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ABSTRACT

The Central Molecular Zone (CMZ) is a region of few hundred parsecs in the centre of our Galaxy that has
an estimated gas density two orders of magnitude larger than the galactic average one. The equivalent
mass corresponds to 5% of the total mass of the galaxy. In fact, it contains some of the most massive
Galactic molecular clouds such as Sgr A, Sgr B, and Sgr C. These conditions underline a privileged region
where to look for interactions of diffuse Galactic and local-accelerated cosmic rays.
A preliminary neutrino study of the Central Molecular Zone was obtained for the final detector configu-
ration as well as for the actual detector. While for the former we used Monte Carlo (MC) simulations to
describe signal and background, for the latter the background was obtained trough scrambled data.

METHODOLOGY

The Log-Likelihood Ratio (LLR [1]) serves as a test statistic for each dataset, indicating its compatibility
with two models: one including both signal and background (H1), and the other with background alone
(H0). It is computed as follows:

λ = log(µ = µ̂)− logL(µ = 0)

Where µ is the signal strength and µ̂ is the value that maximizes the logL which is defined by the logarithm
of the binned likelihood L:

L =
∏

i∈bins

P (Ni|ξi)

where Ni and ξi are respectively, the observed and expected number of events in the energy bin i, and
P (Ni|ξi) is the Poissonian Probability Density Function (PDF) of the energy events. Given the signal and
background expectations in bin i, the Log-Likelihood can be written as:

logL =
∑

i∈bins

Ni log (Bi + µSi)− Bi − µSi

where Si and Bi represent the signal and the background PDFs, respectively. Ni is the number of neutrino
events in bin i, and µ is the signal strength, which effectively parameterises the intensity flux.
We generate with MC simulation the PDF of the signal events, and we create the PDF of the background
using scrambled data of KM3NeT/ARCA.

KM3NET DETECTOR

KM3NeT [2] is a research infrastructure housing a new concept of Cherenkov neutrino telescopes. It com-
prises three-dimensional arrays of light sensor modules deployed in the deep Mediterranean Sea. Each
array forms a Detection Unit (DU) holding 18 Digital Optical Modules (DOMs). A DOM consists of 31
3-inch Photomultiplier Tubes (PMTs), covering 4π sr, and serves as the primary component for detecting
Cherenkov radiation produced by neutrino interaction products.

KM3NeT consists of two different neutrino detector infrastructures: the ARCA telescope which is opti-
mised to collect neutrinos from hundreds of GeV up to tens of PeV, and the ORCA telescope dedicated to
neutrinos from hundreds of MeV up to tens of GeV.
On the other hand, Antares [3] was a predecessor of Mediterranean neutrino telescopes and was taking
data from December 2007 to February 2022 with a total number of 900 Optical Modules.

In April 2021, the ARCA setup comprises 6 DUs, while at the present moment the ARCA geometry al-
ready includes 28 DUs in data taking. This analysis uses ARCA6-21 data, representing the data collected
by ARCA6, ARCA8, ARCA19, and ARCA21 setups, accounting for a total number of 425.03 days from
April 2021 to September 2023.

RESULTS

The following plot shows the neutrino expectations obtained by tuning the diffuse Galactic cosmic-ray sea
with Fermi-LAT & HESS data (KRA − γ model) [4, 5, 6], and the extrapolated neutrino CMZ Spectral
Energy Distribution (SED) from the IceCube paper [7]. The reported expectation has been used to model
our signal in this analysis.

Figure 1: The blue dotted line corresponds to the neutrino expectation obtained taking into account the
gamma emission from the CMZ. Interestingly the comparaison between the CMZ neutrino expectations
and the whole Galactic plane IceCube observations follows the ratio between the amount of gas contain
in this region and the total mass of the Galaxy (5% of the total Galactic mass).

The sensitivity of the combined ANTARES and ARCA6-21 geometry is shown in Fig. 2. Track-like events
and (νµ, ν̄µ) flavors are used taking into account 20PeV for the interacting cosmic rays cut-off. The sensi-
tivity of ARCA230 is obtained using dedicated MC simulation and applying a method called Cut&Count
[8]. Considering 10 years of the full ARCA geometry, as you can see in Fig. 2 , we possibly constrain the
neutrino model used in this analysis. The differential limits [9] are evaluated by determining the sensitivity
for an E−2 signal considering each decade of energy in logarithm scale.
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Figure 2: The sensitivity of the combined ANTARES and ARCA6-21 geometry is reported based on LR
described in the methodology. The sensitivity of ARCA230 is based on the Cut&Count methodology [8].
The differential sensitivity is obtained considering an E−2 spectrum for each energy bin.

CONCLUSIONS

In this work, we presented the expectations of KM3NeT/ARCA telescope for the Central Molecular Zone.
The sensitivity level was obtained by adding to the actual ARCA geometry the full ANTARES data sample.
Moreover, we also explored the case of the full ARCA detector geometry. With the last configuration,
the reported study indicates that after 10 years of data taking, we expect to verify the neutrino emission
predicted for the CMZ when apply to this region the last KRA− γ model.
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