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Astrophysical high energiy neutrino sources

Galactic Extra-galactic

Astrophysical Sources

SN (explosion) SN (post-expl) Binaries  AGN/GRB UHECR
PWN, TDEs, CRs...

Energy
0.1-10 MeV Tev-PeV >10PeV

Production mechanism

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

Nuclear reactions accelerated hadrons
+

dense radiation/matter
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A (very) hard detection
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Hard to detect
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k Practically — the muonic channel
|

Cherenkov )
. Detector:
Cone 1 Lines of PMTs
. e
Water/Ice } i l“““g
l Muon track

direction
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" Some consequences

Muons energy losses:
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Other channels

- - 2 ¥ V / “shower” events
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47 + energy reconstruction
Contained events (~10m) <= _ effective volume

>+ identification
topology — . angular resolution

Diffuse flux (and...)
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k v-Telescopes today

\ (ST / Rs,

( > Antares >KM3NeT
) 0.01 ( > 1) km3

GNN"

The GLObdl NeutrLno Necwors \

Baikal GVD-1 |
| 0.5 km3 |
" lceCube
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KM3NeT phase 3 1 G N N oS
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‘.N lceCube

”n Penetrator HV Divider
S y
: Flasher
' Board
DOM \ ]

Digitized Waveforms .. = 1 =)
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IceCube Lab Vomm | Y IR
\—_:_— e lceTop ol il -
= ST 81 Stations, each with soard | ] A N
50m[— el = e i 2 IceTop Cherenkov detector tanks : /)
sl e T T 2 optical sensors per tank : AL
324 optical sensors e =P o
Glass Pressure Housing
IceCube Array

86 strings including 8 DeepCore strings
60 optical sensors on each string
5160 optical sensors

December, 2010: Project completed, 86 strings

1450 m|
DeepCore ,
/8 strings-spacing optimized for lower energies
480 optical sensors
Eiffel Tower
324 m
2450 m i
2820 m

Complete since Dec. 2010

Bedmole. -
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W IceCube GEN 2

-9 9

lceCube DeepCore Phase 1

14 km
D-Egg

Inspired by KM3NeT
24x3" PMTs
Borosilicate glass
Baseline design
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Developped by japanese groups
2 x 8" PMTs
UV-transparent glass




10” PMTs today: 12 clusters

digitized charge N u , o - T O
8, 2021
EEH *e
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Optical module O %'ﬂ b
1366
String: 36 OMs i%@
Cluster: 8 strings GVD-1: 8 clusters
'% %‘% LA\
1-2 clusters deployment per season (winter) | \
\‘ | S:" v_;;
| rf

Final goal:
27 clusters: 1.5 km?
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N KM3NeT ARCA & ORCA

Phase-1: 1 block=115 D.U. Multi-PMT DOM p ,
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arXiv:1601.07459 and
J.Phys. G43 (2016) 084001

B.Baret 06/09/2022 - Journées du PNHE, IAP, Paris




‘.\ KM3NeT Status

. 2 X ANTARES
LCA' ) /V Photocathode area
* 21 strings deployed
31 in Dec.
ORCA:
* 18 strings deployed
24 in Dec.
—CC
= 10‘1'; V” ’ VEC
£ E KM3NeT - Preliminary
10 E
E wé_ Significance 6.00 240
: I Amplitude 1.42 % 0.38 0.70 + 0.29
L Resolution 0.68° + 0.12°  0.54° * 0.16°
"’zé_ ARCAB 7. + vCC [reco]
10°F ——— ANTARES 7, + v<° [reco]
N7 ORCA6 ¥, + vZ°[reco]
I I Effective area bigger than ANTARES
2 3 4 5 6 icug1-"JLZI(E‘_[GEU'])8 |
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k Mediterranean / South Pole

» Complementary coverage (u channel
Lake Baikal
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lceCube
B 100%

Optical noise (biolum) / no noise 0 0%

absorption / diffusion

pointing / calorimetry
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t=627
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1TeV EMinus, 0.01% of all photons
.
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w IN real life

