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The identification of the sources contributing to the acceleration of Galactic Cosmic Rays (CRs) is
along-standing puzzle. Star-forming regions (SFRs) may be one of these potential contributors, in
fact, the detection of y-rays from the Cygnus Cocoon indicates the existence of freshly accelerated
high-energy particles in the region, making it the first case of a firm detection of CR acceleration in
SFRs. However, the limited number of such y-ray detections are preventing any conclusion about
the prevalence of SFRs as CR sources. In this paper, we present a summary of the morphological
and spectral study of the unidentified source 4FGL J1115.1-6118 using about ten years of data
above 10 GeV taken with Fermi-LAT. This source is positionally coincident with the young
massive stellar cluster NGC 3603, and represents one of the few cases already studied in y-rays.
We will also present perspectives for a systematic search of y-ray emitting SFRs. These are the
first steps towards potentially establishing these types of sources as fundamental CR emitters. The
results included in this proceeding and shown in this presentation were published in ref. [1]. The
details about the analysis, interpretation and modelling of 4FGL J1115.1-6118 can be found in
the aforementioned reference.
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The identification of major contributors to the observed Cosmic Rays (CRs) fluxes is a prime
objective towards the resolution of the long-standing enigma of the origin of CRs. Supernova
remnants (SNRs) are regarded as promising sources of Galactic CRs with energies up to the 10
eV (the knee of the CR spectrum). However, over the last decade, space- and ground-based
telescopes have revealed new classes of Galactic y-ray source populations. Some of them can be
considered as complementary or alternative CR sources.

Star-forming regions (SFRs) are considered potential contributors to the acceleration of Galactic
cosmic rays, and detection of y-rays from such SFRs in our Galaxy can establish the presence of
relativistic charged particles. Indeed, the detection of y-rays from the Cygnus cocoon indicates the
presence of freshly accelerated high-energy particles in the SFR, making it the first case of a firm
detection of such cosmic-ray acceleration [3].

y-ray emission is also detected from a few more massive stellar cluster such as Westerlund 1
[4, 5] and NGC 3603 [1, 6]. In a search for such sources, recently some more studies have been
performed [7-9]. All these evidences make SFRs an interesting class of y-ray candidates for CR
accelerators. Therefore, SFRs have become a new class of candidates for CR accelerators [2].
However, several questions are still open, and more observational evidence is required to establish
the role of SFRs in the CR lifecycle.

NGC 3603 is an SFR that has been observed at various wavebands, including y-rays. NGC
3603 is a nebula situated in the Carina spiral arm of the Milky Way at a distance of about 7 + 1
kpc from the solar system [10-15]. It is a massive (M > 2000 M) Hii region and one of the most
Iuminous optically visible ones in the Milky Way, being powered by a cluster of OB stars [16].
The H-alpha luminosity of NGC 3603 is L(H,) ~ 1.5 x 10* ergs s=! [17], and the total mass of
molecular clouds is about 4.1 x 10°M [18]. The average age of the cluster is between 2 and 3 Myr
and the star formation in and around the young cluster has been going on for about 10-20 Myr
[10, 15].

Recently, we have investigated 4FGL J1115.1-6118 using about 10 years of Fermi-LAT data.
This source positionally coincident with NGC 3603 was first detected in the third Fermi-LAT Hard
Source Catalog [3FHL J1115-6117; 19]. Earlier studies above 10 GeV from the same region
using 7 years of Fermi-LAT data suggested the presence of extended emission [6]. The emission
was claimed to have a hard spectrum with a photon index of 2.3 + 0.1 from 1 GeV to 250 GeV.
The emission region was best-fitted with a Gaussian centred at RA (J2000) = 167°.8 +0°.1, Dec
(J2000) = -61°.3+0°.1 with width = 1°.1 £0°.1, corresponding to a significance of more than 10c.
Taking advantage of an extended Fermi-LAT dataset with better event-level analysis and improved
interstellar emission models [20], along with X-ray data, we studied emission from the fourth
Fermi-LAT catalog source 4FGL J1115.1-6118.

The results of our detailed analysis show that the observed y-ray emission from the 4FGL
J1115.1-6118 source is not significantly extended as reported before. We remarked that this
region also contains the extended source FGES J1109.4—-6115e, which plays a significant role in
characterizing the morphological properties of the sources present in this region and deserves further
analysis. Observed X-ray emission was also observed to be associated with the point source 4FGL
J1115.1-6118 and Galactic in origin. We also found that the observed SED could be explained
with both a leptonic and a hadronic model for density of ambient matter of 35 cm™3.

We investigated all possible association of the detected source with the known classes of y-ray
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emitters. However, no such association can be made. Therefore we speculate that 4FGL J1115.1-
6118 is a case of y-ray emitting SFR. Hence, it becomes a potential candidate for studying SFRs
to understand the origin of cosmic rays using the next generation of y-ray telescopes such as the
Cherenkov Telescope Array.

Interstellar background modelling is a paramount source of uncertainty in the characterization
of emission from Galactic sources, especially extended ones. Hence we plan to select a few alternate
interstellar background models to assess the related uncertainties, Finally, to establish this class of
sources as a potential contributor to galactic CR, it is highly desirable to extend y-ray studies to a
larger sample of SFRs which might be associated with emission of y-rays. Thus we also plan to
perform a systematic search of y-ray emission from a large sample of stellar clusters. The detection
of more y-ray sources from the direction of SFRs or the non-detection of many targets will tell
us about this class of sources as possible sites of Galactic CR acceleration depending on their
properties such as age and stellar content.
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