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The density of molecular gas in the central few hundreds parsecs of our Galaxy is estimated to be
two orders of magnitude larger than the Galactic average one. This, so called, Central Molecular
Zone, represent a privileged target where to look for a signature of Galactic cosmic ray interactions. Here we report the diffuse neutrino expectations from this region following a recently
introduced phenomenological scenario. This model reproduces the Fermi-LAT and H.E.S.S. observations of the central 200 Parsecs without the need of local cosmic-ray accelerators. Once
fixed the gas and source distribution parameters to reproduce the normalization of the gammaray observed, we use the same framework to obtain the neutrino emission from the molecular
clouds Sagittarius B and Sagittarius A and for the region of the inner 200 parsecs. We compare our expectations with the point-like sensitivity of IceCube for this region of the sky and we
consider also possible point-like contributions due to Supernovae Remnants contained inside this
region. Finally we discuss the future perspectives of the Global Neutrino Network to characterize
the neutrino emission from Central Molecular Zone and the possibility to determine the Galactic
cosmic-ray cutoff through the IceCube HESE events.
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1. Introduction
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With Central Molecular Zone (CMZ) we indicate the region extending few hundred parsecs
about the Galactic center (GC) along the Galacic plane (GP). Due to the extreme conditions of
star formation rate and gas density, with values greater than 104 cm−3 [1], this region represents
a unique target for the Galactic cosmic rays (CRs) [2] and consequently a guaranteed neutrino
factory [3]. A gamma-ray emission is also expected due to the CRs interaction and the dedicated
observations can be used to constrain the parameters of the CR population and of the gas distribution in this interesting region of the Galaxy. In this work we compute the neutrino flux and signal
expectations using a recently introduced phenomenological model (Gamma model) based on a spatially variable cosmic-ray transport along the Galactic radius and tuned on a large Galactic scale to
explain the measured diffuse gamma-ray emission [4, 5]. Recently the H.E.S.S. collaboration published new measurements for a ridge of 200 parsecs symmetric respect to the Galactic center (GC)
using 250 hours of data [6]. With this new sample of events the H.E.S.S. collaboration obtained a
detailed morphology of this region and its total gamma-ray spectral energy distribution (SED). The
measured SED resulted harder than the cosmic-ray SED measured at the Earth [7, 8] and in a good
agreement with the corresponding SED obtained with Fermi-LAT data at lower energies [2]. While
the H.E.S.S. collaboration interpret this hard SED as a consequence of freshly accelerated cosmic
rays produced by a local “Pevatron” [9], according to the Gamma model this emission is produced
by the cosmic-ray sea present in this region of the Galactic plane interacting with the dense gas
[10]. As showed by [2] the Gamma model well explain also the gamma-ray SEDs of individual
molecular clouds inside the CMZ like the Sagittarius B and the “pacman” region observed around
Sagittarius A* [10]. We start our analysis by setting two terms used in the Gamma framework: the
source and the gas distributions. We fix the gas distribution using a 3D model with a normalization of XCO able to match the gas column density map adopted by H.E.S.S. in [9]. Successively
we select the source term distribution able to describe the total gamma-ray spectrum obtained for
the region |l| < 1.0◦ and |b| < 0.3◦ , considering the PASS8 data sample [11] of Fermi-LAT and
the recent H.E.S.S. data analysis [6]. The selected source distribution description [12] takes into
account a complete catalog of supernovae remnants (SNRs) type I e type II resulting in a slightly
higher flux of gamma-ray and neutrino produced respect to older source distribution descriptions
[13]. With this selected framework for the Gamma model we obtain the expected neutrino SED for
the whole 200 parsecs observed as a diffuse gamma-ray region by the H.E.S.S. collaboration and
for the contained molecular complexes Sagittarius A (“pacman” region) and B [14]. We report also
the expected neutrino spectra following a standard scenario of uniform CR diffusion (Base model)
for the whole Galactic plane with the same setting for source and gas distribution. We compare the
expected neutrino emissions with the point-like source sensitivity obtained by IceCube collaboration from 7 years of data [15] and with the maximal neutrino flux deduced from a PeV HESE event
[16] compatible with this region of the sky. We discuss the perspectives of observation considering
the Global Neutrino Network [17] and the possibility to constrain the cutoff of Galactic CRs.
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2. Comparison with H.E.S.S. and Fermi-LAT data
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Figure 1: The gamma-ray spectrum in the CMZ region |l| < 1.0◦ and |b| < 0.3◦ . Fermi-LAT data, extracted
with the Fermi Science Tools [18] in this work, and H.E.S.S. data from [6] are compared with the contribution of the Gamma and Base models discussed in the text. On the left side the gamma model is obtained
considering the source term of [12] and a XCO = 0.4 while on the right side the Gamma model is obtained
considering the source term of [13] and a XCO = 0.6. The single power-law best fit of the combined data
is also reported with the green dashed lines. We have subtracted the contribution of point sources from the
FGL catalog released by Fermi-LAT collaboration [20].

