The future of neutrino
astronomy

Gwen W De Wasseige

Pwd: neutrinos

B UCLouvain @ &) Francau

Foundation


https://agenda.irmp.ucl.ac.be/event/468

Neutrinosinithe
Multi-Messenger| Era

| A L B AN | :

A
T AT
. o S \ -
- = =t
o ) »
¥ v
P b o
<
pr— [ S N
e 2 ' \S
»
4
<

g
e e i >

e

=

—
e
""";_ O
o
s
g s
See e
G

20 talks last week

10 talks summarized in this contribution



bl

tltltl
111111 for
| | | 'l A 'l —
IceCube Diffuse TXS0506+056 Glashow event  NGC1068
completion astro flux
GW150914 GW170817 IACT’s GRBs GRB221009A
2011 2013 2015 2017 2019 2021
2012 2014 2016 2018 2020 2022
Postdoc

Professor



y "."".,,--v-. .
—




’ v"'!""-"" -
ot




’ v"'!""-"" -
ot




Summary

 Astroparticle Physics is a booming and blooming field
" European Astroparticle
 In search of the wonders of the cosmos 70 Physics trategy
APPEC -
» Going to understand the fundamental law of Nature '
 Plenty of opportunities for young scientists

APPEC.:

* Publication of Roadmap Update in 2022

» Coordination of European Astroparticle Physics strategy...
* ...in cooperation with neighboring fields

« APPEC Newsletter: nttps://www.appec.ora/latest-news/newsletters
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APPEC Flagship Research Infrastructures

This is not a closed, but dynamic list...

[construction KM3NeT 2020-2026; IceCube-Gen2]

R !

. Tl 4 ESFRI J|
.i Sl _ [construction Einstein Telescope 2026- ] = ;
o I I R 4
) EravTtational Weves [construction LEGEND-1000 / nEXO 2023-; ...
[construction AugerPrime 2019-2023] v Neutrino Properties

High-Energy

G’
[construction DARWIN 2024- ;
Universe XLZD, ARGO, ... ]
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Why neutrinos?

Multi-messenger synergies

Optical telescopes: TAROT,
GRANDMA, MASTER, LCOGT,

ZTF, LSST... -
- Easy access follow-up of large X-ray telescopes: Swift, INTEGRAL,

error box SVOM, ATHENA... y-ray telescopes: Fermi-LAT
Characteristation of the - Very clean sky - All-sky complete monitoring
potential counterpart with - Provide transient triggers (GRB, - Provide transient triggers
spectroscopy (nature, AGN, Novae...) (GRB, AGN...)

redshift...) - ToO program (not so easy access)

VHE y-ray telescopes:

HESS, MAGIC, CTA...

- Most natural common
science case

eV ke\] MeV Gev Tev M - Follow-up (not easy

access)

SED TXS 0506+056

VHE y-ray telescopes:
HAWC, LHAASO...

Radio telescopes: Parkes, - All-sky monitoring
MWA, Lofar, Nenufar, ASKAP, &\ - Provide triggers
SKA, VLBI... ' 7\

- Provide triggers (FRB...) Y i Neutrino telescopes:

- Follow-up 4 | ANTARES, IceCube,
‘? Y/ | KM3NeT, GVD...
. - Mutual follow-up

+ link with LIGO/VIRGO ; nchroltron?".l / Inv. Compton?} - Confirmation of

+ SK, SNEWS 15 20 25 sources, improve
logso(Frequency/Hertz)  Gao et al 2018 significance

Damien Dornic



Why neutrinos?

New-physics menu
c Neutrino-matter cross section

G Unstable neutrinos

e New neutrino interactions
(If time allows)

e Neutrinos & dark matter

e Flavor composition

a Physics with individual sources
a ANITA mystery events

Mauricio Bustamante and Carlos Arglelles



APPEC organisational & societal issues

Organisational: Societal:
« European and global collaboration * Diversity
and coordination « Education and outreach
* Neighboring communities « Open Science and Citizen Science
« European Commission » Transfer Knowledge
 Unique infrastructures « Connection to industry
* Interdisciplinary opportunities - Ecological impact s

