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The Gamma Cygni supernova remnant (G78.2+2.1) is a middle-aged SNR (∼ 7000 years old)
situated in the Cygnus region. The high-energy observations by VERITAS and Fermi-LAT re-
vealed a complex, energy-dependent morphology of the SNR in the GeV-TeV band, different
from that observed in X-rays. G78.2+2.1 also hosts the pulsar PSR J2021+4026, which is the
only variable gamma-ray pulsar known to date. Using recent observations of the Gamma Cygni
region with the MAGIC telescopes together with data from the Fermi-LAT, we present the struc-
ture of the emission from the northern and southern shell in the GeV to TeV energy range. We
discuss the implication of the result of this morphological analysis in the context of our current
understanding of supernova remnant models and view possible counterparts of the emission in a
multi-wavelength context.
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1. Introduction

Recently the Fermi-Collaboration proved the long expected hypothesis that supernova rem-
nants (SNRs) can accelerate cosmic rays up to TeV energies [1]. Those objects were however
matured SNRs (≈ 104 yrs) at the end of the Sedov phase, already interacting with the interstellar
medium (ISM) and not showing coincidence between γ-ray emission and a bright radio shell any
more. Younger Sedov SNRs do show γ-ray bright limb emission, but which spectra seem to be
better explained by leptonic models [2]. The γ-Cygni SNR, being∼ 7000 yrs old and in the middle
of the Sedov phase, may fill this gap and may allow to study the evolution of SNR over the Sedov
phase and thus the transition of the bright SNR shell towards SNR/Molecular cloud interaction.
This phase is connected with the deceleration of the shock and an increased escape of cosmic rays
as the SNR interacts more with the ISM.
The supernova remnant G 78.2+2.1 is situated in the heart of the Cygnus region, close to the bright
γ-Cygni star Sadr. Hence, it is also called the γ-Cygni supernova remnant. It is the remnant of a
core-collapse supernova hosting the pulsar PSR J 2021+4026 that can be associated with the SNR
[3], the only known γ-ray-variable pulsar [4]. The remnant shows a bright circular radio shell with
a radius of 60′ [5]. The system lies at a distance of 1.5-2.6 kpc ([6],[7]) from the Earth. Assuming
a distance of 1.7 kpc the radial extend of the shell is 17 pc.
It was one of the first γ-ray sources discovered in 1979 by the COS-B satellite. Since then it has
been studied by various instruments over the whole electromagnetic spectrum. The VERITAS tele-
scopes found TeV γ-ray emission in 2013 towards the northern part of the shell ([8]) that does not
spatially coincide with the GeV emission seen by Fermi-LAT, which seems rather distributed all
over the SNR shell ([9]). Fraija and Araya [10] found that the GeV emission seen by Fermi-LAT
shows a harder spectrum at the VERITAS source than for the rest of the shell. Still the connection
between the GeV shell and the TeV extended source remains unclear.

2. MAGIC data taking and analysis

The MAGIC (Major Atmospheric Gamma Imaging Cherenkov) telescopes are a system of
two 17 m diameter large Imaging Air Cherenkov Telescopes (IACTs). The telescopes are located
at the Roque de los Muchachos Observatory on the Canary island La Palma, Spain, at 2200 m alti-
tude. The telescopes observe the short flashes of Cherenkov light induced by γ-ray air showers in
stereoscopic mode. When operated in standard mode the telescopes cover the energy range from
50 GeV to more than 50 TeV. The energy resolution is 16 % and the angular resolution of the sys-
tem is < 0◦.07. The integral sensitivity in 50 h above 220 GeV is 0.66 % Crab. [11]
The data set presented here comprises 45 h of dead-time-corrected observation time after selection
cuts taken between May and November 2015. The data were recorded under dark conditions be-
tween 10◦ and 43◦ Zenith distance. Data of reasonable quality with an atmospheric transmission,
measured by a LIDAR system [12], of > 80% were included. In order to minimise the effect of the
nearby bright star Sadr (2.2 mag) two wobble pointings were chosen around the VERITAS source
position in the northern part of the shell. Still the star affects the recorded shower images raising
the analysis threshold to 200GeV. The point spread function (PSF) (for E> 200GeV) during the
observational period is estimated using point-sources to be ≤ 0◦.065 (σ extend of 2D Gaussian).
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The data reduction was performed using the standard MAGIC Analysis and Reconstruction Soft-
ware (MARS). After the γ/hadron separation carried out by a Random Forest classifier [13], the
high level data are analysed using a newly developed spatial 2D likelihood analysis similar to what
is used for Fermi-LAT data and based on [14]. It consists of a package computing the 2D instru-
ment response functions such as the PSF and the exposure from Monte-Carlo simulations based on
the pointing history of the telescope and obtaining the background model using all recorded events
except for the ones arriving in a predefined source region. For this study the area of the radio source
and a 0◦.5 region towards the northern part of the shell was excluded from the background model.
The models are constructed in camera coordinates and afterwards projected on the sky considering
the rotation between the camera system and RA/Dec coordinates. This new analysis tool allows us
for the first time to fit multiple source components to data obtained with an IACT and to extract
their spectra simultaneously.

3. Fermi-LAT data

The data from the Fermi-LAT presented here are reduced using the Pass8 (P8R2_V6) analysis
and the event selection cuts for the P8R2_SOURCE event class. The observation period used
comprises 8.7 years of data between June 2008 and April 2017.

