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Abstract: The TeV source J2032+4130 is the first ever detected unidentified VHE gamma-ray source.
There have been contradictory claims regarding its extension, flux level and variability in y-rays, although
the longest and most sensitive observation up to now favor a steady, extended source. MAGIC has devoted
more than 80 hours on J2032+4130 during 2005 and 2006. We present the most recent results with the

MAGIC telescope on this source.

Introduction

The TeV source J2032+4130 [20], [2] is one the
most enigmatic detection in high energy astro-
physics. As discussed below, there have been var-
ious claims on its spatial extension, flux level, and
time variability in vy-rays as observed with different
facilities, although the longest and most sensitive
observation up to now favors a steady, extended
source. Its counterpart at lower energies is yet un-
known. It was the first unidentified v-ray source
found at very high ~-ray energies, and also the
first-discovered, likely galactic TeV source which
appeared to be extended. These properties were to
be shared by other detections made more recently
with the HESS telescopes. Intensive observational
campaigns at different wavelengths have been car-
ried out on TeV J2032+4130.

It was first reported by the HEGRA collabora-
tion. They claimed the serendipitous discovery
of a TeV source in the Cygnus region [3], when
analyzing data originally taken during Cyg X-3
and the EGRET source GeV J2035+4214 obser-
vations. About 113 hours of data recorded dur-
ing 3 years of regular observations (from 1999
to 2001) were analyzed. The detection was con-
firmed [2] by follow-up observations (about 158

hours) carried out during the final season of op-
eration of the HEGRA array (2002). Using all data
(1999 to 2002) this source was determined to be
steady in flux over the four years of data taking,
extended, with radius 6.2 & 1.244a¢ & 0.9y ar-
cmin, and exhibiting a hard spectrum with a pho-
ton index —1.9 4= 0.1445¢ £ 0.3ys. Its integral flux
above £ > 1 TeV was found to be ~ 5% of the
Crab, assuming a Gaussian profile for the intrin-
sic source morphology. The center of the source
position was determined at aisgog = 20317579,
d2000 = 41°29'56.8".

Previously, the Crimean group reported a signifi-
cant excess (~ 6.0c pre-trial) and the flux of this
source above 1 TeV was reported to be 3 x 1011
cm~2 s~ or about 1.7 times the flux of the Crab
Nebula [18]. This flux claim was never followed
up in subsequent journal publications of the same
collaboration, or confirmed by other experiments.

After the HEGRA discovery claim was made pub-
lic, the Whipple collaboration also reported an ex-
cess at the position of the HEGRA unidentified
source (3.30) in their archival data of 1989 and
1990 [17]. These results are at face value in con-
flict with the HEGRA estimates of flux level and
steady nature of the TeV source, assuming they all
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have the same origin. The average flux detected
in 1989-1990 by Whipple (~ 12% of the Crab for
E>600 GeV) is above the average steady flux re-
ported by HEGRA over the four year observation
period, although yet substantially below that re-
ported by the Crimean group in 1993. Notably,
neither the Whipple nor the HEGRA experiments
find any evidence for variability within their indi-
vidual datasets. The large differences between the
detected flux levels, if real, might suggest episodic
emission (with low duty cycle) or slow variability
in y-ray emission from TeV J2032+4130. Never-
theless, the existence of y-ray variability is difficult
to reconcile with an extended nature of the source.

Recently, the Whipple collaboration reported new
observations of this field with its 10-m telescope
for 65.5 hours during 2003 and 2005 [16]. They
find a pre-trial excess with a significance of 6.10.
Given the o = 7.6’ width of the PSF of their tele-
scope, their data is consistent with both, a point-
like or an extended source with less than 6’ an-
gular size. Regarding the observed source posi-
tion, HEGRA and recent Whipple data are barely
in agreement: their centers being ~ 9’ apart. The
flux levels seems also barely consistent: Recent
Whipple claims do not provide a spectrum for this
source, but just give a 8% Crab-level flux (although
with no energy threshold provided) under the as-
sumption of an steep (Crab-like) spectrum and 1.7
kpc distance (the one to Cyg OB2 association).

Finally, the MILAGRO scan [1], shows an excess
in the Cygnus region, although it comes from a
more extended region and is possibly a superpo-
sition of individual objects plus diffuse emissions.
The MILAGRO flux in a 3x3 square degree re-
gion centered on the HEGRA source at 12 TeV
is (2.41 £ 0.484a1 & 0.725) x 1072 ecm™2 57!
assuming a differential photon source spectrum of
E~26, The MILAGRO flux would thus exceed the
HEGRA one. This may be expected if additional
contribution of the diffuse emission and/or addi-
tional sources are considered.