"""/~ European Astroparticle
)/
AN JENAA
¥ Joint ECFA-NUPECC-APPEC Activities

https://indico.cern.ch/e/JENAS2022

7 v Jeepy
APPEC 2017-2026

Horizon

30/11/2022 Neutrinos in the MM Era | Andreas Haungs
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REsearch INfrastructures FOR Citizens in Europe
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https://docs.google.com/forms/d/e/1FAIpQLSfIRYiYJN_jb7dtPVi_J5QdYiOUP27ugtXObn7G-gGFGFRHkA/viewform?usp=sf_link

Speeding up

Cascades + Tracks

Cascades vs tracks
+ Double cascades

Upgoing track searches All-sky all-flavour searches

At least 3 km3detectors around

3
1 km* detector the globe

Seeing the diffuse flux Resolving sources
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Cascades + Tracks + Double cascades

Introduction

«Diffuse v*"°: excess at high E, Possible sample slices: Contained,
Upgoing, Track-like, Cascade-like,
Tau-like

e Possible sources: AGNs, choked
GRBs, TDEs, Starburst galaxies...

10° 4

e Give insights into acceleration and
propagation of high-E cosmic rays

== Astrophysical

= Conventional Atm.

)5 4
I Prompt Atm

5

Muon-Template

—SUmM

o Exp. Data

Log10(flux)

N

it

Log1 O(enngy)

N

|

single powerlaw ¢ x E* (2 parameters)
+ isotropy assumption |
+ 1:1:1 flavor ratio - *

IceCube, Astrophys. J. 928, 50 (2022)

H. Niederhausen | XVIII Intl. Workshop on v Telescopes

- .................,,.,,,,,¢++++++l }

1

T
102 10° 10* 10° 106 107
Muon Energy Proxy / GeV

Doug Cowen/Penn State/dfc13@psu.edu

Doug Cowen



Cascades + Tracks + Double cascades

New Results: GVD

e Based on cascade-like events

Events per bin

10°

e Consistent with other msmts. SEELEa

107
1.2 1.4 1.6 1.8 2.0 26 28 3.0

log, (E,/ TeV)

-

Baikal-GVD (2018-2021, Upward-going)
this study, best fit

IceCube HESE (7.5y, Full-sky)

Phys. Rev. D 104, 022002 (2021)

[ceCube Inelasticity Study (5y, Full-sky)
Phys. Rev. D 99, 032004 (2019)

[ceCube Cascades (6y, Full-sky)

Phys. Rev. Lett. 125, 121104 (2020)
[ceCube Tracks (9.5y, Northern Hemisphere),
The Astrophysical Journal 928, 50 (2022)
ANTARES Cascades+Tracks (9y, Full-Sky)
PoS(ICRC2019) 891 (2020)
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https://arxiv.org/pdf/2211.09447.pdf

Doug Cowen/Penn State/dfc13@psu.edu
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Cascades + Tracks + Double cascades

y257%; A New (Multi-)Messenger?

e Detection of /2™

is very challenging. Why bother?

e Can help pin down flavor ratio v, : v, : v, at sources

e More insight into acceleration environment

e Improves access to cosmic baseline v oscillations

e Strong deviations from 1:1:1 at detector—new physics?

Doug Cowen/Penn State/dfc13@psu.edu
I —

Doug Cowen




Cascades + Tracks + Double cascades

Importance of Flavor ID for 125

At Earth, v,: v, : v, coul
t Earth,v,:v, v, could ...while strong

tell us about the source... deviatione from o1t
ey A T L could m

B @ W 2020: NuFit 5.0 “\ i @ p-damped: (0:1:0)g
@ [0 2040: JUNO
+ DUNE

A n decay: (1:0:0)g
0.8

~+72020 (proj.): IC 8 yr (99.7% C.l;&
==2040 (proj.): IC 15 yr + Gen2 10 yr (99.7% C.R.)
— 2040 (proj.): Combined v telescopes (99.7% C.R.)

https://arxiv.org/abs/2111.04654v1

&V(1:0:0), wem & (1:0:0), &%1:0:0),

02 03 04 05 06 07 08 09
Fraction of v,, f, o

Cup (1:0:0) Cr (0:1:0)

https://arxiv.org/abs/2012.12893

o (0:1:0)

w— & (1/3:2/3:0),

Example: Effect of quantum gravity.
For more examples, see Refs. 22-59 in IceCube, PRD 104, 022002 (2021).
Doug Cowen/Penn State/dfc13@psu.edu 8

Doug Cowen See also Carlos Arguelles’ talk



Cascades + Tracks + Double cascades

astro. Q;
v-o0 7 Sighatures

At high energies: “Double Bang.”
Unfortunately, very rare. \

All Neutral Current/ \\\\‘

Charged Current v Charged Current v, Charged Current v,

L, ~50m - E, /PeV

Very high energy
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Simulation

More flux at lower energies! |:
Look for subtler signature(s) |~
in one or more modules.

