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The radio-loud Active Galactic Nuclei (AGNi) having the rademission arising from a core
region rather than from lobes are often referred to as "bddznd include Flat Spectrum Radio
Quasars (FSRQ) and BL Lacertae (BL Lac) objects. We pressntts of long term observations
of FSRQ: among them are known object 3c454:3 (z859), high-red shifted quasar 1739+522
(4c+51.37) (= 1.375) and 4c+31.63 & 0.295), 4¢+55.17 (z 0.896) as well as BL Lac type
object OJ 287 (z 0.306) that was recently detected by SHALON Cherenkov telgss0Also, the
observation data on known BL Lac objects Mkn 424 @031), Mkn 501 (z 0.034), Mkn 180
(z= 0.046) and Radio galaxies NGC 1275=(0.018), 3c 382 (z 0.0578) are summarized in
this paper. The observation results are presented withrimtepectra, images and spectral energy
distributions for each of sources at energies above 800 GaNimber of variability periods in
different wavelengths including VHI£rays were found.
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I ntroduction

In the last years, high and very high enesgyays have come to play an important role in the
study of Active Galactic Nuclei. A big number of AGNi have bbegetected through the MeV to
TeV energies. The long term SHALON observations yielded datextragalactic sources of differ-
ent type at energy range of 800GeV - 100 TeV. During the pet@P - 2014 SHALON has been
used for observations different type sources[1]. Amongithee NGC 1275 (z=0.018)(Seyfert); 3c
382 (z=0.0578) (BLRG); known BLLac-type sources: Mkn 42Xkriv601, Mkn 180, OJ 287; and
FSRQs: 1739+522 (z=1.375), 3c454.3 (z=0.859), 4c+55.20.896), 4c+31.63 (z=0.295). The
representative results on fluxes, images and spectralyed@fgibutions are shown in Figs. 1, 2
and energy spectrum parameters are presented in the tdideelRroceedings.

1. NGC 1275 (z = 0.018) and Perseus Cluster

The results of 15-year observations of the AGN NGC 1275 atgée®e 800 GeV - 40 TeV
discovered by the SHALON telescope in 1996 [2, 3] are preskim Fig. 1. Gamma-ray emission
from NGC 1275 was detected by the SHALON at the4d1 The average integral flux at energies
>800 GeV for NGC 1275 i$7.8+0.5) x 10~ 13cm~2s~1. To analyze the emission related to the
core, we identified the emission component corresponditigetaentral region of NGC 1275 with
a size of 32". The spectrum of core emission by SHALON is preskin Fig. 1 left with black
triangles. The TeV structure around NGC 1275 (Fig. 1 righay} spatially coincides with the X-ray
emission regions can be produced by mechanisms related getieration of an X-ray structure.

2. Mkn 421 (z=0.031)

The Bl Lac Mkn 421 was detected as the first and the nearest (@341 metagalactic source
of blazar type of TeV energy-quanta in 1992 year using Whipple telescope [4].

Mkn 421 is being intensively studied since 1994 by SHALONgp,Figure. 1 shows the spec-
tral energy distribution of Mkn 421 by SHALON in comparisoritlwother experiment data from
modern and archival observations [7, 8]. The averaged fomthole period of observation since
1994 integraly-ray flux above 800 GeV0.63+0.05) x 10-*2cm—2?s~1 (16.20 [9]). The increase
of the flux over the average value was detected in 1997 and @b®drvations of Mkn 421 by
SHALON and estimated to b@.0140.25) x 10712 cm=?s~! and(0.96+0.2) x 10712 cm?s71,
respectively. The similar variations of the flux was alsoestssd with the telescopes of Whipple,
HEGRA, TACTIC, HESS, MAGIC.