Several attempts has been done to identify the
source in different wavelenghts, i.e. [10], [11],
[12], [21], [19]. No clear counterpart has been
found (a more detailed discussion can be found in

[4]).

We report here recent MAGIC telescope results.
More details will be given during the conference
and in the follow up proceeding.

Analysis and Results

MAGIC is a new generation single dish Imaging
Air Cherenkov Telescope (see e.g., [6], [13] for a
detailed description). Located on the Canary Is-
land La Palma (28.8°N, 17.8°W, 2200 m a.s.l.),
the telescope has a 17-m diameter mirror, and it is
equipped with a 576-pixel 3.5° field-of-view pho-
tomultiplier (PMT) camera. The analogue PMT
signals are transported via optical fibers to the trig-
ger electronics and are read out by a 300 MSam-
ples/s FADC system. MAGIC’s angular resolu-
tion is approximately 0.1°, its energy resolution is
about 20%, and the trigger (analysis) threshold is
55 (90) GeV. The data analysis was carried out us-
ing the standard MAGIC analysis and reconstruc-
tion software [9], the first step of which involves
the calibration of the raw data [14]. After calibra-
tion, image cleaning tail cuts of 10 photoelectrons
(pe) for image core pixels and 5 pe (boundary pix-
els) have been applied. These tail cuts are accord-
ingly scaled for the larger size of the outer pixels
of the MAGIC camera. The images are parameter-
ized by image parameters [15]. In this analysis, the
Random Forest method (see [7], [8] for a detailed
description) was applied for the v/hadron separa-
tion.

The source position-independent image parameters
SIZE, WIDTH, LENGTH, CONC and the third
moment of the pe distribution along the major im-
age axis were selected to parameterize the shower
images. After the training, the Random Forest
method allows to calculate for every event a pa-
rameter, the HADRONNESS, which is a measure
of the probability that the event is not y-like. The
~v-sample is defined by selecting showers with a
HADRONNESS below a specified value, which
is optimized using a sample of Crab data which
has been processed with the same analysis stream.
An independent sample of Monte Carlo ~y-showers
was used to determine the cut efficiency.

Since part of our observations were carried out in
the presence of partial Moon shine, we have cor-
rected the efficiency loss due to the increase of am-
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bient light. The correction factor and other details
for moon-shine observations with MAGIC is dis-
cussed by [5].

A total of 87 h were devoted to TeV J2032+4130,
spammed during 2005 and 2006. The observation

zenith angle ranges from 12 to 43°. The results of

the analysis of this long expose observation will be
given in the conference and the follow up proceed-
ing.

References

[1] A.A. Abdo et al. astro-ph/0611691, 2006.

[2] FA. Aharonian et al.(HEGRA Collabora-
tion). A&A, 393:37, 2002.

[3] F.A. Aharonian et al.(HEGRA Collabora-
tion). A&A, 431:197, 2005.

[4] J. Albert et al.(MAGIC Collaboration). in
preparation, 2007.

[5] J. Albert et al.(MAGIC Collaboration). sub-
mitted to ApJ, 2007.

[6] C. Baixeras et al.(MAGIC Collaboration).
Nucl. Instrum. Meth, 518:188, 2004.

[7]1 R.K. Bock et al.(MAGIC Collaboration).
Nucl. Instrum. Meth, 516:511, 2004.

[8] L. Breiman et al. Machine Learning, 45:5,
2001.

[9] T.Bretz etal.(MAGIC Collaboration). Proc.
of the 28th ICRC, Tsukuba, Japan, 2947,
2003.

[10] Y. Butt etal. ApJ, 597:494, 2003.

[11] Y. Butt etal. ApJ, 343:238, 2006.

[12] Y. Butt et al. astro-ph/0611731, 2006.

[13] J. Cortina et al.(MAGIC Collaboration).
Proc. of the 29th ICRC, Pune, India, 5:359,
2005.

[14] M. Gaug et al.(MAGIC Collaboration).
Proc. of the 29th ICRC, Pune, India, 5:375,
2005.

[15] A.M. Hillas. Proc. of the 19th ICRC, La

Jolla, 4:445, 1985.

[16] A. Konopelko et al. (VERITAS Collabora-
tion). astro-ph/0611730, 2006.

[17] M.J. Lang et al. A&A, 423:415, 2004.

[18] Y.I. Neshpor et al.. Proc. of the 24th ICRC,
Roma, 2:1385, 1995.

[19] J.M. Paredes et al. astro-ph/0611881, 2006.

[20] G. Rowell and D. Horns. In Proceedings of

The ~-ray Universe, ed. A. Goldwurm, Les
Arcs, France, 385, 2002.
[21] D.E Torres etal. ApJ, 601:75, 2004.

uonip3 8oualajuon-aid - sbuipessoid /002 DNIDI



