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Our Approach

We are using primary L.und plane for the Higgs tagging.
Compare the performance with optimal color singlet tageing observable.
Study both H — bb and H — gg decay.
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A 15 the opening angle of the emission.

kr 1s 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 p, benchmarks: p, > 250 GeV and p; > 550 GeV.

Generation level cuts: pr > 200 GeV and py > 500 GeV, |5;| < 5.0,[5,| <2.5.

Jet mass cut: 110 < m; < 140 GeV .

H — gg

pp = ZH(Z — ptu~, H — bb) pp— ZH(Z — p p=, H — gg)




Constructing the Color Jet Ring

Identity sub-jets with in the large R jet

e (harged particles with p, > 500 MeV, |x| < 5.

e (onstruct R = 0.2 track-jets using anti-k, algorithm.
e Consider track jets with pr > 5 GeV and A;; < 0.8.

Ajb/jb < 07 \

b-jets light-jets
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109 -

B Signal
- Background

pr > 250 GeV
110 < my < 140 GeV

6 x 1071 109 2 x10° 3 x 109
_ 2 2 2
O _ (eka T ka)/eab



Mapping Events to the LLund Jet Plane

. Consider a list of particles (except the muons from hard scattering).
. Form anti-k, R = 1 jets using Fastjet.
. Cluster the constituents of leading jet using G/ A algorithm with maximum allowed jet radius.

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

1 k
. Use double logarithmic plane <ln —, In— )
A GeV

. Pixels (25 X 25) corresponding to the splitting are turned on.
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LLund Jet Images
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Input 25 x 25
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Predictions
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Tagger Without Jet Mass Cut
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Color Ring ZH (gg) vs Zjj

H — gg Analysis
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Summary

We are using primary L.und jet plane for the Higgs tagging which 1s a theory-inspired alternative approach.
We study both H — bb and H — gg decay (two benchmark scenario: moderate and high p;).

CNN 15 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 1s robust against jet mass cut.

We are performing a combined analysis of color sensitie observables and the Lund plane

incorporating detector effects (in collaboration with AT LAS group Genova and Pavia)



In(k;/GeV)

Without Jet Mass Gut (High P, Scenario)

Lund Image Zbb

pr >550 GeV

0.200

0.175

0.150

0.125

0.100

- 0.075

- 0.050

- 0.025

0.000

o~ ldo/dO

Color Ring ZH (bb) vs Zbb

ZH(bb) vs Zbb

100j

10_1j

10°
O = (0, + 0i) /0%,

BN Sicnal 1.0 - Lund Plane (AUC = 0.89) R4
0 Backeround —— Color Ring (AUC = 0.73) ///
0.8
©
I
~
.g 0.6 -
pr >550 GeV Z
oF
o 0.4 -
N
=
0.2 7
0.0
0.0 0.2 0.4 0.6 0.8 1.0

Signal efficiency




CNN Architecture

BP1 BP2 BP3 BP4 BP5 BP6 BP7 BPS8

Ny Conv2D 16 16 16 16 16 16 16 16
Ny Conv2D 16 16 16 16 16 16 16 16
Dropouts  0.25 0.05 0.25 0.20 0.20 0.20 0.20 0.20
N3 Conv2D 32 16 16 32 16 32 32 32

Dropouts - - 0.2 - - - - -

N4y Conv2D 32 16 16 32 16 32 32 32
Dropouts - 0.0 0.20 0.30 0.30 0.30 0.30 0.30
Flat Layer 800 800 800 800 800 800 800 800
Epochs 15 15 35 15 20 20 15 20

Batch Size 1000 1000 1000 800 &800 700 800 700

TABLE I. CNN architectures used for different data sets.



