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Abstract: Milagro observations of the Cygnus region at 12-35 TeV have revealed a bright and extended source,
MGRO J2019+37. This source is almost as bright as Crab Nebula in northern sky, while it is not confirmed by
ARGO-YBJ around TeV. Up to now, no obvious counterpart at low energy wavelengths has been found. For this
reason, MGRO J2019+37 becomes mysterious and the origin of its VHE γ-ray emission mechanism is attractive.
In this paper, a brief summary of the multi-wavelength observations from Radio to γ-ray is presented. All the
available data from the INTEGRAL X-ray and the Fermi-LAT γ-ray bands are used to get constraint on its
emission flux at low energy wavelengths. Then, its possible counterparts and the VHE emission mechanism are
discussed.
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1 Introduction
Cygnus region is an active massive star formation and
destruction portion on the galactic plane, with coordinate
range of (l∈ [65◦,85◦], b∈ [−2◦,+2◦]) and distance of 1∼2
kpc from us. It is also the brightest region in the northern sky
from GeV to multi-TeV γ-ray energies[1]. As containing a
great deal of molecular clouds and being rich in potential
cosmic-ray acceleration sites, just like Wolf-Rayet stars, OB
associations, and supernova remnants, the Cygnus region
becomes a hot land for scientists to study the origin of
cosmic rays[2].

The source MGRO J2019+37 in Cygnus region was
found by Milagro in 2007. It is the brightest source of
the three new extended sources discovered by Miagro
experiment when surveyed the northern Galactic plane[2].
The extension of this source is σ= 0.32◦± 0.12◦ which
fitted by a symmetric two-dimensional Gaussian.

The ARGO-YBJ experiment is a full coverage EAS array
with a large field of view (FOV). With a high sensitivity
at VHE range, the second and third brightest extended
sources MGRO J2031+41 and MGRO J1908+06 have been
detected by ARGO-YBJ with a significance greater than
5σ [3, 4]. MGRO J2031+41 also locates at Cygnus region
and is just nearby MGRO J2019+37. The energy spectra
measured by ARGO-YBJ are consistent with that made by
Milagro. Besides these, ARGO-YBJ also detected another
extended source HESS J1841+41.[5] Unexpectedly, ARGO-
YBJ detected little significance from the Milagro’s brightest
source MGRO J2019+37, and the derived upper limits at the
90% c.l. are lower than the Milagro flux at energies below 5
TeV.[3] After using more data and a new analysis technique,
milagro’s best fitting model conform to the ARGO-YBJ
result.[1]

VERITAS is a narrow FOV imaging atmospheric
Cherenkov telescopes. Its observation energy range is from
100 GeV to 30 TeV with good energy and angular resolu-
tion. In 2007, within the MGRO J2019+37 source extent,
VERITAS has surveyed this region with a sensitivity of
6.3% Crab flux, but no emission from MGRO J2019+37
has been detected[7]. With further deep observations with
a sensitivity better than 1% Crab flux, VERITAS real a

complex TeV emitting structure at the position of MGRO
J2019+37 likely powered by multiple sources.[8] Deeper
VERITAS observations are underway to try to disentan-
gle these sources and have a more accurate position for
them.[8]

The multi-wavelength observations have been made
around MGRO J2019+37 after which is discovered by Mi-
lagro. The Giant Metrewave Radio Telescope (GMRT)
has surveyed the source region of about 6 square degrees
at the frequency of 610 MHz. Also the near-infrared Ks-
band using the 3.5 m telescope in Calar Alto observed
the central square degree. As a result, a catalogue of 362
radio sources detected in the field of MGRO J2019+37
have been presented in [9], and the near-infrared wave-
lengths contains ∼ 3×105 sources. Some peculiar sources
inside the ∼ 1◦ uncertainty region of the TeV emission
from MGRO J2019+37 are noticeable. This region includes
the pulsar PSR J2021+3651, its pulsar wind nebula PWN
G75.2+0.1, two new radio-jet sources, the radio source N-
VSS J202032+363158 and the HII region Sh 2-104 contain-
ing two star clusters.

In 1∼8keV soft X-ray band, the observatory XMM-
Newton with high sensitivity has some new discoveries. The
extension size of MGRO J2019+37 is larger than Newton’s
FOV, so three mosaic observations are used. The ∼20’
extended X-ray emission around PSR J2021+3651 points
towards a scenario previously found in other sources where
the X-ray PWN and the TeV emission are extended. They
also discovered X-ray emission from an UCHII region in Sh
2-104 in addition to extended emission along its northern
rim [10]. So, up to now, no definite counterpart of MGRO
J2019+37 is found at radio, optical and X-ray. In the GeV
band, EGRET, Fermi-LAT and AGILE have all detected
some point sources in this extended area. Among them, PSR
J2021.0+3651 detected by Fermi-LAT is a young and spin-
powered radio pulsar whose spectral energy distribution
has a cut-off at 10GeV. Its PWN G75.2+0.1 is one of the
candidate sources of MGRO J2019+37.

