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IGFAE aims to answer some of the most
fundamental questions in Nature
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What is the Universe made of?

How It works
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IGFAE aims to answer some of the most
fundamental questions in Nature

What is the Universe made of?

What are the fundamental building blocks

How It works

How they interact


https://youtu.be/v4NY5FkmAKw
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Why the Universe is made of matter and not antimatter?
What is the nature of neutrinos?
What is the theory beyond the Standard Model?

How complexity is built from the fundamental building blocks of Nature?
What is the origin of the visible mass of the universe?
What is the structure of neutron stars?

How were the first instants after the Big Bang?
Where is the limit of Einstein General Relativity?
How the most powerful particle accelerators in the universe work?

... are some of the specific questions
in which we actively work
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Physics «— data science
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Monte Carlo

_HC crossing rate >30MI-
and 20 collisions per crossing

600 million collisions per second (1PB/s)
[proton-proton collisions at 99.999999% of the speed of lig




CMS Experiment at the LHC, [ /
Data recorded: 2016-Aug-27 23: 1 .73958‘4 GMT
Run / Event /LS: 279685 / 178456860 / 95 ‘
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“MS CMS Experiment at the LHC, CERN
/ Data recorded: 2015-Jun-03 08:48:32.279552 GMT

Run / Event / LS: 246908 / 77874559 / 86

-
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CMS Experiment at the LHC, CERN
. Data recorded: 2012-May-13 20:08:14.621490 GMT

C CMS Experiment at LHC, CERN ' Run/Event: 194108 / 564224000 ﬂ

Data recorded: Wed Nov 25 12:21:51 2015 CET

Run/Event: 262548 / 14582169
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hitps://gsalam.web.cern.ch/gsalam/panscales/videos.html
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[Simulation of the events are
produced with Pythia 8
times estimated by clustering algorith
- see details in the web page]
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“Simple events” at LEP [1se-2000
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A 2-let event at LEP A 3-let event at LEP

Jet clustering (identitication) algorithms




Jets In hadronic colliders

t{‘? ATLA S 2-Jet Collision Event at 7 TeV
Y EXPERIMENT

2010-03-30, 13:16 CEST
Run 152166, Event 399473

Jet clustering (identification) algorithms

|0



Jets In hadronic colligers

Fi
| oy R ATLAS

! EXPERIMENT

Run: 276731
Event: 876578955
2015-08-22 07:43:18 CEST

2 high pT jets
(1.3 and 1.2 TeV)
with invariant mass 6.9 TeV

I

Jet clustering (1dentification) algorit®ns



A multijet event at the LHC@13TeV

CMS Experiment at the LHC, CERN
Data recorded: 2015-Sep-28 06:09:43.129280 GMT S
Run / Event / LS: 257645 / 1610868539 / 1073 .l
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Data SIO, NOAA, U.S. Navy, NGA, GEBCO
Image Landsat / Copernicus

 ImageIBCAO Bl 7 b Google Earth
Image U.S. Geological Survey




INTERNATIONAL INFRASTRUCTURES WITH IGFAE PARTICIPATION

s . Grand Accélérateur National d'lons Lourd
UIGE Livingston

Data SIO, NOAA, U.S. Navy, NGA. GEBCO
Image Landsat / Copernicus
Image IBCAO
Image U.S. Geological Survey

Google Earth



1 IGFAE created in 1999
Joint research center Xunta-Universidade de Santiago de Compostela

1 Reference in Galicia for relation with big
International infrastructures (CERN and more)

1 New phase after excellence accreditation
Maria de Maeztu
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Installation on time for
LHC 3rd running period
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. HCb - data processing chain

HCAL REAL-TIME
ECAL M3
SPD/PS M3 O Detector readout I ALIGNMENT &
Magnet RICH2 1 M2 (& Hardware trigger) .~ e
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Generator Decay Propagation

Lukas Calefice | 24.10.2023 | Machine Learning Workshop
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SAl1l LHCB - analyses
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Fig. 1. Theinvariant massof K¢ — u'w” candidates, and the fit
toone of the most sensitive searchrregions. The K = u'w
background (orange) is suppressed with respect to K¢ due to the
longerdistance of flight. The observed number of signal decays
isconsistentwith zero.
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For every trillion K only five

decay to two muons
[rarest decay event recorded]

This analysis uses two machine-learning

too
DIO

S: one to discriminate

NS and another to disc

from combinatorial backg

muons from
‘iminate signal

round

Challenging t

— still not clear signal of departure

ne Standard Model of Particle Physics

. but some of the most interesting results from LHC
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Unvell the structure of the proton
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[Animation: Visualizing the proton - Arts at MIT]
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Pierre Auger Observatory

