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The study of multiwavelength emission properties of blazar jets has the potential to shed light
on the particle acceleration and emission mechanisms taking place in them. The emission of PKS
2155-304 (z=0.116) and S5 0716+71 (z=0.31) bright blazars in the optical/UV, X-ray and vy -
ray bands is investigated by analyzing data from Fermi-LAT, Swift XRT and Swift UVOT telescopes.
The multiwavelength light curves of both sources in these bands show multiple peaks when the flux
increased substantially. In the optical/UV bands, the flux of both sources increased above 2 - 107"
ergecm™”s’'. The X-ray emission from PKS 2155-304 was characterized by a harder-when-brighter
trend, whereas the vy -ray emission from S5 0716+71 showed a moderated trend of softer-when-
brighter. The correlation analysis shows a strong correlation between the UV and 7y -ray emission of
PKS 2155-304, while there is a correlation between the optical/UV and X-ray emission of S5
0716+71. The observed broadband spectral energy distribution of both sources as well as the observed
variability and correlations can be accounted for within one-zone synchrotron/synchrotron-self~-Compton
models.
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1. Introduction. Blazars, a special type of active galactic nuclei whose jet
makes a small viewing angle to the observer, are among the most powerful long-
lived objects. Blazars are the dominant population of extragalactic sources in the 7y -
ray sky. Blazars are usually sub-divided into flat-spectrum radio quasars (FSRQs) and
BL Lac objects. The latter have weak or absent emission lines while FSRQs are
characterized with strong emission lines (equivalent width, EW > 5A) in their spectra.
BL Lac objects are further classified into three subtypes based on the peak frequency
of synchrotron emission: high synchrotron peaked BL Lacs (HBL when v, > 10'"° Hz),
intermediate synchrotron peaked BL Lacs (IBL when 10" Hz < v, < 10" Hz ), or low
synchrotron peaked BL Lacs (LBL when v, <10"Hz) [1,2].

The spectral energy distribution (SED) of blazars is dominated by the
nonthermal emission and consist of two broad components: the first (low-energy
component) peaking from far infrared frequencies to X-ray energies and the second
(high energy component) peaking at MeV/GeV bands. The emission in the low-
energy band is highly polarized [3,4] and this component is believed to be
synchrotron radiation from relativistic electrons in the jet. The origin of the second
component is still under debate. Most likely, this component is due to inverse
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Compton scattering of synchrotron and/or external photons [5,6]. The nature of
the external photons depends on the location of the emission region; these can
be photons either from the disk or those reprocessed from the broad-line region
or those from the infrared torus. However, the hadronic origin of this component,
when the emission is due to the interaction of protons, cannot be excluded. This
component can be also produced from the interaction of relativistic protons either
from their synchrotron emission [7] or from the secondary particles from pion
decay [7-11]. In the latter case, the jets of blazars are also sources of very high
energy (VHE; >100 GeV) neutrinos [12-21].

The emission from blazar jets ranges across all accessible bands in the
electromagnetic spectrum so their multi-wavelength observations are essential for
the study of the origin of their emission. Also, the emission from blazars shows
variability in all the bands, from radio to VHE 7 -ray bands, on timescales ranging
from years to only a few minutes. Sometimes (but not always) there is a correlated
variability between two bands which indicates that the same process might be
responsible for the emission in these bands. Now, the accumulated amount of data
permits a detailed variability study in almost all the bands which is crucial for
understanding the complex physics of blazars. For example, the MAGIC obser-
vation of BL Lac blazar on 15 June 2015 showed a flare with a maximum flux
of (1.510.3)-10’10 photoncm™s” and a halving time as short as 26 + 8 min [22].
Or in the high energy (HE > 100 MeV) band, the Fermi Large Area Telescope
(Fermi-LAT) observations of 3C 279 on 16 June 2015 showed an high-amplitude
variability (the y-ray flux was as high as ~3.6-107 photoncm™s"') when the
source flux variability was resolved down to 2-minute binned timescales, with flux
doubling times of less than 5 minutes [23]. Similarly, the long-term variability
has been extensively investigated also in the radio-optical bands where the data
collected over decades are available [24,25].

