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Neutrino astronomy and
multi-messenger connections
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Cosmic rays

Gamma rays are also producedin
these processes, after the decay of the
neutral pion

N+X—=a"+Y—=yy+Y

Gamma ray astronomy
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Cosmic Rays
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Balloon experiments by V. Hess and others showed that the flux
of radiation measured at Earth increased with altitude, pointing

to the “cosmic’” origin of these radiation
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Experiments by Rossi (1934), Schmeiser and Both (1938), Kolhorster
(1938) and Auger (1939) proved the existence of simultaneous
arrival of particles extending spread over extended areas

Auger 1939

= Kolhorster 1938

Schmeiser 1938

10
Distance (m)

Estimated energy: 101> eV
“One of the consequences of
the extension of the energy
spectrum of cosmic rays up to
1015 eV is that it is actually
impossible to imaging a single
process able to give a particle
such an energy. It seems much
more likely that the charged
particles which constitute the
primary cosmic radiation
acquire their energy along
electric fields of very great
extension "

P. Auger, 1939



Questions on CRs
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Nuclear abundance: cosmic rays compared to solar system

Cosmic ray
Solar system

itive to Carbon = 100
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Detection strategies




Balloons
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calorimeters:

Calorimeter
(W + SCN)




Particles and nuclei
are defined
by their charge (2)
(E~P)

.

are measured independently by the
Tracker, RICH, TOF and ECAL

Ting, CERN Days, 2015







AMS results
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Primary Particle

Jr

hadronic
cascade

radiation

VVW\N

nuclear fragments

muonic component hadronic electromagnetic
neutrinos component component




Auger
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- Surface De | iR %
- Detection area: largiie > N\taiicin

......
..........

3,000 km2 : ‘ i =
- 50,000 km? sr yr of
exposure



Two types of detectors




| ateral profile
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(o) - measured with SD
R “ Longitudinal profile

S measured with FD
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Fraction of Cherenkov tanks in operation
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Auger PRIME — “Primary cosmic

Ray ldentification through Muons
and Electrons”
— Scintillator on top of the tank to

measure directly e.m. shower
component

— WCD measures e.m. + muons
— Upgrade to:

* Enhance primary identification
* Improve shower description
* Reduce systematic uncertainties
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Sources



Galactic Sources




Extragalactic Sources
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Starburst gc

regions with a very |

A galactic scale wind blows out large amounts of mass into
the intergalactic medium driven by the collective effect of
supernova explosions and massive star winds
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Sources for DM searches




: =10Mpc @ E =5x10" eV

nCMB OPVCMB

The GZK cut-off also leads to a measurable 1o
neutrinos

~1 neutrino (E > 2x10'8 eV) per km3year




Neuirino telescopes



Neutrino Asironomy
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Scientific Scope
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Neutrino detection techniques




Detection Principle

Where to put the detectore

1) In a tfransparent medium

2) Neutrinos interact weakly -

- We need a LARGE target -2

-2 It has to be cheap = Natural medium
- Oceans (or lakes) or Antarctic ice

omultipliers)




Other signatures

cascade

double boi/‘

1 km at 300 GeV 5-10m long

25 km at 1 PeV diameter ~ 10 cm




Channels

time

-
CC Muon Neutrino sl Curreqt/ CC Tau Neutrino
Electron Neutrino

I
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U + N = pof X ve+ N = e +X vallnptel oy
Uy + N = i+ X

track (data) cascade (data) “double-bang™ and other
signatures (simulation)
factor of = 2 energy resolution ~ *15% deposited energy resolution
Dl Dl

in water: 0.1-0.3 degrees in water: 1-3 degrees!

(not observed vet)
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Physical Background
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atm background

cosmic signal
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Water vs Ice

only feasible in
the ocean.




