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Just as ice
cream has
both color
and flavour,
so do quarks
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Goal: go beyond the Standard Model
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Goal: go beyond the Standard Model
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Goal: go beyond the Standard Model
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Goal: go beyond the Standard Model
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Goal: go beyond the Standard Model

Indirect searches: fuelled by Quantum Mechanics
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Flavour physics provides access to NP scales well beyond collision energy !



Lepton Flavour Universality
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ATLAS. CMS. LHCb - Summer 2020
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flavour anomalies!
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RS Taken together, the flavor anomalies
are most significant deviation from SM,
What elephant? ; and the strongest indication of NP in
current collider data !
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Measurement of b-quark fragmentation fraction ratios
at the CMS experiment: a key ingredient for the
Bg — uwtu rare decay analysis

Bruno Afonso Fontana Santos Alves

o — —

CERN-THESIS-2018-274
https://cds.cern.ch/record/2649927
Defense: May 2018

youtube

".W‘WW &

iz L’»

Flavour Anomalies
Maria Faria

TECNICO
LISBOA

Investigating the flavour anomalies through

the rare beauty decay B’ — K*'u* ;-

Maria Carolina Feliciano Faria

Thesis to obtain the Master of Science Degree in

Engineering Physics

R —
CERN-THESIS-2021-220
https://cds.cern.ch/record/2791778

youtube
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PhD thesis
opportunity!

LFU analysis

b—stT / b—=sup
anomaly-dedicated
CMS dataset
machine learning for
T reconstruction and
B signal selection
potential to clarify
flavour anomalies and
establish new physics
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https://www.youtube.com/watch?v=GisEGOiyAFA
https://cds.cern.ch/record/2791778
https://drive.google.com/file/d/1dwqQJ8frPiClT_RoLgk5h6qNRF7yV4w2/view
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CERN approves new LHC experiment

SND@LHC, or Scattering and Neutrino Detector at the LHC, will be the facility’s ninth

Neutrinos at LHC ! —

is the most recent LHC experiment.
Approved, built and installed last year (2021).
LIP is a founding member, built part of muon system.
A neutrino detector at the LHC!
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1
1
1
’
N ) <2.2 eVic? <0.17 MeV/c? <18.2 MeV/c?

6\2‘ SND@LHC extends physics potential of LHC

LHe « Ve | W |. ¥y | 4= Probe LFU anomalies in neutrino sector!
Scattering and Neutrino Detector electron mubn tau
at the LHC neutrino neutrino neutrino ,

SND@LHC physics goals

Observe collider neutrinos for first time
Unexplored energy range (up to 10 TeV)
Measure flavour production

Search for FIPs and Light Dark Matter
Detect and study all 3 flavours: ve,vy, v«
Lepton Flavour Universality (LFU) tests

15
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Measurement of Collider Neutrinos
with the SND@LHC Experiment

PhD thesis ongoing, by G.Soares

R

Masters thesis opportunity

e cxplore first data by the new
LHC experiment

e Get integrated in a smaller
collaboration in the exciting
LHC environment

e first LHC collisions very soon!




Goal: go beyond the Standard Model
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Goal: go beyond the Standard Model

energy frontier =——
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Timing Detector - MRPC's

Vacuum decay vessel (1 mbar) SH;P
= ﬂ—# .

——e L Muon ID

Scattering and
Neutrino detector

Muon Shield

Decay Spectrometer Photon Track
with particle ID (ECAL)

Search for dark matter and supersymmetry using machine learning at SHiP

TECNICO
|_ | S B O A Francisco Safara’? and Raul Santos?P°

' Faculdade de Ciéncias da Universidade de Lisboa, Lisboa, Portugal
2 Instituto Superior Técnico, Lisboa, Portugal

Project supervisors: N. Leonardo, G. Soares October 2020

Optimization of the Selection of Hidden Particles in the SHiP Abatract. SHiPis an 1
Experiment actions, lowmassesand  Dijstinguishing Hidden Sector Particles with Machine Learning at SHiP

of the hidden sector of p
particles, specifically da

and tested several mach  Henrique Santos'2 and André Branco'-°

taining a high signal effi
regression and classificz "Instituto Superior Técnico, Lisboa, Portugal
Keyworps: Hidden Sec Project supervisors: N. Leonardo, G. Soares October 2021
Guilherme Machado Santos Soares
—— Abstract.

Given the plausible existence of new physics particles and interactions, the SHiP experiment at CERN aims
to explore the Intensity Frontier in search for the so called Hidden Sector particles with exceedingly feeble
C E R N TH E S I S 20 21 O 3 8 couplings and thus distinctively rare decays. Three theoretical particles are studied consisting of Dark Pho-

= = = tons(DP), Heavy Neutral Leptons(HNL) and Neutralinos. Using previously Monte Carlo simulated data sets
in conjunction with sundry machine learning methods it is possible to classify those three different hypothet-

ical particles from several decays (into Pion-muon and Muon-muon pairs) yielded from the input information
culminating in efficiencies over 74% for all results and over 99% for the foremost ones.

Keyworps: Hidden Sector, Dark Photons, Heavy Neutral Leptons, Neutralinos, Deep Neural Networks, Inten-

_____ L


https://cds.cern.ch/record/2765979?ln=en
https://espace.cern.ch/lip/pub/docs/LIP-STUDENTS-20-17.pdf
https://nc.ncg.ingrid.pt/index.php/s/MjGbApZMk5ZMkeb/download/LIP-STUDENTS-21-06.pdf

Summary

* flavour provides a promising portal into
new-physics beyond the SM

» sensitive to new heavy particles beyond the
collision energy

* a pattern of revealed in data,
indicating contribution of new-physics

» their clarification is current field priority

° ° ° ° ° rt-ng
* LHC is entering a high intensity phase LHC Run3 st@ ‘
Nnow-

» new era of precision and rare processes

* great research opportunities for students

» anomalies & LFU, neutrinos & other FIPs

19
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Goal: go beyond the Standard Model
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Goal: go beyond the Standard

1) the easy way: direct discovery
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Goal: go beyond the Standard

2) the not-so-easy way: indirect discovery

charge @ %

New Physics
hiding here?
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LEPTONS

Quantum Mechanics
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PARTICLE MIXING
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LFermi = ——= pyunéy'v + h.c.

/3

a predecessor
of EWK theory

Leptohs _

SM field

ISM = o[)gauge + ofhiggs

simple and elegant theory
describing almost all
microscopic phenomena

25

SM field
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Lsm-ert = Lsm
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new heavy field
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a more fundamental
theory with new
degrees of freedom
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machine learni

an analogy

OUTPUT
Test loss 0.056

6 HIDDEN LAYERS
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FEATURES

Which properties do

Training loss 0.001

you want to feed in?

8 neurons 8 neurons 8 neurons 8 neurons 8 neurons

8 neurons

[] Discretize output

e o tey o

data, neuron and
[[] Show test data

Colors shows
weight values.
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