The observatory is a detector of high-energy
cosmic rays that uses two different techniques
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The collision
between the
particles produces a
faint light captured
by four fluorescence

Source: Pierre Auger Observatory

Air shower

The particles are also
recorded when they
react with the water

inside an array of 1,600
surface detectors
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SAZ2_GRWA

Masses in the Stellar Graveyard GW190521 as a

LIGO-Virgo-KAGRA Black Holes LIGO- )-KAGRA Neutron Stars

Merger of new boson stars?
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GW190521 as a
Merger of new boson stars?
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YA (ENGELM - Confirmaria la existencia de estos objetos y, con ellos, la de la materia oscura

El misterioso motivo que explicaria
la mayor onda gravitacional: la
fusion de dos estrellas bosones

PUBLICIDAD

us PARTIDO A PARTID

DESCARGALAEN "\ (000K

PUBLICIDAD

Rebajas en Camper o

Camper

XV

Powered by:
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£ La mayor onda gravitacional

captada hasta el momento | -
L 4 puede no ser fruto de la colision ~ -Una de nieve: qué significa y

i . como ver la luna llena con la que
de dos agujeros negros, sino . G
se despide febrero

- tener un motivo mas misterioso,
la fusidn de dos estrellas de Descubren indicios de un mundo
| bosones, lo que confirmaria la habitable en |la vecina estrella de
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SAZ2_NEXT
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Software development, €.g. COHVOl.Ut'O.nal Contribution to DUNE near-side detector
neural networks for background rejection
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Long planning times... N
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he Future Circular Collider (FCC) is a proposal under

study to build an accelerator in a new 100km long

ircumference tunnel.

NIS IS a good example to understand the extremely long

mescales in Particle Physics projects

2014 , | 2045
2018 | 2048

[Joachim Mnich 112th Plenary ECFA meeting]




HL: Strategy for new facilities

Perspectiva de estabilidade a longo prazo e cumprimento de compromisos esencial

2020 2030 2040
LHC // LHCb upgrade phase 1 || HL-LHC // IGFAE LHCb upgrade phase 2 // Codex-b [ eciil
Next  Next-100, Next-1T, Dune / HK?
Auger (prime)
SA2
LIGO
_ Einstein Telescope? Participate in GW instrumentation
R3B @ FAIR
SPIRAL 2, HIE-ISOLDE SA3

L2A2
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Personnel
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Societal and Industrial Engagement Strategy
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@ IGFAE.LABS
Obradoiro
Camara de Néb -
Sab. 09.10.2021
9:00h -13:00 h.
Aula C / IGFAE

Inscricions https:/ /igfae.usc.es/igfae /gl /obradoiro-camara-neboa

GFAE Instituto Galego
de Fisica de
Altas Enerxias

LABS USC

’ nventada a principios do seculo XX, a camara de neboa e un dos primeiros ¢
mals sinxelos detectores de particulas subatomicas que se poden construir. Coa
colaboracion de MakerGal, o programa EdulLab do IGFAE desenou un prototipo a
partir do cal construir estes detectores por un orzamento reducido e con

materiais que non requiren dun mantemento nin manexo complexos. Nesta

:

dvidade, imparl

al remos un obradoiro para profesorado de secundaria no que se
ensinara o funcionamento basico destes dispositivos e o0 procedemento para
montalos a partir dun kit de montaxe e de materiais proporcionado polo IGFAE.
Unha vez finalizado o obradoiro, o detector entregarase aos centros educativos

dos docentes con obxecto de que poida ser utilizado como recurso educativo.
4_'__ rAocobeo 2122 9 o GFAL ‘ﬁ ﬂ : FONDO FUROPEQ DF DESENVOLVEMENTO REX

R %" " Y\
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ArtLab | Instituto Galego de Fisica de Altas Enerxias (IGFAE) presenta




ArtLab | Instituto Galego de Fisica de Altas Enerxias (IGFAE) presenta




Technology Transter



TechLab - Pablo Cabanelas / head of the unit

A lot of activity
¥ Industrial PhD

¥ Protontherapy

¥ Natural radioactivity

¥ Proof-of-concept projects

¥ WG KTl in SOMMa

¥ Homeland security - Portos de Galician
% Quantum technologies

DATA SCIENCE



EXPOSICION ORGANIZADA

IGFAE < CERN
21.06.2024 28.08.2024

IGREXA DA UNIVERSIDADE
SANTIAGO DE COMPOSTELA

ARMIN LINKE