The multiwavelength variability study of blazars has recently entered a new era.
There is a large amount of y -ray data available from continuous observations of
blazars in the HE band by Fermi-LAT. Also Neil Gehrels Swift Observatory [26],
(hereafter Swift) performed a large number of observations of single objects. The
Swift satellite with three instruments on board - the UV and Optical Telescope
(UVOT) [27], the X-Ray Telescope (XRT) [28] sensitive to the 0.3-10.0keV band,
and the Burst Alert Telescope (BAT) [29] sensitive to the 15-150 keV band - is
an ideal instrument for simultaneous observation of blazars in the X-ray, Optical,
and UV bands. The combination of the data from Swift observations with data from
Fermi-LAT in the 7y -ray band, will provide a unique possibility to investigate both
emission components in the broadband SED of the blazars.

Variability studies in each band are crucial to identify the timescale of flux
variability which in its turns allows to constrain the size and location of the
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emitting region. At the same time, intra-band variability studies allow to identify
correlated or anti-correlated variabilities in different bands which can shed light
on the physical processes responsible for multiwavelength emission from blazars.
Considering the large number of blazars observed more than 100 times by Swift
(see Fig.1 in Giommi, et al. 2021) [30], a tool that automatically downloads and
analyzes data from Swift UVOT observations of blazars was developed. This allows
to process a large amount of optical/UV data accumulated after the lunch of Swift
satellite. As an application of the tool, the data from observations of two well-
known blazars, PKS 2155-304 and S5 0716+71, was reduced. Also, the X-ray
and 7y -ray data were analyzed and compared with optical/UV data allowing to
investigate variability in different bands and investigate the origin of broad band
emission from these sources.

The paper is structured as follows: the optical/UV observations of the sources
is presented in Section 2. The X-ray and Yy -ray data extraction and analysis are
presented in Sections 3 and 4, respectively. The results and interpretations are
given in Section 5 and the summary is presented in Section 6.

2. Monitoring of the sources in optical/UV bands. The Swift satellite
launched in 2004 is primarily designed for observations of y -ray bursts. With the
three instruments on board (UVOT, XRT and BAT) and a wide energy coverage,
Swift is suitable for blazar research. The range observed by Swift defines either
the low-energy component or the transition region between the two components
or the rising part of the inverse Compton component (depending on the type of
blazar), so that these data are particularly important for theoretical modeling.

The Swift UVOT telescope can produce images in each of six filters, namely
in V (500-600 nm), B (380-500 nm), U (300-400 nm), W1 (220-400 nm), M2
(200-280nm) and W2 (180-260 nm). In order to process UVOT data from any
blazar observation, a special tool was developed. Providing the name and the
coordinates of the source under interest, it accesses the Swift archive, downloads
all the existing observations and processes them with the standard procedure. After
cleaning and filtering the data, all single observations are reduced by selecting
source counts from a circular region of 5" around the source, while selecting the
background counts from a 20" region away from the source. Then with the help
of uvotsource tool it derives the magnitudes which are converted to fluxes using
the conversion factors provided by Poole et al. [31] and then corrected for
extinction, using the reddening coefficient E(B- V) from the Infrared Science
Archive!. The tool produces the flux measured in each filter in each period for
the light curve computation as well as the flux for each frequency for SED

! http://irsa.ipac.caltech.edu/applications/DUST/
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calculations. The tool was extensively tested by analyzing the data from different
blazar observations and comparing with the published results.

The developed tool was used to analyze all the Swift UVOT observations of
PKS 2155-304 and S5 0716+71. Between 2004-2022, PKS 2155-304 were
observed 300 times and S5 0716+71 - 352 times. The light curve of PKS 2155-
304 is shown in Fig.1d and le, separating the flux in V, B, U and W1, M2
and W2 filters. It shows that during the initial observations (e.g., until MJD
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Fig.1. Multiwavelength light curve of PKS 2155-304. a) Adaptively binned y -ray light curve
above MeV. b) X-ray flux estimated in 2.0-10 keV band. ¢) X-ray photon index. d) Flux in U,
B and V bands. e) Flux in W1, W2, and M2 bands.
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55000) the source was in an evaluated emission state in all the considered bands.
For example, in this period the highest flux of the source was (3. 12+ 0.07)- 1071

ergcm™s’

observed on MJD 53960.85 in filter M2. Then the averaged level of

source emission in optical/UV bands decreases, but a few times flux variations in
all the considered filters are still evident. For example, the flux in M2 band on