5 GeV and 40 TeV results to be:
−5

ΦGR = 1.181 × 10



Eγ
1TeV

−2.42

GeV −1 cm−2 s−1 sr−1

(2.1)

and as shown by [2] a similar spectrum is obtained by the regions of Sagittarius A* and Sagittarius
B suggesting the same emission process for the whole region. As we can see from the plots reported
in Fig. 1 the case of source distribution term [12] can fit the reported GR spectrum without needed
of addition components. Considering this result we use the same setup for obtaining the following
neutrino expectations.
3
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In this section we report the gamma-ray diffuse emission spectrum from 5 GeV up to 50 TeV
from the CMZ region determined from the combination of Fermi-LAT and H.E.S.S. data. We extract Fermi-LAT data using the Fermi Science Tools v10r0p5 [18]. We use 470 weeks of PASS8
data with the event class CLEAN and we apply the recommended quality cuts: (DATA_QUAL==1)
&& (LAT_CONFIG==1). The exposure is computed using the Fermi-LAT response function
P8REP2_CLEAN_V6. Here the data are binned in 20 energy bins equally spaced in log scale
between 300 MeV and 300 GeV obtained following [19]. We subtracted the emission due to the
point source obtained from the 4-year Point Source Catalog (3FGL) provided by the Fermi-LAT
collaboration [20]. The total spectrum measured in the the region |l| < 1.0◦ and |b| < 0.3◦ between
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3. Neutrino expectations and comparison with IceCube observations

Figure 2: The obtained neutrino SEDs for the molecular clouds Sagittarius A (“pacman” region), on the
left side, and Sagittarius B (|l| < 0.5◦ and |b| < 0.5◦ ), on the right side, considering the introduced Gamma
Model and the standard Base Model with two different cutoffs for the primary protons: at 5 and 50 PeV [21].
For the case of the “pacmac” region we reported also a possible neutrino point-like emission of HESS J1745290 extrapolated from the gamma-ray spectrum reported by H.E.S.S. collaboration [14]. Even considering
the total gamma-ray flux of HESSJ1745-290 fully hadronic the contribution of neutrino emission inside the
“pacman” region is visible only in the low energy range. For comparison we reported also the sensitivity
for this region of the sky obtained by IceCube collaboration considering 7 years of data taking with starting
track events (νµ + ν¯µ ) above 60 TeV. Reported also the estimation of neutrino flux observed with 4 years of
HESE event analysis considering the only PeV neutrino event (IC 14) compatible with the CMZ region.

