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The detection of TeV gamma-ray sources at high red-shiftaeia NGC1275 (z=0.0179),
Mkn421 (z=0.031), Mkn501 (z=0.034), Mkn180 (z=0.046), 823(z=0.0578), 4c+31.63
(z=0.295), OJ 287 (z=0.306), 3c454.3 (z=0.859), 4c+55z£D.896) and 1739+522 (z=1.375)
is the evidence of less average spectral density of Ex@mati@lBackground Light and thus the
less star formation rate at early evolution stage, thanptréviously believed. Also, the possi-
ble explanation of the detected very high energy gammastomgrom the distant AGNi is the
re-scattering of primary TeV-photons on the Dark Mattettipkas, so called WISP - weakly in-
teracting slim particles. The axion-like particles hasrbeensidered to be a candidate for such
weakly interacting slim particles.
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I ntroduction

The cosmological processes, connecting the physics oématctive Galactic Nuclei will be
observed in the energy spectrum of electromagnetic radialihe detection of the very high energy
y-ray sources at the redshifts z=0.0179 to z=1.375 with SHNIt€lescope gives an opportunity
to constrain extragalactic background light (EBL) dendiysed on modification tg-ray spectra
and thus it will help to reconstruct the the cosmologicatdrigs of the EBL.

SHAL ON telescope

The SHALON mirror Cherenkov telescope system (Fig. 1) isgies=sl to deteci-rays from
local sources in the energy range from 800 GeV to 100 TeV. THWL®ON y-ray telescopes are
located at an altitude of 3340 m above sea level each of wldstattomposite mirror with an area
of 11.2n? . The detector array consisting of 144 FEU-85 photomuttigliassembled into a square
array and mounted at the mirror focus has characteristifisisut to record information about the
shower structure in the energy range under consideratioa.d€&tector has the largest field of view
in the world,> 8°. This allows one to monitor the background from charged éosay particles
and the atmospheric transparency continuously duringreéiens and expands the area of obser-
vation and, hence, the efficiency of observations [1]. Tlebrigue for simultaneously obtaining
information about the cosmic-ray background and the sheimérated byy-rays is unique and has
been applied in the SHALON experiment from the very begigrohits operation [1]. This tech-
nigue serves to increase the useful source tracking timevelmat is particularly important, such
source and background observation conditions as the skand state of the atmosphere remain
the same. In addition, the wide field of view allows recordihg off-center showers arriving at
distances of more than 30 m from the telescope axis comylabel almost without any distortions;
they account for more 90% of all the showers recorded by thedepe. During a primary analysis,
the primary particle arrival direction is determined withaccuracy up te< 0.1°. The subsequent
analysis specially developed for the SHALON telescopestawtd on Tikhonov regularization
method [2, 3] improves the accuracy to a value of less thaif ¢4].

During the period 1992 - 2014 SHALON has been used for obsens of extragalactic
sources of different type. The main parameters obtaineédon of sources are presented at table 1
[5, 6, 7, 8]. Observations of distant metagalactic sour@ lshown that the Universe is more
transparent to very high-energyrays than previously believed.

Figure1: SHALON-1 mirror Cherenkov telescope in the observatory.
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Table 1: The catalogue of and extragalacgicay sources by SHALON with parameters for spectrum fitting
in form of power low with exponential cutoff (> E) [ EX x exp(—E/Ecuoff).

Sources Observable fltix Ky Ecuoff, TeV Distance,z  Type
NGC 1275 (0.78+0.05) —-2.18+0.12 32+7 0.018 Seyfert
SN2006 gy  (3.71+£0.65) —3.10+0.30 44419 0.019 SN

Mkn 421 (0.63+0.05) —-1.514+0.18 10+3 0.031 BL Lac

Mkn 501 (0.86+0.06) —-1.484+0.15 11+3 0.034 BL Lac

Mkn 180 (0.65+0.09) —-1.844+0.15 73422 0.046 BL Lac

3c¢382 (0.91+0.14) —-1.084+0.11 214+7.0 0.0578 BLRG
4c+31.63 (0.73+£0.16) —-1.134+0.16 104+3.2 0.295 FSRQ
0J 287 (0.26+0.07) —-1.14+0.11 95+1.2 0.306 BL Lac
3c454.3 (0.43+0.07) —-0.52+0.12 62+1.0 0.859 FSRQ
4c+55.17 (0.90+0.16) —1.40+0.15 54+21 0.896 FSRQ
1739+522 (0.49+0.05) —0.50+0.18 61+12 1.375 FSRQ
B2 0242+43 (0.58+0.20) — — 2.243 FSRQ
B2 0743+25 (0.37+0.16) — — 2.979 FSRQ

a|

ntegral flux at energy 800GeV in units of 10 12cm2s 1
Extragalactic Background Light

TeV y-rays, radiated by distant sources, interact with photdbsckground viay+y — ete~
resonant process [9, 10], then relativistic electrons ediatey-ray with energies less than of pri-
mary y-quantum. As a result, primary spectrumye$ource is changed, depending on spectrum of
background light. So, hard spectra of AGNi with high red tshiff 0.03 - 1.8 allow the determina-
tion an absorption by EBL and thus its spectrum.

