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Neutrinos at different energy scales
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https://inspirehep.net/literature/1236362

@ Neutrinos and multi-messenger
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The idea of a under-ice/water neutrino telescope

ON HIGH ENERGY NEUTRINO PHYSICS B.Pontecorvo A.Markov

M. A. Markov

Joint Institute for Nuclear Research, Dubna, USSR

energy spectrum 1s reconstructed. We propose setting
up apparatus in an underground lake or deep in the
ocean in order to separate charged particle directions ,
by Cerenkov radiation. We consider u mesons 5 ppho Mansiecspt—
produced in the ground layers under the apparatus. CNYang  G.Bernardini M.Schwartz

Rare events of a frequency of less than one per
month are also detectable in cosmic rays. Experi-

ments with cosmic rays are also of interest for their e T
own sake because they may give information on g,_,f-”"%
possible high energy neutrinos of cosmic origin. (¢
Proceeding of 10th ICHEP 1960 Interesting discussion on that
Rochester (pag. 578) between the 5 physicists
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'T'he timeline of Cherenkov neutrino telescopes at VHE

DUMAND: Deep Underwater Muon and Neutrino Detector - proposed by F. Reynes on 1975 (9
strings and 216 OMs, 4.6 Km deep of bottom level).

BAIKAL - Bezrukov, Domogatsky, Berezinsky, Zatsepin - 1981 First site exploration and R&D, 1.3
Km depth, Baikal lake, from NT36 (36 OMs) to NT200 (200 OMs)

> NESTOR - Pylos island, Greece - 3.8 Km deep. Survey started in the 90’s (12 floors with 14 OMs
per floor, 168 in total)

AMANDA - South Pole - 1996 started (19 strings and 677 OMs)

ANTARES - R&D started in 1997, off-shore of Toulon, 2.5 Km deep (12 strings, 75 OMs each
string)

> NEMO - R&D start in 1998 - first site exploration in 2002, off-shore of Capopassero, 33.5 Km
deep, phase 1 (4 floors 16 OMs), phase 2 (8 floors 32 OMs)

lceCube - construction 2005-2010, South Pole, 86 strings, 5160 OMs

- KM3NeT/ARCA - construction started on Dec 2015, off-shore Capopassero, 2 building blocks
with 115 strings per block and 18 Doms each string.
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KM3Ne'l' is a Mediterranean research infrastructure

hosting two neutrino detectors

» KM3NeT/ARCA (Astroparticle Research with Cosmics in the Abyss)

« observation of high energy (GeV + PeV) neutrino sources ¥ a telescope offshore Capo
Passero (Sicily-Italy) is in construction at a depth of 3500m

» KM3NeT/ORCA (Oscillation Research with Cosmics in the Abyss)

» determination of the neutrino mass hierarchy " 5 detector offshore Toulon (France) able
to detect neutrinos of tens of GeV is in construction at a depth of 2500m

1 collaboration 1 technology * 2 detectors

Journal of Physics G:
Nuclear and Particle
Physics

PAPER - OPEN ACCESS

Letter of intent for KM3NeT 2.0

To cite this article: S Adrian-Martinez et al 2016 J. Phys. G: Nucl. Part. Phys. 43 084001
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‘The Telescopes ORCA & ARCA
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1'he Telescopes ORCA & ARCA

ARCA
230 DETECTION UNITS
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KM3Ne'T collaboration has grown from a core of a few Furopean
countries. It now comprises 62 institutes from 22 countries
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Where KM3Ne'l takes shape

O Detection Units

O Digital Optical Modules
@ Base Modules

O Calibration Units

O Photomultipliers

O Electronics & DAQ

® Nodes & junction boxes
() Pressure tests
@ European Central Storage

Integration sites
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KM3Ne¢'l today
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Science of the KM3Ne'l™ telescope

, Study the ,
Exploration of the 4 Exploration of the
) , fundamental
neutrino universe : abyss
properties of
neufrinos
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‘T'he Nature paper: 13 February 2025

