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point-like signals are presented. For the diffuse analysis, the 90% C.L. quasi-differential sensitivity
for 10 years of the full detector operations is computed, and compared with the IceCube measured
diffuse spectrum. The whole energy range observable by ARCA ~ (1 TeV — 100 PeV) is taken
into account, selecting upgoing track-like as well as all-sky cascade-like events. For the point-like
analysis, the differential sensitivity for several declinations is computed, selecting upgoing tracks
v, and v, charge-current interactions. Some particular starburst galaxies (SBGs) are considered
such as NGC 1068, the Small Magellanic Cloud (SMC) and Circinus Galaxy. The resulting
sensitvities demonstrate the importance of KM3NeT/ARCA to link star-forming processes with

high-energy neutrino production within a few years of operation.
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1. Introduction

The KM3NeT/ARCA is a water Cherenkov neutrino telescope under construction in the
Mediterranian sea [1]. It will consist of two building blocks with 115 detector units each, with a
total effective volume of ~ 1Km?>. Given its median-latitude position, the detector will provide
a complementary view of the sky with respect to IceCube. KM3NeT is expected to have full
visibility for the southern hemispher and therefore for the galactic center [2]. In this proceeding, the
energy-dependent expected sensitivities of the full KM3NeT/ARCA are reported, both for diffuse
and point-like spectra after 10 years of operation. For the diffuse spectrum analysis, a binned like-
lihood ratio technique is employed in order to compute the 90% C.L. quasi-differential sensitivity,
considering both upgoing tracks and all-sky cascades. A dedicated boosted decision trees (BDTs) is
used in order to reject the background from atmospheric muons. All the neutrino flavours are taken
into account for charged and neutral current interactions (see [2, 3] for details). For the point-like
analysis, a cut & count technique is used to calculate the 90% C.L. quasi-differential sensitivity
for sources on several declinations, showing the potential of KM3NeT/ARCA to constrain neutrino
emission from point-like and extended SBG emission. In order to reach such a purpose, only up-
going v, and v, events are considered. Finally, some particular sources such as Starburst Galaxies
are considered. Indeed, the expectations are presented for NGC 1068, whose neutrino emission
evidence has recently increased up to 4.20" over the null hypothesis [4]. Also, the Small Magel-
lanic Cloud (SMC) and the Circinus Galaxy are considered, since they are situated in positions of
the sky where KM3NeT/ARCA has full visibility and expected neutrino fluxes constrainable by
KM3NeT/ARCA [5]. The resulting sensitivity demonstrate that KM3NeT/ARCA, in few years of
operation, will be able to constrain the considered scenarios.

2. Diffuse Analysis: Simulations and Event-Selection

The analysis is based on the latest simulations of the Full KM3NeT/ARCA detector Monte
Carlo files. In particular, neutrino simulations are performed through the gSeaGen code [6] and
muons through the MuPage code [7]. The generated events are subject to the simulation of the
light generation and the response of the detector and are reconstructed with the same algorithm
used for actual data (see also [8] for further details). For the track-like and cascade events, the
same selection explained in Ref. [3] are employed. In particular, for the tracks only those with
reconstructed zenith angle # < 100° are selected, in order to use the Earth as a shield to reduce
the contamination of downgoing atmospheric muons. Furthermore, a dedicated BDT is employed
in order to reduce the contamination of mis-reconstructed muons (muons which are downgoing
but which are mis-reconstructed as upgoing). This allows for a selection with a reliable track
reconstruction (see [8] for details about the performance of the event selection). For the the full-sky
cascade selection, events satisfying the track selection requirement are removed and, in addition,
only events contained withn the instrumented volume of the detector are considered(containment).
A BDT has been employed also for the final step of the cascade selection (see [3] for details) in
order to obtain a sample of events which are reliably reconstructed.
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2.1 Likelihood Framework and Results

In order to evaluate the sensitivity, a binned maximum likelihood ratio framework is used. The
likelihood is defined following Ref. [9] as:

L) =[] P(nis ap™ + pP¥) (1)

where i runs over the 140 reconstructed energy bins. P(n, u) is the Poisson PDF to observe n
events with an expected value u [9]. A is a free-parameter which represents the signal strength (or

normalization), ,ul.SIg is the expected number of signal events for a given i*” bin (in the case 1 = 1)
Back
L

experiments (PEs) are generated for different signal strengths and the test-statistics (TS) is defined

and finally u represents the expected number of background events for each bin. 10* pseudo

as:

£
8L(=0)

where A is the signal strength which maximizes the likelihood for each pseudo experiment. We

TS =1lo )

determine the PDF distribution of the TS for each signal strength. The Model rejection factor
(MREF) is defined as the value of the signal strength A9g for each:

+00
/ d(TS|A99)dTS = 90% (3)
TSm

where T'S,, is the median distribution in the null hypothesis (only background) and d(TS|19g) is the
PDF distribution for the TS for a given Agg value. In other words, the sensitivity is defined as the
signal strength for which 90% of the signal is above the median of the background-only distribution
[9]. The TS is corrected (allowing for negative values of 1) in order to get always TS > 0. The final
sensitivity is given by:

$o0(E) = Aog - ¢V ¢(E) C))
where ¢%2(E) is the signal flux corresponding to A = 1 (the final sensitivity does not depend on
the normalization of the input signal spectrum, but only on its shape). For this contribution, the
signal is considered as a E~2 spectrum binned over half-decade true energy bins. Fig. 1 shows
the differential sensitivity after 10 years of operation for 2BB both for upgoing tracks and all-sky
cascades. The sensitivities refer to one flavour of neutrinos + antineutrinos. They are compared
with the corresponding IceCube measured spectra. In particular, the track sensitivity is compared
with the 9.5 yr through-going muon flux [10] and the cascade sensitivity is compared with the 6 yr
cascade flux [11]. Interestingly, the track sensitivity peaks around 1 PeV where there is a significant
contribution from horizontal events. On the other hand, the cascade sensitivity peaks at 100 TeV,
since the containment requirement harshly reduces the amount of signal events above this energy.
For this reason, at high energies a better sensitivity is obtained for tracks compared to cascades,
while at low energies the sensitivity is better for cascades due to the reduced background rate.
The Result demonstrates the potential of KM3NeT/ARCA to constrain a diffuse spectrum outside
the energy ranges where IceCube has measured it. Indeed, the spectrum is not well known below
~ 10 — 15 TeV and above ~ 1PeV. Therefore, it is crucial to understand if it can be extrapolated
also for lower energies as well as if it changes its shape. Indeed, as highlighted in Ref. [12], some
tension is reported between the gamma-ray and neutrino data have tension due to the electromagnetic
cascade contribution.
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Figure 1: Left: 90% C.L. quasi-differential sensitivity (per neutrino flavour) for KM3NeT/ARCA after 10
years of operation and 2BB for a diffuse spectrum for upgoing tracks (dashed orange line). The continuous
orange line shows the integrated sensitivity for a E~2 diffuse spectrum. The sensitivities are compared with
the corresponding 9.5 yr diffuse spectrum measurement by the IceCube Collaboration in the through-going
muon channel [10]. right: 90% C.L. quasi-differential sensitivity (per neutrino flavour) for KM3NeT/ARCA
after 10 years of operation and 2BB for a diffuse spectrum for the all-sky contained cascades (dashed red
line). The integrated sensitivity for a E~2 diffuse spectrum is shown with the continuous dark red line. The
sensitivities are compared with the corresponding 6 yr cascade flux measured by the IceCube collaboration

[11].

3. Point-Like Analysis

Regarding the Point-Like Analysis, particular SBGs are considered in order to to evaluate the
KM3NeT/ARCA expectations: NGC 1068, SMC and Circinus Galaxy. For such a purpose, a simple
cut & count technique is used in order to optimize the event selection. The same event selection
explained in Ref. [3] is employed. In particular, the sensitivity is defined as the average upper limit
evaluated through the 90% C.L. Felmand and Cousins upper limits [13]. Given an astrophysical
flux 52, the sensitivity is
- Hoo

$90 P )

where n; is the expected number of signal events induced by the astrophysical flux and pgy is the
average upper limit. ugg/ng is defined as the Model Rejection Factor (MRF). The minimization of
the MRF is performed over the cone angle (a) and track reconstruction related variables such as
the likelikood (A), the angular error (8) and the track length (Len). A final optimization over a
reconstructed energy range [ Emin, Emax] 1S used to further optimize the selection of signal events.

NGC 1068

NGC 1068 is a nearby SBG located 10 — 14 Mpc [15] away from the Earth and it also shows
Seyfert Galaxy activity [16]. The IceCube collaboration has recently found compelling evidence
for neutrino emission along the direction of this source measuring 79 astrophysical neutrino events
with a significance at 4.2¢0 [4]. The sensitivity and the discovery potential for this source is shown
in Fig. 2.

Firstly, on the left, the 90% C.L. quasi-differential sensitivity (orange line) is compared with
the IceCube measured band [4]. Given the importance of this source, the model discovery potential
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Figure 2: Left: 90% C.L. quasi-differential sensitivity (dashed orange line), the 5o differential MDP
(dashed red line) and finally the integrated So- MDP for a E~3 spectrum, obtained both with the Cut &
count approach (dashed dotted dark red line) and with the Binned Likelihood Ratio (continous dark red line).
It is also shown the the IceCube 20 region [4]. Furthermore, the neutrino expectations from SBG activity
are shown according to the analysis of Ref. [5]. Right: The integrated MRF (blue band) and the MDP
(orange band for cut & count and dark red band for the Binned likelihood ratio) are shown as functions of the
KM3NeT/ARCA operation time. The bands correspond to the 10~ uncertainty provided by the normalization
uncertainty provided by the IceCube fit ([4]).