MJID 56046.13 was (5.1£0.11)-10"" erg cm™ s

which

increased to

(1.60+0.03)-10"° ergcm™s™ on MJD 56180.67. Such changes in consecutive
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Fig.2. The multiwavelength light curve of S5 0716+71 between 04/08/2008-04/05/2022. From
top to bottom: adaptively binned vy -ray light curve (>202.65 MeV), 2.0-10 keV X-ray flux, 0.3-
10 keV X-ray photon index, flux in V, B, and U filters and in W1, M2 and W2 filters.
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UVOT observations can be identified during all the considered periods, which show
that this source has a strongly variable optical/UV emission.

In Fig.2d and 2e, S5 0716+71 light curve in V, B, U and W1, M2 and W2
filters is shown. Two large flaring activities in optical and UV bands are evident.
The first active period was observed between MJD 57030-57060 when the flux in
almost all filters increased from ~5-10""'ergecm™s™ to above ~2-107""ergem™s™.
In this period, the highest flux of (3.28i0.09)-10’10 ergecm™”s' was observed in
filter V on MJD 57047.31. The next major flaring activity was observed between
MJD 58200-58300 when the flux again increased to above ~2-107'" ergem?™s™.
This source is characterized by variable optical/UV emission, i.e., the flux changes
in different Swift observations. Only between MJD 56600-56800 the source was in
a relatively quiescent state in the optical/UV bands: during this period, in 14 Swift
observations the flux was relatively constant with a value of ~2-107" ergecm™s™.

3. X-ray observations of PKS 2155-304 and S5 0716+71. Simul-
taneously with the optical/UV observations, the sources were observed also in the
X-ray band with the Swift XRT instrument. For both sources all the data were
downloaded from SSDC archive (https://www.ssdc.asi.it) and processed using
Swift_xrtproc automatic tool for XRT data analysis [30]. The raw data (Levell)
were downloaded, reduced, calibrated and cleaned via the XRTPIPELINE script
by applying the standard filtering criteria and the latest calibration files of CALDB.
The counts were extracted from a circular region of a radius of ~20 pixels (47")
centered on the source's position, while the background counts are taken from an
annular ring centered at the sources. The tool automatically applies also pile-up
correction when the sources' count rate was above 0.5countss™. Then it loads the
ungrouped data in XSPEC (version 12.11) for spectral fitting using Cash statistics
[32], modeling the source spectrum as a power-law and a log-parabola model
taking the Galactic absorption column density from N, HEASARC tool (https:/
/heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl) [33-35].

The X-ray flux and photon index variation of PKS 2155-304 are shown in
Fig.1b and lc. In the X-ray band, there are several observations when the flux
in the 2.0-10keV band substantially increased. In the low (average) state the flux
is around (0.2-1.0)-10™"" ergecm™s” while in the flaring state it increases to
>107"% ergem™s™ (e.g., in observations on MJD 53945.04, 54714.16, 57363.93).
The X-ray photon index varies in time as well, on average the source is
characterized with a soft photon index (I'y ~2.5) but from time to time it hardens
(I'y <2.5). It is interesting to note that around the flares on MJD 57363.93
and MJD 58350.03 when the X-ray flux increased correspondingly to
(1.11£0.07)-10"° ergem™s™ and (6.32+0.74)-10"" ergem™s”, the X-ray photon
index was I'y =2.16+0.06 and I'y =2.21%0.07, respectively. This is unusual for
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PKS 2155-304 and it most likely corresponds to the transition region between
the synchrotron and inverse Compton components.

In the X-ray band, S5 0716+71 shows several flaring periods as well. There
can be identified at least three large flaring activities in Fig.2b: the first two
between MJD 58140-58460 and the third one around MJD 58900 (in several other
periods the X-ray flux increases as well but with smaller amplitudes). The highest
flux of the source (2.84+0.45)-10™"" ergem?s™) was observed on MJD 58288.68
which 11.36 times exceeds the X-ray flux in the average/low state (~2.5-107"
ergem”s”. The photon index variation is evident from Fig.2d, it varies around
I'y =2.0, sometimes showing harder spectra (I, <2.0) but sometimes also soft
spectra were observed (I'y >2.2). The softest index of I'y =2.86+0.2 was
observed on MJD 59646.43 while the hardest one was I'y =0.96£0.66 observed
on MJD 55608.93.