Theinternational journal of science

COSMIC
CATCHER

Deep-seatelescope detects
neutrino with highest
energy ever recorded

Article

Observation of an ultra-high-energy cosmic

neutrino with KM3NeT

https://dol.org/10.1038/541586-024-085431  The KM3NeT Collaboration*™

Recelved: 19 August 2024

Accepted: 18 December 2024

The detection of cosmic neutrinos with energles above a teraelectronvolt (Tev) offers

Published online: 12 February 2025 auniqueexploration Into astrophysical phenomena'>. Electrically neutral and

Open access

Interacting only by means of the weak Interaction, neutrinos are not deflected by
magnetic fields and are rarely absorbed by Interstellar matter: thelr direction

| % Checkfor updates Indicates that their cosmic origin might be fromthe farthest reaches of the Universe.
High-energy neutrinos can be produced when ultra-relativistic cosmic-ray protons or
nuclel Interact with other matter or photons, and thelr observationcouldbe a
slgnature of these processes. Here we report an exceptlonally high-energy event
observed by KM3NeT, the deep-sea neutrino telescope In the Medliterranean Sea*,
which we assoclate with acosmic neutrino detection. We detect amuonwithan
estimated energy of 120" % petaelectronvolts (PeV). In light of Its enormous energy
and near-horizontal direction, the muon most probably originated fromthe
Interaction of aneutrino of even higher energy In the vicinity of the detector. The
cosmic neutrino energy spectrum measured up to now* 7 falls steeply with energy.
However, the energy of this event Is much larger than that of any neutrino detected
so far. This suggests that the neutrino may have originated In adifferent cosmic
accelerator than the lower-energy neutrinos, or this may be the first detection of a
cosmogenic neutrino®, resulting fromthe Interactions of ultra-high-energy cosmic
rays with background photons In the Universe.

Cosmic neutrinosmay be produced eitherin the vicinity of the cosmic-
ray source or along the cosmic-ray propagation path, leading to the
production of secondary unstable particles, which subsequently decay
into neutrinos. Cosmic raysinteracting in the Earth’satmosphere pro-
duce atmospheric neutrinos, which form an experimental background
to cosmic neutrinos. To detect cosmic neutrinos, very-large-volume
neutrino observatories monitor natural bodies of water or ice for the
Cherenkov light induced by the passage of the charged particles that
result from neutrino interactions in or near the detector. The KM3NeT
research infrastructure comprises two detector arrays of optical sen-
sors deep in the Mediterranean Sea*. The ARCA detector is located
offshore Portopalo di Capo Passero, Sicily, Italy, at a depth of about
3,450 m and connected by means of an electro-optical cable to the
shore station of the INFN, Laboratori Nazionali del Sud (LNS). The
geometry of ARCA is optimized for the study of high-energy cosmic
neutrinos. The ORCA detector is located at a depth of about 2,450 m,
offshore Toulon, France, and is optimized for the study of neutrino
oscillations. Bothdetectors are under construction but already opera-
tional. Once completed, they will comprise 345 (230 for ARCA and 115
for ORCA) vertical detection lines, each holding 18 optical modules.
Each module hosts 31 3-inch photomultiplier tubes (PMTs) pointing
in all directions and ensuring 41t coverage®. Both detectors can iden-
tify all flavours of neutrino interactions: those producing long-lived
muons, denominated ‘tracks’, and those producing electromagnetic
and hadronic cascades at the neutrinoi tion vertex, denomi d
‘showers’.

Of interest in this article are neutrino interactions that produce
high-energy muons, which can travel several kilometres in seawater
before being absorbed. These muons lose energy as they propagate
mainly because of stochastic radiative processes such as bremsstrahl-
ung, pair production and photonuclear reactions. The average energy
loss per unit path length is proportional to the muon energy. Elec-
tromagnetic cascades arise from these stochastic energy losses; the
number of charged particles that produce Cherenkov radiationinthe
cascades is proportional to the amount of energy lost by the muonin
the process. The recorded time of arrival and time-over-threshold of
the signals on the PMTs (denoted as *hits’) are used to reconstruct the
muon direction and energy.

