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Abstract: The new galactic gamma-source (neutron star) 2129+47XRtected at energy 0.8 TeV
with flux (0.19 & 0.05) x 1072 cm~2s~! and indices of the integral spectra dre= —1.10 + 0.08,
kon = —1.23 £0.10 andko sy = —1.73 £ 0.09. Cygnus X-3 is peculiar X-ray binary system discov-
ered about 40 years ago. The system has been observed thubwghe range of the electromagnetic
spectrum. It is one of the brightest Galactic X-ray sourcisplaying high and low states and rapid
variability in X-rays. It is also the strongest radio sousraong X-ray binaries and shows both huge
radio outbursts and relativistic jets. The radio activityclosely linked with the X-ray emission and the
different X-ray states. Based on the detections of ultré leigergy gamma-rays, Cygnus X-3 has been
proposed to be one of the most powerful sources of chargedicaay particles in the Galaxy. The at-
tempts of detection of TeV emission from Cygnus X-3 were firatle in the mid of 1970s and continued
through the mid 1980s. Two observations were particulanlgdrtant: the Kiel results and contempora-
neous observation at Haverah Park. These results indiaatery large UHE flux from Cygnus X-3. The
10 year’s observation results of point source Cygnus X-3 byomCherenkov telescope SHALON are
presented. Cygnus X-3 has been regularly observed sinc@savtith average gamma-quantum flux of
FEo > 0.8TeV) = (6.8+0.7) x 1073 em™2s™!. The energy spectrum of Cygnus X-3 at 0.8 - 65
TeV F(> Eo) < E*Y, wherek, = —1.21 + 0.05 is obtained for the first time with flux on the order
the less than upper limits published before. The binary Cygjcame to new period of flaring activity at
radio- and X-ray energies in 2006. In May and July 2006 thaei@ant increase of Cyg X-3 flux have
detected with SHALON at TeV energyl.47 +£0.24) x 10~ "2em ™25~ 1. The index of integral spectrum
is k, = —1.24 £ 0.06. The flux in 2003 year i$1.79 + 0.33) x 10~ 2cm ™25~ "', Earlier, in 1997, the
increase of flux was also observed2 + 0.5) x 107*2em™2s~!. Thus, among ten observable gamma-
guantum objects, there is galactic source Cygnus X-3, watiodic change of intensity. The variability
of radiation can give essential information on a sourceneatu

I ntroduction sists of composed mirror with area 1.2 m?.

Cocconi proposed in 1959 ICRC, Moscow an air It is equipped with 144 photomultipliers receiv:

shower array at extreme mountain altitude to detect With the pixel 0f0.6° and the angoular resolution ¢
10'2 eV ~ - rays from astrophysical sources [1]. the experimental method ef 0.1°. It is essential
In 1983 the Kiel group announced that they had that our telescope has a large matrix with full any
observed a large flux of - rays with energy in > 8° that allows us to perform observations of tl

excess o0 eV from the X-ray binary Cyg X-3. supposed astronomical source (ON data) and b
ground from extensive air showers (EAS) induc
The Cherenkov gamma-telescope SHALON [2, 3] by cosmic ray (OFF data) simultaneously. Thi

Iocated.at 3;3338 m a.s.l%, atbth:f Tierrl] Sharlw high— the OFF data are collecting for exactly the sal
mounr:am 0 servatqry ofLe edev Physica Ins'tl- Iatmospheric thickness, transparency and other
tute, has been destined for gamma - astronomica perimental conditions as the ON data.

observation in the energy range 1 — 65 TeV [2 - dditional select f el h ho
17]. The SHALON mirror telescopic system con- An additional selection ore ectron-photon sho
ers among the net cosmic rays EAS becomes |
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Figure 1:left: The Cygnus X-3 gamma-quantuifi (> 0.8 TeV) integral spectrum by SHALON in compa
ison with other experiments: TIBET, [7]; 2 - CYGNUS, [8, 9]-HEGRA, [10]; 4 - EAS-TOP, [11, 12];
5 - Whipple, [13, 14]; 6 - SHALON, [16, 17]; diamonds - CASA-K] [15]; the solid line is the the-
oretical calculation (Hillas) [4, 5]. The Cygnus X-3 gammaantum spectrum with power index ¢
ky = —1.21 £ 0.05; right: The image of gamma-ray emission from Cygnus X-3; The enargpge
of Cygnus X-3 by SHALON.
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Figure 2:l€eft: The Cygnus X-3 gamma-quantum spectrum in 2006 with powenidk., = —1.2410.06;

The event spectrum from Cygnus X-3 with backgroéad;, = —1.65 + 0.11 and spectrum of backgroun
events observed simultaneously with Cygnus Xk3 rr = —1.7340.11; right: The image of gamma-ra
emission from Cygnus X-3 in 2006; The energy image of CygmBs(¥ TeV units) in 2006 by SHALON.