Regions observed by NTs

Veto or HE 4, +C e Q1 ,1 ‘_
iriEBele " 55433 ; Gx339-4 Velai
techniques allow _
SH... at a price Gdlachc
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~ 5x10'0 myons/year

SIS el e ~ 20,000 neutrinos/year
Cherenkov tanks

Threshold ~ 300 . -_____wm,,,,w,f“ |
GeV | LA LT

lceCube Array

80 strings with 60 OMs i
17 m between OMs i
125 m between strings e
1 km3. A 1-Gton
detector

Deep Core

l 324'm

6 strings with 60 HQE OMs : 4 & |
Inner part of the detector : : A

Eiffeltornet

= 5160 OMs

lceCube + Deep Core




&3 meQEWa’r’r power plant
10° kg of driling equipment



String deployment

about 2 days to drill the 2.5 km hole
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2008-2011 data:
Livetime 1371 days
178k (upgoing heutrinos) +85°

216k (downgoing muons) P

- )G\_— _,,/
p-value=0.44 85° Astrophysical Joumnal 796 (2014) 109
0.0 0.6 1.2 1.8 2.4 3.0 3.6 4.2 4?8 5.4 6.0

-log,, p




2012: Looking for UHE neutrinos, two
events (cascades) appeared with
E~1PeV (0.14 expected, 2.360)...




HESE (High Energy
Starting Events): Events
of high energy (>30
TeV) starting inside the
detector

This strategy allows to reduce the background due to atmospheric muons

because they would have left a signal in the external part of the detector
(veto)

It also helps to filter atmospheric neutrinos, since they are usually
accompanied by muons

Disadvantage: the volume is greatly reduce (only “contained” events)




22'November 2013 | $10

Science

28 events in total
(including Ernie
and Bert)
Expected
background:

6.0x3.4 atm. muons
4.6+1.5 atm. neutrinos

Significance: 4.90

Discovery!

Science 342 (2013) 1242856, 22



lceCube HESE 4y

Events per 1347 Days

Background Atmospheric Muon Flux
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Diffuse flux




2.6 £ 0.15

Py = (23+£0.4) x 1078 GeV s~ em 2 sr!

Confidence Level Exclusion (%)

(spectrum with HE cutoff also
disfavoured)
Best composition at Earth is
(0:0.2:0.8), but the limits are
compatible with all compostions
possible under averaged

muon-suppressed pion decay (0:1:0) oscillations
pion & muon decay (1:2:1)

neutron decay (1:0:0)

best fit (0:0.2:0.8)



120 strings

Depth 1.35t0 2.7 km
80 DOMs/string

300 m spacing

infrumented volume: 10xIC
same budget




ANTARES
—



+ 12 lines (885 PMTs) S )
- 25 storeys / o ] . |

3 PUT/ stord First line of
ANTARES is

orizontal layout

10 years old
since Feb. 14t

Electro-
optical
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Neutrino candidate

reconstructed up-going event
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Flux limits
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Relative contribution for v = 2.5
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ement in the declinatfion region
corresponding to the crossing of sensitivities (it
depends on the spectral index and a potential
energy cutoff)
Data (ANTARES éy + IlceCube 3y) has been
unblinded and a common skymap produced (no

excess found)
pre-trial skymap
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Vo /3, ANTARES u.l. cascade 2014

Ve, /3, ANTARES sensitivity cascade 2014
v,,, atmospheric (Bartol)

Ve » /3, ANTARES w.l. IC flux

Ve . /3, ANTARES sensitivity IC flux

Ve 4 /3, ANTARES u.l. E?

Ve, /3, ANTARES sensitivity E”

Ve u /3, Icecube 2014
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Energy E [GeV]
Expected:
background: 9.5 + 2.5 events Consistent with
IC flux: 5.0 + 1.1 events background and IC flux

Observed: 12 events



Npg (OFF) =33/3=11 events
Nops = 16 events

Credit: NASA/DOE/Fermi LAT/D. Finkbeiner et al.

