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Abstract: The Cygnus region is an extremely active star forming region with a wealth of gamma-ray sources
such as pulsar wind nebulae, young star clusters, and binary systems. In the TeV regime, the Milagro observatory
has detected two extended sources, MGRO J2019+37 and J2031+41, along with hints of correlated GeV emission
in the region. The VERITAS observatory has observed MGRO J2019+37 with an angular resolution of 0.1◦ at
1 TeV, and found a region of extended emission at energies greater than 600 GeV that is spatially consistent with
the Milagro detection and associated with multiple sources at lower energies. The High Altitude Water Cherenkov
(HAWC) Observatory is ideal for studying the morphology and emission origin of the Cygnus region. It is a
surveying instrument with an energy range between 100 GeV and 100 TeV, an angular resolution of < 0.2◦ for
energies above 10 TeV, a field of view of 2 sr, a duty cycle greater than 90%, and an area of 22,000 m2. Currently
the HAWC Observatory is under construction at Sierra Negra in the state of Puebla, Mexico, and one third of the
full array will be operational by Summer 2013. I will present the sensitivity of the full array to the Cygnus region.
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1 The Cygnus Region
The Cygnus region is an active, gas-rich region and a
potential area for cosmic-ray acceleration. Observations
from radio to TeV gamma rays have revealed diffuse
emission and a variety of objects such as molecular clouds,
star clusters, and pulsars. The Fermi Large Area Telescope
(LAT) has detected over a dozen gamma-ray sources [1],
along with a cavity of enhanced gamma-ray emission with
a hard spectrum called the ”cocoon”. Particles seem to
be accelerated and confined within the cocoon, and the
cocoon gamma-ray emission appears to be consistent with
the Milagro observation of the region [2, 3].

At TeV energies, only a handful of sources have been
identified in the Cygnus region. The Milagro collaboration
reported extended TeV emission from MGRO J2019+37
and J2031+41 [3, 4] (see Figure 1). These two gamma-ray
sources have also been seen by other ground-based gamma-
ray observatories with various source type associations. In
addition, the Milagro data also show a few > 3σ hotspots
that are spatially correlated with sources from the Fermi
Bright Source List [5].

Diffuse excess in the Cygnus region at 15 TeV is
observed by Milagro after subtracting known sources [6].
This excess is likely due to interaction of newly accelerated
cosmic rays with the local environment. [7] reported that the
whole Cygnus region on average appears to have a cosmic
ray population similar to that of the local interstellar space
from GeV observations. Despite the correlations between
GeV and TeV observations for point and extended sources
in the Cygnus region, [7] reported no GeV counterpart
for the broad diffuse excess seen by Milagro. HAWC
sensitivity to diffuse emission will be discussed in a separate
contribution in these proceedings [8].

Fig. 2: Aerial view of the HAWC array taken in April 2013.

2 HAWC
The High Altitude Water Cherenkov (HAWC) Observatory
is a second generation TeV gamma-ray detector based
on the water Cherenkov technique. It is currently under
construction at Sierra Negra, Mexico, at an elevation of
4100 m. When completed, the array will consist of 300 water
Cherenkov detectors that are 7.3 m in diameter and 4.5 m
in depth, covering an area of 22,000 m2. The array will be
sensitive to energies between 100 GeV and 100 TeV and will
have a 2 sr field of view (FOV) and an angular resolution of
< 0.2◦ for energies above 10 TeV. Since September 2012,
the HAWC observatory has been collecting data with a
partial array. Figure 2 shows a recent picture of the HAWC
observatory. The performance of the partial array and details
of the HAWC observatory are discussed in [9, 10].

3 MGRO J2019+37
MGRO J2019+37 is the brightest source in the Milagro
Cygnus map, with an extent of 0.7◦ ± 0.1◦ obtained by
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Fig. 1: Fermi LAT counts map for photons above 10 GeV of the Cygnus region from 40 months of data taken between 2008
and 2011. The color contours indicate significance of Milagro data collected over the last 3 years of operation from 2005
to 2008 (black=11σ , blue=5σ , green=3σ ) [4]. HAWC will be ∼ 15 times more sensitive than Milagro and be able to
reproduce the Cygnus region map with ∼ 1 week of data.