4. Results of the MAGIC observations

The MAGIC excess map above 200 GeV reveals extended emission all over the remnant area
as shown in figure 1. The emission forms an arc like structure in the north west with an adjunct
bright extended source and additional hotspots inside the shell. The MAGIC emission largely
overlaps with the extended emission seen by VERITAS. The strongest emission is located north of
the TeV emission observed by VERITAS. Its centre lies on the radio limb, but extends beyond the
shell. The arc like emission is aligned along the north-west part of the radio shell. The brightest
emission spot inside the shell coincides with the brightest radio emission of the southern shell.

The MAGIC data can be well fitted with a flat disk model located at the centre of the radio shell
(Ra/Dec = (305.25; 40.43)) with the same extension as the radio shell (r = 0◦.56) and a 2D Gaussian
centred on (Ra/Dec)=(304◦.95± 0◦.01stat± 0◦.02sys; 40◦.90±,0◦.02stat± 0◦.02sys) with an exten-
sion of 0◦.09± 0.02 (68% containment radius) accounting for the bright source at the northern
shell. The combined likelihood fit results in a significant (> 5σ ) detection for each source, the disk
and the Gaussian. All remaining residuals are below 3 σ local significance. The extracted spectrum
of the γ-Cygni SNR is consistent with previous measurement by Fermi-LAT and VERITAS [8].

The source shows an energy dependent morphology as displayed in figure 2. The emission be-
low 200 GeV is well confined within the supernova radio shell. However, the comparison with the
> 200 GeV measurements performed by MAGIC reveals a continuous change in the morphology:
Above 450 GeV the emission clearly extends beyond the radio shell by ≈ 0◦.2 (6 pc at 1.7 kpc).
This behaviour is observed in the northern part of the shell only; however, the MAGIC observa-
tions were focussed on the northern part of the SNR and thus the exposure for the southern part
is significantly lower. In addition at the southern part of the shell the sensitivity of MAGIC at
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Figure 1: Relative flux map measured by MAGIC above 200 GeV with 3 and 5 σ significance contours. The
400 K radio contours of the SNR from the 408 MHz observation of the Canadian Galactic Plane Survey are
added in orange. The white diamond indicates the position of PSR J2021+4026 and the yellow star the one
of the γ-Cygni star, Sadr (2.2 mag).

lower energies is further reduced by the presence of Sadr. Therefore, a firm conclusion about the
morphology of the southern shell cannot be derived yet.

5. Discussion

The complex morphology of the γ-Cygni region observed by MAGIC reveals intriguing details
of the structure of this SNR. The brightest γ-ray emission originates from the north-west part of
the shell, where X-ray measurements show bright thermal emission from shock heated gas [7] and
hard X-ray clumps [15], of which at least one can be associated with the SNR and originating from
non-thermal bremsstrahlung emission. Hence the emission hints at a denser interstellar medium
towards the northern shell that is partially already overtaken by the shock. This may explain the
concentration of the emission in the north-west in the GeV range as observed by Fermi-LAT. This
speaks in favour of the hypothesis that the SNR expands inside the progenitor star bubble and starts
to interact with a putative cavity wall as proposed by [16].

Additionally our observations show that the emission > 450GeV extends beyond the radio
SNR shell by ≈ 0.2 deg. A possible explanation to this phenomenon are cosmic rays starting to
escape the shock above several TeVs. This effect is widely discussed in the literature and expected

3



P
o
S
(
I
C
R
C
2
0
1
7
)
6
8
5

γ-Cygni observations with MAGIC Marcel C. Strzys

Figure 2: Morphology of the γ-ray emission at different energy bands. Upper left: photon count map of
the γ-Cygni SNR between 15 and 50 GeV as measured by Fermi-LAT smoothed with a Gaussian kernel of
σ = 0◦.08. The yellow line is the 400 K contour of the CGPS radio measurement at 408 MHz. Upper right:
same as left image, but in an energy range from 50 to 200 GeV. Lower left: relative flux map as measured
by MAGIC in the energy range from 200 to 450 GeV and the orange line is the same radio contour as in the
upper panels. Lower right: same as the image to the left, but at energies above 450 GeV.

for a Sedov phase SNR (e.g. [17]). The transition energy suggested by the MAGIC observations
lies in the expected energy range for a ≈ 7000 yrs old SNR. Either the cavity wall or a CO cloud
visible in the J= 2→ 1 line emission towards the main emission region seen by MAGIC observed
by the Planck satellite1 could be a target for escaping cosmic rays.

Despite this plausible explanation, the association of the observed γ-ray emission with the
SNR can be questioned. Indeed, while the association of the larger scale shell emission with γ-
Cygni seems to be justified as it is aligned along the radio shell, the bright source in the north-west
can be of different origin. Still there are no known AGNs or PWN within 0.2 deg from the position
of the source requiring it to be an “dark accelerator”. Also there is no variability observed from
this object. Hence, the association with the γ-Cygni SNR currently seems the most likely one.

1http://pla.esac.esa.int/pla/
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6. Conclusion

MAGIC observations have shown that the γ-ray emission from γ-Cygni shows a complex,
energy dependent morphology. They suggest that the SNR consists of different components dom-
inating the emission at different energy bands. At . 450GeV the emission seems to be confined
inside the radio shell agreeing with the emission observed by Fermi-LAT. Towards higher energies
the emission seems to be concentrated at the rim of the northern shell and extending beyond it.
This two component model can explain the difference in the spectra measured by Fermi-LAT and
VERITAS and is hinting at an enhanced interaction of the SNR shock with the interstellar medium
at the northern shell and a possible leakage of cosmic rays into the ambient medium.
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