In order to better understanding the TeV radiation mech-
anism, a multi-wavelength observation of this source are
quite necessary. In this paper, all the available data from
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the INTEGRAL X-ray and the Fermi-LAT γ-ray bands are
used to get constraint on its emission flux at low energy
wavelengths. Then, its possible counterparts and the VHE
emission mechanism are discussed.

2 GeV and X-ray analysis
MGRO J2019+37 is an extended source, accordingly it is
better to choose the wide FOV telescope’s observation data
for the multi-wavelength analysis. The simplicity of data
acquisition and analysis software operation are both taken
into account. Finally, Fermi-LAT and INTEGRAL-IBIS
data at GeV and X-ray are selected.

2.1 Fermi-LAT
The Large Area Telescope (LAT) is an imaging high-energy
γ-ray telescope covering the energy range from about 20
MeV to more than 300 GeV. The angular resolution is about
3.5◦ at 100MeV, improving to about 0.1◦ at 10GeV (defined
as the 68% containment radius of the LAT point-spread
function (PSF)).[11] The LAT’s FOV covers about 20% of
the sky at any time, and it scans continuously, covering the
whole sky every three hours. Data from the LAT are avail-
able to the public, along with standard analysis software,
from NASA’s Fermi Science Support Center. For MGRO
J2019+37, the γ-ray data acquired from 4 August 2008 to 4
August 2012 are analyzed. γ-rays with energy > 100MeV
within a 20◦×20◦ region of interest(ROI) centered at the
nominal position of MGRO J2019+37(304.63◦,34.88◦)
are used. We adopt a background model for the region
which includes components describing the diffuse Galac-
tic and isotropic γ-ray emission. It also includes all point
sources within the ROI that are identified in the 2FGL cata-
log. In MGRO J2019+37’s extended area, there are three
point sources, PSR J2021.0+3651, 2GFL J2018.0+3626
and 2FGL J2015.6+3709, which are modeled with the flux
and spectral index values obtained from the catalog. We use
this background model to fit the ROI test statistic(TS) with
a maximum likelihood optimization technique. Exposure
and point-spread function (PSF) are considered.

Figure 1 shows two LAT γ-ray count maps of the sky sur-
rounding MGRO J2019+37. We choose an energy thresh-
old of 10GeV for spectral analysis in order to reduce the
influence of pulsar, for the brightest point source PSR
J2021.0+3651 has a spectral cut off at about 10GeV. [12]
The count maps are smoothed with a 3◦ wide Gaussian ker-
nel. The flux of the source is not permitted to be negative.
That’s why negative fluctuations are not visible. Panel(left)
shows the residual counts after the subtraction of the counts
attributed to the diffuse γ-ray background in the ROI region.
Green circle shows MGRO J2019+37’s 1◦ region, and the
green crosses represent the three point sources’ position-
s of LAT’s 2FGL catalog. Panel(right) shows the residual
counts after the subtraction of the counts attributed to the
background and point sources model.

After taking off the point sources in this extended source
region, we fit it with the extended source master plate of
0.35◦ 2D gaussian. There is no significant exceed extended
structure in the region as milagro seen whose significance
is < 2σ by fitting. Finally, we calculate the flux intensity
upper limit from 10GeV to 300GeV with 95% confidence
level c.l. assuming a power-law spectrum with index of -2.

Fig. 2: The 35-80keV count map of INTEGRAL-IBIS-
ISGRI for about 4 years’ observation. This count map
is smoothed with a 3 degrees wide Gaussian kernel. The
green circle shows MGRO J2019+37’s 1◦ region, and the
white squares represent the INTEGRAL catalog sources’
positions. The IGR J20188+3647 is a transient point source.

2.2 INTEGRAL-IBIS
IBIS (Imager on Board the INTEGRAL Satellite) is one of
the two prime instruments of the INTEGRAL scientific pay-
load. This γ-ray telescope works in the energy range from
∼15 keV to several MeV. The FOV is 8.33◦×8.00◦(fully
coded), and the angular resolution (FWHM) is 0.2◦. Imag-
ing is performed using a coded mask. There are two de-
tectors operating simultaneously: the Integral Soft γ-Ray
Imager, ISGRI, a semi-conductor array optimized for lower
energies (18 keV-1 MeV), and the PIxelated Ceasium Io-
dide (CsI) Telescope, PICsIT, a crystal scintillator for high-
er energies (175 keV-10 MeV)[13].

The data and standard analysis software are download-
ed from INTEGRAL official website. The data is acquired
from 2008 to 2012 for all observing numbers. Considering
the operability, we had firstly run the ISGRI analysis pro-
gram with energy from 20 to 200keV which divided into
four bands (20-40keV,40-60keV,60-100keV,100-200keV),
and got the significance image pictures respectively. In
the image, there is no significant point source or extended
source exceed. Therefore, in the hard X-ray band, we also
have to calculate the flux upper limit of this extended region
found by Milagro. Figure2 shows the 35-80keV count map
of INTEGRAL-IBIS-ISGRI for about 4 years’ observation.
This count map is smoothed with a 3 degrees wide Gaus-
sian kernel. The green circle shows MGRO J2019+37’s 1◦
region, and the white squares represent the INTEGRAL
catalog sources’ positions. Count rates for the flux analy-
sis were selected within a circle with 0.58 degree radius,
which encloses about 68% of the point-spread function (PS-
F), centered on the source position. The background was
extracted from a nearby four same circular region. Helene
[15] method is used to calculate the events upper limit with
95% c.l.. The number of counter rate is transferred to flux
by comparing to the observation on standard candle Crab.