The redshifts of SHALON very high energyray sources range from z=0.018 to z=1.375.
Among them bright enough AGNi of BLLac type, Seyfert GalaBlLRG and FSRQs (see table 1)
those spectra are resolved in the TeV energy band from 800updd ~20-50 TeV. The fit of a
power law with an exponential cutoff function to the meadwspectra presented in Table 1.

It has mentioned that the observed spectra are modifigeray attenuation, i.6gpserved (E) =
Fintrinsic(E) x exp(—1(E,2)) wheret(E, z) is optical depth for pair creation for a source at redshift
z, and at an observed ener§y According to the definition of the optical opacity the mediu
influences on the primary source spectrumm at1, but fort < 1 the medium is transparent, so the
measuring of source spectrum in the both range cdin give the intrinsic spectrum of the source
to constrain the EBL density. The optical depth for sourdedshifts from 0.018 to 1.375 was
calculated with assumption of EBL shapes shown in Fig. 2. ¥ézluhe EBL shape from Best-fit
model and Low-SFR model [12] (lin€g (Fig. 2) to calculate the attenuated spectrum of Mkn 421,
Mkn 501, Mkn 80, 3¢382 in assumption of simple power low imdit spectrum of the source
with spectrum index off = 1.5+ 0.3, taken from the range af< 1 (table 1). As NGC 1275 is a
nearest source its primary spectrum is weakly influencedBly &d no significant dependance of
spectrum change on models. The shapes of EBL density ciorestrirom the spectra of the high
redshift sources 4c+31.63-2.295), 0J287 (z 0.306), 3c454.3 (z 0.859), 4¢c+55.17 (z 0.896)
and 1739+522 (z 1.375) are shown in Fig. 2 with curvés 3 and4. For these sources the slope
of intrinsic integral spectrum is taken= 1.2+ 0.2. The attenuated spectra for low- and high-
redshifted sources are presented with Fig. 3 (lines) tegetiith observational data.
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Figure2: left: Spectral energy distribution of EBL: measurements [11{ei®[12, 13, 14] and EBL shape
constrained from observations of the extragalactic saubgeSHALON: 1 - NGC 1275 (z=0.018), Mkn
421 (z=0.031), Mkn 501 (z=0.034), Mkn 180 (z=0.046), 3c382)0578)2 - 4c+31.63 (z=0.295), 0J287
(z=0.306); 3 - 3c454.3 (z=0.859), 4¢55.17 (z=0.89@);- 1739+522 (z=1.375).right: Integral energy
spectrum of NGC 1275 by SHALON (black points) with spectruteruated by EBL (line)
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Figure 3: The integral energy spectra for Mkn 421, Mkn 501, Mkn 180,8&;31c+31.63, 0J287, 3c454.4,
4c+55.17 and 1739+522 by SHALON (black points) with speattanuated by EBL (lines)

B2 0242+43 and B2 0743+25 (z > 2)

As it discussed in [9, 10] and later, at energies of 10th Ge¥V ihe y-ray spectra of high-
redshift sources begin to be attenuated by the still poartykn EBL photon field. So, to estimate
the cosmic gamma-ray horizon two extremely high-redsthifee> 2) sources from first and second
Fermi LAT AGN catalogue are observed by SHALON in autumniesirperiod of 2014 year.
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B2 0242+43, at redshift z = 2.243, is the radio-loud activeaxga classified as a FSRQ.
B2 0242+43 was observed by SHALON in the period of 2014 fortal tof 14 hours. Excess
corresponding to a 48[15] was determined with integral flux ¢0.58+ 0.20) x 10~12cm—2s~1
also the unexpected high-level flux increase up to the twies the detected in average was ob-
served at end of November. The surroundings of B2 0242+48'dfi2e in radius doesn’t contain
any candidate for the TeV-emission as well as the GRBs, soparexplosions or other powerful
over the wide wavelength range variable sources that cauttidosources of the flares detected in
the observation period. The list of nearby sources incliesveak radio-objects and one X-ray
source didn’t confirmed after their detection [16, 17, 18].

B2 0743+25, at redshift z = 2.979, is the FSRQ from Fermi LATalcgyues. B2 0743+25
was observed by SHALON in the period of 2014 for a total of 1Qrso The integral-ray flux
of (0.37+0.16) x 10~ *?cm~2s~! was determined with the significance of 8.815]. The analysis
of the region of 20’ in radius around B2 0743+25 was perforrimedrder to find close powerful
sources that could be resolved as this distant quasar [1L6A&®ng the nearby sources no candi-
date for the TeV-emission were found as four of quasar abjaubwn only due to identification by
V B U magnitude and were not recognized in radio, X-ray or Me®V energies [16].

Further observations and investigations of B2 0242+43, B2®25 and area around these
objects are undertaken to establish the reliable sourceVfAray emission.
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