4. vy -ray observations and data analysis. Fermi-LAT on board the Fermi
Gamma-ray Space Telescope is a pair-conversion telescope sensitive to 7y -rays in
the energy band from 20 MeV to 500 GeV. By default, being in the scanning
mode, it observes the entire sky every ~3 hours, providing a continuous view of
the 7y -ray emission from Galactic and extragalactic sources. The details on the
Fermi-LAT instrument are given in Atwood et al. 2009 [36].

In this paper, the Fermi-LAT data accumulated during 2008-2022 (MET
239557417-673371821) from the observations of PKS 2155-304 and S5 0716+71
are considered. The data were processed with the standard Fermi ScienceTools
version 1.2.1. The Pass 8 (PSR3) Fermi-LAT events with a higher probability
of being photons (evclass = 128, evtype = 3) were analyzed using the
PSR3 SOURCE_V3 instrument response function. The events in the energy range
from 100 MeV to 500 GeV were downloaded from a 12° region centered on the
y-ray position of PKS 2155-304 (RA =329.71 and Dec =-30.22) and S5
0716+71 (RA=110.49 and Dec =71.34). With gtselect tool A zenith angle cut
smaller than 90° is applied to reduce contamination by photons from Earth's
atmosphere while the good time intervals are selected with grmktime tool using
the filter expression (DATAQUAL >0) and (LAT CONFIG =1). With gtbin tool
the photons are binned into 16°.9x16°.9 square region into pixels of 0°.1x0°.1
and into 37 equal logarithmically spaced energy bins. Then, with the help of gtlike
tool, a standard binned maximum likelihood analysis is performed. The fitting
model includes diffuse and isotropic backgrounds, which were modeled with
standard gll iem v07 and iso_ PSR3_SOURCE_V3 vl models and 7y -ray sources
within the region of interest. The model was created using the Fermi-LAT fourth
source catalog Data Release 3 (4FGL-DR3) [37] where all sources within 17°
around the target are included. The spectral parameters of the background sources
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which are between 12° and 12°+ 5° were fixed to their catalog values, while the
normalization and spectral parameters of the other sources were left free.

After optimizing the free parameters in the model, the source variability is
investigated by estimating the flux (light curve) in shorter intervals by applying
unbinned likelihood analysis. The light curve was calculated with the help of an
adaptive binning method. When calculating the light curve with fixed time bins
(e.g., a day or several days), the long bins will smooth out the fast variation,
whereas the short bins might instead result in many upper limits, preventing the
variability studies. In the adaptive binning method, the bin width is adjusted by
requiring a constant relative flux uncertainty, which produces longer time intervals
during lower flux levels and narrower bins when the source is in a high state.
This method has been proven to be very efficient in identifying flaring activities
[38-43].

The light curve of PKS 2155-304 computed above the optimal energy of
274.38 MeV is shown in Fig.1a. It shows that in several occasions the source flux
increased several times (3-5 times), but the major 7y-ray flare was observed
between MID 56770-56800 when within 37 days the flux increased from
(5.08+0.9)-10° photoncm™s™ to (3.24+0.59)-10~7 photoncm™s™. The highest
flux of (3.24+0.59)-10~ photoncm™s" above 274.38 MeV was observed on MJD
56795 within 15.86 minutes which is the highest 7y -ray flux of PKS 2155-304
since the lunch of Fermi-LAT. It is interesting that during this flaring event also
the photon index hardened, namely when the high fluxes of (3.241L0.59)-10‘7
photoncm™s™ and (3.04+0.56)-10~7 photoncm™s™ were observed on MJD 56795
and 56794, respectively, the Y -ray photon index was 1.64+0.12 and 1.53%0.11,
respectively. It shows that during this flare the y -ray spectrum hardens, shifting
the peak to higher energies.

