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Introduction

. . 4 N
Neutrino sources are cosmic ray accelerators. '
The two main mechanisms of high-energy neutrino Such high energy gamma-rays could be detected by
production are: high altitude gamma observatories like HAWC or
LHAASO, while the neutrino component could be
1)when cosmic rays interact with matter (hadro-nuclear studied by neutrino telescopes as KM3NeT.
interactions):
+ \ J
p+p > p+n+m
0
“>ptp+ no Regions with high matter
p+tn ->p+p+mn density or radiation fields
-pt+tp+m ;

2) when cosmic rays interact with photons (photo-
hadronic interactions):
p+y—->A"-> n+n”
->p+n°

Neutrinos are produced in the decay of the charged
pions:
nt - ut+vy, o+,
pr—>et +v, +v, p e +v, +v,

protons (p), electrons (e)

While the neutral pions decay into y-rays: n° - y +vy accileraban
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Gamma-rays Neutrino connection

( \ —— LHAASO gamma-ray flux
« In Villante-Vissani (2008)*, it is developed a model to 9 M E:X\;ngarmii;zyfﬂix
estimate the neutrino flux from astrophysical sources, AN HAWC neutrino flux
using the measured gamma-ray flux. in case of p-p 10712 -
collisions. =
% 10715
+  Such model assumed a full hadronic scenario (p-p p
collisions). % .
g
* The model was later refined by Mascaretti- é

Vissani(2019)** through the inclusion of the most 107241
recent neutrino oscillation parameters

G J s

dE, E, 102 10° 10* 10° 10° 107
CI)V(EV) = fE_q)y(Ey)Kvy(E_) Energy (GeV)
14 14

*F Villante F.Vissani (2008) Phys. Rev. D.78.103007 **C.Mascaretti F.Vissani (2019) JCAP 08 004


https://arxiv.org/abs/0807.4151
https://arxiv.org/abs/1904.11938
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Gamma-rays absorption

AGNs, SNRs, GRBs...

They are charged particles and
are deflected by magnetic fields.

* X

* \

Gamma rays -

They point to their sources, but they
can be absorbed and are created by
multiple emission mechanisms.

particles that point to their
sources and carry information
from deep within their origins.

air shower
'

Villante-Vissani model can be
modified to take into account
gamma-ray absorption dued to
pair-production mechanism

v

Ysrc T chb/isrf — e t+e

Ey

(Dlo/bs (Ey) = q)ls/rc(Ey)

dE E
@, (E)) = J —r CI))S/TC (Ey)Kvy(E_v)
Y

dE, ®9P5(E,) E
®,(E) = | =Lt L LK,
V( V) ny e_T V]/(Ey)

PP (E,) = @7°(E,) x e"




Absorption Factor Parameterization

e " ->1t=1(E § RA D)
E = energy
0 = declination
RA = Right Ascension
D =Distance

4 )

. The optical depth t for pair
production mechanism dued
to the interaction with
photon from Cosmic Micro-
wave Background or from the
Inter Stellar Radiation Field .
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3.00
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logio (Energy[eV])

1.50
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- It could be parameterized longitude=latitude=1°
as done by Lipari-Vernetto
(2016) as a function of the

source position and

\ distance. )

0.00

log: (distance[kpc])

*P.Lipari S.Vernetto Phys. Rev. D 94, 063009 (2016)


https://arxiv.org/abs/1608.01587v2

V. Parisi

Location = Mediterranean Sea

It will consits of building blocks of 115
strings each, with 18 Digital Optical
Modules per string. In every DOM, are

roated 31 Photo-multipliers (PMT)

\

f

KM3NeT Network

2 BBs for neutrino astronomy (located

near Capo Passero, Italy).

Vertical distance between OMs of 36
m, lateral distance between adjacent

strings of 90 m.
Neutrino energy range TeV-PeV

~
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D.Dornic “The KM3NeT neutrino telescope: status and recent results” ICRC25 (Talk Plen 21/07).
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Data sample and Event selection

ARCA21 : Only track-like events

—
N
w

ARCAS8

—
o
o

In total, 640 days of data

Atmosphere .-

Detector lifetimes:

« ARCA6 — 7949520.0 sec — 92 days

« ARCA8 — 18346400.0 sec — 212 days
+ ARCA19 —» 4181527.4 sec — 48 days

v ' ! ) ) « ARCA21 24830910.5 sec 287 days
2 20% - ’1011' ’107‘3- 1013-06 ’1013-09 \%_)—_)yj

o2
207 20%

Exposure [Mton-yrs]
ARCA6

Additional selection criteria for the dominant ARCA19-21 \

sample:
reconstructed betterthan 1°. 1

Signal definition: A cosmic neutrino with an outgoing muon

select events with long track length,

2. select events estimated to have a small error in 1ts
Event selection criteria: reconstructed direction,
3. boosted decision tree.