sible through an analysis of a light image which, with 99.8% efficiency (see Refs. [2, 3, 16, 17
in general, emerging as an elliptic spot in light re- where Monte Carlo distributions of image parar
ceiver matrix. The selection of gamma-initiated ters ofy- andp- induced showers and the distribi
showers from the background of proton showers tions of image parameters of theandp- showers

is performed by applying the following criteria: 1) extracted from the SHALON observations are p

a < 20° 2)length/width > 1.6; 3) the ratio sented.
INTO of Cherenkov light intensity in pixel with
maximum pulse amplitude to the light intensity in  Cygnus X-3

the eight surrounding pixels exceedd).6; 4) the
ratio INT'1 of Cherenkov light intensity in pixel
with maximum pulse amplitude to the light inten-

sity in the in all the pixels except for the nine in the

center of the matrix is exceeds0.8; 5) distance
is less thar.5 pixels. Our analysis of these distri-

butions suggests that the background was rejected
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Cygnus X-3 is peculiar X-ray binary system di
covered about 40 years ago. The system has |
observed throughout wide range of the electrom
netic spectrum. It is one of the brightest Galac
X-ray sources, displaying high and low states ¢
rapid variability in X-rays. It is also the stronge
radio source among X-ray binaries and shows b
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Figure 3:left: The Cygnus X-3 gamma-quantum spectrum in 2003 with poweniidk., = —1.2840.06;

The event spectrum from Cygnus X-3 with backgrodpd; = —1.65 + 0.11 and spectrum of backgroun
events observed simultaneously with Cygnus Xk3 rr = —1.7440.11; right: The image of gamma-ra
emission from Cygnus X-3 in 2003; The energy image of CygrussixX2003 (in TeV units) by SHALON.

huge radio outbursts and relativistic jets. The radio coming simultaneously, during the observation
activity are closely linked with the X-ray emission the source; temporal analysis of the source
and the different X-ray states. Based on the de- background events; and the source image. The
tections of ultra high energy gamma-rays, Cygnus ergy spectrum of Cygnus X-3 at8 — 65 TeV can
X-3 has been proposed to be one of the most pow- be approximated by the power laiv(> Ep)

erful sources of charged cosmic ray particles in the E*v , with k, = —1.21 & 0.05. This flux, mea-

Galaxy.

The attempts of detection of TeV emission from
Cygnus X-3 were first made in the mid of 1970s

sured for the first time, is several times less than
upper limits established in the earlier observatio
The spectra of events satisfying the selection cr

and continued through the mid 1980s. Two ob- fia(spectralindexoy = —1.33+0.05) and of the
servations were particulary important; the Kiel re- background events observed simultaneously v
sults and contemporaneous observation at Haverahthe source (spectral indéx rp = —1.74 4 0.05)
Park. These results indicated a very large UHE are both shown in Fig. [17] for comparison.

flux from Cygnus X-3. So, these results stimu- The binary Cyg X-3 came to new period of fla
lated the construction of many of new detectors. ing activity at radio- and X-ray energies in 200
The upper limits of the Cygnus X-3 flux are over In May and July 2006 the significant increase
an order of magnitude lower than the detected in Cyg X-3 flux have detected with SHALON ¢
the 1980s levels. Figure 1 shows upper limits on TeV energy. The gamma-ray flux detected
the steady flux from Cygnus X-3 reported between SHALON in 2006 was estimated &5.47+0.24) x
1990 and 1995 compared with earlier observations. 10~'2 cm~2s~! with the indices of integral spec
The Cygnus X-3 flux obtained by SHALON isone tra arek, = —1.21 £ 0.06 (fig. 3), kon =
order of magnitude lower than upper limits pub- —1.65+ 0.11 andkorr = —1.73 £ 0.11 (fig. 2).
lished before. The gamma-ray flux detected by SHALON in 20t

Figures 1, 2, and 3 collect observational data ob- Was estimated a8.79 +0.33) x 1072 em ™25~
tained with SHALON mirror Cherenkov telescope With the indices of integral spectra ate, =
for the Cygnus X-3 point source. This galactic —1.28 & 0.06 (fig. 3), ko = —1.65 + 0.11 and
binary system regularly observed since a 1995 is korr = —1.74 £ 0.11 (fig. 3). Earlier, in 1997,
known as a source with variable intensity (frém a comparable increase of the flux over the av
10712 t0 10! em—2s~1); the average gamma- 2age value was also observed and estimated tc

quantum flux from Cygnus X-3 foE > 0.8 Tev ~ (1.2£0.5) £107"2 em™2s~1. These results pro
is estimated as'(Eo > 0.8TeV) = (6.8 & vide an evidence for a variability of the flux. Coi

0.7) x 10713 ¢m~25~1. The standard output of the firmation of the variability (and, perhaps, perio

SHALON data processing consists of the integral iCity) of very high-energy gamma-radiation froi
spectrum of events coming from a source under Cygnus X-3 by the future observations would

investigation; spectrum of the background events
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Figure 4: |eft: The 2129+47XR gamma-quantum spectrum with power indek,of= —1.10 & 0.08;
The event spectrum from 2129+47XR with backgroépd, = —1.23 + 0.10 and spectrum of backgroun
events observed simultaneously with 2129+47X%BR rr = —1.73+0.09; right: The image of gamma-ra
emission from 2129+47XR; The energy image of 2129+47XR byABBIN.
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