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ABSTRACT

Aims. In this work, we looked for simultaneous brigthness variations in the optical and near-infrared bands in the TeV BL Lacs
PKS 2005-489 and PKS 2155-304, covering time scales from minutes to a few years.
Methods. Between 2001 and 2003, we carried out optical and near-infrared observations using two telescopes at the Pico dos Dias
Observatory (LNA, Brazil), reaching a time resolution in the light curves of about 14 min at optical wavelengths and 6 min in the
infrared. For both sources the variability analysis was done after the contribution of the host galaxy was subtracted from the observed
flux.
Results. In PKS 2005-489 we detected for the first time optical and near-infrared variations on time scales of minutes. Both sources
presented variability on different time scales and with complex and distinct spectral behavior. This behavior favors a scenario in which
the variability is produced by the formation and fast evolution of shock waves in the quiescent or slowly varying nuclear jet.

Key words. galaxies: BL Lacertae objects: individual: PKS 2005-489 – galaxies: BL Lacertae objects: individual: PKS 2155-304

1. Introduction

In active galactic nuclei (AGNs), the variability on short time
scales is more common in the class of blazars, which includes
the BL Lacs, optical violent variable objects (OVVs), and flat
spectrum radio Quasars (FSRQ). Variability puts constraints on
the size of the emitting region and, in general, relativistic ef-
fects must be considered to conciliate the inferred luminosities
with the small sizes. Relativistic jets oriented close to the line
of sight are very convenient sites for generating the brightness
variations in blazars on all time scales, through the formation
and propagation of shocks and their interaction with the inho-
mogeneous surrounding medium (Marscher et al. 1992). A simi-
lar scenario, involving the superposition of different components
such as the quiescent jet and a shock or evolving knot, was also
used to explain the spectral variability of polarized emission in
blazars (Brindle et al. 1986; Valtaoja et al. 1991; Andruchow
et al. 2003). Geometric effects, such as the change in the an-
gle between the jet and the line of sight, can explain symmetric
flares (Wagner et al. 1995) and periodic components in the light
curves (e.g. OJ 287, Abraham 2000).

For some sources, the Lorentz factor of the relativistic bulk
motions needed to explain rapid variability are much higher than
those derived from the kinematics of the jet components (e.g.
Qian et al. 1991). Models of extrinsic processes, such as inter-
stellar scattering or microlensing, have been proposed to solve
this discrepancy (Romero et al. 1995; Wagner & Witzel 1995;
Kraus et al. 1999). While the first process has observable effects
only at radio wavelengths, microlensing models predict achro-
matic variability at all wavelengths. Many campaigns were un-
dertaken to detect optical short-term variability in blazars (e.g.

� Based on observations made at the Laboratório Nacional de
Astrofísica (LNA-CNPq, Brazil).

Heidt & Wagner 1996; Jang & Miller 1995, 1997; Romero et al.
1999, 2002), although most of them were restricted to only one
spectral energy. For that reason, a pattern of rapid variability
behavior across the eletromagnetic spectrum and the relation
among different energy bands could not be established, even for
the best-studied sources. Also, little information about the occur-
rence of rapid variability in blazars in the the near-infrared bands
could be found in the literature (Lorenzetti et al. 1989; Whiting
et al. 2002).

In recent years, multiwavelength monitoring campaigns have
been carried out to focus on a few blazars (e.g. AO 0235+164,
Raiteri et al. 2005; 3C 66A, Böttcher et al. 2005; PKS 2155-304,
Urry et al. 1997; Pesce et al. 1997; Pian et al. 1997), in most
cases covering frequencies from radio to X-rays. In general, the
optical and near-infrared variability seems to be well-correlated
and has no measurable delay on any time scale.

It was believed that a common property of all blazars was
that the spectrum always becomes flatter when the brightness
increases. However, some recent observations in the optical
bands have shown that this scenario is not so simple (Ghosh
et al. 2000; Gu et al. 2006). Some objects show spectral steep-
ening or no changes when the flux increases in variability
events on time scales from months to hours (e.g. S5 0716+71,
Raiteri et al. 2003; AO 0235+164, Ghosh et al. 2000; BL Lac,
PKS 0736+017, Clements et al. 2003). These new data could
be indicating that we are observing a superposition of compo-
nents with different spectral and temporal properties. In particu-
lar, Gu et al. (2006) suggest that the steepening of the spectrum
during the flux increase is more common in blazars classified
as flat spectrum radio quasars (FSRQ), which can be due to the
presence of a more significant thermal component. More obser-
vations at optical and near-infrared wavelengths are needed to
investigate the relationship between variability and the spectral
behavior on different time scales.
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Optical observations have shown that microvariability is
more common in radio-loud sources; a useful number for quan-
tifying the incidence of rapid variability is the duty cycle, which
represents the fraction of the time that a source (or a class of
sources) varies on a given time scale. Particularly, the optical
microvariability duty cycle for radio-loud and radio-quiet ob-
jects calculated by Romero et al. (1999) was 68% and 6.9%, re-
spectively, while for the specific case of X-ray selected BL Lacs
(XBLs), it was 27.9%, and 67% for radio-selected BL Lacs
(RBLs).