Although atmospheric neutrinos are more abundant at lower ener-
gies (=TeV), cosmic neutrinos should become dominant at energies
above 100 TeV. The neutrino energy is thus a crucial parameter for
establishinga cosmic origin. The lceCube Collaboration announced the
discoveryof PeV cosmic neutrinos in 2013 (ref. 10). Themost energetic
neutrinos reported so far are a 6.05 + 0.72 PeV electron antineutrino
observedatth: rgyofthe Glash " and amuon neutrino
above 10 PeV from the observation of a 4.4-PeV muon’.

The neutrinoevent KM3-230213A

An extremely high-energy muon traversing the ARCA detector was
observed on 13 February 2023 at 01:16:47 UTC. This event is referred to
hereasKM3-230213A. Atthat time, 21 detection lines were in operation.

A It of authors and thakr affliations appaans at tha end of the paper. %o-malk km3net-po@imanat.de
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A unique event observed by KM3Ne'l

The KM3NeT detector was taking data with the configuration of ARCA21 from 23/09/22 up to

11/09/23 moving then to a higher number of detection units -

i ) ~* 110 Million of registered a
B el 6l oF events during this period YR /
e 28000 hits produced on the - o WL g
Detector by KM3-230213A - . =
The PMTs close to the VR ‘

\
trajectory of the muon resulted/ . \
to be saturated e

1/3 of instrumented volum
was triggered for the
reconstruction of the event
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A unique event observed by KM3Ne'l
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IFrom the reconstructed u to the v

The muon energy is obtained From the quantity of light measured E, = 12()“_L(15(1)“ PeV

The corresponding neutrino Energy is E, = 2207510 PeV

A horizontal muon caused by a neutrino

Direction: coming from 0.6°

atmogpheric muons .
above the horizon

neutrino
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IFrom the reconstructed u to the v

-
10 PeV | 1000 PeV .
With the Monte Carlo

I 100PeV === KM3-230213A

simulations we can reproduce

- In details the quantity of light
B @day ‘] produced by the event.
3 1
LZ) 0.10 - t THE NUMEBER OF TRIGGERED
= :l~ PMTS are 3672
c | This number can be used to
£ 003 i Estimate th
S | stimate the energy
s i
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'I'he peculiar properties of KM3-230213A

Taking into account the quality cuts applied to the data it was clear that cannot be a background
event and at the same time we have seen a very rare event.
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The contamination of atmospheric neutrino with the selection made is at the level

1 — 5% 107> events per year
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'I'he peculiar properties of KM3-230213A

On the left we reported the Effective Area obtained using the quality cuts used for the
Selection of KM3-230213A, on the right the equivalent diffuse flux needed to produce one

event with the time of data taking of ARCA19/21 -
19000 times more energetic than LFLC
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'The equivalent flux of KM3-230213A & the cosmic v

Neutrinos observed Flux of diffuse neutrinos from the .
, Flux of Cosmogenic
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'The equivalent flux of KM3-230213A & the cosmic v

When considering the null observation of IceCube and Pierre Auger telescopes in this energy range
The equivalent flux move from 5.8 X 107 8GeVem ™25 lsr™ ! to 7.5 X 1071°GeVem =25 sr™!

In this case the measurement of KM3-230213A can be considered a fluctuation of 2.2-2.6 ¢
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Production of the cosmic v

a7 +n 1/3 of all cases

m +y—> AT >
n PTY { 7r0+p 2/3 of all cases

f : _» ™ e " + anything 1/3 of all cases
Y —> HOWWVVMW\’VVW\,\ p+p— n~ +anything 1/3 of all cases
W"""\ i Y 7% + anything  1/3 of all cases

mn +
py _<:n°p e

+ ’ + ’ + ’ kY,

When a accelerated Cosmic Ray interact with a nucleon or a photon in a astrophysical

environment charged pions are produced and then they decay on v/, u*'=, e/~
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(Galactic emission hypothesys

The event KM3-230213A it is hardly connected to the Galactic emission

Map from: -

Kra-Gamma (2023) Skymap (summed over all energy bins) in log10(E [GeV])
® |t is difficult to imagine that a Galactic

accelerator can reach the EeV energies

® A CR with such energy cannot be
contained in the Galaxy

® If a local accelerator would be
connected with this event we would
probably have seen a strong
electromagnetic counterpart.

