Proceedings of the 30th International Cosmic Ray Conference ID 532
Rogelio Caballero, Juan Carlos D’Olivo, Gustavo Medina-Tanco,

Lukas Nellen, Federico A. Sanchez, José F. Valdés-Galicia (eds.)

Universidad Nacional Auténoma de México,

Mexico City, Mexico, 2008

Vol. 2 (OG part 1), pages 687-690

30TH INTERNATIONAL CosMIC RAY CONFERENCE

ICRCY

Mérida, México

Observations of the first unidentified TeV ~-ray source (TeV J2032+4130) with the
MAGIC telescope

E. ONA-WILHELMI &2, J. CORTINAZ, E. DOMINGO-SANTAMARIA 2, N. PUCHADES?, J. RCo? A.
ROBERT?, D.F. TORRES! FOR THEMAGIC COLLABORATION

LAPC, 11 Place Marcelin Berthelot, F-75231 Paris Cedex 0%5i€e

2Institut de Fisica d’Altes Energies, Edifici Cn., E-08193 Bellaterra (Bzona), Spain

3Universitat Aubnoma de Barcelona, E-08193 Bellaterra, Spain

4|CREA and Institut de @incies de I'Espai, IEEC-CSIC, E-08193 Bellaterra, Spain
emma@apc.univ-paris7.fr

Abstract: The TeV source J2032+4130 is the first ever detected unfalsh HE gamma-ray source.
There have been contradictory claims regarding its extenflux level and variability iny-rays, although
the longest and most sensitive observation up to now favieraalg, extended source. MAGIC has devoted
more than 80 hours on J2032+4130 during 2005 and 2006. Wentrése most recent results obtained
with the MAGIC telescope on this source.

Introduction Crab, assuming a Gaussian profile for the intr
sic source morphology. The center of the sou
The TeV source J2032+4130 [1], [2] is one the position was determined atyo0 = 20"31™57,
most enigmatic detections in high energy astro- d2000 = 41°29'56.8".
physics. As discussed below, there have been var-pPreviously, the Crimean group reported a sign
ious claims on its spatial extension, flux level, and cant excess~ 6.00 pre-trial) and the flux of this
time variability in-rays as observed with differ-  source above 1 TeV was reported todg 10~ 1!
ent facilities, although the longest and most sen- cm=2 s~ [4]. However, this flux claim was neve
sitive observation up to now favors a steady, ex- followed up in subsequent journal publications
tended source. Its counterpart at lower energiesthe same collaboration, or confirmed by other ¢
is yet unknown. It was the first unidentifieg periments.
ray source found at very higi-ray energies, and o \whipple collaboration also reported an exc
also the first-discovered, likely galactic TeV source at the position of the HEGRA unidentified sour

which appeared to be extended. These properties(s_sa) in their archival data of 1989 and 19¢
were to be shared by other detections made more[5]_ The average flux detected in 1989-1990

recently with the HESS telescopes. Whipple (~ 12% of the Crab for E600 GeV) is
It was first reported by the HEGRA collabora- above the average steady flux reported by HEG
tion [3]. About 113 hours of data recorded dur- over the four year observation period. Recen
ing 3 years of regular observations (from 1999 the Whipple collaboration reported new obsen
to 2001) were analyzed. The detection was con- tions of this field with its 10-m telescope for 65
firmed [2] by follow-up observations (about 158 hours during 2003 and 2005 [6]. They find a p
hours) in 2002. The source was determined to be trial excess with a significance of .1 Given the
steady in flux over the four years of data taking, » = 7.6’ width of the PSF of their telescope, the
extended, with radius.2 & 1.2, + 0.95ys ar- data is consistent with both, a point-like or an €
cmin, and exhibiting a hard spectrum with a pho- tended source with less thah &ngular size. Re-

ton index—1.9 + 0.1stas £ 0.3sys. Itsintegral flux  garding the observed source position, HEGRA ¢
aboveE > 1 TeV was found to be- 5% of the
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recent Whipple data are barely in agreement: their
centers beingv 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 en-
ergy threshold provided) under the assumption of
a steep (Crab-like) spectrum and 1.7 kpc distance
(the one to Cyg OB2 association).

Finally, the MILAGRO scan [7], shows an excess
in the Cygnus region, although it comes from a T
more extended region and could be a superposition

of individual objects plus diffuse emissions. -50 |

Several attempts have been done to identify the 07605 01015 0202503035 04 045 0.5
source in different wavelengths, i.e. [8], [9], [10], ¢ [deg’]

[11], [12]. No clear counterpart has been found

(more details in [13]). Figure 1: Distribution o#? parameter for event:

coming from the direction of TeV J2032+4130, tl

background distribution subtracted (blue point
MAGIC Observations A PSF convolved radial Gaussian fit is indicat

