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Abstract. In this paper we report on the observations of The large field of view £ 2 sr) and the high duty cycle

TeV gamma ray sources performed by the air shower deallow a continuous monitoring of the sky in the declination

tector ARGO-YBJ. The objects studied in this work are band from—0° to 70°. In this paper we report on the ob-

the blazar Markarian 421 and the extended galactic sourceervations of two bright gamma ray sources, performed dur-

MGROJ1908+06, monitored during2 years of operation.  ing ~ 2 years: the blazar Mrk421 and the extended galactic
Mrk421 has been detected by ARGO-YBJ with a statisti- source MGROJ1908+06.

cal significance of- 11 standard deviations. The observed

TeV emission was highly variable, showing large enhance-

ments of the flux during active periods. The study of the2 The ARGO-YBJ experiment

spectral behaviour during flares revealed a positive correla-

tion of the hardness with the flux, as already reported in theThe ARGO-YBJ detector is composed by a central carpet

past by the Whipple telescope, suggesting that this is a londarge~ 74 x 78 n?, made of a single layer of Resistive Plate

term property of the source. Chambers (RPCs) witk 92% of active area, sorrounded by
ARGO-YBJ observed a strong correlation between TeVa partially ¢~ 20%) instrumented area up40100x 110 n?.

gamma rays and the X-ray flux measured by RXTM/ASM The apparatus has a modular structure, the basic data ac-

and SWIFT/BAT during the whole period, with a time lag quisition element being a cluster (5¢77.6 n?), made of 12

compatible with zero, supporting the one-zone SSC model t(RPCs (2.8« 1.25nt). Each chamber is read by 80 strips of

describe the emission mechanism. 6.75x 61.8 cn? (the spatial pixels), logically organized in 10
MGROJ1908+06 has been detected by ARGO-YBJ withindependent pads of 55:661.8 cnt which are individually

~5 standard deviation of significance. From our dataacquired and represent the time pixels of the detector. The

the source appears extended and the measured extensionfigl apparatus is made of 153 clusters for a total active sur-

oext=0.48 338 in agreement with a previous HESS obser- face of~ 6600 n? (Aielli et al., 2006).

vation. The average flux is in marginal agreement with that The detector is in stable data taking since November 2007

reported by MILAGRO, but significantly higher than that ob- with a trigger rate of- 3.6 kHz and a duty cycle 85%.

tained by HESS, suggesting a possible flux variability. The current trigger system requires a number of particles

hitting the central carpelpag>20. For each event, the lo-

cation and the arrival time of every detected particle are

recorded, allowing the reconstruction of the shower arrival

direction.

ARGO-YBJ s a full-coverage air shower array, located atthe The angular resolution and the pointing accuracy of the
Yangbajing Cosmic Ray Laboratory (Tibet, China, 4300 m detecto_r have been_ evaluat_ed by using th_e Mqon shadow, i.e.
a.s.l.). The study of gamma ray sources with energies abové'e deficit of cosmic rays in the M(_)on d|rect|_o_n_. ARGO-

a few hundred GeVs is one of the main purposes of theYBJ observes the Moon shadow with a sensitivity~ol.0
experiment. standard deviations per month for events with a multiplicity

Npag>40 and zenith anglé <50°, corresponding to a proton
median energy,~1.8 TeV (Di Sciascio et al.2008.
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Fig. 1. Mrk421 cumulative light curve. Red line: rate of TeV
gamma rays measured by ARGO-YBJ. The red band indicates thig. 2. Mrk421 gamma ray flux £ >1TeV) vs. X-ray flux

statistical error of one standard deviation. Black line: soft X-rays (E=1.5—12keV). The dashed and solid lines are the linear and
by RXTE/ASM. Blue line: hard X-rays by Swift/BAT (rescaled in  quadratic fits of the data points, respectively.
order to have the same total counting rate of RXTE).

Swift/BAT (15—50keV). The ARGO-YBJ data used in this
maximizes the signal to noise ratio for a Gaussian PSF) iSyork consists of showers WitVpag>60, corresponding to
2.59+0.16°, 1.304+0.14° and 1.04+£0.12 for Npag=40, 3 photon median energy of 1.1 TeV assuming a power law
100 and 300, respectively, in agreement with expectation%pectrum with photon index -2.4. A cumulative signal of
from Monte Carlo simulations. ~ 11 standard deviations has been observed during 676 days.