Doug Cowen/Penn State/dfc13@psu.edu 11

Doug Cowen See also Carlos Arguelles’ talk



Cascades + Tracks + Double cascades

y250; Results

eSaw 7 candidate 3" events

T

e ~(.5 events estimated total background
*4 of 7 candidates not selected by previous analyses
e 3 of 7 candidates previously selected

1 of which was identified as a v, candidate

e O (1) consistent with measured @ (v2"°) from published
analyses

o (¢, 7) = [(2.23,2.5), (1.36,2.37), (2.12,2.87), (2.04,2.62)]
(GlobalFit, Diffuse, HESE and Inelasticity, respectively)

o Exclusion of ®(1/25°) =

0 will be reported soon.
e Pre-unblinding, predicted ~50% chance of ~5¢ result.

Doug Cowen/Penn State/dfc13@psu.edu

Doug Cowen



Cascades + Tracks + Double cascades

3" Candidate Event Pics

T

Here’s “Scarlet Macaw,” a new event:

10 15 0.0 25 50 7.5 10.0

0 10 20 30 0 5 &
p.e. p.e.| I ]

Qs+ = 6006 p.e. Qs = 2769 p.e. Qs =1543 p.e.

1= ag -\.I

%) wm couowm

§2
=30
2
Q4

55/ IceCube Preliminary IceCube Preliminary IceCube Preliminary

5
0 250 500 750 100012501500 0 250 500 750 100012501500 0 250 500 750 100012501500
time / ns time / ns time / ns

Clear v_ signature. Detected in 2019 (too recent for
previous analyses to have seen).

Doug Cowen/Penn State/dfc13@psu.edu
|

Doug Cowen




Cascades + Tracks + Double cascades

Tau prefit length resolution

3 —1400

..:-r

] —1200

Iog10(lenvEC [m])

Tau neutrinos @ KM3NeT
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See Aart Heijboer’ talk



Speeding up
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Cascades vs tracks
+ Double cascades

Upgoing track searches All-sky all-flavour searches

At least 3 km3detectors around

3
1 km* detector the globe

Seeing the diffuse flux Resolving sources




All-sky all-flavour searches

Introduction

South Pole Field of view with horizontal tracks

At highest energies : neutrinos don’t make it through
the Earth: horizontal tracks are golden channel.

Galactic sources expected at Instantaneous field of view complementary.
1-10 TeV energies.

Aart Heijboer



All-sky all-flavour searches
Lessons from the ANTARES follow-up

Key points to be improved:
Important to have all-flavor neutrino reconstruction and classifier
Reduce the systematics on the angular direction of the alerts (good
control of the pointing accuracy)
Private / public neutrino alerts (how to optimize the follow-up)
Uniformise the alert format: only VO event

Increase the scientific interest of the neutrino alerts (provide more astro

content)
Automatize the astro counterpart search directly at the alert level
(crossmatch catalogs, LC...)

Automatize the real-time correlation analyses as much as possible

Have a real organized team to manage the online analyses, not only a
few persons. Reinforce the MWL follow-up expertise in the collaboration.
Provide some centralized tools for the shifters

Damien Dornic



All-sky all-flavour searches

KM3NeT Resolutions

Tracks Cascades

|~ T T T " -
A : e 10 ' . L
c \ 5 S Algorithm
‘% 1|8 Vu CC 2 N == Improved |
E] S \ \‘ - standard |
] & i L
o 3 §
© N & ©
3 3
2 1IC-gen2* >
< —— c
10'E : =
. 1 1
1072 sl Nl il ] 100 10° 10° Trr .
: 10° _ijo" 10° 10° 1oé . Neutrino energy [Gev] Zh an DZh | I k| ba ev

* 10 arcmin is quoted in 2008.04323v1

Baikal-GVD performance showers

ANTARES
Preliminar) Yy

Aart Heijboer Directional resolution for cascades:

median mismatch angle ~ 4.5° T e

Energy resolution : 8E/E ~ 30%

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01
{}0 5 10 15 20 25 30 35 40
Mismatch angle, degree