by the dashed black line with,,. = 6.1+1.8 ar-
The MAGIC single dish Imaging Air Cherenkov cmin.
Telescope (see e.g., Baixeras et al. 2004, Cortina
et al. 2005 for a detailed description) is located
on the Canary Island La Palmag(8°N, 17.8°W,
2200 ma.s.l.). Its angular (energy) resolution is ap-
proximately 0.09 (20%), and the trigger (analysis)
threshold is 55 (60) GeV [14]. The data analysis ) )
was carried out using the standard MAGIC analy- Since part of our obs_ervatlons were carried oul
sis and reconstruction software [15], the first step the presence of partial Moon shine, we have c
of which involves the calibration of the raw data rected the efficiency loss due to the increase of :
[16]. After calibration, image cleaning tail cuts of Pient light. The correction factor and other deta
10 photoelectrons (PE) for image core pixels and for moon-shine observations with MAGIC is dit
5 PE (boundary pixels) have been applied. These cussed by [20].
tail cuts are accordingly scaled for the larger size A total of 86.8 h were devoted to TeV J2032+41:
of the outer pixels of the MAGIC camera. The im- spammed during 2005 and 2006. The observa
ages are parameterized by image parameters [17]zenith angle ranges from 12 to43uring the first
In this analysis, the Random Forest method (see period in Summer 2005 the observations were ¢
[18], [19] for a detailed description) was applied ried out in ON/OFF mode, that is, the source w
for the v/hadron separation and for energy esti- observed on-axis and observations from an err
mation. The source position-independent image field of view were used to estimate the backgrou
parameters SIZE, WIDTH, LENGTH, CONC and Lately, in Summer 2006, the data were taken in-
the third moment of the PE distribution along the so-called wobble mode, using five positions arot
major image axis were selected to parameterize thethe HEGRA position instead the usual two syi
shower images. After the training, the Random metrical position in order to be able to monitor
Forest method allows to calculate for every event wider field of view. Applying a lower SIZE cut or
a parameter, the HADRONNESS, which is a mea- the images of 800 PE, the total number-efike
sure of the probability that the event is ngptike. excess after cuts idV.,..ss = 268, with a sig-
The~-sample is defined by selecting showers with nificance of6.0c. The SIZE cut at 800 PE wa
a HADRONNESS below a specified value, which chosen in account of the hardness of the sot

is optimized using a sample of Crab data whi
has been processed with the same analysis str
An independent sample of Monte Carjeshowers
was used to determine the cut efficiency.
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spectral index, measured by HEGRA. No indica-
tion of time variability is observed: the source in-
tegral flux remains constant within the errors at the
level of 3.7 of the Crab Nebula during 2005 and
2006.

The#? distribution is calculated for the source po-
sition, beingéd the angular distance between the
source position in the sky and the reconstructed ar-
rival position of the shower. The reconstruction of
individual~-ray arrival directions makes use of the
so-called DISP method [21]. The expected num-
ber of background events are calculated using five
regions symmetrically distributed for each wobble
position with respect to the center of the camera
and referred to as anti-sources. Fig. 2 shows the
distribution of §2 parameter for the excess regis-
tered in the direction of the source, for a SIZE cut
of 800 PE. The excess is fitted to a Gaussian func-
tion folded with the telescope point spread function
PSF obtained from Monte Carlo simulation and
validated with Crab observations. The source ap-
pears extended within the MAGIC PSF. Its intrin-
sic extension assuming a Gaussian profile js.
=6.141.8,;, arcmin.

Fig. 2 shows the Gaussian-smoothed map4()

of the field of view (0.7x0.7°) around the TeV
J2032+4130 position for a lower cut in the im-
age number of PE of 800 along with the posi-
tion of Cyg X-3, the EGRET source 3EGJ2033+41
and the results of the best fits to the Whipple and
HEGRA data. To determine the best position of
the MAGIC detection the excess map was fitted
to a 2d Gaussian function. The result is shown
in the skymap with a black cross as well as a
circle indicating its extension. The best position
is RA = (20.5370.0034¢+sys) hr and DEC =
(41.52£0.024¢+sys) ° (for more details on the
systematic uncertainties in the source position de-
termination, see Bretz et al, 2003).

The TeV J2032+4130 energy spectrum
was obtained using the Tikhonov unfold-
ing technique [22] and is shown in Fig.3.

It can be fitted (2/n.d.f = 0.3) by a
power law function: dN/dE dA dt = (4.6
0.08)x 10~ 13(E/1TeV) 1 82+0.2, The errors

qguoted only refer to the statistical errors. The
systematic error is estimated to be%5n the

flux level determination while it amounts 0.2
for the spectral index, [14]. The differential
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Figure 2: Gaussian-smoothedq4’) map ofy-ray
excess events (background-subtracted) for a lo
SIZE cut of 800 PE for which the angular resol
tion optimizes. The last position reported by Whi
ple is marked with a red cross. The HEGRA a
MAGIC positions are shown in the center of tt
field of view with blue and black crosses respe
tively. The surrounding circle corresponds to th:
measured & extension. The error bars, in bo
cases, correspond to the linear sum of the stat
cal and systematic errors. The green crosses c(
spond to the positions of Cyg X-3 and the EGRI
source 3EGJ2033+41.

energy spectrum is shown in Fig.3. The spectr
of HEGRA TeV J2032+4130 as measured

HEGRA and the spectrum of the Crab Nebt
as measured by MAGIC [14] are shown in bl
solid line and red dotted line respectively. F
illustrative purposes we also show in Figure
the spectra which are predicted by one-zc
hadronic and a simple leptonic model of the hi
energy emission. Under the hadronic scenario,
7V-predictions is obtained from a proton pare
population described with a power law (indt
—2) with exponential cutoff at 100 TeV. Th
inverse Compton spectrum is obtained from

electron population described with equal ind
and a 40 TeV exponential cutoff scattering ¢
CMB photons. Both models are compatible wi
the high energy emission. Confirming the real
of the diffuse emission detected at lower enerc
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