machine Learning 

2

0 2 4 6

ln(1/¢)

°2

0

2

4

6

ln
(k

t/
G

eV
)

pT >250 GeV
110< mJ <140 GeV

Lund Image ZH(bb̄)

0.000

0.025

0.050

0.075

0.100

0.125

0.150

0.175

0.200

0 2 4 6

ln(1/¢)

°2

0

2

4

6

ln
(k

t/
G

eV
)

pT >250 GeV
110< mJ <140 GeV

Lund Image Zbb̄

0.000

0.025

0.050

0.075

0.100

0.125

0.150

0.175

0.200

JHEP 10 (2018), 101

 arXiv:2105.03989 [hep-ph]

• Graph Neural Networks 
Moreno et. al., Phys. Rev. D 102 (2020) no.1, 012010

J.Guo, J.Li, T.Li and R.Zhang, Phys. Rev. D 103(2021) no.11, 116025

CKK and S.Marzani, arXiv:2105.03989 [hep-ph]
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Our Approach

We are using primary Lund plane for the Higgs tagging.

Compare the performance with optimal color singlet tagging observable.

Study both  and  decay. H ⟶ bb̄ H ⟶ gg
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Lund Jet Plane

F.A.Dreyer, G.P.Salam and G.Soyez, JHEP 12 (2018), 064

  is the opening angle of  the emission. 
  is  the transverse momentum w.r.t the jet 
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Color Singlet Tagging: Jet Color Ring
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Simulation Set-Up

Tools: Madgraph 2.7.2, Pythia 8 and Fastjet 3.0. 

                    High and moderate  benchmarks:  and . 

                Generation level cuts:  and ,  

                                                 Jet mass cut:  

pT pT > 250 GeV pT > 550 GeV

pT > 200 GeV pT > 500 GeV |ηj | < 5.0, |ηl | < 2.5.

110 < mJ < 140 GeV .

pp ! ZH(Z ! µ
+
µ
�
, H ! bb̄)

<latexit sha1_base64="IzB2SZPeNIoHlfu1d5EFCjk+g6I=">AAACLHicbVBLSwMxGMzWV62vVY9egkWoqGVXKnos9tJjBfug3bVk02wbmn2QZJWy9Ad58a8I4sEiXv0dZts99OFAwjAzH8k3TsiokIYx0TJr6xubW9nt3M7u3v6BfnjUEEHEManjgAW85SBBGPVJXVLJSCvkBHkOI01nWEn85jPhggb+oxyFxPZQ36cuxUgqqatXwhBanPYHEnEevMB2FRba84LlRU8XyXV1CasLUcdyEI+d8XlXzxtFYwq4SsyU5EGKWlf/sHoBjjziS8yQEB3TCKUdIy4pZmScsyJBQoSHqE86ivrII8KOp8uO4ZlSetANuDq+hFN1fiJGnhAjz1FJD8mBWPYS8T+vE0n3zo6pH0aS+Hj2kBsxKAOYNAd7lBMs2UgRhDlVf4V4gDjCUvWbUyWYyyuvksZ10SwVbx5K+fJ9WkcWnIBTUAAmuAVlUAU1UAcYvIJ38AUm2pv2qX1rP7NoRktnjsECtN8/Px2nng==</latexit>

pp ! Zbb̄(Z ! µ+µ�)

<latexit sha1_base64="avrbZyb22AKM1ZGWKpieq7Z0Fis=">AAACG3icbVDLSgMxFM3UV62vUZdugqVQEctMqeiy6MZlBfugnbFk0kwbmskMSUYpQ//Djb/ixoUirgQX/o2ZtovaeiCXwzn3knuPFzEqlWX9GJmV1bX1jexmbmt7Z3fP3D9oyDAWmNRxyELR8pAkjHJSV1Qx0ooEQYHHSNMbXqd+84EISUN+p0YRcQPU59SnGCktdc1yFEFH0P5AISHCR9j2HA+JxBvDYnted4L4/jQtZyddM2+VrAngMrFnJA9mqHXNL6cX4jggXGGGpOzYVqTcBAlFMSPjnBNLEiE8RH3S0ZSjgEg3mdw2hgWt9KAfCv24ghN1fiJBgZSjQC9cCJAayEUvFf/zOrHyL92E8ihWhOPpR37MoAphGhTsUUGwYiNNEBZU7wrxAAmElY4zp0OwF09eJo1yya6Uzm8r+erVLI4sOALHoAhscAGq4AbUQB1g8ARewBt4N56NV+PD+Jy2ZozZzCH4A+P7F7hZoTM=</latexit>