GVD cluster E=100 TeV

Probability

Events per bin

10°
1.2 1.4 16 1.8 20 22 24 26 2.8 3.0
log,(&,/ TeV)
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Neutrino sources 1in the MeV-TeV energy range

MeV

JUNO Super-Kw/Gd #“DUNE
Jinping &  Hyper-K f

Low energy (GeV-TeV)

cosmic sources

GRBs
Novae
Solar flares

Erin O’Sullivan
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Supernova light curve in neutrinos

7600
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Thanks; Guien Low energy (GeV-TeV) cosmic sources
GeV-TeV transients:
How do we capitalize on our full energy range?
10°
__ 107!
E 10
©
v 103
< » ES -
-g 10 //
E 10_5 //
T 10-6 Super-Kamiokande
10774 ,; |
10° 102 103

Neutrino energy [GeV]

Erin O’Sullivan



Y 7 o Ik ¥ dls 2 VA sl e
oW enerov ((eV-1eV) cosmic sources
Thanks, Gwen! LU W €Nnergy (L\ GeV-1eV /},\ COSIM1C SouUurcCes

® Data GeV v

# of events

Tight timing coincidence with transients

— suppress the (huge) atmospheric background Weak and hard to reconstruct events

- Big benefit with machine learning

Erin O’Sullivan



Motivation for low-energy neutrino searches

We know:

— [dE Aeff X O - A of HESE selection

- A 0f low-energy selection

N,

events

_ b —d 2 steps:
= JdE (A X E ) X (C X E ) 1- What is the flux producing 1 high-energy event

2- What is the number of low-energy events
produced by this flux

N
4

ICECUBE

0.5-5 GeV

N
o))

N
Y
Astrophysical spectyal index

0
4
C
0]
>
(]
=
=
o
-
(NN]
Y
(o]
—
0]
Q
£
-]
P

N
N

10-1 100 10!
Number of HESE events

TeV-PeV scale 9 8



keV . PeV

I
High-energy

[__Observable Universe

7Y,
& IceCube-Gen2
AugerPrime
RNO-G
GRAND :
POEMMA POEMMA
BEACON ;Z/\I’
PUEO i

IceCube
JUNO :Super-Kw/Gd ANTARES
Jinping &  Hyper-K , KM3NeT - 1fMBO  Trinity
; P-ONE ,
e\ Baikal-GVD AEIGE
i IceCube Ashra NTA
Upgrade EUSO — SPB2
il i RET
GCOS

C T RN BLLELELE BLELELELE BN B

CpoamdNzS

I'.v\S[Qllx’l'

=
N
)
Q
o
©
-
b2
o
o
_
V)
>
S
!
50
(@)
—

| L | |
1.1 13 15 17
Logio(Neutrino energy/eV)

—
W

Erin O’Sullivan




Rich landscape

P-One Cossnieking ass/a

%)
s
C
Q IceCube Gen-ll
g KM3NET ORCA + ARCA
.t; IceCube + deepcore + upgrade
(s}
E GVD
Galactic SNR ‘
Tidal disruption events
(V)
Q AGN, Blazars
8 Atmospheric (NMO++) | ] Diffuse (?) cosmic flux
=] Dark Matter
8 Ealactic plane HE ? cosmogenic
GRB
GeV TeV PeV EeV

guaranteed signals  speculative

Aart Heijboer



Very near future

lceCube gen-ll

IceCube-Upgrade

IceCube-Gen2 | r Deployment

i i i ! ’ " " "
2018 2020 2022 2024 2026 2028 2030 2032

Gen-ll : current design emphasizes
high energies. — ——
* Deployment: possibly after 2027
Not yet funded

2024-25
2025-26

In short term: Upgrade! =

o & .0

IceCube  DeepCore  Upgrade

1450m  2100m  2150m
2450m  2450m  2425m
Isrumented ox

Deployment schedule

Baikal GVD

2016 1 8 288
- . = 2017 2 16 576
= o '; - - 2018 3 24 864
. = @ 5 e 2019 5 40 1440
® e D@ = 2020 7 s6 2016
-l 2021 8 64 2304

@0 .. 2022 10 80+3  2880+84
o Bt 2023 12 9% 3456
2024 14 112 4032

275 m
1366m

Digital Optical Module (DOM)
— Multi-PMT : 31 x 3” PMTs
— Gbit/s on optical fiber

— Positioning & timing

Large volume instrumented.