A similar adaptive light curve of S5 0716+71 computed above 202.65 MeV
is shown in Fig.2a. As compared with PKS 2155-304, this source shows several
prolonged v -ray flaring periods. The y -ray flux of sources in the low states (e.g.,
between MJD 57570-57840) is around ~3-10~% photoncm™s”'. The maximum
v -ray flux of (2.0J_r0.2)~10‘6 photon cm™s™ was observed on MJD 57118.61
which exceeds the flux at low states by nearly 66 times. The mean photon index
in the y-ray band is I, =2.05 which corresponds to a flat spectrum in vFv
representation, but a hard index of [, =159+0.10 was occasionally observed on
MJD 56079 and a soft index of T, =2.63+0.23 was observed on MJD 59356.1.
In total, during nearly fourteen years of observations of S5 0716+71, there are
16 periods when the 7y -ray photon index was r,<L7.

5. Results and interpretation. The multiwavelength data collected from
blazar observations is the key to the understanding of the origin of the complex
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processes taking place in relativistic jets. In this paper, the multiwavelength emission
from two blazars, PKS 2155-304 and S5 0716+71, was comprehensively investigated
by analyzing the Swift UVOT, Swift XRT and Fermi-LAT data accumulated in
the past fourteen years. PKS 2155-304 at a redshift of z=0.116 is one of the
brightest HBL type objects in the Southern Hemisphere. It is an object very
luminous in the UV to VHE 7 -ray bands and has an almost featureless continuum
from radio to X-ray energies as in most of the other BL Lac objects. Its
multiwavelength emission observed for already more than 40 years is strongly
variable in almost all bands. In radio bands, this source was discovered as part of
the Parkes survey [44] and was discovered as an X-ray source by the HEAO 1
X-ray satellite [45]. In the Y -ray band, the source was initially observed by
EGRET [46] and it was one of the first blazars observed in the VHE 7y -ray band
[47]. S5 0716+71 with a redshift of z=0.31£0.08 [48] is another well-studied
BL Lac bright in all bands. It shows extreme variability (e.g., in the X-ray band)
and a prominent jet component, and it is a strong Y -ray source. The long-term
monitoring of S5 0716+71 in the radio and optical bands reveals the presence
of quasi-periods. The optical data accumulated during 1994-2001 indicated a period
of about 3.3 years. Instead, the radio data at frequencies from 4.8 to 36.8 GHz
indicate the presence of a period of 8 years [49]. The MAGIC observations in
the VHE vy -ray band show that this source underwent an impressive outburst in
January 2015 (Phase A), followed by minor activity in February (Phase B) [50].
During this flaring period the source flux increased from (4.1i 1. 1)- 10" ecm? s to
(8.9+1.1)-10" cm™ s above 150 GeV.

5.1. Photon index versus flux variation. The data available in the
X-ray and Y -ray bands allows to investigate the variation of the flux as compared
with the photon index. The spectral evolution observed in the photon-index-flux
plane contains important information about the dynamics of the source and
provides an insight into the processes responsible for the particle acceleration and
cooling. As it has been shown in Kirk et al. [51], depending on the relation
between the variability, acceleration and cooling timescales, a harder-when-brighter
or softer-when-brighter trend will be observed in the photon index versus the flux
plane. The y-ray photon index of PKS 2155-304 versus the photon index is
shown in Fig.3a, b, considering the entire period of Fermi-LAT observations and
selecting only the period around the large flare (between MJD 56720-56850).
When the entire observational period is considered with diverse properties (Fig.3b),
it is hard to see any trend. In fact, applying linear-Pearson correlation test yields
r,= 0.02 and p=0.71. Similar values estimated for the flaring period yields
rp=0.35 and p=0.36. This shows that there is no correlation between the flux
and photon index, i.e., the flux and photon index are independent. On the
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contrary, when considering all Swift XRT observations (Fig.3c), there is a clear
indication of the harder when brighter trend. The linear-Pearson correlation test
results in r= -0.55 and p<<10° which shows a negative correlation between the
flux and photon index, i.e., as the flux increases, the photon index decreases
(hardens). Such a relation between the flux and photon index is expected when
the accelerated HE electrons are cooling down, Kirk et al. [51]. When considering
only the flaring period (Fig.3d), although there is a hint of a harder-when-brighter
trend, the data are not enough for a statistically significant claim (rp= -0.28 and
p=0.12).
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Fig.3. PKS 2155-304 v -ray flux versus photon index variation during the whole considered
period (a) and during the flare between MJD 56720-56850 (b). PKS 2155-304 X-ray flux and
photon index variation for all Swift XRT observations (c¢) and during the flare between MJD 53690-
54220 (d).