ANTARES PRELIMINARY
no cut off

500 TeV
100 TeV

~— 50 TeV

The origin is not clear: if due 1o CRs,
neutrinos would be produced

E’% [107GeV cm? s sr']

0.5-1.0 - 10°GeV'"* em™ s sr”

C. Lunardini, S. Razzaque, and L. Yang, arXiv1504.07033
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Multimessenger







High-energy Neutrino follow-up search of Gravitational Wave Event
GW150914 with ANTARES and IceCube

T4 3

. Abraham,'™ A




Gravitational
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GW (99% CL)
GW (90% CL)
GW (50% CL)
neutrno

Upperlimits in the flux are set
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S In arXiv:1310.7194 (Gonzdlez-Garcia, Halzen,
Niro), it is proposed to come from a point
—an=o source with flux 6x108GeV cm™2s!,

=== Width = 0.5°
o Width = 1°
width = 3°

ANTARES data allows to reject this possibility
(it is not a point-like source) at the flux
proposed there and limits depending on the
size of the source are set

108
2"10-45 40 -365 -30 -25 -20 -15 -10 -5 0

807

THE ASTROPHYSICAL JOURNAL LETTERS, 786:L5 (Spp), 2014




A&A 566, L7 (2014) Astronom — —— —
DOL: 10.1051/0004-6361/201424219 y g e Al CESO 2013

©ES02014 Astrophysics

Lerrer To THE EnIToR
LerTeEr TO THE EDITOR

ANTARES Constrains a Blazar Origin of Two IceCube PeV Neutrino
TANAMI blazars in the IceCube PeV-neutrino fields* Events
The ANTARES Collaboration: S. Adridn-Martinez', A. Albert?, M. André*, G. Anton®, M. Ardid', J.-J. Aubert®,

F. Kraug'?, M. Kadler?. K. Mannheim?, R. Schulz'?, I. Triistedt"-%, J. Wilms', R. Ojha***, E. Ros®"#, G. Anton’, 5 Brca® V. Bertin® S Bioa® €. B J2 BB B2 13 M. Bou Cabol
W. Baumgartner®, T. Beuchert'2, J. Blanchard'?, C. Biirkel2, B. Carpenter®, T. Eberl®, P. G. Edwards'!, N B 12 B R e . em,;',l i s ggaf?l],._;‘ ’ ']Tl]]l" P it a.'] o0

TANAMI collaboration has shown that the two first PeV events of the IC HESE analysis
are consistent with the integrated energy output of six blazars positionally coincident
with these events

The analysis by ANTARES shows that each of the two blazars to be predicted to be the
most bright has a signal flux fitted by the LH corresponding to about one ANTARES
event (the other four have no associated event)

Cat. Name F y

PKS 0235-618 6.2731)x 1078 o

PKS 0302-623 2.1 0.06°39!

PKS 0308—611 18 0.14005

Swift J1656.3-3302  (2.8%)3 0.867010  14,2,25

TXS 1714-336 5403 0467010 14225
1759-396 MRC 1759-396 7.5 0.23703%0  14,2,15,25

arXiv:1501.07843
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ANTARES, Il < 30° Ibl < 4°

Future Sensitivity

[ o spectral index: —2.4
spectral index: —2.5

KRA, (cut 5x107 GeV)
KRA, (cut 5x10° Gev)
KRA (cut 5x107 GeV)
KRA (cut 5x10° GeV)

Model to explain both MILAGRO/HESS and
Gaggero, Grasso, Marinelli, Urbano, Valli, FERMI-LAT observations: Galactocentric radial
dependence of diffusion scaling

arxiv/1504.00227 subm. to Phys.Rev.Lett.
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Neutrino telescopes:

Best results for spin-dependent WIMP-nucleon cross section
No significant astrophysical backgrounds



IceCube59 Segue 1 + ComatT

ANTARES GCt T (2012)
IceCubeb9 Virgot T

IceCube79+DeepCore GCt T

MAGIC (2011-2013) Segue 1

10*
Myive (GeV)