Sagittarius B molecular clouds are seen as diffuse emitting regions when we observe the gammaray emission with Fermi-LAT and H.E.S.S., with the analysis of the VHE neutrino emission their
spatial extensions result compatible with a point-like source search. The CMZ region reported here
represent a slightly different case since the spatial extension is on the limit to be considered pointlike emitters, especially for νµ + ν¯µ analysis. As we can see from Figs. 2 and 3 the sensitivity
reached by IceCube with 7 years of starting track events is still not enough to reach the expected
flux of Sagittarius B and Sagittarius A molecular clouds when the Gamma model is considered. A
different scenario is obtained for the CMZ region |l| < 1.0◦ and |b| < 0.3◦ where the sensitivity
4
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In this section we report the expected neutrino SEDs due interaction of the cosmic-ray sea
with the gas in the dense central region of our Galaxy . In particular we consider the CMZ region
reported by H.E.S.S.(|l| < 1.0◦ and |b| < 0.3◦ ) this year, the “pacman” region (a open ring with
0.15◦ < θ < 0.45◦ ) measured around Sagittarius A* reported last year, and an other major cloud
present inside the CMZ observed as a TeV emitter from H.E.S.S. in 2006 [14]: Sagittarius B
(|l| < 0.5◦ and |b| < 0.5◦ region reported by H.E.S.S. collaboration). We obtain the expected
neutrino SEDs computed with the Gamma model as well as with the Base model, considering two
different cases for the cutoffs of primary CRs (5 and 50 PeV). We show also the recent sensitivity
on point-like source searches published by IceCube experiment considering the νµ + ν¯µ starting
track events above 60 TeV collected in 7 years of data tacking. While the “pacman” and the
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Figure 3: On the left side: the zoomed skymap on the CMZ with the point-like sources seen by Fermi-LAT
telescope (with coral stars the 3FGL while with blue violet circle the 2FHL). Possible neutrino point-like
sources, observed also as TeV gamma-ray emitters are 3FGL J1746.3-2851c and 2FHL J1745.7-2900. With
the navy star we indicate the position of the IceCube HESE shower event IC14 with a reconstructed energy
of 1041 TeV. Due to its angular incertitude of 13.2◦ the entire reported region can be considered compatible
with his reconstructed position. With dashed blue, red and black lines we reported the studied regions
of Sagittarius A (“pacman”), Sagittarius B (region of H.E.S.S. 2006) and the region of CMZ observed by
H.E.S.S. in 2017. The previous two regions are contained in the last one. On the right we report the expected
neutrino spectra for Gamma and Base models in comparison to the IceCube point-like sensitivity obtained
with 7 years and the flux extrapolated from the HESE event IC14.

.
constrain the different models of CR sea diffuse emission, with a big improvement expected from
ANTARES [22] and future KM3NeT/ARCA [23] observations, the most energetic HESE event
collected around the GC by IceCube experiment can give us hints about the cutoff to be applied to
the primary CRs. Looking over the 54 HESE events one of them (IC14) with measured energy of
◦
1041+132
−144 TeV and a angular incertitude of 13.2 can be spatially related with the position of the
CMZ regions considered here. In Figs. 2 and 3 we introduce the maximal neutrino flux computed
considering the HESE event compatible with the reported region of the sky in comparison with the
neutrino spectra from Gamma and Base models. Since we are referring to a single PeV shower
event (IC14, with 13.2◦ of angular incertitude) associated with the CMZ region, this flux cannot be
5
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of point-like sources analysis start to be compatible with the expected neutrino flux of Gamma
model above 60 TeV. It should be noted here that the IceCube sensitivity is calculated for a generic
E −2.0 spectrum whereas the expected neutrino spectrum from Gamma model follows a power law
of E −2.3 up to few hundreds of TeV. The total integrated neutrino SED for the CMZ will does
not change drastically if we add possible point-like contribution from the recently observed HESS
J1746-285 and HESS J1745-290 (in the reported map of Fig. 3 respectively 3FGL J1746-2851C
and 2FHL1745.7-2900). This is visible in the plot 2 where the eventual neutrino contribution of the
HESS J1745-290 is added to the total spectrum of the “pacman” (Sagittarius A molecular cloud).
While the analysis of track-like neutrino events from these regions of the GP will be important to

High Energy Neutrino expectations from the Central Molecular Zone

Antonio Marinelli

considered significant to constrain the reported scenarios, however taking into account his energy
can give preliminary suggestions about the cutoff of primaries CRs to be used. For all the reported
regions (Sagittarius B, “pacman” and CMZ) the obtained flux at PeV seems more compatible with
5 PeV cutoff, however we will have more stringent limits as soon as a more complete HESE catalog
will be available.