The blazar S5 0716+71 shows different flaring activities as compared with PKS
2155-304. Although there are large flaring activities in the X-ray band (MJD
58130-58460), no significant correlation between the flux and photon index is
observed (Fig.4c, d). There is a hint of harder-when-brighter trend during the
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X-ray flaring period (Fig.4d) but the linear-Pearson correlation test yields
r= -0.22 and p=0.13. Instead, in the y-ray band, for the entire and flaring
periods, rp=0.25 and p<<10~° and rp=0.27 and p=7.4-107, respectively, which
show moderate softer-when-brighter trend. This shows that when the flux in-
creases, the photon index softens. Such photon index variation is not very
common for blazars but has been occasionally observed (e.g., [30,52-54]). This
shows that the PKS 2155-304 and S5 0716+71 flares observed in the X-ray and
v -ray bands are different by their nature and are caused by different processes.
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Fig.4. The variation of S5 0716+71 y -ray flux versus photon index for the entire period (a)

and flaring period during MJD 56750-57450 (b). Swift XRT measured photon index flux variation
for all Swift XRT observations (c) and during the flare between MJD 58130-58460 (d).

5.2. Correlation studies. As the multiwavelength light curves in Fig.1 and
2 shows, there seem to be contemporaneous changes in the flux in different bands.
In order to test whether or not the emission in different bands are varying
contemporaneously, i.e., whether the emission in different bands are related, a
Spearman correlation test was applied. The possible correlation was investigated
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Table 1

RESULTS OF THE CORRELATION STUDY BETWEEN THE
EMISSION IN DIFFERENT BANDS

PKS 2155-304 S5 0716+71
Band-1 | Band-2 | Spearman coeff. p-value Spearman coeff. p-value
Optical X-ray 0.6 1.3e-22 0.7 3e-44
uv X-ray 0.6 3.5e-30 0.7 1.3e-46
Optical y -ray 0.7 5.4e-18 0.6 4.8¢-18
[0AY Y -ray 0.8 3.6e-19 0.7 1.3e-18
X-ray y -ray 0.5 6.1e-8 0.5 2.4e-12

by computing the correlation rank between the emission in different bands, i.e.,
computing Spearman correlation coefficient p. In order to perform an as general
as possible test, the correlation between the emission in the X-ray and Yy -ray
bands, X-ray and optical/UV bands, y -ray and optical/UV bands was investigated.
When comparing the v-ray flux with the other bands, the 7y-ray periods
computed by the adaptive binning method can contain several Swift observations.
In this case, the mean of all observations is considered, but a check that the mean
value does not significantly differ from the individual estimates in that bin was
performed.

The results from the Spearman correlation analysis are given in Table 1 for each
two bands providing the coefficient and probability. The results reported in Table 1
show that the null hypothesis that there is no correlation can be rejected in all cases.
However, there is no strong correlation between the emissions in different bands. The
correlation between the X-ray and 7y -ray fluxes of PKS 2155-304 is shown in Fig.5a.
There is a weak correlation in these two bands with p=0.5. For example, when
the highest X-ray flux of (2.29 +0. 1)-10‘10 ergcm™s” was observed, the source was
bright in the y -ray band with a flux of (1.43+0.27)-10~ photoncm™s”. For PKS
2155-304, the strongest correlation is found for UV and v -ray bands, p=0.8
(Fig.5b). There is also a milder correlation between the source emission in
X-ray and optical bands with p=0.6 (Fig.5c).

For S5 0716+71, there is again a weak correlation between the emission in
the X-ray and y-ray bands with p=0.5 (Fig.5d). This is because the emission
in the X-ray band corresponds to the highest tail of the synchrotron emission,
while the emission in the Yy -ray band corresponds to the peak of the inverse
Compton component. Since the emission comes from electrons of different energy,
it is natural to expect a time lag between the emission in these two bands. For
this source, the correlation is almost at the same level for the optical/UV vs
X-ray and optical/UV vs y-ray bands (Fig.5¢ and f)).
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Fig.5. The scatter plot of the flux in different bands.