1. select horizontal/up-going tracks,
2. select event with high number of hits used in the

reconstruction, Background estimation: made with scrambled data.
3. select events with good fit quality (based on the

likelihood of the reconstruction).

\ Very High Energy event KM3-230213A* removed from data)

sample.

R.Muller V.Parisi PoS(ICRC2025)1124 8/14



https://indico.cern.ch/event/1258933/contributions/6485801/
https://indico.cern.ch/event/1258933/contributions/6482221/

Full ARCA detector prospects

- The ARCA230 performance can be studied using the most updated simultaion*.
- Theoretical methods are used to modelize the signal.

- For this work, only track-like events are considered.

*T. van Eeden Eur. Phys. J. C 84, 885 (2024) 9/13


https://arxiv.org/abs/2402.08363
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[ ]
# Source Name BA(YY Decl (™) Association (%)
1 ILHAASOJIR09-19158u 27238 -19.3 HESSI1R09-193(0.24)

1
2 ILHAASOJIS14.1719u* 27327  -17.89 JHWCT1814-173(0.16)
3 ILHAASOJ1825.1418 276.25 .14 HESS11825-137(0.56)
F— 4 ILHAASOJI825-1337u 27645  -13.63 HESSI1825-137(0.15)
@ Inside of WCDA B 18 (e 5 ILHAASOJI825-1256u 27644  -12.94 HESSI1826-130(0.14)
. PS195€Ds  Seailtr Devciors D) 6 1LHAASOJI813-1245 27336 -12.75 HESSI1813-126(0.07)
ISim 1 ol o g e 7 ILHAASOIS31-1007u* 27781  -9.83 HESS]1831-008(0.25)
S =y § ILHAASOJIS34-0831 27844 838 HESS]1834-087(0.24)
= Gt - Ny som == 9 ILHAASOJIS37-0654u  279.31 -6.86 HESST1837-069(0.05)
/ » I T » : b 10 ILHAASOJI839.0548u 27979  -581 LHAASOII839-0545(0.17)
— 11 ILHAASOII841.0519 280.21 523 HESSI1841-055(0.25)
( \ > 12 ILHAASOJI843.03350 28091 36 HESS11843-033(0.06)
13 ILHAASOJIS848-0153u 28202  -1.78 HESSI1848-018(0.11)
® 26 sources selected from 14 1LHAASOJI850-0004u* 28289 0,07 HESSI1852-000(0.36)
. 15 ILHAASOJI852400500%  283.10 0.84 IHWCT1852+013%(0.55)
the flI‘St LHAASO 16 ILHAASOII837+0203u  284.38 2.06 HESSJ1R58+020(0.21)
tal * 17 ILHAASOII91040516%  287.55 5.8 $5433w1(0.26)
catalogue-. 18 ILHAASONIG08+0615u  287.05 626 MGROT1908+06(0.07)
19 ILHAASOJI912+1014u 28838 105 HESSI1912+101(0.10)
= _ 20 ILHAASOI914+1150u 28873 1184 JHWCTI9144117%(0.13)
o - — - 21 ILHAASOIO703+1405  105.83 14.1 HWCIOT00+143(0.72)
6 sources selected from the Woinillahes) Pk, #‘L;JW,]L < 25TeV 22 ILHAASOJIO224140 29073 1411 WS1(0.13)
thiI‘d H AWC catalogue**. 23 ILHAASOJOG34+1741u 9857  17.69 Geminga(().54)
@, (E) = - wrevEnS - 24 ILHAASOIOS34+2200u  §3.61 22036 Crab(0.01)
[NKMM (so757) T T )L > 25TeV 25 ILHAASDI0S4242311u 8571 232 HAWCI05434233(0.21)
\ y 26 1ILHAASOI0622+3754 955 379 LHAASOIO62143755(0.03)

Table 1: List of selected sources from the LHAASO catalogue [2]: for each source, the coordinates (right
\ ascension RA and declination Decl) are reported as well as the estimated extension/width and the associated
M Mapping the Northern Sky in High-Energy Gamma Rays source (with the distance)

‘Water Cherenkov tank

HAWC compeises an aray of 300 tanks that ecord the
Pt created i amma-3y 308 COsmI 13y ShOWES.