3. Mkn 501 (z = 0.034)

In contrast to Mkn 421, Mkn 501 was the first object to be disted by ag-ray source from
the ground by Whipple in 1995 [10]. The integral averagay flux >800 GeV by SHALON
was estimated a®.86+ 0.06) x 10-12 cm~2s~1 (20.80 [9]). The significant increase of Mkn 501
flux was detected in 1997 and 2006 with the VHE ground teleseagl over the world. The
integraly-ray flux in 1997 and Aug. 2006 by SHALON telescope was esthas(1.21+0.13) x
10712 cm?s! and(2.054:0.23) x 1012 cm™?s71, respectively [6]. The last flaring state of Mkn
501 at the very high energies was detected in the SHALON watenal period between March
and June 2009. The flux increase was detected at 23-24 Aprk3+25 May with average flaring
flux of (3.4140.70) x 10-*?cm~2s~1 [1]. This increase is correlated with the flaring activity at
lower energy range in observations of Fermi LAT [8] and VERET MAGIC, Whipple [8].
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Figure1: left: Spectral energy distributions of tlyeray emission from Active Galactic Nuclei observed by
SHALON in comparison with other experiments. The open gias at TeV energies are SHALON data.
right: The images of AGNi in the gamma-rays with energie8.8 TeV by SHALON.
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Figure2: left: Spectral energy distributions of tiyeray emission from Active Galactic Nuclei observed by
SHALON in comparison with other experiments. The open gias at TeV energies are SHALON data.
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right: The images of AGNi in the gamma-rays with energie8.8 TeV by SHALON.
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4. Mkn 180 (z = 0.046)

As the VHE y-ray emitting Active Galactic Nuclei are variable in flux il avebands the
correlations between low energy emission (for exampleyj-@ady-ray emission have been found.
Recently, optical - TeV/GeV correlation was also found. MIBD was detected in TeYrays by
MAGIC during an optical high state [11] (Fig. 1 and [12, 13, 18]).

Mkn 180 was observed by SHALON in 2007, 2009 - 2014, for a totéd1 hours. After the
standard analysis, a clear excess corresponding to a I8].5No evidence for flux variability was
found. The observed integral flux above 800 GeY0i$5+ 0.09) x 10~12cm~2s1 [1](Fig. 1).

5. 3¢ 382 (z = 0.0578)

3c 382 is a typical Broad Line Radio Galaxy (BLRG), esselytialentical to a quasar except
that the optical luminosity. Its radio structure shows salvguasar-like features. The core is
very bright and there is a narrow jet with the compact hotspat with the lobe opposite the jet.
In contrast to blazars, the jets in BLRGs are not pointing@atly toward the observer, and the
relativistic beaming effects and the related jet dominaaresonly moderate, so it became possible
to investigate both the accretion disk and the jet.

3c 382 has been detected by SHALON at TeV energies [16] (irrgbh8ons of 2009 - 2014
years, 43.1 hours in the total) with a significance [9] of®.5The integraly-ray flux above 0.8
TeV was estimated 89.91+0.14) x 10~ *?cm~2s~1. The energy spectrum gfrays in the energy
region above 800 GeV is described by the power law with thexndl.08+0.11 (Fig. 1). TeV
image of 3¢382 is correlated with the structures visibleatio energies by VLA [17].

6. 4c+31.63 (z = 0.295)

In observations of 2012 a new metagalactic source was detbgtSHALON in TeV energies
(Fig. 2). This object was identified with FSRQ type source3likc63 at redshift z=0.295. 4c+31.63
was observed by SHALON in the 2012 - 2014 for a total of 39.3rboat zenith angles ranging
from 12° to 35’ [1]. The y-ray emission from the position of 4c+31.63 was detected/@l390
GeV with a significance[9] of 8@. The integraly-ray flux for this source is found to b@®.73+
0.16) x 10~ *?cm?s71. 4¢+31.63 was previously detected at high energies witmFeAT [18].

7. 0J 287 (z = 0.306)

0J 287 is an low-frequency peaked BL Lac objects. The mostanding characteristic of
0J 287 is its 12 year period, which is discovered in opticafea[19] and has also been confirmed
in the X-ray band. OJ 287 is supposed to be a binary black hae® in which a secondary
black hole passes the accretion disk of the primary black ant produces two impact flashes per
period. OJ 287 has been detected with GeV emissions by EGREBhd Fermi LAT[21].

