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Modeling the Galactic center emission from GeV to PeV
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Abstract. The H.E.S.S. collaboration recently reported a new analysis of the gamma-ray
diffuse emission from a “semi-annulus” region of 1.4 x 10~* steradiants around Sagittar-
ius A*. The gamma-ray spectral energy distribution measured from this region suggests
the presence of interacting cosmic rays at PeV energies. This analysis adds a important
piece to the previous measurements obtained with Fermi-LAT, H.E.S.S. and VERITAS
telescopes in this particular region of the Central Molecular Zone. Here we describe this
diffuse gamma-ray emission observed around the galactic center within a comprensive
model implying a cosmic-ray population with a harder spectrum in the central part of the
galaxy respect to the standard scenarios. With this phenomenological model we obtain
the expected diffuse gamma-ray and neutrino components for this target rich region con-
sidering the energy range from GeV to PeV. While for the gamma-ray expectations we
compare the results with the data of the mentioned experiments, for the expected neutrino
spectra we consider the possibility to observe the signal with Cherenkov telescopes.

1 Introduction

In 2006 the H.E.S.S. telescope reported the measurement of diffuse gamma-ray emission from a cen-
tral ridge [1] of our galaxy after the subtraction of point-like contributions. The diffuse gamma-ray
spectral energy distribution (SED) obtained from the ridge cannot be explained with a standard sce-
nario where the transport of cosmic rays (CR) doesn’t change moving from the periphery of the
Galaxy to the central molecular zone (CMZ). A more recent publication of H.E.S.S. collaboration re-
ported the results of a longer campaign [2], around ~ 250 hours, focused on a “semi-annulus” region
of 1.4 x 107 steradiants around Sagittarius A*. The SED obtained with H.E.S.S. observations, from
this region around Sagittarius A*, can be fitted with a single power law up to tens of TeV without
needing a cut-off and representing the first evidence of PeV cosmic-ray population in our Galaxy. In
the past Sagittarius A* had periods of high activities in x-ray [3] and a outflow was also observed [4];
however his contribution to Galactic cosmic rays is still unknown. The H.E.S.S. collaboration argues
that the measured spectrum from the “semi-annulus” region can be linked to the past emission [5] of
Sagittarius A* [2]. However, in the H.E.S.S. analysis, the gamma-ray contribution from the interac-
tions of cosmic-ray sea with the interstellar gas around Sagittarius A* was not taken into account. The
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expected diffuse gamma-ray and neutrino fluxes produced by these processes are strongly dependent
on the considered CR transport scenario and the assumed gas distribution. Here we present the ex-
pected diffuse gamma-ray and neutrino fluxes produced in the “semi-annulus” region, considering a
recently introduced scenario (KRA,) with a radially-dependent diffusion coefficient [6, 7]. To extend
the gamma-ray analysis to lower energies we use the Fermi-LAT data extracted from the PASSS cat-
alog. The PASS8 gamma-ray events were recently obtained with a new selection algorithm released
by the Fermi-LAT collaboration [8]. The new selection criteria increased the effective area, the en-
ergy estimation and the angular resolution of the detector, especially at high energy. After subtracting
the point-like contribution from the Fermi-LAT data in the diffuse region around Sagittarius A* and
adding the H.E.S.S. measurements we build a new SED lasting from 10 GeV to 40 TeV. We compare
the whole spectrum with the expectations from the cited KRA, scenario and the standard KRA sce-
nario where the CR propagation is homogeneous for the whole galaxy. For both cases we constrain the
possible diffuse emission directly linked to Sagittarius A* activity. Finally we compute the KRA and
KRA, diffuse neutrino expectation for the “semi-annulus” region introducing also a possible emission
from RXJ 1745-290 [9].

