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Astrophysical high energiy neutrino sources

Production mechanism

desint. beta elec. capture Hadronic interactions                      (+top-down ?)

Nuclear reactions accelerated hadrons
+

dense radiation/matter

Astrophysical Sources

Sun  Supernova (expl. acc.) Binaries AGN/GRB      UHECR

Energie
0.1-10 MeV      Tev-PeV           >PeV

GalacticGalact Extra-galactic

   GeV
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Hard to detect

IceCube/KM3NeT
Baïkal-GVD
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41 m

1 km

>100 km3 effective
UHE nu detectors

Level of atm. Muon
Background 106 x atm ν 

detected
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Practically

DETECTOR
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Other channels

 “shower” events

Contained events (~10m)
+ energy reconstruction
-  effective volume
+ identification
-  angular resolutiontopology

Diffuse flux (and...)
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   ν-Telescopes today  

Antares->KM3NeT
0.01 (-> 1) km3

IceCube
1  km3

Baïkal GVD-1
0.15 (->0.4) km3
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   ν-Telescopes tomorrow  

KM3NeT phase 3
1->5 km3 

IceCube Gen2
10km3 

Baïkal GVD
~1.5  km3 
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IceCube

8

Complete since Dec. 2010

10” PMTs
Digitized Waveforms
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IceCube GEN 2

mDOM D-Egg

Inspired by KM3NeT
24x3” PMTs
Borosilicate glass
Baseline design

Developped by japanese groups
2 x 8” PMTs
UV-transparent glass

14 km
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Baïkal GVD

Today: 5 clusters

1-2 clusters deployment per season (winter) 

Final goal: 
27 clusters: 1.5 km3

10” PMTs
digitized charge 



B.Baret 05/12/2019  - Prague, Czech Republic

Baïkal GVD           it's alive !

Rather low optical background

3 strings 2016

Seeing muons and neutrinos

Antares

IceCube

 ν μ
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ANTARES

~70 m

350 m

100 m

14.5 m

Interlink cables

Junction box

40 km from 
coast

Anchor/line socket

• 12 lines 

• 25 floor / line

• 3 PMTs / floor

• 875 (10”)PMTs

-2450m
12

Complete since June 2008
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● KM3NeT ARCA & ORCA

X2 en Italie

ARCA Block:
-3200m
90m/36m v./h. Spacing
TeV-PeV

ORCA block:
-2450m
(Antares site)
20m/9m 
v./h. Spacing
GeV+
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Phase-1:
24 ARCA DUs
6   ORCA DU

Phase-2:
2 ARCA blocks
1 ORCA block

Phase-3:
6(+1) blocks

Multi-PMT DOM:
31 x3” pmts
ToTfunded

partially funded



B.Baret 05/12/2019  - Prague, Czech Republic

● KM3NeT deployment & operation

ARCA:
● 2 strings deployed (one off)
● Full restoration of seabed 

network by mid 2020
ORCA:
●  4 strings deployed
● 2 waiting to be deployed
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Timeline Timeline 
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Complementary coverage (μ channel)

Water v.s. Ice

     Optical noise (biolum) / no noise

     absorption / diffusion

     pointing / calorimetry
   

Mediterranean / South PoleMediterranean / South Pole
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● Water v.s.  Ice (MC)Water v.s.  Ice (MC)
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μμ

cascadecascade

C. KooperC. Kooper



B.Baret 04/12/2019  - Prague, Czech Republic

TRACKS

Cascades

IceCube
Antares

Baikal-GVD
ORCA

In real life In real life 
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● Angular resolution with tracksAngular resolution with tracks

Size of some astrophysical objects :Size of some astrophysical objects :
RXJ1713 (SNR):1°
Sun, Moon : 0.5°
Cen A (AGN) : 0.3°

Point sources search:
Signal/Noise : 1/ΔΩ2

Water Ice

Muons:

19

Ice

Based on photons time and position likelihood 

Ice3Gen2
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Shower reconstruction in water

Ice3 HESE

Based on photons number and position likelihood 

ANTARES & GVD: similar resolutions
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Shower reconstruction  prospects

Ice3 HESE

Ice3

Ice3Gen2
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● Another strategy : « HESE » Another strategy : « HESE » 

 μ  νμ   νe,μ,τ

 μ

VETO OK OK

High Energy Starting 
Events

22
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A Diffuse Flux

Cascades + tracks
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2015:42d.

2016: 182 d.

 A. Dzhilkibaev QUARKS2018
157 TeV

107 TeV

● Baïkal GVD diffuse searchBaïkal GVD diffuse search
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KM3NeT perspectivesKM3NeT perspectives
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● Existing Data Samples CharacteristicsExisting Data Samples Characteristics

Sample Ang. Res. Energy Res. Stat.

IceCube trck 
Up-going
Down-going

O(0.3) ° 0.2xLog(E) HE ν tracks,  80k evt/yr
VHE μ tracks 35k evt/yr

Antares trck
Up-going O(0.2)°O(0.2)° 0.3xLog(E) HE ν tracks a few k evt/yr

IceCube Casc ~5-15° 1-10% O(10) evt/yr

Antares Casc.
2.5-10° 10% 1-10 evt/yr

Baïkal 
cascades 4.5° 30% 5 evt/yr (>100TeV)

Available “Open samples”:
HESE and HE Alerts  muon samples
~10/yr >50%, “signalness”     high statistics/overwhelming background

      Searched signal dependent
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Potential sources I

from M. Ahlers
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Potential sources I

from M. Ahlers
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Galactic Plane search (by Antares+IceCube !)Galactic Plane search (by Antares+IceCube !)