3
10 clusters + 1 special string (laser+36 OM) 0.5 km? for cascades above 100 T@y
+ 2 experimental strings + 4 laser stations

Multi-cluster v, events in progress

Aart Heijboer



Very near future

|cel

* Gen-ll

high e
* Deplo
* Not y¢
* Insho

Digital Optic
—  Multi-PNM
— Gbit/s on optical fiber
— Positioning & timing

Building blocks

=0 200 m

ORCA

o & o 9 P o0 0o
@ 66 ¢ g ¢ o9
e @ 0% v a
» 08 o

N3

-250 -200 -150 -100 -50 o S0 100

. o (France)
50 o—oo'ooot'o._iNS

500 m

KM3NeT-ARCA block 1

@ Ligne détection

B Neeud (N)

# Structure calibration (CB)

A Manifold (MF)

@ Ligne instrumentation (IU)
# Module d'interface (MI1)

Boite jonction secondaire (BIS)

ORCA ARCA
& String spacing |20 m 90 m
A OM spacing 9m 36m
Instrumented |7 Mton | 500*2 Mton
mass

10 clusters + 1 special string (laser+36 OM)
+ 2 experimental strings + 4 laser stations

288
576
864
1440
2016
2304
880 + 84
3456
4032

d.

Multi-cluster v, events in progress

Aart Heijboer



Planne

P-one

Trident

String Junction box ROV path

—0 O —— * arXiv:2207.04519
Prototype 10 string Explorer Experiment
® - Hosted within the oceanographic * Proposal for a neutrino telescope
o] infrastructure of Ocean Networks in South China sea.

Canada. « 1211 strings x 20 DOMs
e ~7.5km3, 1211 strings

- Goal: neutrino astronomy from
the TeV to the PeV
- To be optimised for optimal

acceptance, volume and resolutions

* 1000m

1660 m —¢ 1.1

10 line ‘explorer’ H
& Could be deployed -2660 m —4#
2023-2025

complementarity with other
telescopes ‘ R

500 m
[t

(sources of) Diffuse neutrinos

KM3NeT ARCA Preliminary 2
T T T T T E| { [ TRIDENT Discovery Potential
_30 500/0 | F| = NGC 10 1

1 t (5TeV)
N o, E s Ll LHAASO J1825-1326 (10TeV) |
\W; 2 [| — 1ccCube Diffuse Flux (100TeV)

Significance (o)

flux @, E*°

1
4 5
observation years

Livetime [yrs]

Already seen in GVD, ANTARES. KM3NeT will quickly “rediscover.”
Then we’ll have catalog searches with 0.1/1 degree resolutions.

Aart Heijboer



Conclusions

Interesting times!
e ‘Many’ discovered or guarranteed signals!

New generation coming online and
starting to produce science

New initiatives
* Optimisation will be key (TeV or PeV?)

<« Thread

NicholasG

3\
b @Dad_At_Law

When my daughter was 7 years-old she once
interrupted a bedtime story to tell me, “In a pie-eating
contest, it doesn’t matter if you win or lose because
you get to eat pie.” | think about that a lot.

12:29 AM - Sep 28, 2022

8,309 Retweets 451 Quote Tweets 96.5K Likes

>

@) n Q

GVD: volume for cascades, looking forward to tracks
KM3NeT: great resolution, will grow in next years.

IC Upgrade : may (greatly) enhance all data already on tape
IC Gen-Il & P-one: ... let’s hope for funding (&KM3NeT)

Aart Heijboer
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The neutrino sky: what are we hunting? 5

Wt

UHE neutrinos can give information about: &

% Cosmogenic flux serves as measurement of UHEC Reomposition > 10 EeV.

Direct link to highest energy CRs (carry 5% of primary energy)

% Astrophysical neutrino sources (transient multi-messenger astronomy is a
powerful tool with low statistics).