I I
-5.34676 -1.04774
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(alactic emission hypothesys

The event KM3-230213A it is hardly connected to the diffuse Galactic emission

107" —— 4, at KM3-230213A pos., Tibet AS, === IceCube KRA? best fit
] - v, all-sky, Tibet AS, Cosmogenic band

107y = y,at KM3-230213A pos., LHAASO Sources band
] ===y, allsky, LHAASO —+— KM3-230213A
106 === lceCube Galactic all-sky mo In thS pCII'" Of the GCIIGX)’
: ’
] Homogeneous and

disohomgeneaous Cosmic-ray
1054 Transport scenarios does not
] different drastically, however

E?9% [GeVan~?s~!sr!]

1073 the reported equivalent flux of
10-10 ] KM3-230213A is hardly

conceivable with a Galactic
10—11_E

diffuse component.

108 10°
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(Galactic emission hypothesis

Whitin the 3° error there are
no Galactic potential
accelerators

150
100

50

And no VHE gamma-ray counterpart
have been observed in the

mentioned region by HAWC and LHAASO
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Lxtragalactic emission hypothesis
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Within the angular incertitude of the
teak-like event a search for known
extragalactic sources have been
performed from radio to gamma-ray.

The J2000 coordinates of KM3-230213A are: RA =94.3°, DEC=7.8°

With R(50%) =1.2 and R(99%) = 3.0°, 17 Blazars have been identified within the 3° region,

(NN

with no significant activity associations looking at 4FGL, e-Rosita, VLA, WISE, NRAO
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Lxtragalactic emission hypothesis

Even if no significant correlations have been highlighted it is interesting to pose the
attention on three possible coincident flaring activities on radio, X and gamma-ray
bands from the reported blazars.
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Sources from all- sky surveys

*“ .| o Radio blazars (RFC 2024c above 100 mJy, 5174)
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94 92 90

RA(°)

(NN

Gamma-ray sources (4FGL-DR3, 6659)
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Extragalactic MM in more detail

2009 2012 2015 2018 2021 2024
[VLBI image of 0605085 g ]
- 0605-085 4+ Fermi-LAT (0.1-1000 GeV) MOJA 5 ¢ 2”6 Q
Ry Peak ‘ 0
=T ++ : Year long gamma-ray
L E Wi tvi
~Z " byt + ﬁ enhancement activity
a Ty et + + s N
. + I TV + NS L. .
55000 56000 57000 58000 59000 60000 - T Commdent Wlfh UHE v
Time [MJD] I~ 5 mas

(a) The Fermi-LAT light curve and a VLBI image of 0605-085: the brightest radio source in the
neutrino localisation region that experiences a gamma-ray flaring activity around the neutrino arrival
(Section 5.1).

2009 2012 2015 2018 2021 2024
1.0 PMN J0606-0724 { OVRO (15 GHz) $ RATAN-600 (15 GHz)

Radio flare with a time difference of

.
P N Myﬁ%w«%'ﬁ\;,g 5 days of UHE v arrival

55000 56000 57000 58000 59000 60000
Time [MJD]

Flux density
y

(b) The radio light curve for PMN J0606-0724 that experiences a major flare in close coincidence to the
neutrino arrival (Section 5.2).

2009 2012 2015 2018 2021 2024

8 | MRCOs14-083 } cROSITA (0.2-23 keV)  Swift-XRT (0.2-2.3 keV) The sparse e'ROSITA Sqmple Onl)’
S 5~ 1.0

1B R extend to ~ 488 days before

- E().ss .