Cosmic Ray interaction with gas during propagation in the galaxy

Phys. Rev. D96 (2017) 062001 
ApJ 849 (2017) 67

Update soon!
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Low Energy Galactic source: Supernovae - Phase I

t [s] H. Janka 
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Supernovae – Phase II

t [s] H. Janka 
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Supernovae – Phase III

t [s]
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1987 A

NB : synchronisation 
a posteriori
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Sensitivities on galactic CCSN – SASI detection

Fourrier transform

KM3NeT
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Localising next galactic CCSN
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Potential sources II

from M. Ahlers
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GRBs

pp->10-100GeV
echappement
des n

Gamma=O(100)
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GRBs

pp->5-100GeV
N escape

Constrain baryon loading ?Gamma=O(100)

GW included
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Many degenaries/uncertainties yet

Unknowns :
Shock propagation
Effective accelaration of p
Details of neutrons (important!)
cascades
B field
time varaiability
Photosphere

Full MC approaches needed (but hard!)
- N. Globus et al.
Mon.Not.Roy.Astron.Soc. 451 (2015) no.1, 751-790
- M. Bustamante et al.
Astrophys.J. 837 (2017) no.1, 33

UHECR acc.

Individual 
Light curves

Diffuse flux 
below current limits
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Potential signal outside the prompt emission

Baret et al. PRD 2011

X-Plateau, remanant...
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Beyond the prompt emission I

Kisaka & Ioka 2015

Extended Emission :
« accretion fallback »
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Au delà du prompt II

Fang and Metzger 2017 :
Pulsar ms + Ejecta + Rad.

UHECR acc. & int.

HE neutrinos
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No signal yet but constrains No signal yet but constrains 

Prompt -> constrain angle

Late -> constrain magnetar existence

 GW170817/ GRB 170817A (40Mpc)
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If we’re more lucky int he futureIf we’re more lucky int he future

Prompt -> constrain angle

Late -> constrain magnetar existence

 GW170817/ GRB 170817A (40Mpc)
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Potential sources II

from M. Ahlers
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TXS 0506+056

Adapted from A. Kappes
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What kind of  VHE gamma emitting blazar ?

L. Costamente

Not so common 
Not so extreme

Photo-hadronic production
UV target photons-> TeV-PeV ν   
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More on TXS

Adapted from A. Fedynitch vlvnt18

Overshoots X and Gamma ray data 
at given times or undershoots Icecube

Petropoulou et al. 2019

1 zone model 

S. Gao et al. 2019

2 zones models 

And/or UHECR injection
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Testing Quantum Gravity with Lorentz Symetry

Extremely light   extreme Lorentz factor

Weak interaction travel cosmological distances    

Accumulate potential spacetime 
Interaction effects
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How to search for L.I.V. or D.S.R.

Gamma-rays Neutrinos Sources
 
TOF difference γ @ diff. E ν – γ AGNs, GRBs ν telescopes
Evolution  of polarisation flavor VHE diffuse

Flux suppr. VHE UHE “GZK” UHE ν det
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QG searches
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TOF with TXS 0506-056

J. Ellis et al. Phys.Lett. B789 (2019) 352-355:

IceCube – MAGIC detections: delay of 10 days, distance of 4 Gl.y.

E(IC170922A)=200TeV, E(MAGIC) negl. ,               or

Caution: might be random coinc.
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Using GRBs and time of flight
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Hints?   (theorist view)
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Hints?   (theorist view)

Update by Yanqi Huang et al. (arxiv:1810.01652 & 1906.07329)

However, selection criteria  somehow adhoc and a posteriori

 Significance “hard to tell”
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Time stacking    (experimentalist view)

Blind selection of GRBs

Avoid bias
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Results

w. z  w.o. z
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Results

UPDATE soon with:
-More data (2007-2018 => x 2)
-More flavors (adding cascades, signal x 1.2 )
-More sensitivity (dedicated “cuts”=> sensitivity x 1.5 )
-Potential z estimation from other GRB parameters when missing

w. z  w.o. z
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Subthreshold Neutrinos & GW

Asymetrical collapse → GW
Baryon loaded jets -> HEN

● Dark electromagnetic sources

~Model independent search
Transient + diff. Detectors -> better sensitivity
Population study 
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Subthreshold Searches

ANTARES+iLigo+iVirgo
JCAP 06 (2013) 008 

IceCube+eLigo+eVirgo
PRD 90 102002 (2014)

Antares+Ice3+aLigo O1
   ApJ 870:134 (2019)

2017 2018 2019

O2 in prep.

O3
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GW+HEN population constraints

Antares+IceCube+Ligo-Virgo: ApJ 870:134 (2019)
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Future?

Antares
Baïkal
IceCube

KM3NeT
Baïkal
IceCube
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UHE detection   (just a word)

Fluorescence 
&
Cherenkov
AUGER, (POEMMA,...)

& MAGIC from selected transient sources

Radio
ARA, ARIANNA, ANITA

(GRAND, ...)

AUGER

So far, no unambiguous detection

Adapted from GRAND White paper



B.Baret 05/12/2019  - Prague, Czech Republic

Summary & Perspectives

● High energy neutrino astronomy is born BUT only one identified possible 
source (TXS...)

● multimessenger exploration of the non themal Universe 
● AGNs, GRBs, FRBs, ...
● Galactic C.R.  acceleration & C.R. diffusion
● Galactic SuperNovae (MeV),  
●  +...

● Exploration of other physics (bonus of low energy exploration):
● indirect DM searches, Q-balls, nuclearites, ...
● neutrino mass hierarchy,  CP violation, x-sections,...
● sterile neutrinos, non std. osc., Lorentz Invaraince Violation, ...
● Earth tomography
● +...

● Exciting times ahead wit 3 km-size complementory (coverage, systématics) 
observatories in the next decade!

● Data anlysis complex, if you want to play contact an experimentalist*!

*Not necessarily me of course...
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