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PHENOMENOLOGY GROUP

* created in Jan 2018 as an aggregation of pheno activity within LIP [9.0 FTE]
o Heavy lon Pheno Group that had joined LIP from CENTRA@IST one year and half earlier
o pheno activities [SM/BSM and quarkonia] by members of experimental collaborations [ATLAS and CMS]
o cosmic-ray pheno activity by some Auger members

e stated aim: LIP’s Phenomenology group conducts research bridging theory and experiment in particle and astro-particle
physics. Its research, while independent, is centred around areas in which LIP has active experimental activities and aims to
identify areas in which LIP’s broader programme may evolve in the future. Its purpose is to strengthen the impact of the
overall LIP programme through the provision of excellent directed phenomenological research.

* group very involved in creation of ‘Big Data and Simulation Competence Centre’ at LIP :: a pool of knowledge usable
across LIP’s activities

e by 2022 the group has approximately doubled its workforce (20.3 FTE Researchers and PhD/MSc students) across LIPs
poles (Lisboa, Coimbra, Braga) with two main lines of work:

o New Physics Searches [mostly in Braga]

o QCD[mostly in Lisbodl]
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a disclaimer: non-perturbative QCD work is carried out in the NP-STRONG group



PEOPLE INVOLVED IN. QCD ACTIVITIES :: RESEARCHERS

Guilherme Milhano [Lishoal],
current team leader
QCD [jet physics, OGP, CGC]

Grigorios Chachamis [Lishoa],
QCD [forward physics, BFKL]

Joio Pires [Lishoal,
(CD [precision, jets, PDFs]

Pietro Faccioli [Lishoa],
QCD [quarkonia]
: also CMS and COMPASS/AMBER

QCD [jet physics, QGP]

Ricrdo Gongalo [Coimbra],

Nuno Casro [Minhol. o NP Searches [but also OCD jet activities]

NP Searches [but also ACD ML activities] .. also ATLAS Carlos Lourenco,

:: also ATLAS : e external collahorator
Miguel Romao [Minho], 0CD [quarkonial

NP Searches [but also QCD ML activities]
: also Private Sector



PEOPLE INVOLVED IN QCD ACTIVITIES :: STUDENTS

J50 Silva, PhD student [2021-] Andreé Cordeiro, PhD student [2022-] Dario Vaccaro, PhD student [straing Sep 2022]
Jet substructure Space-time formulation of jet quenching  BFKL Phyiscs

Mariana Araiijo, PhD student [2019-] Jodo Gongalves, PhD student [2021-] = Will spend 1 year at IGFAE = Will spend 1 year at IGFAE

Quarkonia Machine Learning for Jet Quenching

:: also CMS

e 3 additional photoless MSc students
o Jodo Lopes :: coherence in QGP

o Nuno Olavo :: hadronization time-
scales

,
[
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Tomas Cabrito, MSc student [2021-] Francisco Barreiro, MSc student [2022-] Manuel Mariano, MSc student [2022-] Lénea Luis, MSc student [2022-]
Generalized antennas Quenching in small systems jet substructure in small systems unbiased quenching observables

o Jodo Gomes :: Deep Learning for jets



COLLABORATIONS

* our QCD activities happen within a large network of collaborations

o MIT, CERN-TH, Nikhef, Barcelona, Madrid, Lund, ...



COLLABORATIONS

* our QCD activities happen within a large network of collaborations
o MIT, CERN-TH, Nikhef, Barcelona, Madrid, Lund, ...

* where the longest standing and most extensive collaboration is with IGFAE ...

PHYSICAL REVIEW D 71, 014003 (2005)

Numerical analysis of the Balitsky-Kovchegov equation with running coupling: Dependence of the
saturation scale on nuclear size and rapidity

J. L. Albacete,l’2 N. Armesto,2 J.G. Milhanoiz’3 C.A. Salgadoi2 and U. A. Wiedemann?

1Departamento de Fisica, Modulo C2, Planta baja, Campus de Rabanales, Universidad de Cordoba, 14071 Cordoba, Spain
2Department of Physics, CERN, Theory Division, CH-1211 Geneve 23, Switzerland

3Instituto Superior Técnico (IST), CENTRA, Avenida Rovisco Pais, P-1049-001 Lisboa, Portugal
(Received 20 August 2004; published 7 January 2005)

earliest joint paper of current IGFAE and Pheno@LIP members
2004 !



a few examples of recent work
[with focus on non-joint Pheno@LIP/IGFAE work]