#  Source Name EA () Decl (™) Association
IHWCIITS7-240 26930 2409 HESSI800-240B

1

> 2 3HWCII803.211 27097 2118 HESSI1804-216

3 3HWCI18494001 28235 0.15  IGRIT8490-0000

4 IHWCII85T+027 28433 280  HESSJI&ST+026

5 3HWCIDA344067  98.66 673 HAWCI635+070

6 3HWCIOA1T7+224 9439 2247 1C443
b (E) - N, ( E ) r Table 2: List of selected sources from the 3rd HAWC catalogue [1]: for each source, the coordinates (right
T TTeV ascension RA and declination Decl) are reported as well as the estimated extension/width and the associated

source (with the distance).

**HAWC coll. (2020) ApJ 905 76


https://arxiv.org/abs/2305.17030
https://arxiv.org/pdf/2007.08582

The analysis

A binned analysis is performed for each candidate sources. It is checked in a 5 degree cone around each source
whether the position, and energy distributions are in line with a cosmic neutrino excess. The log-likelihood is the
Poisson probability of the bin-contents.

—~8 -
Signal e Background A =LogL(§ =) — LogL(§ = 0)
(5 = —30°) S, (8 = —30°)
Iy 6
a4
55 LogL(§) = Z N; Log(B; +¢S;) —B; —¢S;
_O 4 iEbins
’ fq) (E,) =fdﬂ¢m(5 )K Er,y
2 e E, v \"y)Rvy E,
1 (Dobs E — (Dsrc E
0051152253 3.54 45 5 0051152253354455  \ v () = & (5)
KM3NeT/ARCA6-21 a [°] @ [°] -
viEv /S ™ E, e~T vy E,
OPPS(Ey) = @77 (Ey) X e7"
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ARCAB-21 Limits for LHAASO sources (with absorption correction)

. 6x 10 " Perenon
Results:
]1825-1337u
= |1831-1007u*
______________________________ J1843-0335u
e . - - - - - - - = = = = = = = = = = o= o= o= owowomowowow o™ ow J1908+0615u
L 4x107 —— J1825-1418
% ]1837-0654u
‘\I‘ _____________________________ = |1841-0519
Fli 3x 10-14
S
Using KM3NeT/ARCA6-21 DATA , no significant signal -
evidence is found. The flux upper limits are computed as R
the energy range where 90% of the signal is expected: KM3NeT/ARCA preliminary
»  With/without absorption correction -
(dashed/continuous lines). 0 > >0 Tc',zm (E,Ge‘t',? o >0 >
. 10 S — from the LHAASO Catalogue Wlth the best ARCAB-21 Limits for HAWC sources (with absorption correction)
— |1757-240
upper limits, the best 3 are J1825-1418, J1814- " Jieas o0
%* = o —— 18574027
1719u® and J1825°1337. 10 KM3NeT/ARCA preliminary — oy
* The best 3 HAWC sources: J1849+001, J1857+027 S
and J1803-211. > -
9
* “Taking into account gamma-ray absorption” could § 10 -
have an impact of 25% for some of the sources. /| —/7Z7Z—F ———
2.'5 3.'0 3:5 4:0 4;5 5:0 5.5
log1o (E/GeV)
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Re S ult S i 0.0 KM3NeT-ARCA 230: time for a 30 observation T34
. .
* KM3NeT/ARCA preliminary
17.5 1 : '
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¢ °
15.0 A
¢
12.5 4 ¢
The KM3NeT/ARCA230 Performance: time to make a 3 ‘v *
. . 5 (2 . . © ¢
sigma significant observation is computed for the full O 1004 .
detector. -
[ s m
7.5 1 e ’
. For 5 sources, a 30 observation could be made in 5 o . "
years, taking into account absorption sof R e . I .
. ¢ ®  HAWC without absorption correction
. For 10 sources, a 30 observation could be made in 2.5 ¢ : [':X’Acsg"t:it‘;‘]";z‘;":;'::r;fi::f;‘:r"ection
10 years, taking into account absorption. ® LHAASO with absorption correction
0.0 T T T T T T
. For 16 sources, a 30 observation could be made in 20 X B B Byt g PSS S S—
.. ! *o
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0.8
o
®m HAWC ratio
0.61 4 LHAASO ratio .
—6.4 —6.2 0j0 0j2 0j4 0:6
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Conclusions