: H The UHE v leaving 3.2 years gap

55000 56000 57000 58000 59000 60000 . . .
Time [MJD] Between it and swift-XRT observations

(c) The X-ray light curve for MRC 0614-083 that indicates a flaring activity around the neutrino arrival
(Section 5.3).
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Summarizing the Extra Galactic
Multi Messenger associations

1. Blazar MRC 0614-083 is the closest objects, located 0.6° away from the best
fit neutrino position. An indication of the X-ray flare cannot be noted.

2. Blazar 0605-085 is one of the 50 brightest blazars on the sky on parsec

scales. A longterm gamma-ray flare peaking before the v arrival is observed,
however not very significant.

3. Blazar PMN J0606-0724 has presented the major radio flare, which peaks

at 15 GHz within 5 days from the UHE v arrival, the pre-trial chance coincidence
p-value is estimated to be 0.26.
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Checking the source emitting power

Considering a single emitting Blazar to produce the neutrino observed

E, ~ 100E;;PeV with 0.72 < Ey; < 26  E, ~20E, > 1.5EeV

A single source at 2 ~ 1 (Table 1; luminosity distance d;, =~ 7 Gpc)

The Luminosity and the Jet Power can be estimated with a rough calculation assuming a beaming
factor of £, ~ 10° when the emission is concentrated within 4° around the Jet direction.

_ E,-4md;  1.5-10%ergs™!
B A'T'fbcam %'fbeam .

3-10°%rgs—!

I . f
yr beam

This imply a source luminosity L,

The hadronic power of the jet L, =20L, =~

For a tipical blazar the power of the jet is 10*¥ergs~! which requires hundreds of years to
obtain the same flux with the same beaming factor.
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Ixtragalactic transient hypothesis

,——600\ -

AR When checking the spatial and temporal
UL, Coincidence with transient events from GCNs no
............ 0° s GRB, TDEs or supernova has been identified

O KM3-230213 : — )
X e { as a possible origin of the UHE neutrino event
12h 9ht: - 6h 3h Oh~ " 21h’ /18h  15h~ 12h

s -60° e
' Some considerations about the single transient

events:
| 1) The power of such events can be quite higher
respect to a blazar flare.
>2) This hypothesis can avoid to deal with the PA
and IceCube upper limits for the equivalent flux.
3) They should not be necessarily accompained by
%% %% an EM counterpart.

Neutrino energy [GeV]

s o IEeVICI = ST SF)
-
o
&

H
L

—
o
£S

A Lorentz Violation case can drastically increase the time window of MM association for GRB cases

INFN A.MARINELLI 31 SEMINARIO DI DIPARTIMENTO /i 20/03/2025




'T'he diffuse extragalactic hypothesis

10°
sunni Upper limits
s K03-230213A The vanilla band represents
107 ceCube s different classes of
~ NST . .
T oot o extragalactic objects, mostly
n 107 7 . o
¥ =+ Glashow o2y variable and transients as
S SPL 68% NST (2022) B| .
K SPL 68% HESE (2021) azars, GRBS, TDEs with
107 .
3 Modes luminosity between 10* to
Cosmogenic band
1071 Sources band 1054 el'g / S
1o : : i : : . .
o f0° 1o 10 108 1 10/ 10" These neutrinos are mostly
Neutrino enerav (GeV)
; produced through the
Expected events in ARCA19-21 .
Tested flux in full energy range | in 72PeV — 2.6 EeV photohqdronlc processes
Source (transient) diffuse models when accelerated cosmic
Pulsar (Fang. et al [43]) 1.3 0.47 rays interact with thermal or
LL-BLLacs (Rodrigues et al. [45]) 0.56 0.26 I . itted bh
TDE (Winter et al. [39]) 0.42 5.5 x 1072 eptonic emitted photons.
LL-GRBs (Boncioli et al. [34]) 0.15 2.5 x 1073
Sample FSRQ (Rodrigues et al. [46]) 1.2 x 1072 46 x 1075
LL-GRB (Tamborra et al. [41]) 1.0 x 1072 5.9 x 10~ Event rate ex eci-ed in ARCAZ'I
Sample LL-BLLac (Rodrigues et al. [46]) 5.0 x 1073 33x10°¢ . P .
sGRB (Tamborra et al. [41]) 2.8 x 1076 6.6 x 1077 for different diffuse flux cases.
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'T'he diffuse extragalactic hypothesis