4. Results and Conclusions

6
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In this work we use a recently introduced Gamma model to obtain the expected VHE neutrino
emission from the inner 200 Parsecs around the central SMBH of our Galaxy. This model assume
an anisotropic diffusion of Galactic CRs along the Galactic radius producing a hardening of the
gamma-ray and neutrino spectra when moving through the GC. We start fixing the parameters of
source and gas distribution for the Gamma and Base (standard scenario with a uniform CR diffusion along the GP) models. For this purpose we set the XCO able to reproduce the gas column
density obtained by H.E.S.S. collaboration for the analysis focused on the GC, and we select the
source distribution able to account for the gamma-ray SED recently obtained by the H.E.S.S. collaboration from the region |l| < 1.0◦ and |b| < 0.3◦ . With these setting for the Gamma model we
obtain the expected neutrino SEDs from the same region of CMZ observed by H.E.S.S and for the
contained molecular clouds of Sagittarius B (0.4◦ < l < 0.9◦ and −0.2◦ < b < 0.3◦ ) and Sagittarius
A (the “pacman” region). We compare the expected neutrino SEDs from Gamma and Base models,
taking into account two possible cutoffs for the primary CRs (5 and 50 PeV), with the point-like
source sensitivity obtained by the IceCube collaboration with the analysis of the contained track
events (νµ + ν¯µ ), with energy above 60 TeV reconstructed with 7 years of data taking. As it is
shown in Fig. 2 the sensitivity reached for point-like emission by IceCube seems to be not enough
for seing the neutrino signal from these two molecular clouds when Gamma model is considered.
On the other hand looking at the expected neutrino SEDs integrated over the whole 200 parsecs
(Fig. 3) observed recently by H.E.S.S. (|l| < 1.0◦ and |b| < 0.3◦) we obtain more promising expectations with possible positive results on a short time scale. From this region of the sky, a even
better sensitivity can be expected from the ANTARES telescope when looking for point-like source
through all-flavor analysis [24]. The observation of the CMZ through muonic neutrino channel can
be complementary to the analyses focused on a larger portion of Galactic plane, like the one recently published by the ANTARES collaboration (for the region |l| < 40◦ and |b| < 3◦ ) [22] to
understand the emission related to Galactic CRs interaction with the molecular gas. A detailed
study of the full CMZ region (≤ 600 parsecs) will became possible in a near future with the incoming KM3NeT/ARCA Mediterranean observatory [25]. Another interesting result to be reached
with VHE neutrino observations will be a better constraint on the energy cutoff for the primaries
interacting CRs. This estimation cannot be possible for energies above few PeVs with gamma rays
due to the background absorption from distances above few kiloparsecs. For this purpose the neutrino becomes a privileged messenger. Following the scenario introduced with the Gamma model
the CMZ region can be considered a good candidate for producing neutrinos around PeV energies.
In fact 5% of the total molecular gas present in our Galaxy is contained in a region where we expect
also the hardening of diffuse CR SED. However, focusing on the CMZ, this study can be performed
exclusively with IceCube events due to the absorption PeV neutrinos on the Earth before reaching
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the Mediterranean telescopes. From the last catalog of HESE events we can consider one of them
(IC14) compatible with the position of the CMZ, giving us the possibility of a first preliminary extrapolation of the maximal neutrino flux at the PeV energy. Even if at the moment this estimation
cannot be considered significative due to the angular incertitude of 13.2◦ we report here, in Figs. 2
and 3, this exercise for the three selected regions. With the poor statistics of only one HESE event
the cutoff of 5 PeV for primary CRs seems to be more compatible with the expected neutrino flux
at PeV; however it will be interesting to repeat this study with the future incoming HESE catalogs.
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