Gamma-ray observation are used to modelize the neutrino signal from galactic sources

Search in the available data: In the point source search no significant neutrino source was found among
the list of 32 checked candidate sources. Upper limits are then computed

* The best 3 sources from the LHAASO catalogue: J1825-1418, J1814-1719u* and J1825-1337.
* The best 3 sources from the HAWC catalogue: J1849+001, J1857+027 and J1803-211.

Complete detector prospects: in the future KM3NeT/ARCA230 would be able to make significant
observation for many of the considered sources.

With the rapid growth of KM3NeT/ARCA, and data of sept 2023-today still to be included in the analysis,
the results are expected to significantly improve in the near future.

Thanks for the
attention.
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Thei(MSNe;T/ARC}A detector

KM? Neutrino Telescope / Astroparticle Research with Cosmics in the Abyss is a neutrino observatory, currently
being built at the bottom of the Mediterranean Sea. It can do multi-flavour astronomy (v,, vy, v,), will have sub-
degree angular resolution, is sensitive in a large energy range [MeV - PeV], and can probe many different type of v-
sources. Its location in the Northern hemisphere provides a good view of the Galactic Region.

D.Dornic “The KM3NeT neutrino telescope: status and recent results” ICRC25 (Talk Plen 21/07).
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Event Topology 1n a Neutrino

Telescope:
Track-like Shower-like
0 KM3NeT . Pe—

CC

Jooml Ve CC and ve,,u,‘r NC | ' q e :20...l
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Data sample after event selection

Data are taken with 6 - 21 lines, between May 2021 and Sept. 2023. After event selection, the dominant ARCA19-21
data sample has a muon contamination of 15%. A cosmic neutrino flux of ¢ ,,~=1.2 - 104 (E,/ GeV)? per flavour
yields 21.4 cosmic neutrino events in the full ARCA6-21 sample, of which 12.1 contain a muon and are reconstructed

18/13

ARCA6-8, 302 days

Etrack [GeV]

ARCA19-21, 336 days

104 104
| Data | Data
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10 — Atmv 10 Atm v
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"] . wn ..
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1071 * KM3-230213A removed 1071
-2 -2
10762 103 104 105 108 107562 103 104 105 108 107 108
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Detector performance

The median angular uncertainty for ARCA6-8 is < 2° above 100 TeV, this improved significantly to < 0.3° for
ARCA19-21, and is expected to improve further down to < 0.1° for the full detector (ARCA230"")

KM3NeT/ARCA Preliminary KM3NeT/ARCA Preliminary
102/ Median, 68% quantiles v, CC + v, CC
ARCAG6-8 - 10?
—— ARCA19-21 —_

~N —
- o -
e 1 —

"n 10 © ﬁ

0 _

o © — |

]

S ¢ 100 =

> 5 )

10° 9 ] v, CC + ¥, CC as track
E —— ARCA21
107* —— ARCA19
—— ARCAS8
10-1 —— ARCA6
-2
10° 10 10° 108 10’ 108 10 10° 104 10° 106 107 108

E, [GeV] E, [GeV]



https://link.springer.com/content/pdf/10.1140/epjc/s10052-024-13137-2.pdf

Binned Likelihood: basic 1dea

800F
LOg L(f) = Z Ni LOg(Bi ot ESI) _Bi —fSi ?ooi
i€Ebins EOUE
\ 500%
,’;\8 . ,’—-.\8 4005
KM3NeT/ARCA Preliminary % 7 S|gna| % 7 Ba Ckg rou nd soot
2 O, (6 = —30°) S, (8 = —30°) :
10 3 6 [ 6 200
E \'Q/ \—C}/ mof
E 60° 60°
® o @] i 2 ERE 6 '“7L““5
© 4 4 log(E_/GeV)
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10! —— ARCA19 2 2 7
—— ARCA8 F
—— ARCA6 1 1 of
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