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Abstract: MGRO J2019+37 is the most significant source in Milagro data set apart from the Crab Nebula at 20 TeV. It
has not been confirmed by other observations at energy above 100 GeV. The ARGO-YBJ experiment is an air shower
array with large field of view and can continuously monitor the northern sky. With a sensitivity similar to that of the
Milagro experiment, ARGO-YBJ is the best candidate to observe MGRO J2019+37. The data sets collected from 2007
November to 2011 February are used to search for steady γ-ray emission from the Cygnus region. Except for a signal with
5.8 standard deviations from MGRO J2031+41, no evidence for statistically significant γ-ray signal was found, neither
from MGRO J2019+37. The spectrum of MGRO J2031+41 is obtained. The flux upper limit for MGRO J2019+37 is
estimated at 90% confidence level.
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1 Introduction

The Cygnus region of the Galactic plane is known as the
brightest diffuse γ-ray emission in the northern sky re-
vealed by both Fermi [1] and its predecessor EGRET [2].
Complex features have been observed in broad wavelength
bands of radio, infrared, x-rays, and γ-rays. This region is
rich in potential cosmic-ray acceleration sites, e.g., Wolf-
Rayet stars, OB associations and supernova remnants. Re-
cently, 17 γ-ray sources, including 6 pulsars (as listed in
Table 1), 1 micro-quasar, 1 potential supernova remnant
and 9 unidentified sources, were detected using Fermi LAT
first year data inside the region with 65◦ < l < 85◦ and
−3◦ < b < 3◦ [1]. These sources are considered poten-
tial very high energy (VHE) γ-ray sources. The Cygnus
region is, therefore, a natural laboratory to study the origin
of cosmic rays.
Several VHE γ-ray sources have been detected inside the
Cygnus region in the past decade. The first source is TeV
J2032+4130 discovered by the HEGRA collaboration [3, 4]
and has been confirmed by other collaborations, i.e. Whip-
ple [5] and MAGIC [6]. Its extended radius is estimated to
be about 0.1◦. Its spectrum is hard with index about −2.0
and the integral flux is about 5% of the Crab unit at energy
above 1 TeV. MGRO J2031+41, detected by the Milagro
collaboration at 20 TeV [7], is spatially consistent with the
source TeV J2032+4130, while the extension is larger with
diameter 3.0◦±0.9◦. This source is likely related to the co-
incident Fermi PSR J2032+4127 [8].
The second VHE γ-ray source observed in this region is
Cyg X-1 from which a γ-ray flare, coincident with an X-

ray flare, is observed by the MAGIC collaboration in 2006
September 24th [9].
The source VER J2019+407 is discovered by the VER-
ITAS collaboration when they survey the Cygnus region
[10]. Their preliminary result shows the extension of
0.16◦±0.028◦ and 0.11◦±0.027◦ along the major and mi-
nor axes, respectively. The closest Fermi source is the pul-
sar 1FGL J2021.5+4026, however they are unlikely associ-
ated due to the 0.5◦ offset. The nature of VER J2019+407
is still unclear.
This region also contains a bright unidentified source
MGRO J2019+37, which is detected by the Milagro col-
laboration at 20 TeV [7] and is the most significant source
in Milagro data set apart from the Crab Nebula. The exten-
sion is estimated to be 0.32◦±0.12◦ [11]. The spectrum of
this source is hard with index−1.83 and cutoff at 22.4 TeV
[12]. Closed to MGRO J2019+37, a marginal signal is de-
tected by the Tibet ASγ collaboration [13]. This source is
spatially coincident with Fermi PSR J2021+3651 [8]. Re-
cently, VERITAS has surveyed this region, but no emission
from MGRO J2019+37 has been detected [10], however,
because of its limited field of view (FOV), VERITAS null
detection can be plausibly attributed to the large extension
of the source.
Among the 4 known VHE γ-ray sources inside Cygnus re-
gion, MGRO J2019+37 is enigmatic due to its high flux not
confirmed by other VHE γ-ray detectors. To measure the
energy spectrum or set an upper limit around several TeV is
therefore very useful in understanding the emission mech-
anism. The ARGO-YBJ experiment is an air shower array
with large FOV and can continuously monitor the northern
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longitude (deg) latitude. (deg) Source Name
68.7655 2.8232 1FGL J1952.9+3252
65.2442 0.3765 1FGL J1954.3+2836
65.8801 -0.3540 1FGL J1958.6+2845
75.2257 0.1169 1FGL J2021.0+3651
78.2282 2.0847 1FGL J2021.5+4026
80.2240 1.0280 1FGL J2032.2+4127

Table 1: List of GeV PSR detected by Fermi inside Cygnus
region.

sky. The total exposure of the Crab Nebula achieves about
1200 days with statistical significance of 17 standard devi-
ations (S.D.), which is comparable to the 8-year value 17.2
S.D. of Milagro [14] but in different energy regions. The
ARGO-YBJ experiment is, therefore, the best candidate to
observe MGRO J2019+37. This work presents the obser-
vation results on the sources MGRO J2031+41 and MGRO
J2019+37 with the ARGO-YBJ experiment.