3 Result and discussion
According to the image of Fermi and INTEGRAL, no
extended signal is found. Fig.3shows the 95% c.l. upper
limits obtained in this work using Fermi and INTEGRAL
data. For comparison, the SED obtained by Milagro and
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Fig. 1: (left) Residual counts after the subtraction of the counts attributed to the diffuse γ-ray background in the ROI region.
Green circle shows MGRO J2019+37’s 1◦ region, and the green crosses indicate the three point sources’ positions of LAT’s
2FGL catalog; (right) The residual counts after the subtraction of the counts attributed to the background and point sources
model
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Fig. 3: The multi-wavelength energy spectrum of MGRO
J2019+37. The solid line and shaded area indicate the
differential energy spectrum and the 1 s.d. error region as
determined by the Milagro experiment. The two triangles
give the previous flux measurements by Milagro at 20 TeV
and 35 TeV. The red arrows show the upper limits of the flux
from MGRO J2019+37 derived by the ARGO-YBJ. The
blue and pink arrows are the Fermi-LAT and INTEGRAL-
IBIS’s calculated flux upper limit with 95% confidence.

the upper limits obtained by ARGO-YBJ are also plotted
in Fig.3. Combining Milagro and ARGO-YBJ data, the
peak energy of the spectrum should be about 10 TeV. Up
to now, only one out of 145 TeV emitters are detected with
similar spectral shape, i.e. [14]. MGRO J2019+37 is a bright
TeV extended source, but no counterpart is found at other
wavelength observations. The nature and the SPE of this
source is also an opening question. Some discussions are
given below:

The MGRO J2019+37 has a characteristic VHE spectrum
with a peak at ∼10TeV and sharply falling off at higher
energy. Such a spectrum with a high energy peak of 13.4TeV
has been observed from the PWN Vela X by HESS[14].
Vela X has an unusual VHE spectrum which may suggests
a hadronic origin. Since MGRO J2019+37 has the similar
VHE spectrum and correlate pulsar, they may have a similar

origin mechanism. However, MGRO J2019+37 has more
complicated space structure.

The PWN G75.2+0.1 of pulsar PSR J2021+3651 is one
of the candidate sources. But this pulsar’s distance has not
been confirmed, like 2∼4kpc, 4kpc, 12kpc, 18.88kpc. Its
rotation energy loss is:

E/(4πd2) = 1.8∗10−9(4kpc/d)2(erg.cm−2.s−1)

The γ-ray radiation power is got with the integral flux
from 1 to 100TeV of Milagro’s TeV spectrum: 3.2 ∗
10−11(erg.cm−2.s−1) The efficiency of rotation energy loss
transformed to radiation is 1.75%(4kpc/d)2, which is in
the predict range of PWN origin theory. Thus, the PWN of
PSR J2021+3651’s VHE emission contribution cannot be
ruled out.

VERITAS has resolved the MGRO J2019+37 emission
into a complex gamma-ray emission region, likely com-
posed of multiple sources. While the chance probability to
have a high peak energy around 10 TeV for several nearby
sources is much low. Therefore the complex gamma-ray
emission may have the same origin.

The spectral index from 1 to 10 TeV is harder than
2.0, which may indicate a leptonic origin of the VHE γ-
ray radiation, since a hadronic origin will no produce a
hard gamma-ray spectrum with spectral index less 2.0.
According to the multi-wavelength SPE shown in figure3,
the upper-limit flux is almost as low as VHE peak value at
about 10TeV. In such a situation, a hadronic origin is prefer
since a leptonic origin produce much X-ray emission. The
INTEGRAL-IBIS data of nine years are underway to get a
lower upper limit, which will give a more strict constraint
on the leptonic or hadronic model fitting.

4 Summary
This paper has given a brief summary of the multi-
wavelength observations from Radio to γ-ray. All the avail-
able data from INTEGRAL hard X-ray and Fermi-LAT γ-
ray bands are used to calculated the upper limit. Then, its
possible counterparts and the VHE emission mechanism are
discussed. However, the nature of this mysterious source
still can not be revealed. We hope there will be deeper ob-
servations of Fermi-LAT, X-ray detectors and so on. At
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the same time, the future Large High Altitude Air Shower
Observatory (LHAASO) project in China is a compound
detector array to achieve an accurate and high sensitive ob-
servation of γ-ray from 40 GeV to 1 PeV. Its superior abili-
ty of VHE γ-ray observation will help to uncover the TeV
radiation mechanism of this curious extended source.
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