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Gamma-ray astronomy with ARGO-YBJ
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Abstract. ARGO-YBJ is a full coverage air shower array located at the YangBaJing Cosmic
Ray Laboratory (Tibet, P.R. China, 4300 m a.s.l., 606 g/cm2) recording data with a duty
cycle ≥85% and an energy threshold of a few hundred GeV. In this paper the latest results
in Gamma-Ray Astronomy are summarized.
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1. Introduction

The ARGO-YBJ detector is constituted by a
central carpet large about 74×78 m2, made
of a single layer of Resistive Plate Chambers
(RPCs) with ∼93% of active area, enclosed by
a guard ring partially instrumented (∼20%) up
to ∼100×110 m2. The apparatus has a mod-
ular structure, the basic data acquisition ele-
ment being a cluster (5.7×7.6 m2), made of 12
RPCs (2.85×1.23 m2 each). Each chamber is
read by 80 external strips of 6.75×61.80 cm2

(the spatial pixels), logically organized in 10
independent pads of 55.6×61.8 cm2 which rep-
resent the time pixels of the detector Aielli et
al. (2006). The read-out of 18360 pads and
146880 strips is the experimental output of the
detector. The central carpet contains 130 clus-
ters (hereafter ARGO-130) and the full detec-
tor is composed of 153 clusters for a total ac-
tive surface of ∼6700 m2. All events giving a
number of fired pads Npad ≥ Ntrig in the cen-
tral carpet within a time window of 420 ns are
recorded. The spatial coordinates and the time
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of any fired pad are used to reconstruct the po-
sition of the shower core and the arrival direc-
tion of the primary, as described in (Di Sciascio
et al. 2007). The whole system, in smooth data
taking since July 2006 firstly with ARGO-130,
is in stable data taking with the full apparatus
of 153 clusters since November 2007 with the
trigger condition Ntrig = 20 and a duty cycle
≥85%. The trigger rate is ∼3.5 kHz with a dead
time of 4%.

The performance of the detector (angular
resolution, pointing accuracy, energy calibra-
tion) and the operation stability are monitored
on a monthly basis by observing the Moon
shadow, i.e., the deficit of CR detected in its
direction. The measured angular resolution is
better than 0.5◦ for CR-induced showers with
energies E >5 TeV improving up to about 0.3◦
for E >10 TeV. The overall absolute pointing
accuracy is ∼0.1◦. The absolute pointing of the
detector is stable at a level of 0.1◦ and the an-
gular resolution is stable at a level of 10%. The
absolute rigidity scale uncertainty of ARGO-
YBJ is estimated to be less than 13% in the
range 1 - 30 TeV/Z Di Sciascio et al. (2011).
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2. Data analysis

The dataset for the analysis presented in this
paper contains all showers with zenith an-
gle θ <50◦ collected from November 2007
to February 2011. The total effective observa-
tion time is 1024 days and the total number of
events is 1.7×1011.

A sky map in celestial coordinates (right
ascension and declination) with 0.1◦×0.1◦ bin
size is filled with the detected events. The num-
ber of cosmic ray background events in each
bin is calculated with the so-called “direct in-
tegral method” Fleysher et al. (2004). The
Li&Ma formula is used to estimate the statisti-
cal significance of the observation in standard
deviations (s.d.).

3. Results

Four known VHE γ-ray sources have been de-
tected by ARGO-YBJ with a statistical signifi-
cance greater than 5 s.d., i.e. Crab Nebula, Mrk
421, MGRO J1908+06 and MGRO J2031+41.

3.1. Crab Nebula

With all data ARGO-YBJ observed a TeV sig-
nal from the Crab Nebula with a statistical sig-
nificance greater than 17 s.d., proving that the
cumulative sensitivity of the detector reached
0.3 Crab units level. Assuming a power law
spectrum, the obtained best fit in the energy
range ∼0.5-10 TeV is (TeV−1 cm−2 s−1):

dN
dE

= (3.0 ± 0.30) · 10−11
( E
1 TeV

)−2.59±0.09

(1)

in good agreement with other observations
(Fig. 1). The quoted errors are purely statisti-
cal. We evaluate a systematic error on the flux
less than 30% mainly due to the background
evaluation and to the uncertainty on the abso-
lute energy scale.

According to the AGILE and Fermi data
Tavani et al. (2011); Abdo et al. (2011);
Striani et al. (2011) three major flaring
episodes at energies E >100 MeV occurred
during the ARGO-YBJ data acquisition.