2 The ARGO-YBJ experiment

The ARGO-YBJ experiment, located in Tibet, China at an
altitude of 4300 m a.s.l., is the result of a collaboration
among Chinese and Italian institutions and is designed for
VHE γ-ray astronomy and cosmic ray observations. The
detector consists of a single layer of Resistive Plate Cham-
bers (RPCs). One hundred thirty clusters (a cluster is com-
posed of 12 RPCs ) are installed to form a carpet of about
5600 m2 with an active area of ∼93%. This central car-
pet is surrounded by 23 additional clusters (“guard ring”)
to improve the reconstruction of the shower core location.
The total area of the array is 110 m × 100 m. More details
about the detector and the RPC performance can be found
in [15, 16]. The high granularity of the apparatus permits
a detailed space-time reconstruction of the shower profile
and therefore the incident direction of the primary parti-
cle. The arrival time of the particles is measured by Time
to Digital Converters (TDCs) with a resolution of approx-
imately 1.8 ns. This results in an angular resolution (de-
noted as ψ) of 0.2 degree for showers with energy above
10 TeV and 2.5 degree at approximately 100 GeV. In order
to calibrate the 18,360 TDC channels, an off-line method
[17] has been developed using cosmic ray showers. The
calibration precision is 0.4 ns and the procedure is applied
every month [18].
The central 130 clusters began taking data in July 2006,
and the “guard ring” was merged into the DAQ stream in
November 2007. The trigger rate is 3.5 kHz with a dead
time of 4% and the average duty cycle is higher than 86%.

3 Data analysis

The ARGO-YBJ data used in this analysis were collected
from November 2007 to February 2011. The total effective

observation time is 1024 days. To achieve a better angu-
lar resolution, the event selections used in [19] is applied
here and only events with zenith angle less than 50◦ are
used. The total number of events after being filtered used
in this work is 1.7×1011. In order to obtain a sky map,
an area centered at the source location in celestial coor-
dinates (right ascension and declination) is divided into a
grid of 0.1◦ × 0.1◦ bins and filled with detected events ac-
cording to their reconstructed origin. In order to extract an
excess of γ-rays from the source, the so-called “direct in-
tegral method” [20] is adopted to estimate the number of
cosmic ray background events in the bin. To remove the
effect of cosmic ray anisotropy, a correction procedure has
been applied, which is described in [19]. Taking into ac-
count the PSF of the ARGO-YBJ detector, the events in
a circular area centered on the bin with an angular radius
of 2ψ are summed together using a technique of Gaussian
smoothing. The Li-Ma formula [23] is used to estimate the
significance.

4 Results and discussion

Using the same data and the same analysis method, a γ-
ray survey of the northern sky has be performed [21]. Four
known VHE γ-ray sources are detected, i.e. Crab Nebula,
Mrk 421, MGRO J1908+06, and MGRO J2031+41. The
significance from Crab Nebula is more than 16 S.D., which
indicates that the cumulative sensitivity of ARGO-YBJ has
reached 0.3 Crab units. MGRO J1908+06 is the second
significant source among three extent sources discovered
by the Milagro collaboration. This source has been con-
firmed by the H.E.S.S. collaboration [22]. According to
the further analysis using ARGO-YBJ data, the extension
is 0.50◦±0.35◦ [25], which is consistent with the H.E.S.S.
measurement 0.34◦. The measured spectrum is in good
agreement with Milagro, while is much higher than that
determined by H.E.S.S.. MGRO J2031+41 is the third sig-
nificant source discovered by the Milagro collaboration lo-
cated inside the Cygnus region, which has been introduced
in Section 1. It is interesting that the most significant source
in Milagro data set MGRO J2019+37 is not detected using
the ARGO-YBJ data. This source is also located inside the
Cygnus region.
Figure 1 shows the significance map of the Galactic plane
containing the Cygnus region for the ARGO-YBJ data.
An excess is observed over a large part of the Cygnus re-
gion, which indicates a possible diffuse γ-ray emission.
Further analysis about the diffuse γ-ray emission using
ARGO-YBJ data can be found in [24]. The highest signif-
icance value is 5.8 S.D. at (307.8◦,41.9◦), consistent with
the position of VHE sources MGRO J2031+41 and TeV
J2032+4130.

4.1 MGRO J2031+41

To estimate the intrinsic extension of MGRO J2031+41,
only events with Npad > 60 are used. In the simulation,
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Figure 1: Significance map of the Cygnus Region ob-
served by the ARGO-YBJ experiment. The four known
VHE γ-ray source are reported. The errors on the source
positions are marked with crosses, i.e. MGROJ2019+37,
MGROJ2031+41, while the circles indicate their intrinsic
sizes [7, 11]. The cross for VER J2019+407 indicates its
extension [10]. The source of Cyg X-1 is marked with a
small circle without position error. The small circle within
the errors of MGROJ2031+41 indicates position and ex-
tension of the source TeV J2032+4130 as estimated by the
MAGIC collaboration [6].