This angular resolution refers to cosmic ray-induced air Tq investigate the correlation between gamma ray and X-
showers. The angular resolution fprinduced events has ray emissions, the daily rates obtained by the three detectors

been evaluated by simulations and results smallerB9—  have been studied. In total, the data set of simultaneous ob-
40%, depending 0Wpaq due to the better defined time pro- servations consists of 566 days.
file of the showers. A clear correlation among the rates is visible in Fig. 1, that

shows the cumulative light curves obtained by the three ex-
periments. In particular a strong enhancement of the fluxes is
clearly seen in the first half of 2008, when the source activ-

Mrk421 is one of the brightest blazars and the closest to udy Was very high. The flares in June 2008 have been deeply
(z=0.031), characterized by a strong broadband flaring acStudied by ARGO-YBJ Aielli et al., 2010 and by a dedi-
tivity with a variability time scale ranging from minutes to Cated multiwavelength campaigngnnarumma et 312009.
months. A correlation of VHE gamma rays with X-rays has _ 10 quantify the degree of correlation and point out a pos-
been observed during single flaring episodes by different deSible time lag among gamma and X-ray emissions, the dis-
tectors and can be interpreted in terms of the Synchrotrorf'€te correlation function (DCHx(elson and Krolik 1988
Self-Compton (SSC) model, in which X-ray photons are at-"as been used. We fou_nd that the DCF reaches its maxi-
tributed to synchrotron radiation from high energy electronsMUm value (0.78) for a time lag =—0.14+0.86 days and
accelerated in the jet, while VHE photons are due to inverse! =—0-94+£1.07 days, for ARGO-RXTE and ARGO-Swift
Compton scattering of the same electrons off the synchrotrofi€SPectively, consistent with no time lag.
photons Ghisellini et al, 1998. To study the correlation bleyweer? the TeV and X-ra'\y
The Mrk421 high variability makes the long term mul- fluxes, the data have been divided in 4 groups, apcordlng
tiwavelength observation very important to constrain the!© the X-ray rate measured by RXTE/ASM. Studying the

emission mechanisms models. ARGO-YBJ has monitored?Verage energy spectra for each group for ARGO-YBJ and
Mrk421 for more than 2 years, studying the correlation of RXTE/ASM, we found that the correlation between gamma-

3 The blazar Markarian 421

the TeV flux with X-ray data. ray and X-ray fluxes is consistent with a quadratic rather than
linear relation (see Fig. 2).
3.1 Gamma ray and X-ray correlation Moreover, the data of both detectors show an evident pos-

itive correlation between the flux and the spectrum hardness.
In this section we report on the ARGO-YBJ observation of In particular the photon index of the ARGO-YBJ spectra
Mrk421 from November 2007 to February 2010, in corre- increases from-2.48+0.22 to —1.874+0.21 when the flux
lation with the X-ray data of RXTE/ASM (212keV) and increases from 0.9 to 7 Crab units fér>1TeV, in agree-
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ment with a previous measurement of the Whipple experi-
ment Krennrich et al. 2002, suggesting that this is a long
term property of the source.

8- 8Fermi [deg]

4 MGRO J1908+06

The gamma ray source MGRO J1908+06 was discovered by
the MILAGRO air shower detectoApdo et al, 2007 at a
median energy of-20 TeV and recently associated with the
Fermi pulsar OFGL J1907.5+0602&Hdo et al, 2009. The -1
data were consistent both with a point source and with an
extended source of diamete2.6°.

The Cherenkov telescope HESS confirmed the discovery
with the detection of the extended source HESS J1908+06<
(Aharonian et al.2009 at energies above 300 GeV, posi- 4
tionally consistent with the MILAGRO source. The exten-
sion of the source, evaluated assuming a symmetrical two-
dimensional Gaussian shape, wag=0.34""003.

