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The Plan

1. Astroparticles
2. Cosmic-rays
3. Neutrinos

4. Gamma-rays



Neutrinos




Particles from outer space
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Astroparticles = Multimessenger and Multiwavelength



Particles from outer space

Y Photons
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Neutrino can pass through Earth without any interaction
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Neutrino Physics




The Standard Model

SM matter families

Symmetries

j j 3 + SU(3).: Color
« SU(2): Isospin
4

« U(1) : Hypercharge

quarks

Matter content
« 3 families quarks
o 3 families leptons

Higgs fields
. SUIxUIT), - (1),
* Mass to fundamental particles

leptons

‘Weak Nuclear Interaction




Neutrinos in the SM

Neutrinos are part of the SU(2) of left-handed leptons
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Covariant derivatives Interaction/mass terms




Neutrinos in the SM

Standard Model Neutrinos only interact via weak boson: Z and W
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Neutrinos in the SM

Standard Model Neutrinos only interact via weak boson: Z and W
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The Standard Model (fail)

SM matter families

: | ~+ The Standard Model predicts
j j j massless neutrinos
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Neutrino Oscillations




Neutrino oscillations

Flavor and mass eigenstates do not coincide |vy) = Z U, Vi)
k

oY
I— =HY
ot H
Mass eigenstates
evolve according to: 1 0 0 0
Hyae = =5 U 0 Amgl 0 (]Jr

2B N0 0 Aamg

The final v flavor depends on: Initial state, Source distance, Neutrino energy



With more details:

Flavor and mass eigenstates are related by a unitary transformation:
va) = Usklve)  (a=ep7)
k

where the eigenstates satisfy:

H|vg) = Eg|vg) H— \fﬁj - mi

and these states evolve according to the time-evolving operator:

d

i = |vi(t) = A | (2)) pi(t)) = e B |1y,

i Fay " s E. 1 A ‘4”ﬂ ""’”.-i(t) = y#ihjﬂ E L vk [’

?E;\]"



With more details:

Since neutrino can be detected using weak interactions, the flavor evolution is:
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G=e,u,t

and the transition amplitude between flavors corresponds to:
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With more details:

The expression for the probability is in term of time:
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With more details:
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With more details:

2
Type of experiment L E seriil‘;?vi ty
Reactor SBL ~ 10m ~ 1 MeV ~(0.1eV?
Accelerator SBL (Pion DIF) ~ 1 km = 1GeV > 1eV?
Accelerator SBL (Muon DAR) ~ 10m ~ 10 MeV ~ leV?
Accelerator SBL (Beam Dump)  ~ 1km ~102GeV  ~ 10%eV?
Reactor LBL ~ 1km ~ 1 MeV ~ 1073 eV?
Accelerator LBL ~ 10° km = 1GeV >10"3eV?
ATM 20-10*km  0.5-102GeV  ~ 10" *eV?
Reactor VLB ~ 10 km ~ 1 MeV ~ 10~ 5eV?
Accelerator VLB ~ 10* km > 1GeV > 10" *eV?
SOL ~10Mkm 0.2-15MeV  ~ 10712eV?




Neutrino oscillations
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arxiv:1708.01186

The analysis of different neutrino
oscillation experiments help to
constraint mixing angle and mass

splitting.



Matter effects (ak.a. MSW effect]

The interaction with a medium modifies the oscillation patterns w.r.t. vacuum
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Matter effects (ak.a. MSW effect)
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Mass Mechanisms
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To add to the slides

Neutrino mass mechanism
Sources of neutrinos
Astroparticles neutrinos
Solar neutrinos (DM also)
lcecube neutrinos
Cosmology neutrino



Neutrinos

Forero, Tortola and Valle PRD Q0 (2014) 093006
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The SM predicts massless neutrinos

Physics beyond SM is needed to explain 052-]- X (LZ'H)T(LJ-H)

neutrino's mass spectrum and mixing angles



Neutrino Sources

Milky Way halo
Galactic Center
Satellite galaxies

AGN

Geoneutrinos
Atmospheric



Neutrino Sources
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Neutrinos from the Sun

The Sun is the brightest source
of neutrinos at the MeV scale

3He + “He - "Be + Y

3He + *He = “He + 2p* Li + p* = *He + *He
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Neutrinos from the Sun

The Sun is the brightest source

of neutrinos at the MeV scale

Reaction Abbr. Flux (crn_? s~ 1)

pp — det v pp 5.98(1 4 0.006) x 1010
5 NS pe p—dv pep 1.44(1 £ 0.01) x 108
*;&“ 3He p — 4He etv hep 7.98(1 + 0.30) x 103
2 ?T ?R'!.‘ 1 "Bee™ — "Liv+(y) "™Be  4.93(1+0.06) x 10°
@' fgﬁg s Lol 8B — 8Be* et u 8B 5.46(1+0.12) x 109
W s e BN - 3C ety BN 2.78(140.15) x 108
g, 150 — 15N ety 150 2.05(1+0.17) x 108
1" 5 170 ety TP 5.29(1 +0.20) x 106




Neutrinos from the Sun

The Sun is the brightest source
of neutrinos at the MeV scale
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Neutrino Observatories

1450 m

2450 m
2820 m

P ————

IceTop

. __— 80 Stations, each with

2 lceTop Cherenkov detector tanks
2 optical sensors per tank
320 optical sensors

2010: 79 strings in operation
2011: Project completion, 86 sirings

IceCube Aray

86 strings including 6 DeepCore strings
60 optical sensors on each string

5160 oplical sensors

AMANDA

DeepCore
strings-spacing optimized for lower energies
360 optical sensors

! |Eiffel Tower
4 324m

lceCube

(located in Antartica)








Neutrino Observatories

ANTARES

(located in the mediterrean sea)
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Neutrino Observatories

KM3NET

(located in the mediterrean sea)




Flavor composition in lceCube

THE ASTROPHYSICAL JOURNAL, 809:98 (15pp), 2015 August 10
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Latest result on flavor composition
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Flavor composition

Std. mixing 0 (fe:fuife)s
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Effects from New Physics

Argielles et at. PRL 115, 161303 (2015)
0.0,1.0
Sources of New Physics:

 Space forsion
e CPT - Lorentz violation
« Dark Matter interactions




Dark Matter Searches
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Dark Matter in the Sun




Dark Matter in the Sun




Dark Matter in the Sun




Dark Matter in the Sun




Dark Matter in the Sun




arxiv:1005.5711

Dark Matter in the Sun

" ' N, = C —2AN? — EN,
B | / ‘\ Evap>ahon

Capture

Annihilation



Dark Matter in the Sun

Phys.Lett. B759 (2016) 69-74
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WIMP-nucleon cross section [cm?]
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The Tools




Tomorrow we continue...

Muon

neutrino

Electron
neutrino

neutrino
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