In 2001 we started an observational project that consisted of
optical and near-infrared simultaneous observations of blazars
with high temporal resolution. In this work we present the results
for the BL Lac objects PKS 2005-489 and PKS 2155-304, for
which optical light curves covering five years of observations
were recently presented (Dominici et al. 2004).

PKS 2005-489 (V = 13.4, z = 0.071, Véron-Cetty & Véron
1998) is considered an RBL, although its synchrotron peak is lo-
cated between the UV and X-rays. Variations in the R band, on
time scales of a few days, have already been observed in 1990
by Heidt & Wagner (1996) and in the B, V , and R bands by
Rector & Perlman (2003) during August 2000, the latter ap-
parently without any wavelength dependence. Dominici et al.
(2004) found variations of about 1 mag in the V band on time
scales of about 20 days and a possible correlation with the X-ray
light curves from the All Sky Monitor (RXTE/ASM). However,
variability on shorter time scales was found neither during the
1997 observations of Romero et al. (1999), in the V and R bands,
nor in August 2000 (Rector & Perlman 2003). Recently, this ob-
ject was also observed at energies higher than 200 GeV by the
HESS telescopes (Aharonian et al. 2005b), and is the second
southern-hemisphere blazar detected at these energies.

The XBL PKS 2155-304 (V = 13.1, z = 0.116, Véron-Cetty
& Véron 1998) presents optical variability on time scales of
months, days, and minutes (Edelson et al. 1995; Courvosier et al.
1995; Pesce et al. 1997; Urry et al. 1997; Pian et al. 1997;
Paltani et al. 1997; Dominici et al. 2004). However, a search
for optical microvariability (V) in 1997 and 1998 carried out
by Romero et al. (1999) gave negative results, confirming that
for this source short-term variability occurs in isolated epochs
(Heidt et al. 1997). It was the first southern-hemisphere blazar
detected at TeV energies (Chadwick et al. 1999; Aharonian et al.
2005a).

In this paper we present probably the first detection of vari-
ability in PKS 2005-489 on time scales of minutes. We also de-
tected short-time variability in PKS 2155-304 and confirmed the
duty cycle of about 30% found by Romero et al. (1999). In addi-
tion, we present long-term infrared observations and a study of
the optical and near-infrared spectral behavior on different time
scales for both sources. In Sect. 2 we describe the observational
program and data reduction procedures. The resulting differen-
tial light curves are discussed in Sect. 3. The spectral behavior
of the sources during the monitoring program is presented in
Sect. 4. The calculation of the duty cycle is shown in Sect. 5.
Finally, in the last section we summarize the results.

2. The observational program

The observations were carried out in two campaigns of three
nights each, in July and August of 2001. PKS 2155-304 was also
observed one night at optical wavelengths and two nights in the
infrared in November of that year. Two telescopes at the Pico

Table 1. Log of the observations for PKS 2005-489.

Date Filter N microvar? Date Filter N microvar?
07/16/01 B 18 yes 08/12/01 B 4 no

V 19 yes V 10 no
R 19 yes R 10 no
I 13 yes I 3 no
J 24 yes J 10 no
H 22 yes H 7 no

07/17/01 B 13 yes 07/08/02 J 9 no
V 22 yes H 8 no
R 22 yes
I 12 yes
J 25 yes
H 25 yes

07/18/01 B 10 no 07/09/02 J 2 no
V 20 no H 2 no
R 20 no
I 10 no
J 26 no
H 25 no

08/10/01 B 8 no 05/12/03 J 19 no
V 13 no H 19 no
R 14 no
I 7 no
J 26 no
H 26 no

08/11/01 B 5 no 05/14/03 J 10 no
V 24 no H 10 no
R 23 no
I 5 no
J 24 no
H 24 no

dos Dias Observatory (Brazópolis, Brazil)1 were used simulta-
neously. The instrumentation was chosen to obtain similar fields
of view and time resolution in the optical and near-infrared ob-
servations. Additionally, some data were obtained in July 2002
and May 2003, but only in the near-infrared bands. The details
of the observational program are described below and the log of
the observations can be seen in Tables 1 and 2 for PKS 2005-489
and PKS 2155-304, respectively.

2.1. Observations and data-reduction procedures
in the optical bands

For the optical observations, we used the LNA 1.6 m telescope,
working with a CCD of 1024 × 1024 pixels with 24 µm/pixel
and a focal reducer that provided a field of view of 10′ × 10′
(0.67′′/pixel). We took frames in the filters B, V , R, and I with
integration times between 180 and 250 s. Two V and R frames
were taken for each B and I observation, except in the obser-
vations of PKS 2005-489 in the first two nights, in which the
observation in the four bands have the same time sampling.

