
Optical variability of the blazar 3C 454.3 during 2007-2010.

V.A. Hagen-Thorn1, V.M. Larionov1,2, A.A. Arkharov2, E.I. Hagen-Thorn1,2, and D.A. Blinov1,3

1Astron. Inst., St.-Petersburg State Univ., Russia e-mail: hth-home@yandex.ru
2Pulkovo Observatory, St.Petersburg, Russia
3University of Crete, Heraklion, Greece

Abstract. The optical variability of the blazar 3C 454.3 during 2007-2010 has beenstudied using the results of
multicolor (BVRIJHK) observations. The existence of two variable synchrotron sources was found. The first
is responsible for the flux variability of small amplitude, the second – for theflares. In each flare the relative
SED of variable source was found to be constant but spectral indexeswere different in different flares. This
fact points to impossibility to explain the global variabilityonly by geometrical reasons. Theobserved color
variability is due to a superposition of the variable and constant componentswith different SEDs.

1 Introduction
The blazar 3C 454.3 is an optically active object at z=
0.859. In 2005 the unprecedented strong outburst (R ≈
12m) was recorded. The light curve and color variations
were presented in [1]. The interesting feature of the out-
burst was that the object was redder when brighter. The
opposite relation is observed for almost all active galac-
tic nuclei, though the cases when an object became red-
der with increasing brightness have also been encountered
earlier, for example, for the blazar 3C 345. A detailed
analysis of its color variations [2,3] have shown that a syn-
chrotron component with constant relative SED and vari-
able flux was responsible for the brightness variations. Its
flux was combined with that of a bluer constant compo-
nent. A similar qualitative explanation was suggested in
[1] to explain the color behavior of 3C 454.3 during its
outburst but the possibility of varying color characteristics
of the variable component was noted. A detailed analy-
sis of the behavior of the object in the 2005 outburst [4]
shows, however, that the relative SED of synchrotron com-
ponent responsible for activity of 3C 454.3 was constant.
Its flux variations explain the observed dependence be-
tween brightness and color of the object. In 2007-2010
several outbursts of 3C 454.3 were observed and here we
give the results of detail study of color variability of the
object in these events (for some events the information on
color variability may be found in [5,6]).

2 Observational data and method of
analysis

Optical observations (B,V,R,I bands) were carried out at
two telescopes: 70-cm of Crimean Observatory and 40-
cm of Astronomical Institute of St.-Petersburg State Uni-
versity. Both are equipped by identical CCD photometer-
polarimeters. The observations in the near-IR (J,H,K

bands) were acquired with the 1.1-m telescope in Campo
Imperatore (Italy) with SWIRCAM camera. The observ-
ing and reduction techniques are described in [7]. The un-
certainties of our photometric estimates (1σ level) are no
more than 0.m03. The technique that was used in our analy-
sis of the color variations is described in [8]. It assumes the
presence of two components in the radiation: one constant
and one variable; the latter is responsible for the source
activity. The main advantage of this technique is that the
color characteristics of the variable component are derived
directly from the observations, without preliminary deter-
mination of its contribution to the combined light, thus
eliminating possible errors due to erroneous estimates of
this contribution. The technique is based on plotting “flux-
flux” diagrams for two bands (actually, flux densities are
used, referred to as “fluxes” for the sake of brevity). The
data for simultaneous observations lie along straight lines
in such diagrams if the color characteristics of the variable
component remain unchanged during the studied time in-
terval; the slopes of these lines yield the flux ratios for the
variable component in the analyzed bands. Thus, multi-
color variability observations can provide the relative SED
of the variable component. It is convenient to derive the
SED of the variable source separately in the optical and IR.
These SEDs are then joined together using a flux–flux di-
agram for the fluxes in one of the optical bands and one of
the IR bands. In Fig.1 we give the light curves of 3C 454.3
in B,V,R, I, J,H,K bands after transforming to fluxes via
absolute calibration of Mead at al. [9] and averaging on
given JD all estimates obtained in this night. By averag-
ing data within a night, we neglect very fast variations, but
their amplitude is small, and the procedure will have no
influence on the results of our further analysis.
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Figure 1. Light curves of 3C454.3 after transforming to fluxes
and averaging on given JD all estimates obtained in this night.

3 Results of the color-variation analysis

The flux–flux diagrams for all the data are shown in Figs.
2a and 2b for optical and IR regions separately. Fig. 2c
presents the flux-flux diagram needed for joining IR and
optical spectra. One can see that the dependences between
fluxes are linear. By orthogonal regression method the
equations of straight lines were found as follows (in paren-
thesis the errors of coefficients at the level 1σare given,
after each equation the number of points n and correlation
coefficient r are given):

FB = (0.456± 0.003)FR + (0.081± 0.016), 224,0.998

FV = (0.733± 0.002)FR + (0.173± 0.013), 243,0.996

FI = (1.558± 0.005)FR − (0.220± 0.026), 266,0.996

FK = (6.140± 0.054)FR + (3.685± 0.357), 43,0.937

FJ = (0.411± 0.006)FK − (0.111± 0.216), 145,0.981

FH = (0.657± 0.005)FK − (0.825± 0.190), 144,0.993.

The slopes of the lines give the flux ratios of the vari-
able component, i.e. the mean observed relative SED of
the variable component for studied time interval, while
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Figure 2. Flux-flux diagrams.

the points corresponding to constant component must lie
on the straight lines nearer to coordinate origin than the
points for minimum observed fluxes. All results must be
corrected for interstellar extinction. This has been done as
in [4]. Relative SED of the variable component, corrected
for interstellar extinction, is given in logarithmic scale at
Fig. 3 (red points, the right ordinate axis). One can see
that SED follows the power lawFν ∝ να. Least-square fit
gives the spectral indexα = −1.33± 0.05.

