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THE ELUSIVE NEUTRINO
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ASTROPHYSICS




WHAT IS ASTROPARTICLE PHYSICS ?

It is a fairly new field of physics that combines high energy particle physics, astrophysics
and cosmology, together with the necessary calorimetry and data processing. It has seen a
big development of the field since the early 2000s.

" The main object of study are the creation and acceleration mechanism of the
particles that arrive to earth from the (inter)galactic medium, specially those
which range at very high energies (far beyond the LHC!)
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A BIT OF HISTORY TO WARM UP

A 1912:Victor Hes$ound that radiation levels decreases as you ¢
higher (till ~700m). Then, it starts increasing again. What's the
origin of this mysterious radiation?

A 1927:Jacob Clagneasures a dependency of this radiation with
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A BIT OF HISTORY TO WARM UP

Figure 4. The detector used by Galbraith and Jelley for the first
observations of atmospheric-Cherenkov radiation: a dustbin with

a small parabolic mirror and phototube [3].




Aartsen et al (lceCUBE) 2017
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Proof of CRacceleration
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What havewe seerf? SNReddition

Tycho Brahe SNR

The Crab Nebula is a SNR B
associated with SN observed by s it
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What havewe seerf? SNReddition

The Crab Nebula is a SNR
associated with SN observed by
chineseastronomers in 1054 AD
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What are AGN#&

AGN stands for Active Galactic Nucleus, a galaxy with an active bl
hole powered by accretion of mass onto it from nearby matter.

They are very efficient transforming gravitational energy of falling
particles into very collimated radiation outflows in the shape of jets.
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log, o(E*dN/ME / erg cm—2571)

What are AGN#&

AGN stands for Active Galactic Nucleus, a galaxy with an active bl
hole powered by accretion of mass onto it from nearby matter.

They are very efficient transforming gravitational energy of falling
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2 | & yhi® about neutrinos?

Hadronic interactions also result in charggdnd Which later decay in neutrinos! They are the key to unfold the myst
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S rave : A Protons:Are deflected by magnetic fields. Not that much at high
blaeltpleni il energies, but them, the universe turns opaque (GZK limit) due to
multiple emission mechanisms. .

A 3 resonance with CMB photons.

A Photons:Not deflected, but absorbed :C. At high energies
universe is also opaque due to pair production with EBL light.

Gamma rays

A Neutrinos:Not deflected, they point back to the

e s e original source. Neither absorbed, they have no
fom deep within tht rgin. ‘ horizon and can scape almost any compact object.
A - A Gravitational Wavesthey can also travel far distances, but come
e et e s : from very specific objects
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Onthe hunt for cosmicneutrinos

_ _ _ 03 BestfittoO 8 .| i e, G
The idea of neutrino telescope was born in 1960 but only , -
came fully to life in 1997 with AMANDA, and led by : _
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Firsttwo milestonesof MultimessengerAstronomy

GW170817

The 17 of August of 2017, the LIG@rgo detector network detected a

TXS 0506+056

The 22d of Sept 2017, théceCubeneutrino observatory issued the alert

WG consistent with a binary neutron star merger. Less than 2 seconds for a neutrino of energy around 20@Vand a 56% chance of being of
later a GRB was observed by Fermi and INTEGRAL satellites. Optical astrophysical origin. The event was coincident with a knbway emitting

telescopes confirmed the existence of a new pdiké optical source at

blazar, which happened to be in a state of enhanced emission. A posterior

galaxy NGC 4993, Mpc away from earth, consistent with the estimate analysis of théceCubedata showed a potential neutrino flare coming
of LIGO/Virgo. Observation in other wavelengths revealed signatures ofrom the same direction during 2015. It was also followed in radio, optical

newly synthetized materials, including gold an platinum. and Xray.
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NEUTRINO TELESCOPES
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RECIPE TO DETECT HIGH ENERGY NEUT
(from sub-GeVto few PeV}.

1. Use dargedetector.

2. Use aransparentmaterialmedium

3. Reduceyour backgroundasmuchaspossible

4. Havepatienced (=accumulatestatisticy.







INTERLUDE: THE CHERENKOV EFFE@Ena cargedparticleexceedghe phasevelocityof

light inthe medium it emits Cherenkowadiation.
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neutrinos!

= We can detect







Astronomy with a Neutrino Telescopeand Abyssenviromental RE$arch

The first underseawater
neutrino telescope.

Located in the
MeditarreanSea, 40km
away from Toulon.
12 lines (885 PMTS)
2500 meters depth

Has been taking data
since 2008 to 2022.
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OPTICAL BEACO
(TimeCalibratior)

PHOTOMULTIPLIER
(To detect light)

STOREY
Deployment (2008) Recovery (May 2022)
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SECOND GENERATIKM3NEJTRINOIELESCOPE




TWO DETECTORS, ONE TECHNOLOGY
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TOPOLOGY OF NEUTRINO EVENTS

NEUTRINO INTERACTIONS
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TOPOLOGY OF NEUTRINO EVENTS
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Downgoingevents

MAIN BACKGROUND: ATMOSPHERIC MUOR
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ANGULAR RESOLUTION

a = |lame — el —»  Differencebetweenthe simulatedneutrino
directionandthe reconstructedmuondirection.
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— 10p
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THE LIGHT THAT WE CAN SEE All of thesecanmakehits (photon

detectedby PMT) inthe detector!
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Cherenkowphotons K40decay
from the interaction ( decaycan produce
productsof cosmic Cherenkophotony
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NEUTRINO TELESCOPES IN THE WORLD

ANTARES
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