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Primary Analysis

17-Dec-2022 01:19:32 CET Initiating request to open file root://eoscms.cern.ch//eos/cms/store/relval/cMSSu_12_5_
G file_open 17-Dec-2022 01:19:35 CET pre-events

w Xrdadaptor:
Data is served from cern.ch instead of original site eoscms

17-Dec-2022 01:19:50 CET Successfully opened file root://eoscms.cern.ch//eos/cms/store/relval/CHssh_12_5_0/RelvalTTbar_14TeV/GEN-SIN-RECO/125X_mcRund_realistic_v2_2026D88noPU-v1/2580000/0

Begin processing the 1st record. Run 1, Event 46103, Lumisection
Begin processing the 2nd record. Run 1, Event 46102, Lumisection
Begin processing the 3rd record. Run 1, Event 46104,

Begin processing the ath record. Run 1, Event 46101,
Begin processing the Sth record. Run 1, Event 46105, Lumisection
Begin processing the 6th record. Run 1, Event 46106, Lumisection
Begin processing the 7th record. Run 1, Event 46107, i
Begin processing the &th record. Run 1, Event 4618, LumiSection

[ParticleListorawer] analysing particle collection pfrIcL
id 1 Nam

x D stat| Mol Mo2 Dal Da2 |nMo nDa
) 2 - ganma | o 1 -1 a1 1] e e
1 22 - gamma | o 1 1 1 1] e e
2 22 - gamma | o 1 -1 a1 1] e e
3 22 - ganma | © 1 -1 -1 1] e e
a 2 - gamma | o 1 1 a1 1] e e
s 130 - K| ) 1 1 1 1] e e
6 130 - Kio | e 1 1 1 1] e e
7 -1 - et | o 4 1 -1 1] e e
8 1 - e | o 1 1 1 1] e e
o 211 - pit | @ 1 1 a1 1] e e
10 211 - pit | o 1 1 1 1] e e
1| -2 - pi- | o 4 a1 -1 1] e e
12| -2 - pi- | o 4 -1 -1 1] e e
13 211 - pit | @ 1 1 a1 1] e e
14 211 - pit | o 1 1 1 1] e e
15 -13 - mus | o 1 -1 a1 1] e e
16 | -211 - pi- | o 4 -1 -1 1] e e
17 211 - pit | @ 1 1 a1 1] e e
18 | -211 - pi- | o 1 1 1 1] e e
19 | -211 - pi- | o 1 1 1 1] e e
20 211 - pit | o 4 1 -1 -1 e e
21 211 - pi+ | o 1 1 a1 1] e e
” 2 - nis | a 4 a4 a4 alaoa
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3.984

Original Data

strean @ at
strean 0 at
stream @ at
stream @ at
stream @ at
strean o at
stream @ at
stream @ at

2.967
2.042
-2.861
1.610
2 ama

17-Dec-2022
17-Dec-2022
17-Dec-2022
17-Dec-2022
17-Dec-2022
17-Dec-2022
17-Dec-2022
17-Dec-2022

01:19:55.080 CET
1:19:55.087 CET
:19:55.006 CET
19:55.099 CET
19:57.612 CET
19:57.616 CET
19:57.619 CET
:19:57.626 CET

px
0.353 .00
0.259 0.163
4.757 2.457
-0.809 -1.012
-0.255 -0.263
0.902 0.290
0.773 -0.393
3.435 2.019
0.343 -0.393
0.090 -0.377
-2.852 -4.270
-3.173 -4.263
4.348 1.569
-2.735 -2.272
-1.749 -2.a71
2.372 -0.007
-0.449 2.170
-1.209 -1.640
0.550 -1.881
1.162 1.376
-1.723 -0.471
-1.124 -1.335
a2 -1 a6

0/RelvalTTbar_14TeV/GEN-SIM-RECO/125X_mcRuna_realistic_v2_2026D88noPU-v1/25




Primary Analysis - Filtering

Original Separeted
Data Events

(41563,19) (1250,91,19)
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Next Steps - Events and Jet Clustering

[0 Events Array: Numpy — Awkward(eliminate zero padding)
e Awkward: Awkward Array is a library for nested, variable-sized data, including
arbitrary-length list.
O Jet Clustering: use FastJet from Scikit-HEP to perform Clustering
e Scikit-HEP: is a project with the aim of providing the HEP community with an ecosystem for
data analysis in Python.
e FastJet: is a software package for jet finding in pp and e*e™ collisions. This version includes
bindings to Python and Awkward Array.
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https://awkward-array.org/doc/main/
https://scikit-hep.org/
https://github.com/scikit-hep/fastjet

Next Steps - Tracks

O Just Particle Cloud it's not enough!
[0 How to simulate Tracks alongside with Jets?

[0 Which features are available to us? !

Track inputs Combined Inputs
Jet inputs

nje

Ntracks X Nt Ntracks X (Nj + Nir)

!Atlas Collaboration. ”Graph Neural Network Jet Flavour Tagging with the ATLAS Detector”,2022.
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How? - Selection Criteria Features

Parameter Selection
Pr > 500 MeV
|dy| < 3.5 mm

| 2o sin 6| < 5 mm
Silicon hits > 8

Shared silicon hits < 2

Silicon holes <3

Pixel holes <2
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How? - Tracks Features

Jet Input

Description

P
n

Jet transverse momentum
Signed jet pseudorapidity

Track Input

Description

a/p

dn

do

dy

Zp sin @
o(a/p)

a(6)

o(9)

s(do)

s(z0)
nPixHits
nSCTHits
nIBLHits
nBLHits
nIBLShared
nIBLSplit
nPixShared
nPixSplit
nSCTShared
nPixHoles
nSCTHoles
leptonID

Track charge divided by momentum (measure of curvature)
Pseudorapidity of the track, relative to the jet n

Azimuthal angle of the track, relative to the jet ¢

Closest distance from the track to the PV in the longitudinal plane
Closest distance from the track to the PV in the transverse plane
Uncertainty on ¢/p

Uncertainty on track polar angle 6

Uncertainty on track azimuthal angle ¢

Lifetime signed transverse IP significance

Lifetime signed longitudinal IP significance

Number of pixel hits

Number of SCT hits

Number of IBL hits

Number of B-layer hits

Number of shared IBL hits

Number of split IBL hits

Number of shared pixel hits

Number of split pixel hits

Number of shared SCT hits

Number of pixel holes

Number of SCT holes

Indicates if track was used in the reconstruction of an electron or muon (only for GN1 Lep)
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How? - Architecture

Pooled graph
GNN representation

O —

> Jet flavour
D prediction

> Track origin
predictions

Vertex
predictions

Graph
Network

Track
Initialiser
Node
Network

. .

Combined Intial track Conditional track
Inputs representation representation

Edge
Network
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