5.3. Multiwavelength SEDs. The available data allows to investigate the
broadband spectrum of both sources from radio to VHE vy -ray bands. The
variability observed in different bands allows to build the SEDs in different periods
and thus to investigate the variability in the energy domain as well. The archival
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data for both sources were downloaded from SSDC science data archive’ and are
plotted together with the data analyzed in this paper (optical/UV, X-ray and vy -
ray bands).

The multiwavelength SED of PKS 2155-304 is shown in Fig.6a. The archival
data are shown in gray and the optical/UV, X-ray and y -ray data observed during
the multiwavelength flare of the source during MJD 56714 - 56903 are in black
color. On the average state the peak of the synchrotron component is at ~10'
Hz which does not change during the optical/UV flare of the source. It is
interesting that the optical/UV flux has increased by a factor of nearly 10, but
the peak of the synchrotron component is unchanged. The variability in the X-
ray band is even at higher amplitudes, and the historical X-ray flux changes by
a factor of 100. The same high amplitude variability can be seen also in the HE
v -ray band. When comparing the flux in the HE and VHE v -ray bands it is
necessary to take into account the strong absorption of GeV/TeV photons through
interaction with extragalactic background light (EBL) photons. This means that
the rising shape in the MeV/GeV band, which implies that the peak of the inverse
Compton component is around ~10%-10” Hz, will exponentially decrease at higher
energies, being in agreement with the observed GeV/TeV data.

In the optical/UV band, the variability of S5 0716+71 (Fig.6b) is even more
extreme when the lowest and highest fluxes differ almost by a factor of 100. In
this case, the optical/UV data with a decreasing shape are defining the decay of
the synchrotron component, while for PKS 2155-304 these data correspond to
the rising part of the synchrotron component. For S5 0716+71, also a high-
amplitude variability is observed in the X-ray and 7y -ray bands. Given the large

10°] @ a b :
13 #.;;
[ f:* 10-10 . %:’
10" 3 b ﬁ :
= i
s o 1012 .
107
10 PKS 2155-304 S5 0716+71
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Fig.6. The multiwavelength SEDs of PKS 2155-304 (a) and S5 0716+71 (b) during the
considered period.

2 https.//www.ssdc.asi.it
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red shift of S5 0716+71, the EBL absorption is even stronger for this source,
which can explain the large difference between the Fermi spectrum (although not
contemporaneous) and MAGIC measurements (three VHE 7 -ray points).

The SEDs of PKS 2155-304 and S5 0716+71 can be modeled by synchro-
tron/synchrotron self-Compton (SSC) model [55,56]. In this scenario, the en-
ergetic electrons confined in a compact emitting region in a randomly oriented
magnetic field emit via synchrotron radiation which explains the first peak in the
SED while the second peak is due to inverse Compton scattering of the same
synchrotron photons. The observed flux increase in the optical/UV bands can be
either due to variations in the injected plasma (particles) or due to the change
of the magnetic field, as the synchrotron luminosity depends on the product of
N, (distribution of electrons) and B?. If there is an injection of new electrons
in the emitting region (e.g., due to re-acceleration) or the magnetic field increases
in the emitting region (e.g., due to the change of particle density), the synchrotron
luminosity will increase, appearing as a flare in the radio-optical/UV-X-ray bands.
Moreover, in this interpretation the available X-ray data can be used to limit the
maximum energy of accelerated particles.

The difference in the variability in the optical/UV and X-ray bands can be
naturally explained by a simple consideration of particle acceleration and cooling.
The X-ray emission is produced from the highest energy electrons which have
shorter cooling time (the electron cooling time is inverse proportional to the
electron energy, ¢ ,~ 1/E), while in the same magnetic field the optical/UV
emission is from electrons that have lower energy and thus a longer cooling time.
So, when there are new electrons injected in the emitting region, the emission
in the X-ray band will vary with an amplitude higher than is seen in Fig.6.