The frames were trimmed, debiased, and divided by the flat
dome as usual. Data reduction for light variability analysis was
made with the IRAF package2, using the APPHOT task for aper-
ture photometry, with a median model to discount the sky con-
tribution and an aperture of three or four times the FWHM. The

1 Operated by the Laboratório Nacional de Astrofísica (LNA/CNPq).
2 IRAF is distributed by the National Optical Observatories, which

is operated by the Association of Universities for research in
Astronomy, Inc., under co-operative agreement with the National
Science Foundation.
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Table 2. Log of the observations for PKS 2155-304.

Date Filter N microvar? Date Filter N microvar?
07/16/01 B 5 yes 11/10/01 B 2 no

V 13 yes V 4 yes
R 12 yes R 4 yes
I 6 yes I 1 no
J 22 no J 6 no
H 23 no H 6 no

07/17/01 B 7 no 07/08/02 J 6 no
V 12 no H 7 no
R 11 no
I 7 no
J 29 no
H 28 no

07/18/01 B 13 yes 07/10/02 J 5 no
V 24 yes H 5 no
R 22 yes
I 12 yes
J 25 no
H 27 no

08/12/01 B 10 no 05/14/03 J 22 no
V 41 yes H 21 no
R 39 yes
I 8 yes
J 54 no
H 54 no

11/08/01 J 2 no

chosen apertures followed the recommendations of Cellone et al.
(2000), to insure that the resulting light curves are free of the in-
fluence of the host galaxies, whose contribution can change due
to seeing fluctuations.

2.2. Near-infrared observations and data reduction
procedures

The data in the near-infrared range were taken with the Boller
& Chivens 0.6 m telescope at the LNA, using an infrared cam-
era (CamIV) equipped with a HAWAII 1024 × 1024 pixels
HgCdTe detector (18.5 µm/pixel). The field of view of the re-
sulting frames has 8′ × 8′, with 0.47′′/pixel. The observations
were made with the J and H filters.

For each filter two frames were taken, with a two arcmin
offset between them, to discount the sky and background contri-
bution. The integration time for each frame was 60 s, resulting
in a time resolution of about 6 min. The reduction was made
with the IRAF tasks developed for the CamIV data analysis by
F. Jablonski3. The frames were corrected by flat field, dark count
contribution, and a mask for bad pixels in the detector was ap-
plied. After the combination of the two offset frames, the in-
strumental magnitudes were calculated with APPHOT task. As
in the optical observations, we used an aperture that was three or
four times the FWHM to insure that the host-galaxy contribution
is completely included and does not change due to the variable
seeing.

3. The resulting light curves

The light curves were constructed in differential mode. For this
purpose, we selected one reference star to transform counts to
flux density. A set of comparison stars were also selected to

3 http://www.lna.br/instrum/Camiv/scripts.html
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Fig. 1. DSS field image of PKS 2005-489 (top) and PKS 2155-304 (bot-
tom) (B band, field of view of 10.5′ ×10.5′). The stars used as reference
and control in the optical and infrared observations are indicated, along
with the galaxy used to study the influence of host contribution in the
PKS 2005-489 light curve (see text).

construct the control light curves. Comparison and reference
stars chosen in the source field are indicated in the DSS4 images
presented in Fig. 1. The selected reference stars are as bright
as the blazar or a little fainter, following the recommendations
in Romero et al. (2002), and were chosen among those that
presented small fluctuations in their light curves. Comparison
and reference stars constitute a well-distributed set of objects
in the field, some of them common to other variability stud-
ies and to field analysis (Hamuy & Maza 1989; Romero et al.
1999; Rector & Perlman 2003). However, we did not find any
calibrated star in the field of view for the I band, so we ob-
served standard stars from Graham (1982) for calibration pur-
poses. The resulting calibrated magnitudes for the comparison
stars in the I band are (following the nomeclature in the Fig. 1):
for PKS 2005-489 m1 = 13.35 ± 0.17, m2 = 14.30 ± 0.06,
m4 = 13.73 ± 0.08; for PKS 2155-304 m1 = 14.03 ± 0.08,
m2 = 13.32 ± 0.07,m4 = 14.55 ± 0.09.

We did not necessarily use the same set of stars for the opti-
cal and infrared observations, since only a few objects are strong

4 http://archive.stsci.edu/dss/index.html
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Table 3. Flux contribution from host galaxies of PKS 2005-489 and
PKS 2155-304.