0J 287 was observed by SHALON in 1999, 2000, 2008, 2009 an@,Z0d a total of 47.3
hours (for details see [22]).In observations of 2008, 2009 2010 (31.2 hours in total) the weak
y-ray flux was detected [22]. An excess corresponding t®a ] was determined. The observed
integral flux above 800 GeV i9.26+ 0.07) x 10-12cm~2s~1. 0J 287 is the weakest extragalactic
source observed by SHALON. The flux increase over the detenterage flux was detected in
2010 [22] with value 0f0.63=+0.15) x 10-*?cm~2s~ (statistical significance of 6c2[9]).
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Figure 2 presents spectral energy distribution [23] of yhmy emission from OJ 287 by
SHALON [1, 22] in comparison with other experiment data anetictions [20, 21, 23] The open
triangles at TeV energies on Fig. 2 are SHALON spectrum of &J the black triangles present
the y-ray spectrum at the increased flux period of 2010; an uppet ét > 0.8 TeV corresponds
to SHALON observations in 1999, 2000.

8. 3c454.3 (z = 0.859)

In 1998 year a 3c454.3 (z=0.859) had been detected by SHALOBNaenergies [24, 25, 26,
27, 28]. The integraj-ray flux above 0.8 TeV was estimated @#43+ 0.07) x 10712 cm?s71
(14.30 [9]). Within the range 0.8 - 9 TeV, the observed integral ggespectrum is described by
the power lawl (> E,) O E, %8007 The TeVy-ray emission map is presented in Fig. 2. Recently,
3c454.3 has detected with Fermi LAT at energies 200 MeV - 200{29].

3c454.3 shows the significant flux variability in the diffetenergy ranges including high and
very high energies. The last significant flaring state of 3c3%at TeV energies was detected in the
SHALON observational period of Nov. - Dec. 2010. The flux gese was detected at 02-04 Dec.
with flux of (3.4140.70) x 10-*?cm~2s~1, This increase is correlated with the flaring activity at
lower energy range in observations of Fermi LAT[30].

9. 4¢+55.17 (z = 0.896)

4c+55.17, at redshift z = 0.896, is the radio-loud activeagplclassified as a FSRQ. This
object was previously detected at high energies with EGRITFermi LAT with unusually hard
MeV-GeV y-ray spectrum [31]. 4c+55.17 was observed by SHALON [1] i pleriod from 2012
- 2014 at the clear moonless nights, for a total of 49.6 hatraenith angles ranging from 4%
35°. After the standard analysis, a clear excess corresporndiag.4 [9] was determined with
integral flux of (> 0.8TeV) = (0.90+ 0.16) x 10~ *?cm~2s~! and the observed integral energy
spectrum is fitted by the power laMr> E,) O E, 1405015,

10. 1739+522 (4c+51.37) (z = 1.375)

One more remote metagalaciic source of FSRQ type was detected by SHALON in 1999
and is being intensively studied since then [24, 25, 26, 8}, Phis object was identified with the
active galactic nucleus 1739+522 (4c+51.37). This the missant object (with redshift z=1.375)
is also the most powerful: its integrgtray flux is found to be(0.49+ 0.05) x 1012 cm2s71
(15.10 [9]) at energies of> 0.8 TeV. Within the range 0.8 - 7 TeV, the integral energy spautr
is described by the power lalg> E,) O E, %9%099 The image of 4c+51.37 at TeV energies by
SHALON is presented at Fig. 2. The high eneggsay emission from 1739+522 was detected with
Fermi LAT in the range 100 MeV - 100 GeV [32].

Conclusion

The SHALON long-term observations yielded data on exti@gad sources of different type at
energy range of 800 GeV - 100 TeV. Among them are NGC 12#50(918), 3¢c382 (z 0.0578),
4c+31.63 (z 0.295); OJ 287 (z 0.306); 3c454.3 (z 0.859); 4c+55.17 (z 0.896); 1739+522
(z= 1.375) which were detected for the first time by SHALON telegoplso the observation
results of known BL Lacs Mkn 421, Mkn 501 and Mkn 180 are ol#dinA number of variabil-
ity periods in different wavelengths including VHfrays were found. All data from SHALON
observations are compared with ones from experiments htarid very high energies.
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