the source extension varies from 0◦ to 1◦ with steps of 0.1◦,
and the least square method is used to best fit the data. Fig-
ure 2 shows the distribution of θ2 values for excess events
and the best fit in simulation, where θ is the angle to the
position of TeV J2032+4130. The intrinsic extension is
determined to be σext = (0.2+0.4

−0.2)
◦, consistent with the

estimation by the MAGIC and HEGRA experiments, 0.1◦.
Assuming an intrinsic extension σext = 0.1◦, we estimate
its spectrum using the same method described in [19] and
based on ARGO-YBJ data. The ARGO-YBJ detector re-
sponse is taken into account. The simulated events are
sampled in the energy range from 10 GeV to 100 TeV. The
spectrum can be fitted by a power-law function as shown
in Figure 3. The differential flux (TeV−1 cm−2 s−1) in the
energy range from 0.6 TeV to 7 TeV is

dN

dEdAdt
= (1.40± 0.34)× 10−11(

E

1TeV
)−2.8±0.4 (1)

which is 10 and 17 times higher than the flux of TeV
J2032+4130 as determined by the HEGRA and MAGIC ex-
periments, respectively, at energies above 1 TeV. The flux
reported by Milagro at 20 TeV is also much higher than the
naive extrapolation of the spectrum of TeV J2032+4130,
as clearly shown in Figure 3. Besides the statistical er-
ror shown in Eq. (1), the systematic error in the flux de-
termination is estimated to be less than 30%. To esti-
mate the contribution from the diffuse emission, a region
of 3◦-5◦ around the source is adopted. The contribution to
flux is about 25% and depends on energy, being higher at
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Figure 2: Distribution of θ2 for number of excess events.
The filled region is the best fit to simulated data.
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Figure 3: Differential energy spectrum from TeV
J2032+4130 or MGRO J2031+41 as measured by the
ARGO-YBJ experiment (magenta solid line). The spec-
tral measurements of HEGRA [4], MAGIC [6] and Mila-
gro [12] are also reported for comparison. The dashed line
indicates the Crab Nebula spectrum.

lower energies. As a consequence, the spectral index seems
softer.

4.2 MGRO J2019+37

Excluding MGRO J2031+41, no excess above 3 S.D. is de-
tected inside the Cygnus region. Since MGRO J1908+06
[25] and MGRO J2031+41, which are the second and third
sources for signal significance in Milagro data, have been
detected by the ARGO-YBJ experiment, it is interesting the
lack of detection from the most significant source MGRO
J2019+37. Taking into account the position uncertainty re-
ported by Milagro, the bin with the maximum significance
within 0.3◦ from the source is used to estimate the upper
limits. The flux upper limits at 90% confidence level (c.l.)
are shown in Figure 4 assuming the spectrum reported in
[12] and the intrinsic extension σ = 0.32◦ given in [11].
For comparison, the spectrum found by ASγ [13], esti-
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Figure 4: Upper limits to the flux from MGRO J2019+37
derived by the ARGO-YBJ experiment adopting the spec-
trum given in [12]. The intrinsic extension is assumed to
be σ = 0.32◦. The solid line and shadowed area indicate
the differential energy spectrum and the 1 sigma error re-
gion as determined by the Milagro experiment [12]. The
square points give the flux determined by the ASγ experi-
ment [13]. The dashed line indicates the Crab Nebula spec-
trum.

mated according to a signal with a pre-trial significance of
5.8 S.D., is also shown in Figure 4, and results higher than
the flux reported by Milagro and much higher than the up-
per limits derived in this work. The upper limits at energies
around 3 TeV are lower than the Milagro flux, indicating
that the source flux may be not stable.
Considering the source extension σ = 0.32◦ ± 0.12◦ and
the distance of the Cygnus region 1−2 kpc, the source ra-
dius is estimated to be 4−15 pc, implying that the variation
time scale should be longer than 13−49 years. The obser-
vation time considered in this work is about 5 years later
than that of Milagro observation, therefore a flux variation
over the whole extended region can not be completely ex-
cluded. However, a reasonable possibility is that the source
has a complex structure and the variation originates from a
smaller region.

5 Conclusions

The ARGO-YBJ experiment is an air shower array with
large field of view and has been continuously monitoring
the northern sky since November 2007. Using data up
to February 2011, we have presented its observation re-
sult on the Cygnus region, inside which two bright very
high energy extended γ-ray sources have been detected by
the Milagro experiment. A signal consistent with MGRO
J2031+41 is detected with 5.8 S.D. by the ARGO-YBJ ex-
periment. The position and size are consistent with TeV
J2032+4130, however, the flux is at least 10 times higher
than that of TeV J2032+4130. No signal from MGRO
J2019+37 is detected, and the derived upper limits at 90%
c.l. are lower than the Milagro flux at energies below 3 TeV,

indicating that the source flux may be not stable. In conclu-
sion, the Cygnus region is found to be complex in the very
high energy band and no firm results are drawn up to now.
Hence, the present statistics is not yet sufficient and further
observations are needed to achieve a firm conclusion on the
spectrum and morphology of the sources.
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