fitting a 2D Gaussian function to the excess observed
by Milagro [4]. It appears to be elliptical in shape, and
overlaps two Fermi sources, one of which is a known pulsar
PSR J2021+3651 [1]. Recently VERITAS reported a 9.5σ

detection at energies > 600 GeV that is spatially compatible
with the Milagro detection but with a smaller extent (see
Figure 3). Their preliminary spectrum is compatible with
the Milagro spectrum and upper limits from ARGO [11].
With a PSF of 0.09◦, the VERITAS data show an elongated
region centered on the Milagro detection that appears to be a
combination of multiple hotspots, including a 2FGL pulsar
and the HII region Sh 2-104. Observations from Fermi LAT
at above 10 GeV so far have revealed strong emission from
the pulsar within the VERITAS detection but only marginal
emission at the location of the HII region, and nothing is
seen between the two positions where VERITAS detects
strong emission at energies > 600 GeV (see Figure 1 and 3).
[13] and [14] presented radio, infrared, X-ray, and gamma-
ray observations of the region and showed that the extended
TeV emission is unlikely powered by a single source, i.e.
PSR J2021+3651. HAWC, with an angular resolution of
0.16◦ at 10 TeV, in comparison to 0.5◦−0.8◦ for Milagro
at similar energies, will be able to resolve TeV emission
from this region to study the morphology of this source.

4 MGRO J2031+41
The Milagro detection of MGRO J2031+41 is asym-
metric in shape and encompasses the Fermi pulsar
2FGL J2032.2+4126 and the cocoon region (see Figure 1
and 4). At the pulsar position, the imaging atmospheric
Cherenkov telescope (IACT) Whipple reported a point-
like emission while IACTs, HEGRA and MAGIC, reported
an extended emission with radius of ∼ 0.1◦ [15, 16, 17].
These are later suggested to be associated with wind from
the pulsar PSR J2032+4127 based on radio and X-ray
observations [18, 19]. Figure 5 shows the spectra of the
region reported by the various experiments. The spectra
measured by the IACTs are an order of magnitude less
than the Milagro spectrum and have a very different shape,
while the Milagro spectrum appears to be compatible

Fig. 3: VERITAS excess photon count map with the
MGRO J2019+37 best fit ellipse contour shown in a white
dashed line [12]. The green star indicates the pulsar
PSR J2021+3651 and the blue star indicates the HII region
Sh 2-104 [13]. The green circle in the lower right corner
shows the angular resolution of HAWC at 10 TeV.

with an extrapolation of the Fermi cocoon spectrum. The
angular resolution of Milagro is a few times larger than
that of the IACTs; it is likely that the flux measured by
Milagro includes both the pulsar wind nebula emission
and the diffuse photons from the cocoon region, while
the measurements from IACTs, with their much smaller
FOVs, may have subtracted out the diffuse emission as
background.

Currently, a cosmic-ray acceleration model is favored
for the diffuse gamma-ray emission in the Fermi cocoon
region. The hardness of the spectrum suggests particles are
freshly accelerated and efficiently confined. [2] modeled
protons with maximum energy from 80 to 300 TeV and
electrons from 6 to 50 TeV that can explain the Fermi LAT
measurement and noted that the Milagro measurement can-
not be explained by pure inverse Compton emission alone.
HAWC will be able to improve spectral measurements at
TeV energies and help investigate the origins of the emission
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Fig. 4: Milagro contours (red=11σ , black=5σ , pink=3σ )
overlaid on the Fermi 10–100 GeV photon count map of the
cocoon [2, 4]. The Milagro detection likely encompasses
both the pulsar wind nebula and diffuse emission in the
region.

Fig. 5: Spectral measurements of the region around M-
GRO J2031+41 from various instruments [2, 4]. The IACT
spectra are approximately an order of magnitude lower than
those by survey-type instruments. This can be attributed to
the smaller FOVs of the IACTs in comparison to Milagro
and ARGO.

of this region.

5 Outlook
A partial array of HAWC (10% of the full array) has been
in operation since September 2012 while the construction
is ongoing. This data is currently still being processed.
Beginning this Fall, 35% of the array will be operational
and known sources in the Cygnus region will be detected
in approximately a month. The full array is scheduled to
be completed by Fall 2014. The sensitivity of the full array
will allow for in depth spectral studies with a year of data
and will be presented at the conference.
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