HESS reported a power law differential energy spectrumfig- 3. Significance map of the °8<8° region around
with a photon index Of—2.10:|:0-07stat:|:0-25ys in the en- MGROJ1908+06 obtained by ARGO-YBJ, for events with

. . Npag>100. The center of the map represents the position of the
ergy range 0.3—-20TeV, and a differential flux at 1 TeV of Fg?r?ﬁ pulsar OFGL J1907 5+0602?:¢2?3689° 6260%0) The
(4.14-£0.325¢530.835y9) x 1012 TeV-1em=2s71, ) ’ P

open and solid circles show the positions measured by MILAGRO
More recently, MILAGRO evaluated the energy spec- ang HESS, respectively. The map is smoothed over a circular area
trum of the source3mith et al, 2009 reporting a power  of radius 1.2 (see text).

law with an exponential cutoff at high energies. The best

fit obtained isd N /d E=0.62x 1011 E~150 exp(— E /14.1)

TeV-lem=2s~1, whereE is the energy in TeV. This fluxisin  Gaussian function with r.m.sezy, independent of the
disagreement with the one by HESS at a level of 2—3 standardamma ray energy.

1 2 3 4
(0 = Olpepmy) €OSS [deg]

deviations, being about a factor 3 higher at 10 TeV. Fitting the event distribution as a funcion of the distance
In the following we present the results of the observationfrom the center (set to the Fermi pulsar position) and tak-
of MGRO J1908+06 by ARGO-YBJ. ing into account the PSF, we foundy=0.48 1235 a value
larger but consistent with the HESS measurement.
4.1 Determination of the extension and spectrum Using the measured extension, we calculate via simula-

tions the optimal window size in order to get the best signal
At the ARGO-YBJ site, MGRO J1908+06 culminates at the to noise ratio. Fig. 3 shows the significance map for events
relatively low zenith angle of 24and is visible for 5.4 hrs per  with Npad>100 of the MGRO1908+06 region. The events
day with a zenith angle less than°45The data set used in  of the map have been smoothed with a circular window of
this analysis contains all the showers with zenith angle lessadius 1.2.
than 458 and Npag>40 recorded in the period from Novem-  An area of excesses with statistical significancé stan-
ber 2007 to March 2010, for a total of 730.5 days. dard deviations is present near the location of the Fermi pul-
The analysis method is the standard search for poinkar, closer to the positions reported by MILAGRO and HESS.
gamma ray sourcegelli et al., 2010 with an optimization =~ The maximum significance in the region is 4.7 standard de-
of the observational window radius due to the extension ofviations. The spatial distribution of the excesses suggests a
the source. non symmetrical shape, that needs to be studied in more de-
A sky map in celestial coordinates (right ascension andtail with higher statistics.
declination) with 01° x 0.1° bin size, centered on the source  For the spectrum determination we assume a simple power
position, is filled with the detected events. The cosmic raylaw: d N/dE=K E~7, without cutoff.
background is estimated using the time swapping method To study the spectral behaviour we defin¥ggintervals:
(Alexandreas et 811993 and subtracted from the event map. 40-99, 100-299, 300-999 andL000. Then we compare the
Finally the map obtained is “smoothed” to point out the sig- rate observed in each interval with that given by a simulation
nal, using a circular window with a radius whose value de-assuming a set of test spectra.
pends on the detector PSF and on the source extension. The simulation describes the shower development in the
To evaluate the extension we assume for simplicity aatmosphere using the CORSIKA coddeck et al, 1998,
source shape described by a symmetrical bidimensionathe detector response with a code based on the GEANT pack-
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= sistent, taking into account the statistical errors (the error of
o [ . the MILAGRO flux is~30% at 10 TeV and larger at lower
E T D energies).

/28 i ;
> 2, One possible cause of the discrepancy among the measure-
L - ments is that ARGO-YBJ and MILAGRO integrate the signal
LSS 77777777777 . .
5 w0 over a solid angle larger than the HESS one, and are likely to
2 r D722 W7 detect more of the diffuse lateral tail of the extended source.
TR % A further interesting possibility is the variability of the
I source, since the HESS data consist of 27 h of observations in
2005 - 2007, before our measurements. Further observations
are necessary to draw a firm conclusion.
i ARGO-YBJ )
— MILAGRO Edited by: J. Poutanen
102l HESS Reviewed by: two anonymous referees
E ------ Crab - ARGO-YBJ
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