Considering a population of long-lasting emitting sources to produce the neutrino observed

1075

._.
5}
&

H
<

v
E 10-8 4 — SVOM upper limit
% E,=10% eV
(V) 19
E,=10"ev /
W 1079 ’ ¢ % T !
g W  eROSITA # g
S ROSAT o ®
W 10714 ¢ wise <]
- MWA o
10-11 mafsm ARCA-+IceCube, 1 yr +
10—12 - (e
1018 10714 1010 1076 1072 102 106 1010
E, GeV

RKM3-230213A-like-flares 0.4 [

= PAO sensitivity all-flavour v, 1 yr
==+ PAO sensitivity all-flavour v, 14 yr
— IceCube sensitivity all-flavour v, 1 yr

===+ |ceCube upper limit all-flavour v, 10 yr

i — Fermi/LAT upper limit, 1 yr

==+ Fermi/LAT upper limit, all data

A year flare duration

Difficult to reconcile this
With UHECR observations

DCOS'ITI.

|

Ps = (47/3)D3

D ~ 20Gpc

cosm

_ RKM3-230213A-like-flares <10-5 [ D ]_2 1
~ Dcosm GPCB}T
(12)

However to explain the UHECR measure by the PA and TA you need nzcp > 10°Gpc™

(NN
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Extragalactic emitter candidates

When we do a population study up to a certain redshift:

- Blazars : : -
\ﬁ ..... * Important constrains by the Fermi-LAT diffuse gamma-ray
emission and lceCube observations.

* Function luminosity distribution known.

-..rGamma ray burst 4 *No constrain from the Fermi-LAT diffuse gamma-ray

N = B emission, staking constrain from lceCube observations.

* Function luminosity distribution known (SFR)

* No constrain from the Fermi-LAT diffuse gamma-ray emission
and lceCube observations.

* Function luminosity distribution 2
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'T'he single transient source hypothesis

In case of a single emitter lasting 1 y it is possible to constrain the inter galactic
magnetic field and the redshift also looking for the equivalent electromagnetic

cascade considering a E; = 440PeV

1073

[—y
9
=z

[—
i

- -2 v i - 4 -2 -
Yy EEFYY [GeVem ™ s71)

2

:
= —
< =
s o

10"8;

] wes= Formi-LAT 1 yr
] —— HESS.50h

{ === VERITAS 50 h
== MAGIC 50 h

_+_

LHAASO 1 yr
HAWC 1 yr
KM3NeT event

%

—_ 3x 1073 Q
= 3x 1074 QG

= 3x 1071° QG
] 3Ix1076Q
10~ - ; — — ;
10! 10! 103 10° 107 107
E [GeV]

With E*® = 5.8 X 1073GeVem ™25 Lsr™!

1075,
{ === Fermi-LAT 1 yr === MAGIC 50 h z = 0.03
] — HESS.50h LHAASO 1 yr s 7 — (.10
| === VERITAS 50 I HAWC 1 yr z— 1.00
= 10773
I—_;; E
T ]
‘E: 8. r
= 10773 o
S 4
€ ‘-
=109
10~ o 102 B 108 B 108
10 10 10 10° 10 10 10° 10
E [GeV]
o AN Amd? o dN
bLaie W =1 PBaga) =9 |
0 z v E,=2(142)E,
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Possible cosmogenic origin of KM3-230213A

Frequency v [GHz]

PR * B S N

T EBL 1 The cosmic rays accelerated on the sources can interact with
: 10 < \\\:§ CMB the background photons (CMB or EBL) during their path to the
= \\\\\ i earth and produce neutrinos called “cosmogenic”

107 % stars ;\\\\\\dust i& 3

Wavelength A [um]
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"I'he deep universe observed through the v

For the observed energy we can make the hypothesis to explore of the Universe never explored
before, or in other words the most faraway accelerators observed for such energies