Equations (1) allow to find observed absolute SED of
the constant component, if there is an estimate of the ob-
served absolute flux in one of the spectral bands. Such
estimate may be found from confrontation of photometric
and polarimetric observations in this band. The method is
described in [10,11] and was successively used for OJ 287
in [11]. Following this method and using the results of our
unpublished polarimetric observations we have found for
the flux of the constant componentFR = 0.80 mJy (with
the uncertainty of several percents). The absolute SED of
the constant component found with this value after correc-
tion for interstellar absorption is given at Fig. 3 (diamonds,
left ordinate axis).

A careful examination of the “flux-flux” diagrams
(Fig. 2) shows that the location of points seem to be repre-
sented better by segments of two straight lines with some-
what different slopes than by one line. The break is located
near the valueFR ≈ 5 mJy (FK ≈ 30 mJy). One can notice
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Figure 3. Relative SED of the variable component (red points
with error bar, right ordinate axis) and absolute SEDs (left or-
dinate axis) for constant component (diamonds) and for summed
radiation for different observed flux levels (asterisks, squares and
triangles).

from Fig. 1 that these values lie near the upper boundary
of smooth flux variations, the higher fluxes are related to
outbursts.

The equations of straight lines were found separately
for low (FR < 5 mJy,FK < 30 mJy) and high fluxes. The
spectra in both cases are of power law. They are given at
Fig. 4. The spectral indexes areα = −1.79± 0.03 for low
fluxes andα = −1.25± 0.05 for higher fluxes so that for
low fluxes the variable source is more red.

The examination of Fig. 2 shows that for high fluxes
the scatter of points can hardly be explained only by ob-
servational errors. The probable reason is the difference
of color characteristics of variable components responsi-
ble for outbursts. To verify this supposition the flux-flux
diagrams were constructed for four time interval includ-
ing outbursts: (1) 2454200 – 2454374, (2) 2454600 –
2454899, (3) 2454900 – 2455369, (4) 2455370 – 2455800.
The found spectra are given in Fig. 5. Spectral indexes are
as follows: (1)α = −1.18± 0.06; (2)α = −1.41± 0.06;
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Figure 4. Relative SEDs for two variable sources (red points –
smooth component, blue triangles – component responsible for
outbursts).

(3) α = −1.92± 0.053 and (4)α = −1.68± 0.06 (for in-
terval (3) the value ofα is less reliable because of lack of
IR data). We see that difference of color characteristics of
variable components in fact exists.

4 Discussion and conclusions

First of all let us note that at flux-flux diagrams (Fig. 2)
there are no systematic deviations from straight lines. This
fact points to constancy at average of color characteris-
tics of variable source responsible for activity. At the
same time the small break may be noticed in the region
near the upper boundary of smooth flux variations. The
same situation was found for BL Lac in [12] and was
explained by existence of two variable sources: the first
one responsible for smooth variations and the second –
for flares. Here we propose the same interpretation. The
spectra of both sources are of power law. This fact and
high observed polarization point to synchrotron nature of
the sources. Their spectral indexes are essentially differ-
ent (Fig. 4) thus confirming correctness of separation of
the sources responsible for outbursts from the source re-
sponsible for smooth variations. The former sources have
different SEDs (Fig. 5).

As a consequence we must refuse from an attempt to
explain the global variability only by difference in Doppler
boosting due to variations of angle between the line of
sight and direction of electron moving. At the same time
this mechanism seems to give the best explanation of the
constancy of SED in each event that is most probably due
to shock-wave moving along the curved jet or jet with he-
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Figure 5. Relative SEDs for different time intervals.

lical magnetic field. The SED differences in different out-
bursts obviously reflect differences in the electron-energy
distributions in the sources responsible for the outbursts.
In contrast to the spectrum of variable component the spec-
trum of constant component is not smooth (Fig. 3). There
is extra radiation in bands J and V. These features in the
case of low fluxes were noted via photometry in [5] and
were explained as possible contribution of emission lines.
Later on their existence was confirmed by spectral obser-
vations [13,14]. At Fig. 3 we give also corrected for inter-
stellar absorption spectra for observed valuesFR = 1 mJy
(asterisks),FR = 2 mJy (squares) andFR = 20 mJy (tri-
angles), fluxes for other bands were found using equations
(1). The first value is near to that of constant component,
the second is by≈ 1m brighter and the third is near to maxi-
mum observed flux. We see that forFR = 1 mJy the details
in SED are well noticeable, but forFR = 2 mJy they are
no longer detectable. The spectrum becomes bluer and fol-
lows the power law (withα = −1.47± 0.03). ForFR = 20
mJy we see the power-law spectrum withα = −1.31±0.04.
Just as one should expect this value is the same as found
for the variable component (α= −1.33± 0.05). Null-
point at right ordinate axis at Fig. 3 has been chosen to
emphasize this fact. In conclusion, let us dwell on ob-
served color variability of 3C 454.3. As we have shown
in [4], the observed in 2004-2005 dependence between

color and brightness (redder when brighter) is naturally ex-
plained by flux variations of very red synchrotron source
(with α = −1.82± 0.04) whose radiation was superposed
on the radiation of bluer constant component. In 2007-
2010 the situation is different. Synchrotron source respon-
sible for variability was bluer (α= −1.33± 0.05) than
constant component so that the dependence between color
and brightness was inverse as one can see at Fig. 3. This
means that often the construction of dependences by us-
ing all available data may give no useful information and,
what is more, may lead to wrong conclusions. Each event
in blazar’s life must be considered individually.
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