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Generative Deep Learning

Informally, Generative Deep Learning corresponds to a, generally unsupervised, area of
Machine Learning (ML), where the main goal is typically to learn the true underlying
distributions of the data, using many-layer models.
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Generative Deep Learning

Jodo A. Gongalves

round 1: train in latent space

-4

—6]

-8

10th IDPASC School

VWU s wNHEO

REF

7/15


http://fastforwardlabs.github.io/blog-images/miriam/160805_1646_train_16.0.col256_qual100_del11_nodith.gif

Generative Deep Learning

REF

Jodo A. Gongalves 10th IDPASC School 8 /15


http://fastforwardlabs.github.io/blog-images/miriam/160805_1646_explore_16.0.gray_del11_492x490.slower47.gif

Background subtraction effects

Jodo A. Gongalves 10th IDPASC School 9 /15


https://atlas.cern/updates/briefing/dijet-suppression

Background subtraction effects

Jodo A. Gongalves 10th IDPASC School


https://atlas.cern/updates/briefing/dijet-suppression

Background subtraction effects

CMS Experiment at the LHC, CERN
Data recorded: 2018-Nov-08 06.756040 GMT
Run / Event / LS: 326382 / 308207 / 7
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Conclusions

O Generative Deep Learning allows us to look at the problem of quantifying Jet
Quenching in a different light than before.

O The minimum dimension of the latent space that maintains performance may
have deep physical significance.

O Connection of analytical jet variables to this latent space, will be of crucial
interest more downstream.

O Background subtraction effects may severely bias ML algorithms in pp vs PbPb
discrimination and this should be addressed.

O Transformer architectures are promising tools for the future of these analysis.

Jodo A. Gongalves 10th IDPASC School 14 /15



Thank you for your attention.

Jodo A. Gongalves 10th IDPASC School 15 /15



Backup

Jodo A. Gongalves 10th IDPASC School 16 / 15



Results for modified /unmodified Z + jet with three samples
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Results for modified /unmodified Dijets with three samples
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Reducibility factors and residues

k(pi|p2) = max{k € [0,1]|3 a distribution G s.t. p1 = (1 — K).G + K.pa2}
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The Generalization
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The Generalization (Cont.)
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The running of the coupling constant
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.092004

Cylindrical Detector Coordinates
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Phase space
variables in a cylindrical detector. To the left we have the pseudorapidity, represented
in a plane containing the beamline as a horizontal line; to the right, we have the
azimuthal angle in the transverse plane of a detector, where the beamline corresponds
to a point in the centre of the circle.
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Centrality
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The sum of the transverse energy deposited in the ATLAS FCal, and centrality bins
considered. The plot considers three different triggers, but we only present it to
introduce the concept of centrality and so, we refrain from further explaining the

considered triggers. Plot taken from reference.
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Dijet Asymmetry (measurement)
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Proposed strategy
discrimination
quark jets in pp <€ gluon jets in pp
quenching quenching

quark jets in AA ————— gluon jets in AA

discrimination
quark jets in pp (unmodified in AA) H gluon jets in pp (unmodified in AA)

discrimination

modified quark jets in AA % modified gluon jets in AA
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Jet mass for q/g discrimination in pp
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Jet thrust for q/g discrimination in pp

—— Topic 1 i
—— Topic 2
—— Dijets
——Z+jet -
Z+qjet
Z+gijet

Probability density
o
i

#0649 + 00191
%=0163+-00101 |

0.05

OE

oL
ol b b b b b i L Ly

Il
0.2 0.3 0.4
Thrust (A3) Thrust (A3)

Jodo A. Gongalves 10th IDPASC School 31/15



Jet mass for q/g discrimination with three samples in pp
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Jet thrust for q/g discrimination with three samples in pp
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Ternary plot for the jet's mass, for q/g discrimination
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Ternary plot for the jet's thrust, for q/g discrimination in pp

<>, <1588 <03,

<2 & <0%,, <1&&E,<.05&&E,<.05

<18&E,<.05&&E,<.05

™

<0 <3 &&<0>,, <1&&E, <.05&&E,<.05

T 03, <3 && <>,

<18&E;< 18&E,< .1
3

0y <5 & <o> <1

——— all other options 09 DA 01

1 0.9 0.8 0.7 0.6 05 0.4 0.3 0.2 0.1

Dijets

Jodo A. Gongalves 10th IDPASC School 35/ 15



Extracting 3 topics from 3 samples in q/g discr.
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Latent Dirichlet Analysis (LDA)
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Reference for implementation validation
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Jet's multiplicity for q/g discrimination in PbPb
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Quenched unquenched separation of quark jets
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Quenched unquenched separation
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Ternary plot for quenched unquenched separation of quark jets
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Ternary plot for quenched unquenched separation of gluon jets
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Dijet Asymmetry (reconstructed from extracted fractions)
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Stating the Problem (Cont.)
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The Results
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The Results
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The Results
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The Results
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