Cascades
: %i '
" ORCA
: | Baikal-GVD

TRACKS

B.Baret 06/09/2022 - Journées du PNHE, IAP, Paris



‘.‘ Angular resolution with tracks

Size of some astrophysical objects :

RXJ1713 (SNR):1° Point sources search:
Sun, Moon : 0.5° Signal/Noise : 1/AQ°
Cen A (AGN) : 0.3°
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Wy Shower reconstruction in water

Based on photons number and position likelihood

ANTARES & GVD: similar resolutions
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"8\ Shower reconstruction prospects
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N Another strategy : « HESE »

High Energy Starting Events
VETO \ oK \ oK

u v v
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k Existing Data Samples Characteristics

Sample Ang. Res. Energy Res. Stat.

IceCube trck

Up-going 0(0.3) ° 0.3xLog(E) HE v tracks, 80k evt/yr Potential
Down-going VHE p tracks 35k evtly contamingtion
Antares trck up to ~10%
Up-going 0(0.2)° 0.3xLog(E) HE v tracks a few k evt/yr
IceCube Casc ~5-15° 1-10% O(10) evtlyr
Antares Casc.

2.5-10° 10% 1-10 evt/yr
Baikal
cascades 4.5° 30% 5 evt/yr (>100TeV)

Available “Open samples”:

HESE and HE Alerts PS search samples (I3 trcks, Ant. trks+casc.)
~10/yr >50%, “signalness” high statistics/overwhelming atm. background
(i.e. 1-atm.pro.) Searched signal dependent selection
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g Observed signals

PKS 1424+240!

24h

TXS 05064056 \
: e Ns%mas

-
bt

LY

| - ¥ p=24
wp=24
| ==y, Fp=2.4, Fope=4PeV

E? dN/dE [GeV/(cm? s sr)]

ANTARES
Phys. Let. B, Volume 841, (2023) 137951

-
o
|

,_._
g
=]

| m—n, Moo= 2.4, Ece = & P&V

Fermi |[j<30°,|bj <2~

Tt 100

Ener

Extended source:
Galactic ridge, casc. (+trks)

IceCube:

Science Vol. 380, No. 6652

E2 &Y [GeV s ' e ?

10774

10*8.

Hottest Src:NGC_1063

.. Point sources (AGNSs), trks (+casc.)
- |..; Steady and close EEE NGC 1068
~u TXS 0506+056

Astro. ),

—4— Astro. ve .

—_ . 110 L

Oh

=
p—
|

dvio\|[TeV em=2 571

=
p—
1

2
1

E

Ice3 Diffuse flux casc. + trks

Phys. Rev. Lett.125, 121104 (2020). _ ) _
103 10* 10° 10°

E, [GeV]

-
o

IceCube All-Sky v Flux (22)

Py
o 51}

P
ah

5 y. Optical
KRA? Model KRA;” Best-Fit v Flux B
KRA®® Model | —— KRA$® Best-Fit v Flux o
-+ 7® Model — 71 Best-Fit v Flux A

y.Gamma Ray:

Al

Predicted n°

Northern Sky

n

C

v/Analysis Expectation
ke
ical Event Uncertainty

e
QO

G

=
oG

n

S

Latitude [b]  Latitude [b] Latitude [b]  Latitude [b] Latitude [b]
)

Significance ©
[o]

. 0°
1 64 165 1 bs 107 Galactic Longitude [/]
E, [GeV]

Weight
Isr-1] logio(Counts)

Weight [sr~1]

B.Baret 06/09/2022 - Journées du PNHE, IAP, Paris




Wy SUMMary & Perspectives
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Hard to detect, Gigaton detector needed, hard environment (2000+m deep)

Second generation telescopes now running or in construction:
technology is mature and detectors big enough

HE neutrino astronomy is born, even if not many/strong confirmed sources
yet

Take home message:

Several types of events w. differentf characteristics
=> different types of searches and analyses

Complementatrity of existing projects w.r.t. pointing and energy
reconstructon resolutions, instantaneous and integrated sky coverage
=> important for MM offline searches and online follow-up

KM3NeT on its way, will confirm IceCube and dig in galactic sources
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