1010 10* Energy Loss Lengths
108 - Universe opaque to X Yn
. .
103 4 =
. Gamma rays ]
10° 8)
o
3
< 2 |
'G 104 7 /// JE{, 10 g
s K
-~ 102 a & 1
3 1014 — Total p
IC CMB § o Tota: ::—Ie
0 - —— [J] 1 Total **N
10 e ICEBL G12 v, Total 28Si
-=—=- |CEBL D11 o | = Total s6Fe
10-2 - , —— Pair CMB 107 4] Adiabatic
- —— Pair EBL G12 ] —— Pion Production
““““““““ —— Pair EBL D11 ||~ FeirFraducton
4 B | Photodisintegration
10 T T T T T T T 10-— . r ;
10 12 14 16 18 20 22 1018 1019 1020 102! 1022

log10(E/eV) Energy (eV)
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Modeling the extragalactic injectors

Aloisio et al.
JCAP 10 (2015) 006

—,‘: —: Auger WIS fotal
o 10 PR el & i .
+* IAF) e g [ «I» AGN evolution
2 T) =2 - L
= o =0 SFR evolution
i 107 W i =

: F(4E)_-ue - No evolution

i " 10°

10% E ;
: 1 1 I 11 1 1 l L1 11 I 11 1 1 I L1 11 I 1 11 1 I 1 11 1 i l/l 1 1 1 1 1 1 1 1 1
175 18 185 19 195 20 205 21 14 15 16 17 18 19
log, (E/eV) log (E/eV)

Figure 2. [Left Panel| Fluxes of protons expected at Earth in proton-only scenarios with various
models for the cosmological evolution of sources (solid red: no evolution; dashed green: SFR evolution;
dot-dashed blue: AGN evolution [38]) normalized to TA data (purple squares); Auger data (olive
disks) and KASCADE-Grande data [63] (blue triangles) are also shown for comparison. [Right Panel]
Fluxes of neutrinos in the same scenarios (same color code; from bottom to top: no evolution, SFR,

and AGN), with colored bands showing the difference between the Stecker (solid) [46, 47] and Kneiske
(dashed) [48] EBL models; thin solid lines are neutrino fluxes obtained taking into account only the
interaction with CMB photons.
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[Looking at UHECR composition

Pierre Auger Coll.
JCAPO5 (2023) 024

1038 : ﬁ 1.0 1 1 1 1 1
] —

— &
-L. . 0.8 1
- wn
T & 0.6-
8 107 -
g e ¥ 5 0.4

A=1 [ 4 -
?E 2<A<4 ﬁ
EJ 5<A<22 =z 0.2
- 10% 4 23<A<38 -

A239 2 .

T T = T T [ 0.0 T T T =
18.0 18.5 19.0 19.5 20.0 18.0 18.5 19.0 19.5 20.0

logio(E/eV) log;o(E/eV)

Figure 11. Left: the effect of the uncertainties from models on the energy spectrum. Right: the
effect on the relative abundances at the top of the atmosphere. The bands represent the maximal
variations given by the results in Table 3. The shaded grey area indicates the energy region where
energy-by-energy estimates of the mass composition are not available (i.e. above the median of the

highest energy bin used for X, data) and mass predictions are mainly based on the shape of the
all-particle spectrum.
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Cosmological model used for the paper

2 Cosmological framework to compute neutrino fluxes produced in EG
propagation;

2 Assume that each source is identical and distributed with a given

evolutionm 4 E \7 -
d_E O(fA 10186‘/ Xfcut(E’ ZARcut) X (1 + Z)

2 Fit to UHECR data —> normalization to neutrino flux.

ZImportant parameters to fix : m and z. All the are fitted to

describe UHECR data.
/_\

- Description of e q
arameters UHECR xpe§te
) als Q) > - X
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Fitting cosmic-ray data with different evolution parameter m

Fractions, on Earth

] e —— § Tkachenko+ 23 | High m~5 — High luminosity sources
R RN S — — Sibyl i)
93 = Intermediate m~3 — Star formation evolution