6. Summary. The results of the PKS 2155-304 and S5 0716+71 observations
in the UV/optical, X-ray and 7y -ray bands are reported. The multiwavelength
monitoring of blazars is a unique tool to infer the physical processes dominating
in the relativistic jets. These two blazars show prominent flares in the optical/
UV bands, but it is shown that the flux substantially varies also in other bands.
With the increase of the X-ray flux of PKS 2155-304, the photon index hardens,
showing a harder-when-brighter trend. Instead, a moderate softer-when-brighter
trend is observed in the 7y-ray band for S5 0716+71. Generally, both sources
show high-amplitude flares in the 7y -ray band; the maximum Y -ray luminosity
of PKS 2155-304 is L, =1.35-10" ergs™ while it is L, =2.13-10* ergs” for S5
0716+71.

The correlation analysis shows that there is a strong correlation for PKS 2155-
304 emission in the UV and y -ray bands with Spearman coefficient of p=0.8.
This suggests a common origin of the emission in these bands, i.e., the emission
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in these bands is produced by the same electrons. In particular, most likely the
UV emission comes from the synchrotron emission from the same electrons that
are emitting also in the Yy -ray band. This interpretation is even stronger when
considering that UV emission defines the rising part of the synchrotron spectrum,
as the y-ray band corresponds to the rising part of the SSC component. In the
case of S5 0716+71, as the synchrotron component peaks at lower frequencies,
the optical/UV and X-ray bands are defining the high-energy tail of the synchro-
tron component, so these bands are not correlated with the y-ray band which
again corresponds to the rising part of the SSC component. Instead, as expected,
the correlation between the optical/UV and X-ray bands is stronger with p=0.8.
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MHOTI'OBOJIHOBBIE HABJIOAEHWA BIIA3APOB
PKS 2155-304 1 S5 0716+71

N.MCPAEJIAH

M3yyeHrie MHOTOBOTHOBBIX SMUCCMOHHBIX CBOMCTB 6/1a3apHbIX CTPYH MO3BOJISIET
MIPOJIUTH CBET Ha MEXaHW3MBbI YCKOPSHUS YaCTUILl U SMUCCHUM, TIPOUCXOSIINIC B HUX.
Uznyuenue sipkux 6mazapoB PKS 2155-304 (z=0.116) u S5 0716+71 (z=0.31)
B onTryeckoM/Y®D, peHTTEHOBCKOM M Y -IMala30HaX MCCASI0BAHO IyTeM aHalIn3a
maHHbIx TeneckonoB Fermi-LAT, Swift XRT u Swift UVOT. MHoOroBojiHOBbIE
KpYBbIe OJiecka 000MX MCTOYHUKOB B 3THX JIMAIa30HAX ITOKA3bIBAIOT MHOXKECTBECHHBIE
MUKW TIPpY 3HAYUTEJIBHOM YBEJIMUYCHUHU MOToKa. B onTmueckom/Yd-nuama3onax
MOTOK 0060MX MCTOYHMKOB Bo3pacTai Beie 2-107'° aprem™c'. PeHTreHoBcKoe
m3nyuyeHne PKS 2155-304 xapakrepn3oBajaochk TeHICHIIMEH "XKecTde, Korma spue”,
TOrma Kak 7y -usinydeHue S5 0716+71 mokaszano yMepeHHYIO TEHIECHIIMIO "Msrye,
Korma spue”. KoppeIsaimoHHbIN aHaIN3 MOKa3bIBAeT CUIbHYIO KOPPEIIIIINIO MEXKITY
YO®- u y-mznydyennem PKS 2155-304, B To BpeMs KaK CYIIECTBYET KOPPEISAIIHS
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MeXIy onTrdecknuM/Y®- 1 peHTreHOBCKMM manydeHreM S5 0716+71. Habmomaemoe
LIMPOKOIOJIOCHOE CIEKTpaIbHOE paclpeaeeHrne 3HEPITMU 000MX UCTOYHUKOB, a
Takke HabOaomaeMas M3MEHYMBOCTh U KOPPEJSLUMU MOIYT OBITh OOBSICHEHBI B
paMKax MoJesieil OMHO30HHOIO CUMHXPOTPOHA/CHMHXPOTPOHA-CAMOKOMIITOHA.
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