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Why VHE neutrinos ?

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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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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Nu-Telescope pratically:  seeing muon tracks

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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Timeline
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Water V.S. Ice

Complementary coverage (μ channel)

Water v.s. Ice

     Optical noise (biolum) / no noise

     absorption / diffusion

     pointing / calorimetry
   

/KM3NeT
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Water V.S. Ice (Monte Carlo Simulations)

μμ

cascadecascade

C. KooperC. Kooper
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Water V.S. Ice (in real life)

TRACKS

Cascades

IceCube
Antares

Baikal-GVD
ORCA
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Angular 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:

Ice

Based on photons time and position likelihood 

Ice3Gen2
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Angular and energy resolution for cascades

Ice3 HESE

Based on photons number and position likelihood 

ANTARES & GVD: similar resolutions
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A Diffuse Flux

Cascades + tracks
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Where from?

Adapted from M. Ahlers



B.Baret – COST CA18108 - 03/10/2019 Barcelona 
Russia

TXS 0506+056

Adapted from A. Kappes
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Back to 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
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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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Using flavor composition of cosmic flux

C. Arguelles et al.
ICRC2019
ArXiv:1908.07602

7yrs IceCube HESE

Markov Chain Monte Carlo
Of sources and propagation
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UHE detection   (search for flux suppression)

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
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In conclusion

Neutrinos are “ideal” QG probes

But a nighmare to detect (and data not trivial)

So far one (low significance) transient VHE source for TOF
=> statistical approach on GRBs and AGNs flares
still a lot to learn/understand about sources
more km3+ detectors comming on line
=> higher statistics is comming

VHE diffuse flavor analysis promissing

UHE “GZK” diffuse flux far away but individual sources maybe less
=>many new projects

No need to say theorist and experimentalist need to work together ab initio...
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