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Boosted Jets

Figure taken form F.Dreyer’s slide, original figure credit: G.Soyez
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A 1s the opening angle of the emission.

ky 1s the transverse momentum w.r.t the jet axis.

F.A.Dreyer, G.PSalam and G.Soyez, JHEP 12 (2018), 064
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https://link.springer.com/article/10.1007/JHEP12(2018)064

(Primary) L.und Jet Plane

Re-cluster the constituents using C/A algorithm.

Start with declustering G/A jet (undo last clustering

step) we get two subjects (ordered by momentum).

Save the kinematic of each declustering step as a

tuple 7 = {k, A, z, m,y}
A=y =)+ (P — ) k=ppA

P 1 =N
d m? = (pq +p2)2 W = tan 1
Pn t Pp by — Py

<

Following a history of the hardest branch, we get

1 k
double logarithmic plane | In —,In — >
A GeV

Pixels corresponding to the splitting are turned on.
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W jets, averaged primary Lund plane

Vs =14 TeV, p:>2 TeV
Pythia8.230(Monash13)
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LundPlane library 1s publicly available as a part of Fast]et contrib package.

FA.Dreyer, G.PSalam and G.Soyez, JHEP 12 (2018), 064


https://link.springer.com/article/10.1007/JHEP12(2018)064
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W and QCD Jets

W jets, averaged primary Lund plane

Vs =14 TeV, pt>2 TeV
Pythia8.230(Monash13)

= .

0.0 05 1.0 15 2.0 25 3.0 3.5 40 45 5.0
In(1/A)

0.0 0.2 0.4 0.6 0.8
pS(AIkt)

In(k¢/GeV)

: QCD jets, averaged primary Lund plane

Vs =14 TeV, p:>2 TeV
Pythia8.230(Monash13)

5
4
3
2
1
0
-1
_2 L} T L] T T Ll T 1
0.0 05 1.0 15 2.0 25 3.0 35 40 45 5.0
In(1/A)
0.0 0.2 0.4 0.6 0.8
p(A, k)
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https://link.springer.com/article/10.1007/JHEP12(2018)064

Example: Jet Images as an input to GNN

Energy of charged particles
Energy of neutral particles
Number of charged particles

e (enter
* Crop

e Normalize

pre-process

dense layer

max-pooling

-~

X3

P. 'T. Komiske, E. M. Metodiev and M. D. Schwartz, JHEP 01(2017), 110
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W Tagging using Lund Jet Plane
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https://link.springer.com/article/10.1007/JHEP12(2018)064

Higgs Tagging using the LLund Jet Plane

CKK and Simone Marzani, Phys. Rev. D 104 (2021) no.5, 055043, arXiv:2105.03989 [hep-ph]
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https://link.springer.com/article/10.1007/JHEP12(2018)064

Simulation Set-up

CKK and Simone Marzani, Phys. Rev. D 104 (2021) no.5, 055043, arXiv:2105.03989 [hep-ph]

4 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 pr > 500 GeV, |5;| <35.0,[n,| <2.5.
Jet mass cut: 110 < m; < 140 GeV .
. _/
4 i ) 4 )
H — bb H— gg
pp = ZH (Z - p*pu~, H - bb) pp = ZH (Z - p*u~, H - gg)
pp = Zbb (Z - p*u™) pp = Zjj (Z - p*p)
- J \- J



Mapping Events to the (primary) 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 the leading jet using G/A algorithm with a

maximum allowed jet radius.

Save the Lund coordinates history of the hardest branch.

1 k
Use a double logarithmic plane <ln —,In — >
A GeV

Pixels (25 X 25) corresponding to the splitting are turned on.
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(Averaged ) L.und Jet Images

Lund Image ZH (bb)
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anti-k; R=1 jets, reclustered the constituents using CG/A algorithm

CKK and S.Marzani, Phys. Rev. D 104 (2021) no.5, 055043
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https://arxiv.org/pdf/2105.03989.pdf
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A.Buckley, G.Callea, A.J.Larkoski and S.Marzani, SciPost Phys. 9 (2020), 026
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https://scipost.org/10.21468/SciPostPhys.9.2.026

Constructing the Jet Color Ring

Identity sub-jets within the large R jet
e (Charged particles with p, > 500 MeV, || < 5.

Construct R = 0.2 track-jets using anti-k,

algorithm.

e (Consider track jets with p; > 5 GeV and

Ay <0.8.
Ajb/jE < 0.2/ \
b-jets light-jets
O = el%a + oib

o~ 'do/dO

100 -

101 4

Color Ring Z H (bb) vs Zbb
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H — gg Analysis

Color Ring ZH(gg) vs Zjj
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Color sensitive observable and the LLund Jet Plane

L.Cavallini, A.Coccaro, CKK, G.Manco, S.Marzani, F.Parodi, D.Rebuzzi, A.Rescia and G.Stagnitto,
Eur. Phys. J. C 82 (2022) no.5, 493, [arXiv:2112.09650 [hep-ph]]

Jet pull and its projections, D,, and color ring, LLund jet plane
(Including detector effects)

Possible color connections for signal (pp — H — bb) and for
the background (pp — g — bb)

J- Gallicchio and M. D. Schwartz, Phys. Rev. Lett. 105 (2010), 022001.
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https://link.springer.com/article/10.1140/epjc/s10052-022-10447-1
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https://link.springer.com/article/10.1140/epjc/s10052-022-10447-1
https://link.springer.com/article/10.1140/epjc/s10052-022-10447-1
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Discrimination Performance
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(2022) no.5, 493, [arXiv:2112.09650 [hep-ph]]
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https://link.springer.com/article/10.1140/epjc/s10052-022-10447-1
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Invariant Mass Dependence
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Identification of b-jets
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O.Fedkevych, CKK, S. Marzani and F. Sforza, Phys. Rev. D 107(2023) no.3, 034032 924


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.034032

Identification ot b-jets
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.034032

Eftect of b-mass in the LLund Jet Plane
Ongoing work by

Francesco Giuli, Alberto Rescia, Federico Storza

b Jets
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® Generate b & light jet events w/ MGH@NLO-Delta
(v3.5.0)

o Z(1*l-) +j final state at NLO 1n 5FS for light events
o Z(1*l-) + bb with NLO in 4FS for b events

o No kinematic cuts at generator level

® Shower with Pythia8 v8.309

Analyse at truth-level with a dedicated Rivet routine
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Eftect of b-mass in the Lund Jet Plane
Ongoing work by

Francesco Giuli, Alberto Rescia, Federico Storza

Preliminary Results |
Relative Lund Jet Plane

In(k)
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LundNet for Top Tagging
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https://link.springer.com/article/10.1007/JHEP03(2021)052

Summary and Outlook

In this talk, we discussed how Lund Jet Plane and machine learning
techniques can be used for jet tagging.

We are using color-sensitive observables and a primary Lund jet plane

for the Higgs tagging.

Other studies also considered more complex architectures like graph
neural networks for boosted jet tagging.

A comparison of these techniques for the same benchmark will be
useful for their implementation in the experimental analysis.
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