He

m~0 — Stellar mass density
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OO HO O MO O
o U oo n oo n
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Possible cosmogenic origin of KM3-230213A

106

| -7 4

'-I'G ’ . \c® ‘)‘oel?:\.’\f}zij‘?? . 2

Y 108 T e &

] e g f

g - 1 s

3 T 5 To be slightly consistent

a 1055E — . .

f % . with the equivalent flux of the
ot N UHE v event, we need to integrate

Neutrino energy [GeV] .
The cosmogenic component

10-°

REDSHIFT = 6 ' up to high Redshift

1077 v

We can be compatible
with the most distant

108 4

o
Source evolution

E20l . [GeV cm~2 571 sr71]

104 L Cosmic accelerators
e T S — ever seen

” In this range of energy
e T 1o o8 o oo Tom

Neutrino energy [GeV]
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Possible cosmogenic origin of KM3-230213A

Source Injection
The emission rate density L(FE, z) of cosmic rays Evolution Term
per coming volume can be described as: L(E: Z) = S(Z) X QCR(E)
The coming sources density S(Z) X (1 + z)m
can be described by :
R 1045

; Fiten

<

z

S 1

£ 1072 5,

g 0«7 To account for the observed event

3 Q. . o

3 = We possibly need a excessively

o o L3

c o Strong evolution of sources,

2 10, g More luminous sources.

1 04)

Source evolution, m
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Possible cosmogenic origin of KM3-230213A

1038

Eventually a subdominant component of
Protons up to highest energies observed
By Pierre Auger and Telescope Array
can increase the number of expected

cosmogenic events

-
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New constrain on proton fraction from IceCube

lceCube presents a new constrain on UHE neutrino flux,

Considering 12.6 years of data taking and a new UL up to 10!! GeV

mmmm [ceCube 12.6yrs

wn

= Ahlers 2012
van Vliet 2019
Murase v = 2.3

Sensitivity /

D

7
(o]
Ir—‘

o
>

(<))
<
~

S

S

o)
1N |
t=
A'® _9 .
Q 107" 4 — Ahlers 2010 1EeV
?ﬂ 1= = Kotera SFR —

Murase v = 2.0
LR | ' LR | ' LR | ' '
107 108 109
E, / GeV

00

1ol

Proton fraction f,

1.0
m——— Zmax — 4, Zbreak = 1.5
0.6 -
0.4 -
0.2 1
SFR comparable
T T T

2 3 4 5) 6
Source evolution parameter m

A limit of 70% of proton composition on the total
energy range observed by PA is posed for a SFR
evolution, not in contrast with our hypnoses of a

proton hypothesis in: -

(NN
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Possible origin of KM3-230213A from heavy DM decay

6 DM — vv  Total flux
10 E llll 1 L] LI lllll L] L] llllll T 1 T llllll llll:-
f m— DM = 102 PeV —===JceCube EHE .
[ === mpy = 10® PeV == Auger i
10-7 £ ™" mpm = 104 PeV pe
R Pr ol
~~ v//., .
c\1< \‘\. I ,;-"’/ 1
= N\, 7~
S 10 F ) _____\-\.\i (’,_,;TKMBNGT E
- FE ey T I"" -
O - I . . .
S /' Preliminary !
9 1070 | i y J Under study the hypothesis that
= : g o The UHE neutrino event would
e V4 /I « e
X s /o have been originated from the
10710 g = — Vs E decay of heavy Dark Matter, a
s side three Examples of different
L0-11 == " DM candidates.
106 107 10® 10° 1010 10
E [GeV]

Many interesting hypotheses are under study for Physics BSM, many related works appear in the
literature to explain KM3-230213A
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Summary

e KM3NeT observed the most energetic neutrino ever detected, ~36

times more than most energetic one measured by IceCube, ~10000
times the energies at LHC.

* The event KM3-230213A suggests the rising of a new cosmic
component in this energy range.

* The UHE measured event did not present at the moment significant
correlations with sources known in the electromagnetic band.

* More observations on this energy range are needed to
characterize better this new component.
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