% Fundamental physics at energies not accessible at Earth (covered by Mauricio
and Carlos this morning)

Neutrinos in the Multi-Messenger Era Friday, 2 December 2022 S. Toscan

Simona Toscano



Science goal:

1076
- Target sensitivity

VeiVyive=1:1:1

~ —-— Neutrinos from low-luminosity GRBs
------- Neutrinos from AGN

-10 |
10 Neutrinos from CR interactions during propagation

E2® (all-flavor)[GeV cm™2 s~ 1 sr71]

Study of the source evolution and propagation
mechanism needs ~2 orders of magnitude
improvement in sensitivity (to reach more

Ackerman et al., Astro2020 White Paper, arXiv:1903.04334.pdf peSSimiStiC ScenariOS).

105 106 107 108 10°  10°  10%
Neutrino energy [GeV]

Simona Toscano



The experimental landscape:

UHE neutrinos Snowmass White Paper: arxiv.org/pdf/2203.08096.pdf
Diffuse Flux, 1:1:1 Flavor Ratio
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Trinity 18
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All Flavor E2® [GeV ecm 25 1 sr1]

Cosmogenic: UHECR const o
- Cosmogenic: UHECR + pure proton, Muzio et al
10 Astrophysical: MMA constraints, clusters, TDEs

10" 10" 10'6 107 10'®
Neutrino Energy [eV]

10

10%°

10%

Particle detectors
Optical Cherenkov and fluorescence

In-ice radio
Optical Cherenkov

IceCube, Auger, and ANITA experiments already constrain the cosmogenic neutrino parameter space.
Major goal for next-generation observatories is detection (reaching pessimistic predictions: flux sensitivity near

10-10 GeVecm2s1sri@ 1 EeV.

COMMON FEATURE: INSTRUMENTING HUGE EFFECTIVE VOLUMES TO REACH EXTREMELY LOW FLUX

Simona Toscano




CHEAPEST OPTION (BOTH IN HARDWARE AND DEPLOYMENT)

One radio station can typically monitor
1 km? of ice (= the size of IceCube)

In-ice Radio detection

L ‘i

Balloon +
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payload ?

refracted MHz-GHz
coherent radiation

ICE under-ice

'mefer—long
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antenna array

ARA
concept | l )

Neutrino
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concept

-
interaction
~ 560
coherent

radiation
100 MHz-GHz

Neutrino
interaction

shower

Neutrino
interaction

ARIANNA
concept

sub-surface
antenna array

pilot radio arrays

ANITA
Antarctica
ARA
South Pole
\ ARIANNA
i . Antarctica \ Ly,
&y '\ Y =} ¢
&L Sy
# b 7 A R
1 kitchen science

RNO-G:

&ASKARYAN RADIO ARRAY * R N O _“G

Array T 50 km? 500 km?2
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—'\ AN
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—

® RNO-G is a middle-scale discovery instrument
® RNO-G design will inform IceCube-Gen2 Radio design (now preparing for TDR).



Neutrino detection at the Pierre Auger Observatory Air-shower radio detection:

proton or nuglei

Top of the atmosphere.

EM component

u hadronic
component

Earth

Top of the atmospl 3 } . ’;ﬂ' BEI\CON
—— . hugrPrime
oo g 2 s completed in ~ G&E Giant Radio Array for Neutrino Detection

hadroni
= pkonic Cosmic ray

component]
Earth
Top of the atmosphere 3 (aQ)
EM component 7;
hadronic >
u _— component <) Radio emission -
g > V.
7 H (3
Eanfy w + Antenna optimized tor horizontal showers Trigger Array
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Impression of the upgraded SD
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Simona Toscano



AAE-141220: At =10 s

* ANITA Best Fit 50
IceCube Event 99

L

Secondary v, flux

E,®)AT: IceCube 90% UL (v,)
E,®yAT: ANITA Event (v;)
Prompt Followup 90% UL (v,,)

declination
IceCube Event Time

33.66

L

Probability Density

108 10° 1010

IceCube Collaboration arXiv:2001.01737

Carlos Arguelles



Speeding up

Cascades + Tracks

Cascades vs tracks
+ Double cascades

Upgoing track searches All-sky all-flavour searches

At least 3 km3detectors around

3
1 km* detector the globe

Seeing the diffuse flux Resolving sources




We may have pass
the point of using catalogs.
Sources may/will start popping up.

Chad Finley

Neutrino astronomy is
at the same point
as Cosmology in the 90’s

Mauricio Bustamante



Towards Multi-Detector and Multi-Energy
neutrino astronomy
in the Multi-Messenger Eral