Flare 1: starting time MJD 54857, dura-
tion ∆t∼16 days, maximum flux Fmax ∼5 times
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Fig. 1. Crab Nebula energy spectrum measured by
ARGO-YBJ, compared with other measurements.

larger than the steady flux Abdo et al. (2011).
During this flare no excess is present in our
data, for any multiplicity threshold.

Flare 2: starting time MJD 55457, dura-
tion ∆t ∼4 days, maximum flux Fmax ∼5 times
larger than the steady flux Tavani et al. (2011);
Abdo et al. (2011). According to data analysis
the γ-ray emission is concentrated in 3 narrow
peaks of ∼12 hours duration each Balbo et al.
(2011); Striani et al. (2011). Integrating the

3 transits we observe an excess of 3.1 s.d. for
Npad >40 over the expected steady flux (0.55
s.d.). If the excess were due to a flare, the γ-
ray flux would be higher by a factor ∼5 with
respect to the steady flux at energies around 1
TeV. Integrating the data over 10 transits (from
MJD 55456/57 to MJD 55465/66) the signal
significance is 4.1 s.d. (pre-trial), while 1.0 s.d.
are expected from the steady flux Aielli et al.
(2010). No measurement from Cherenkov tele-
scopes are available in coincidence with our
observations and with the different spikes to
confirm this excess. Sporadic measurements
performed by MAGIC and VERITAS tele-
scopes at different times from MJD 55456.45
to MJD 55459.49 show no evidence for a flux
variability Mariotti et al. (2010); Ong et al.
(2010).

Flare 3: starting time MJD 55660 Buehler
et al. (2011), duration ∆t ∼9 days, maximum
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flux Fmax ∼14 times larger than the steady flux
Striani et al. (2011). Integrating the ARGO-
YBJ data over the 6 days in which AGILE
detected a flux enhancement, i.e. from MJD
55662.00 to MJD 55668.00, we report evi-
dence for an excess for events with Npad > 100
at a level of about 3.5 s.d. . No measurements
from Cherenkov telescopes are available dur-
ing these days, due to the presence of the Moon
during the Crab transits.

3.2. Mrk421

Mrk421 was the first source detected by
ARGO-YBJ in July 2006 when the detector
started recording data with ARGO-130 only
and was in commissioning phase. ARGO-YBJ
has monitored Mrk421 for more than 3 years
above 0.3 TeV, studying the correlation of the
TeV flux with X-ray data. We observed this
source with a total significance of about 14
s.d., averaging over quiet and active periods.
As it is well known, this AGN is character-
ized by a strong flaring activity both in X-rays
and in TeV γ-rays. Many flares are observed
in both X-ray and γ-ray bands simultaneously.
The γ-ray flux observed by ARGO-YBJ has a
clear correlation with the X-ray flux. No lag
between the X-ray and γ-ray photons longer
than 1 day is found. The evolution of the spec-
tral energy distribution is investigated by mea-
suring spectral indices at four different flux
levels. Hardening of the spectra is observed
in both X-ray and γ-ray bands. The γ-ray
flux increases quadratically with the simulta-
neously measured X-ray flux. All these obser-
vational results strongly favor the synchrotron
self-Compton process as the underlying radia-
tive mechanism. The results of Mrk421 long-
term monitoring are summarized in Bartoli et
al. (2011)

3.3. MGRO J1908+06

The γ-ray source MGRO J1908+06 was dis-
covered by the MILAGRO Abdo et al. (2007a)
at a median energy of ∼20 TeV and confirmed
by HESS Aharonian et al. (2009) at energies
above 300 GeV. The Milagro and HESS en-
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Fig. 2. MGRO J1908+06 energy spectrum mea-
sured by ARGO-YBJ compared to other experi-
ments. The continuous line is the best fit to data.
The plotted errors are purely statistical for all the
detectors.

ergy spectra are in disagreement at a level of
2-3 s.d., being the Milagro result about a factor
3 higher at 10 TeV Smith et al. (2010).

ARGO-YBJ observed a TeV emission
from MGRO J1908+06 with a significance of
about 6 s.d.. The intrinsic extension is deter-
mined to be σext = 0.50◦±0.35, consistent with
the HESS measurement (σext = 0.34◦+0.04

−0.03).
The best fit power law spectrum is (TeV−1

cm−2 s−1) (Fig. 2):

dN
dE

= (2.2 ± 0.4) · 10−13
( E
7 TeV

)−2.3±0.3

(2)

Beside the statistical errors, this measurement
could be affected by a systematic uncertainty
less than 30% mainly due to the background
evaluation and to the determination of the ab-
solute energy scale.