2 Comparison between data and models

The first analysis we show in this work represents the comparison between the expected diffuse
gamma-ray flux, obtained by the interaction of CR sea and the interstellar medium, and the measure-
ments of H.E.S.S. and Fermi-LAT experiment in the defined “semi-annulus" [2] around sagittarius A*.
Two different diffuse gamma-ray expectations are computed considering, the standard scenario with a
homogeneous CR propagation for the whole galaxy (KRA) and the case with a radially-dependent CR
diffusion properties inducing a hardening of CR spectrum toward the Galactic center regions (KRA,).
As a target of CR interaction when producing gamma rays and neutrinos we use the 3-dimensional
semi-analytic gas distribution presented in [10]. Where the molecular H, Hydrogen is obtained from
the CO emission line with a conversion parameter Xco(r ~ 0) ~ 0.5 x 10?° cm™2 K~ km™' with a
factor 2 uncertainty, while a number density of 0.11 (ny; + 2np,) is assumed for the atomic HI gas.
The computed gamma-ray expectations are then compared with a wide energy range data, the low-
energy ones extracted from Fermi-LAT PASS8 sample while the high-energy ones obtained by the
new campaign published in 2016 by the H.E.S.S. collaboration, covering the window from 10 GeV
to 40 TeV. It is interesting to notice that the entire studied SED can be fitted with a single power law,
as shown in the left plot of fig. 1, suggesting the common origin for the gamma rays emitted in this
energy range. The best fit for the two data samples considering a simple power law without cutoff
F = FoE™ is obtained for Fy = 1.9 x 1072 TeVem™s7! and @ = 2.39. On the right plot of fig. 1
it is shown also the difference between the best-fit analysis and the two computed scenarios (KRA
and KRA,). The sum of hadronic and leptonic components of KRA,, represented on the right plot of
fig. 1 by the blu solid line, results very close to the gamma-ray best fit over the entire SED leaving
a small slot for possible diffuse component directly related to the central engine Sagittarius A*. In
other words the gamma-ray component produced by the CR sea in the “semi-annulus” region account
for the quasi-total measured flux, when the KRA, model is considered, and even in the standard CR
scenario the diffuse sea component seems not negligible. The second analysis we present here is the
expected neutrino emission from the “semi-annulus” region considering the two scenarios, KRA and
KRA, for the diffuse galactic CR production. Taking into account the optimistic angular resolution
of 1° for neutrino telescopes at TeV energy ranges, when reconstructing track-like events, it is oppor-
tune to add the possibility of having neutrino contribution from central point source RXJ1745 — 290,
consistent with the Sagittarius A* position within 5. The same studies done through gamma-ray
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Figure 1. On left side are reported the differential flux measured by H.E.S.S. collaboration from the “semi-
annulus" around Sagittarius A* and the differential flux obtained from the Fermi-LAT PASS8 sample for the
same region. With the green dashed line the best-fit of the entire SED from 10 GeV to 40 TeV. On the right side
are reported the same data compared with two different scenarios; the KRA, representing the case with a variable
diffusion coefficient for the galactic CR in blu (the sum of leptonic and hadronic components is considered) and
the KRA representing the standard case with a homogeneous CR transport for the whole Galaxy in red (also here
we consider the sum of leptonic and hadronic components)

detectors for the “semi-annulus” region are not feasible with Cherenkov neutrino telescopes for both
statistics of events and angular resolution. However the standard KRA and the new KRA, scenarios
give us the possible neutrino expectations from this region of the CMZ. This region is not preferential
for the IceCube detectors being in southern hemisphere while represents a good target for the incom-
ing KM3NeT detector [11]. However considering the sensitivies showed in [12] more than 5 years of
data can be needed to observe the total SED indicated with the black solid line in fig. 2.