H ! bb̄

<latexit sha1_base64="+C2a0C0rATL4p4+shnBM6EzHtwY=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVih6LXnqsYD+gu5Ykzbah2eySZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5JBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUUdaisYhVl2DNBJesZbgRrJsohiMiWIeMb2d+55EpzWN5byYJCyI8lDzkFBsrPTSQb2JEkE+wQqRfrrhVdw60SrycVCBHs1/+8gcxTSMmDRVY657nJibIsDKcCjYt+almCaZjPGQ9SyWOmA6y+dVTdGaVAQpjZUsaNFd/T2Q40noSEdsZYTPSy95M/M/rpSa8DjIuk9QwSReLwlQg++ksAjTgilEjJpZgqri9FdERVpgaG1TJhuAtv7xK2hdVr1a9vKtV6jd5HEU4gVM4Bw+uoA4NaEILKCh4hld4c56cF+fd+Vi0Fpx85hj+wPn8Acp9kWo=</latexit>

pp ! ZH(Z ! µ
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µ
�
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pp ! Zjj(Z ! µ+µ�)
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H ! gg
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Constructing the Color Jet Ring
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Identify sub-jets with in the large  jet 

• Charged particles with ,  

• Construct  track-jets using anti-  algorithm. 

• Consider track jets with  and .

R

pT > 500 MeV |η | < 5.

R = 0.2 kt

pT > 5 GeV ΔJj < 0.8

-jetsb light-jets

�jb/jb̄ < 0.2

<latexit sha1_base64="vTwXpXAoG6XMiivU5ijXp0dHjlM=">AAACAnicbVDLSsNAFJ34rPUVdSVuBkvBVUxKRRcuirpwWcE+oAlhMp20004mYWYilFDc+CtuXCji1q9w5984bbPQ1gMXDufcy733BAmjUtn2t7G0vLK6tl7YKG5ube/smnv7TRmnApMGjlks2gGShFFOGooqRtqJICgKGGkFw+uJ33ogQtKY36tRQrwI9TgNKUZKS7556N4QppCfDYLTgRsgAYMxvLStCvTNkm3ZU8BF4uSkBHLUffPL7cY4jQhXmCEpO46dKC9DQlHMyLjoppIkCA9Rj3Q05Sgi0sumL4xhWStdGMZCF1dwqv6eyFAk5SjSx5UjpPpy3puI/3mdVIUXXkZ5kirC8WxRmDKoYjjJA3apIFixkSYIC6pvhbiPBMJKp1bUITjzLy+SZsVyqtbZXbVUu8rjKIAjcAxOgAPOQQ3cgjpoAAwewTN4BW/Gk/FivBsfs9YlI585AH9gfP4A46iVzg==</latexit>
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Mapping Events to the Lund Jet Plane

1. Consider a list of  particles (except the muons from hard scattering). 

2. Form anti-   jets using Fastjet.  

3. Cluster the constituents of  leading jet using C/A algorithm with maximum allowed jet radius. 

4. Save the Lund co-ordinates history of  the hardest branch. 

5. Use double logarithmic plane . 

6. Pixels ( ) corresponding to the splitting are turned on.

kt R = 1

(ln
1
Δ

, ln
kt

GeV )
25 × 25
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Lund Jet Images
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CNN for Binary Classification

100K Events (balanced data) 

Training: Test data= 70:30% 

Cross-Entropy Loss function
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Tagger Without Jet Mass Cut
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Mass unspecified tagger using color information rather than prong multiplicities
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High  ScenarioPT
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   AnalysisH ⟶ gg
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Jet Color Ring:  

• Signal distribution is same as  case. 

• Several color configurations are contributing to the background.

H ⟶ bb
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Conclusion
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Summary

• We are using primary Lund jet plane for the Higgs tagging which is a theory-inspired alternative approach. 

• We study both  and  decay (two benchmark scenario: moderate and high ). 

• CNN is used for the signal/background classification. 

• We compare the performance with color ring using cut based approach. 

• Lund plane and CNN combination perform better for all the cases considered and is robust against jet mass cut.

H ⟶ bb H ⟶ gg pT

We are performing a combined analysis of  color sensitive observables and the Lund plane 
incorporating detector effects (in collaboration with ATLAS group Genova and Pavia)
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Without Jet Mass Cut (High  Scenario)PT
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CNN Architecture 


