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what is phenomenology?
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STONE INSCRIPTIONS
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THEORY OF FUNDAMENTAL INTERACTIONS [ EARLY XXI CENTURY A.D]
[LITERALLY] SET IN STONE



CMS Experiment at the LHC, CERN
Data recorded: 2018-Nov-11 23:57:04.330752 GMT
Run / Event / LS: 326580 / 14140126 / 52

RECONSTRUCTION OF OUTCOME OF P3-PB COLLISION
Swiss-FRENCH BORDER, EARLY XXI CENTURY A.D




what is phenomenology?

Login

arXiv.org

Help | Advanced Search

arXiv is a free distribution service and an open-access archive for 1,653,463 scholarly articles in the fields of physics, mathematics, computer science, quantitative biology, quantitative finance,
statistics, electrical engineering and systems science, and economics.

Subject search and browse: Physics Search  Form Interface  Catchup

21 Jan 2020: What is new and upcoming for arXiv in 2020? Please see our 2020 update and roadmap

08 Jan 2020: Congratulations to arXiv founder Paul Ginsparg for being awarded the 2020 Karl Taylor Compton Medal for Leadership in Physics
06 Jan 2020: Martin Luther King, Jr. Holiday Schedule announced

See cumulative "What's New" pages. Read robots beware before attempting any automated download

Physics

e Astrophysics (astro-ph new, recent, search)
includes: Astrophysics of Galaxies; Cosmology and Nongalactic Astrophysics; Earth and Planetary Astrophysics; High Energy Astrophysical Phenomena; Instrumentation and Methods for
Astrophysics; Solar and Stellar Astrophysics

e Condensed Matter (cond-mat new, recent, search)

includes: Disordered Systems and Neural Networks; Materials Science; Mesoscale and Nanoscale Physics; Other Condensed Matter; Quantum Gases; Soft Condensed Matter; Statistical

Mechanics; Strongly Correlated Electrons; Superconductivity

General Relativity and Quantum Cosmology (gr-qc new, recent, search)

High Energy Physics - Experiment (hep-ex new, recent, search)

High Energy Physics - Lattice (hep-lat new, recent, search)

High Energy Physics - Phenomenology (hep-ph new, recent, search)

eory (hep-th new, recent, search)

not the same as theory nor the same as experiment :: in between?




what is phenomenology?

THEORY P
HENOMENOLOGY EXPERIMENT
Phenomenology

bridges between
Theory and Experiment




what is phenomenology?

- application of theoretical physics to experimental data by
making quantitative predictions based upon known
theories

- bridge between mathematical models and physical reality

- essential go-between to validate known physical theories,
to understand new phenomena through novel physical
theories



how to find something?
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the Higgs boson was discovered as a tiny excess above a known ‘background’ (all the known Physics producing a similar outcome)
:: precision in both theory and experiment is crucial to make a discovery



precision

LHC has taught us that new physics will be manifest as very small effects

LHC measurements have [or will have soon] uncertainties ~1
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precision

LHC has taught us that new physics will be manifest as very small effects
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LHC measurements have [or will have soon] uncertainties ~17

3rd order (NNLO) in perturbation theory

these measurement are only physically useful if theoretical

predictions have compatible uncertainties

+ c.c.

+ c.c.



novel theory and modelling

YQ)'RE TRﬂNG TO PREDICI' THE BEHAVIOR

OF < MPLICATE! ?varma
T A5 A <51 ; AND THEN ADD
SOME SECONDARY TERNS To ACCONT RR
<COMPLICATIONS T. JUST THOUGHT OF >
\
EASY, RGHT?
)

S0, WHY DOES <02 FIELD > NEED
A WHOLE JToURNAL, ANYWAY?

(
Q)

oftentimes, theory consistency leads to theory developments

confrontation of theory predictions with experimental reality constrains
[by excluding many] possible theory extensions
:: this is the case with all theories beyond the SM (BSM)

oftentimes, phenomena description beyond scope of first principle
theory thus requiring modelling [including event simulation]

confrontation of model predictions with experimental reality constrains
model assumptions



novel theory and modelling

jet development while traversing and interacting with quark gluon plasma created in heavy ion collisions

Q
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It is not simple

model as blend of known jet development in vacuum with jet-QGP interaction as propagation of particles in 5d AdS
space with BH in 5th dimension [this all somehow makes sense but IS NOT first principles theory]
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novel theory and modelling

jet development while traversing and interacting with quark gluon plasma created in heavy ion collisions

/ ///
itis not simple ¥~ M .

model as blend of known jet development in vacuum with jet-QGP interaction as propagation of particles in 5d AdS
space with BH in 5th dimension [this all somehow makes sense but IS NOT first principles theory]

Gauge Theory
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Backreaction mmmms
No Backreaction s
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new ohservables

define measurable and calculable quantities that are sensitive to whatever properties you want to access
:: to measure time evolution of properties of the OGP need objects that start interacting with it at different times

process
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new techniques

Machine Learning techniques have proved very helpful for phenomenological studies

:: et the Machine learn from data [real or simulated] and then learn Physics from the Machine

THIS 1S YOUR MACHINE LEARNING SYSTEM?

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN COLLECT
THE ANSLJERS ON THE OTHER SIDE.

WHAT IF THE ANSWERS ARE WJRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT:




pheno@LIP :: what we do

- SM/BSM :: observables for new Physics searches
[Minho/Coimbra]

- QCD precision and automation [Lisboa]

- Quark Gluon Plasma [mostly its characterisation with
jets] :: theory :: Monte Carlo simulation :: observables

- in all the above Machine Learning techniques are
increasingly being used



pheno@LIP :: a few of us

Liliana Apolinario [LIP-Lishoa]
Jet Physics, QGP
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Grigorios Chachamis [LIP-Lishoa]
QCD precision

Guilherme Milhano [LIP-Lishoa]
Jet Physics, QGP

Joao Pires [LIP-Lishoa]
QCD precision

Nuno Castro [LIP-Minho/Lishoa]
Machine Learning, SM/BSM

Ricardo Goncalo [LIP-CoimbralLishoa]

! SM/BSM [also ATLAS]
Nuno Castro [LIP-Minho]

SM/BSM [also ATLAS]



pheno@LIP :: most important

Guilherme Guedes [LIP-Minho] Jodo Silva [LIP-Lishoal

PhD :: BSM/DM MSc :: Jets in HI // ML
Maia Ramos [LIP-Minho]
PhD :: BSM/DM :
2019 vintage

Bruno Silva [LIP-Lishoa]
Jodo Gongalves [LIP-Lishoa] MSc :: Jets in small nuclei Filipa Peres [LIP-Minho]
MSc :: Jets in HI // ML MSc :: Jets in HI // ML