3 Conclusions

In this contribution we present the study of the emission from the "semi-annulus" region around
Sagittarius A* indentified by the H.E.S.S. collaboration as a possible Petaelectronvolt CR engine. We
show the best-fit analysis of the gamma-ray SED in the region between 10 GeV and 40 TeV collecting
togheter the PASS8 data, from Fermi-LAT, and the H.E.S.S. data after the subtraction of point-like
contribution. Then we compare the best-fit analysis with the expected gamma-ray diffuse emission
produced by CR sea from this region of the sky considering the KRA, scenario with a radial dependent
CR propagation and the standard KRA scenario with the same CR propagation properties for the whole
galactic plane. The entire gamma-ray SED considered, well fitted with a single power law without
cutoffs, is compatible with the KRA, SED (expected from the interaction of CR sea with the gas)
leaving a small room for possible diffuse emission directly linked to the central source Sagittarius A*.
We show also the study of the expected neutrino emission from “semi-annulus” region considering
the KRA and KRA, scenarios and introducing a possible additional contribution from RXJ 1275-290.
The expected total neutrino signal can be a challenge for the incoming KM3NeT telescope while can
be hardly detected by the actual IceCube detector. With all mentioned results we show that the KRA,
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Figure 2. Neutrino expectation from the “semi-annulus” region considering also a possible additional component
from RXJ 1745-290. The neutrino SED from KRA, scenario is reported with the blu solid line for the protons
cutoff at 50 PeV and with the blu dashed line for the protons cutoff at 5 PeV. The neutrino SED from KRA scenario
is reported with the red solid line for the protons cutoff at 50 PeV and with the red dashed line for the protons
cutoff at 5 PeV. The grey dashed line is the possible RXJ 1745-290 contribution assuming the entire spectrum
measured by H.E.S.S. [2], @y = (2.55£0.04,4, £0.37,,,) X 1072 TeV-tem™2 57! with [ = 2.14+0.02,, £0.10,,5,
and an energy cutoff of E.,, = 10.7 + 2.0, * 2.1, of hadronic origin. The black solid line represent the sum
of the KRA, (with protons cutoff at 50 PeV) expectations and the possible RXJ1745 — 290 neutrino contribution.

model, tuned on larger galactic scale, gives a more consistent picture, respect to the standard scenario
(KRA), also for this small region of the Galactic center.

References

[1] F. Aharonian et al. (H.E.S.S.), Nature 439, 695 (2006), astro-ph/0603021

[2] A. Abramowski et al. (H.E.S.S.), Nature 531, 476 (2016), 1603.07730

[3] M. Clavel, R. Terrier, A. Goldwurm, M.R. Morris, G. Ponti, S. Soldi, G. Trap, A&AS558, A32
(2013), 1307.3954

[4] M. Su, T.R. Slatyer, D.P. Finkbeiner, ApJ724, 1044 (2010), 1005 .5480

[5] G. Bélanger, A. Goldwurm, M. Renaud, R. Terrier, F. Melia, N. Lund, J. Paul, G. Skinner,
F. Yusef-Zadeh, ApJ636, 275 (2006), astro-ph/0508128

[6] D. Gaggero, A. Urbano, M. Valli, P. Ullio, Phys. Rev. D91, 083012 (2015), 1411.7623

[7] D. Gaggero, D. Grasso, A. Marinelli, A. Urbano, M. Valli, Astrophys. J. 815, L25 (2015),
1504.00227

[8] W. Atwood, A. Albert, L. Baldini, M. Tinivella, J. Bregeon, M. Pesce-Rollins, C. Sgro, P. Bruel,
E. Charles, A. Drlica-Wagner et al., ArXiv e-prints (2013), 1303.3514

[9] F. Aharonian, A.G. Akhperjanian, K.M. Aye, A.R. Bazer-Bachi, M. Beilicke, W. Benbow,
D. Berge, P. Berghaus, K. Bernlohr, O. Bolz et al., A&A425, L13 (2004), astro-ph/0406658

[10] K. Ferriere, W. Gillard, P. Jean, Astron. Astrophys. 467, 611 (2007), astro-ph/0702532



EPJ Web of Conferences 136, 03016 (2017) DOI: 10.1051/epjconf/201713603016
RICAPI6

[11] D. Gaggero, D. Grasso, A. Marinelli, A. Urbano, M. Valli, ArXiv e-prints (2015), 1508.03681

[12] S. Adridn-Martinez, M. Ageron, F. Aharonian, S. Aiello, A. Albert, F. Ameli, E. Anassontzis,
M. Andre, G. Androulakis, M. Anghinolfi et al., Journal of Physics G Nuclear Physics 43,
084001 (2016), 1601.07459