NNLO grids for jet production at the LHC
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Jet time reclustering

e Recluster jets using the generalised-kt measure:

AR?,
RQ

. 2p 2
dij — mln(pt,};apt,};)

e Setting p = 0.5 (T algorithm) clusters jets in formation time:

ARQ

2
dij ~ Pt RQ pm@ ~

2p
dip = Dy

form
This choice maximises correlation between parton

shower and jet reclustering information

[Apolinario, Cordeiro, Zapp :: EPJC 81, 561 (2021)]

e Allows selection of two populations
o “Early” jets: T <1 fm/c (strongly modified)
o “Late” jets: T > 3 fm/c (weakly modified)
A jet quenching classifier:

Important step towards a
tomographlc analysis of the QGP!
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https://link.springer.com/article/10.1140/epjc/s10052-021-09346-8

Estimating jet formation times

[Apolinario, Cordeiro, Zapp :: EPJC 81, 561 (2021)]
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https://link.springer.com/article/10.1140/epjc/s10052-021-09346-8

CLASSIFICATION OF QUENCHED JETS

Apolindrio, Castro, Crispim Romé&o, Milhano, Pedro, Peres, :: JHEP 11 (2021) 219

* iet representations with varying theoretical input for different ML/DL architectures

o jet images :: Convolutional Neural Network (CNN)

= 2 An, Ag grids centred in the jet axis with jet pT and n constituents
L = Unnormalised / Normalised images: full jet info/relative fragmentation pattern

= CNNs scan the images looking for successively detailed discriminant patterns

N /'
filters [ . N / o N N
- . filters , g filters filters
[ : L. BZd 0

nconst |mage

(17 % 17) (8% 8) (3x3) (Ix1)

H
(35 x 35)
Convolution Layer 1 Convolution Convolution Convolution Dense Layer

(3 X 3) kernel Layer 2 Layer 3 Layer 4 Sigmqid
Leaky ReLu activation activation



CLASSIFICATION OF QUENCHED JETS

Apolindrio, Castro, Crispim Romé&o, Milhano, Pedro, Peres, :: JHEP 11 (2021) 219

* iet representations with varying theoretical input for different ML/DL architectures

o jet images :: 2-channel [pr and multiplicity] calorimetric images in a grid centred on jet
axis :: Convolutional Neural Network (CNN) :: channels both normalized and
unnormalized

o Lund plance coordinates :: Recurrent Neural Network (RNN)
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4 4
o -0 — (|
3 3 T T
-0.10 N
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1 1 o-0-0-0-0- -0
X
-0.04 < < < < < 4|
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- e e -~ -~ e e Sigmoid activation
0.02 80 20 50 50 80 20
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CLASSIFICATION OF QUENCRHED JETS

Apolindrio, Castro, Crispim Romé&o, Milhano, Pedro, Peres, :: JHEP 11 (2021) 219

* iets in pp and AA are mostly alike [they are QCD jets] but differences [modifications] are
measurable [at an ensemble level]

o are differences enough to allow for discriminations on a jet-by-jet physics 2

o is there enough information for a machine to learn to tell them apart 2

14
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CLASSIFICATION OF QUENCRHED JETS

Apolindrio, Castro, Crispim Romé&o, Milhano, Pedro, Peres, :: JHEP 11 (2021) 219

* jet representations with varying theoretical input for different ML/DL architectures

o jet images :: 2-channel [pr and multiplicity] calorimetric images in a grid centred on jet axis
:: Convolutional Neural Network (CNN) :: channels both normalized and unnormalized

o Lund plance coordinates :: (kT, AR) for primary branch of C/A [angular ordered]
declustering of jet :: Recurrent Neural Network (RNN)

o Tabular data :: global (pT and multiplicity) for each jet :: Dense Neural Network (DNN)

¢ benchmark case with minimal information



CLASSIFICATION OF QUENCHED JETS

Apolindrio, Castro, Crispim Romé&o, Milhano, Pedro, Peres, :: JHEP 11 (2021) 219
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CLASSIFICATION OF QUENCHED JETS :: RECONSTRUCTED

Apolindrio, Castro, Crispim Romé&o, Milhano, Pedro, Peres, :: JHEP 11 (2021) 219
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HOW MANY OBSERVABLES IS ENOUGH?

Crispim Rom&o, Milhano, van Leeuwen, :: in preparation
Single and Pairwise Normalised ROC AUC (max ROC AUC: 0.707)
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[PCA analysis — linear correlations only — also done]
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loss of predictive power signals sensitivity to QGP
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