ANTARES:
Beftter visibility than IceCube for the Galactic Centre



KM3NeT



KM3NeT

S BRI

-

~ 240 grc
Physics anc
countries are invo
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= New groups very welcome!
(UGR just joined)

= Prototype lines have already been installed
= The first KM3NeT line has been installed in December 2015






KM3NeT time line




France

Italy



KM3NeT Optical Modules

- anchored at sea floor by a dead
weight ¢
- kept vertical by buoys S
115 DUs =1 building block




Instalada la primera linea de deteccién del telescopio de
neutrinos KM3NeT

Enviado por Isidoro.Garcia@ific.uv.es en Vie, 04/12/2015 - 10:33

Este jueves se ha dado un paso crucial en la construccion del
que sera el mayor telescopio de neufrinos del mundo,

' KM3NeT. La colaboracién internacional del experimento ha

instalado la primera linea de deteccion frente a las costas de
Capo Passero, cerca de Sicilia (Italia). El Instituto de Fisica
Corpuscular (IFIC, CSIC-UV) ha contribuido de forma
importante al éxito de este primer paso en la construccion de
KM3NeT.

3439.89
ROV
3476.99
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KM3NeT 2.0

Letter of Intent
for
ARCA and ORCA

— Astroparticle & Oscillation Research with Cosmics in the Abyss —

27th January 2016

Contact: spokesperson@km3net.de

Crucial step to show to
the community the
level of maturity of the
project

Crucial fo ourselves to
converge on the
evaluation of the
performance of the
detector

Now sent to J. Phys. G.
arXiv:1601.07459



European

on Researcl

STRATEGY REPORT
ON RESEARCH I}((N,Y;illt\elti:nzo.%lescope 2.0: Astroparticle
| N FRASTRUCTU RES & Oscillations Research with Cosmics

in the Abyss

Description
T VA3 bt Tk e A WAIALT 3 A e e TYPE: distributed

(COORDINATING COUNTRIES: NL
PROSPECTIVE MEMBER COUNTRIES: EL,
FR,IT,NL

ESFRl Projects ‘ PARTICIPANTS: (Y, DE, £S, I, PL, RO, UK

The ESFRI Projects have been selected for scientific excellence and mane
maturity and are included in the Roadmap in order to underline their b s

= Operation start: 2020

strategic importance for the European Research Infrastructure system
and support their timely implementation. The ESFRI Projects can be at
different stages of their preparation according to the date of inclusion

in the ESFRI Roadmap.

WEBSITE

. http://www.km3net.org/
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ROADMAP 2016

Projects

THE NETHERLANDS



ESFRI Roadmap 2016

CTA Cherenkov Telescope Array

3

EST European Solar Telescope

KM3NeT 2.0 A3 Neutrino Telescope 2.0:
troparticle & Oscillations Research with Cosmics
in the Abyss




Relevance of the ESFRI

Roadmap
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KM3NeT preliminary

Comparison of inter-PMT time calibration methods
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Downgoing frack. Reconsiructed zenith
angle: 0.89 deg




ARCA performance (I)
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Significance as a function of time for the detection of a diffuse flux of neutrinos
corresponding to the signal reported by IceCube, for cascade-like events (red
line) and track-like events (black line). The blue line indicates the result of the
combined analysis.
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Discovery potential (5c):

KM3NeT/ARCA (2 building blocks), 3 observation years
= |ceCube (IC86+IC79+IC59+IC40), 4 observation years
Astrophysical Journal 796 (2014) 109

KM3NeT/ARCA 50 discovery potential as a function of the source
declination (red line) for one neutrino flavour, for point-like sources
with a spectrum o E2 and 3 years of data-taking
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Phase 1 status

First line deployed

7 7% | g -' , ;
DOMs during tests @ NIKHEF DOMs in dark room @ CPPM




Phase 1 status

DU3 and DU4 May 2016

first ORCA line early summer
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