(MDP) is reported, defined as the minimum flux needed for a So- discovery in the 50% of cases (see
[2] for more details). In order to compute it, the event selection is optimized in order to produce the
minimum MDP for each bin. The integrated MDP fora E -3:2 spectrum (dashed dotted dark red line)
is reported. For this particular quantity, it has been calculated both with Cut & Count and binned
likelihood ratio (see [14] for details). The integrated MRF and MDP are shown as functions of the
KM3NeT/ARCA operation time. The result demonstrates that, after few years, KM3NeT/ARCA is
expected to discover the IceCube flux. Indeed, the binned likelihood ratio method provides a strong
improvement with respect to the cut & count method. So, further improvements are also expected
for the energy-dependent sensitivity. Finally, the result shows that the energy-dependent sensitivity
peaks at ~ 100 TeV for this particular position in the sky.

The Small Magellanic Cloud (SMC)

SMC is a very nearby star-forming galaxy which exhibits a hard gamma-ray spectrum up to
1 TeV, which could be attributed to its star forming activity [16]. The importance for studying this
source with KM3NeT/ARCA and the potential to significantly constrain the theoretical models has
been pointed out in Ref. [5]. In this contribution, in order to evaluate the sensitivity, the source
is simulated as a disk of radius r = 0.5° (therefore a total extension of ~ 1°) which is consistent
also with the Fermi-LAT observations [16]. The expected sensitivity is shown in Fig. 3 (for 2 BB
after 20 years of operation) compared with theoretical neutrino expectations according to [S]. The
integrated MRF is shown as a function of time. In this case, it will take a couple of decades in order
to produce an upper limit. It is worth mentioning that if the neutrino emission is concentrated in
a smaller region of the galaxy effectively, the expectations will improve. Even in case no neutrino
excess will be found, it will be important to constrain the hadronic budget of this source at 1 - 10 TeV.
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Figure 3: Left: Theoretical neutrino expectations according to Ref. [5] with the corresponding integrated
and differential sensitivity after 20 years of operation with 2BB. Right: The integrated MRF is shown as a
function of the KM3NeT/ARCA operation time (for 2BB).

Furthemore, further analysis using a likelihood framework is also expected to significantly improve
the expectations.

Circinus Galaxy

Circinus Galaxy is a nearby SBG situated 4 Mpc away from the Earth [15] in a region of the
sky where KM3NeT/ARCA is expected to have full visibility [3]. It has also AGN actvity just like
NGC 1068 with Seyfert Galaxy activity. Therefore, it might be the perfect candidate not only to
study SBG emissions, but also to understand if other seyfert galaxies have similar emission as NGC
1068. It is also noteworthy to remark that this particular source is nearer than NGC 1068, thereby
providing better prospects for future discovery for this source. The resulting sensitivity is shown
in Fig. 4. Analogously to SMC, the neutrino expectations from SBG activity ([5]) are compared
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Figure 4: Left: Theoretical neutrino expectations from the SBG activity according to Ref. [5] compared
with the corresponding integrated and differential sensitivity after 20 years and 2BB. Right: The integrated
MREF is shown as a function of the KM3NeT/ARCA operation time (for 2BB).

with the corresponding integrated and differential sensitivities. The expectations are less promising
since this source has a lower flux compared to SMC. However, a potential AGN component might
significantly increase the normalization of the flux, leading to much better expectations.
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3.1 Sensitivities for Different Positions in the Sky

The differential sensitivity after 10 years and 2BB for different declinations is shown in Fig.
5. The result highlights how the KM3NeT/ARCA expectations vary along different position in the
sky.
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Figure 5: 90% C.L. Quasi-differential sensitivity for point-like emission for several positions in the sky. The
cut & count method is used and the sensitivity refers to one flavour of neutrinos and antineutrinos.

4. Conclusions

The potential of the full KM3NeT/ARCA to discover diffuse and point-like spectra has been
presented in this contribution. The result highlights that the upcoming detector will be able to
strengthen IceCube’s observations, confirming measured spectral features in few years of operation.
KM3NeT/ARCA will also be able to detect neutrinos from nearby starburst galaxies. It is worth
emphasizing that the expectations are going to improve with future event selections able to better
reject the background and with more sophisticated statistical treatment of the data. For instance,
a maximum likelihood ratio framework might improve the point-like sensitivity, thereby reducing
the time needed for discovery for NGC 1068 and for constraints on the other sources. Nonetheless,
already with cut & count method, it is clear that KM3NeT/ARCA will pave the way for a new era
of the multi-messenger astronomy.
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