The spectrum is in agreement with
Milagro, but only marginally consistent with
HESS, being the ARGO-YBJ flux a factor ∼3
larger. The origin of such a disagreement could
be a statistical fluctuation and/or the effect of
systematic uncertainties (HESS reports a sys-
tematic error of ∼20% on the flux). However,
since a higher flux has been observed also by
Milagro, a possibility is that the larger flux
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Fig. 3. ARGO-YBJ significance map of the Cygnus
region. The four known VHE γ-ray source are
shown.
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Fig. 4. MGRO J2031+41 energy spectrum mea-
sured by ARGO-YBJ compared with other experi-
ments. The continuous line is the best fit to data. The
dashed line indicates the Crab Nebula spectrum.

is the consequence of the contamination of
other extended sources lying near the object
observed by HESS, since the former detectors
have a worse angular resolution and integrate
the signal over a larger area.

3.4. MGRO J2031+41

MGRO J2031+41, located inside the Cygnus
region, is the third significant source discov-
ered by Milagro. Figure 3 shows the ARGO-
YBJ significance map of the Cygnus region.
An excess is observed over a large part of the
Cygnus region, which indicates a possible dif-
fuse γ-ray emission.

The highest significance value is 5.8 s.d.
at (307.8◦, 41.9◦), consistent with the posi-
tion of VHE sources MGRO J2031+41 and
TeV J2032+4130. The intrinsic extension of
MGRO J2031+41 is determined to be σext =
(0.2+0.4

−0.2)◦, consistent with the estimation by the
MAGIC and HEGRA experiments. Assuming
an intrinsic extension σext = 0.1◦, we estimated
that the flux (TeV−1 cm−2 s−1) in the energy
range from 0.6 TeV to 7 TeV is

dN
dE

= (1.40 ± 0.34) · 10−11
( E
1 TeV

)−2.8±0.4

(3)

which is 10 and 17 times higher than the flux
of TeV J2032+4130 as determined by HEGRA
and MAGIC, 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 Fig. 4. Besides the statistical error
shown in Eq. 3, the systematic error in the flux
determination is estimated to be less than 30%.
To estimate 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 lower
energies. As a consequence, the spectral index
seems softer.

3.5. MGRO J2019+37

MGRO J2019+37 was discovered by Milagro
at 20 TeV Abdo et al. (2007b) with a statistical
significance of about 12 s.d., thus resulting the
most significant source in their data set after
the Crab Nebula. The extension is estimated to
be 0.32◦±0.12◦. The spectrum of this source
seems to be hard with index -1.83 and cutoff
at 22.4 TeV Smith et al. (2010).

No excess above 3 s.d. is detected by
ARGO-YBJ in the MGRO J2019+37 position.
We set flux upper limits at 90% confidence
level (c.l.) (Fig. 5) assuming the Milagro re-
sults for energy spectrum and extension. We
note that the upper limits around 3 TeV exclude
the Milagro flux. For comparison, the high flux
measured by Tibet ASγ Wang et al. (2007) is
also shown (square points).
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Fig. 5. ARGO-YBJ upper limits to the MGRO
J2019+37 flux. The solid line shows the energy
spectrum measured by Milagro. The dashed line
shows the Crab Nebula spectrum.

4. 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. With all data recorded up to
February 2011, 4 sources have been observed
with a statistical significance greater than 5
s.d.: Crab Nebula, Mrk421, MGRO J1908+06
and MGRO J2031+41.

ARGO-YBJ has been continuously moni-
toring the Crab Nebula for more than 3 years.
The measured energy spectrum in the energy
range 500 GeV - 10 TeV is in agreement with
the results of other experiments. No flux vari-
ations with a statistical significance larger than
5 s.d. have been detected in time scales of days
or months. Nevertheless, enhanced flux of sig-
nificance about 3 s.d. has been observed in co-
incidence with the occurrence of two flares de-
tected by AGILE and Fermi.

In the last 3 years we carried out a de-
tailed long-term monitoring of Mrk421 detect-
ing a number of TeV γ-ray flares correlated
with X-ray flaring activity. The energy spec-
tra of MGRO J1908+06 and MGRO J2031+41
have been measured. 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.
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