Filter PKS 2005−489 PKS 2155−304
F(mJy) F(mJy)

B 1.5 2.5
V 3.1 3.5
R 4.8 5.2
I 7.6 6.5
J 14.6 3.6
H 22.5 12.2

enough in the infrared bands. The adopted error bars in the light
curves correspond to the dispersion of the C1 control star light
curve, which in most cases is within the same order of magnitude
as the errors obtained directly from the aperture photometry.

The redenning corrections were made using the values for AV
given by Bersanelli et al. (1992) and the relation between AV
and the absorption in the other bands determined by Cardelli
et al. (1989), resulting in AB = 0.44, AV = 0.33, AR = 0.25,
AI = 0.16, AJ = 0.09, and AH = 0.06 for PKS 2005-489 and
AB = 0.15, AV = 0.11, AR = 0.08, AI = 0.05, AJ = 0.03, and
AH = 0.02 for PKS 2155-304. The fluxes were calculated in the
usual way: F∆ν(mJy) = F∆ν0(mJy)10(−0.4m∆ν), where F∆ν0 is the
flux at zeropoint for each spectral band (∆ν, Bessel 1979 for
the optical, Campins et al. 1985 for the near-infrared bands).

The contribution of the host galaxies to the observed fluxes
can contaminate the light curves, since their angular sizes are
smaller than the apertures used in the photometry, as shown by
the radial galaxy profiles presented by Urry et al. (2000) and
Cheung et al. (2003) for PKS 2005-489, and by Kotilainen &
Ward (1994) for PKS 2155-304. Based on these data, a fixed
flux contribution, presented in Table 3, was subtracted from the
data at each band. In the case of PKS 2005-489, for which only
the R band host magnitude was available, the flux contribution
in the other optical bands was derived based on the general color
properties of S0 galaxies (Fukugita et al. 1995).

The amplitude of the variations in the observed blazars was
estimated using the expression given by Heidt & Wagner (1996),
but applied to flux densities instead of magnitude differences:

Y(%) =
100
〈D〉
√

(Dmax − Dmin)2 − 2σ2
c (1)

where Dmax and Dmin are the maximum and minimum values of
the flux density, respectively, 〈D〉 is the mean value, and σc is
the dispersion of the control light curve, based on the C1 star.

The confidence level of the variability is usually quantified
by the factor C = σs/σc, where σs is the dispersion of the source
light curve. The variability detection is considered real when C >
2.576, which corresponds to a confidence of 99% (Romero et al.
1999). The values of Y and C for each night and filter in which
variability was observed can be seen in Table 4.

3.1. Light curves of PKS 2005-489

During the nights of 16 and 17 July, in the first campaign, rapid
variations were found on time scales of hours at all bands but
with smaller statistical significance in the near-infrared, as can
be seen in Table 4. The light curves for the six filters for these
nights are presented in Fig. 2, together with the control light
curves in the V and J bands included as examples.

The flux density increased during the two nights but de-
creased during the interval between them, at all optical wave-
lengths except the V band, where the decrease was still present

Table 4. Values of the parameters Y and C for PKS 2005-489 and
PKS 2155-304 detected microvariations.

PKS 2005−489 PKS 2155−304
Date Filter Y(%) C Y(%) C
07/16/01 B 9.2 6.1 4.8 12.1

V 7.7 9.5 16.1 25.5
R 15.1 14.4 25.7 45.4
I 4.2 4.7 2.2 6.7
J 11.9 3.4 − −
H 8.9 3.7 − −

07/17/01 B 6.6 6.7 − −
V 10.8 15.6 − −
R 15.0 15.5 − −
I 2.5 5.9 − −
J 10.9 3.7 − −
H 9.4 5.2 − −

07/18/01 B − − 2.7 5.7
V − − 6.6 12.6
R − − 30.3 15.2
I − − 1.6 3.7

08/12/01 B − − 15.0 7.6
V − − 10.0 14.6
R − − 13.9 8.7
I − − 14.8 12.3

11/10/01 V − − 9.6 47.7
R − − 13.2 85.3
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Fig. 2. Light curves of the BL Lac PKS 2005-489 in six bands during
the two consecutive nights in July 2001 in which short-term variability
was detected. The control light curves for the V and H bands are also
shown to exemplify their stability.

at the beginning of the second night. The behavior of the light
curves in the infrared wavelengths was similar during the first
night, but with smaller amplitude, and during the second night
the flux density started to decrease after a few hours of observa-
tion. It is interesting to notice that the I band light curve shows
a transition between the optical and infrared behavior, pointing
out the reliability of the two sets of observations taken with two
different telescopes.

To further assert the reliability of our results we present , as
an example, the R band light curve of a spiral galaxy in the field
of PKS 2005-489 in Fig. 3, indicated by (G) in Fig. 1, during
the night of 17 July, when the largest variation amplitude was
observed for this BL Lac object. The absence of light variations
in the galaxy implies that the variability in PKS 2005-489 is not
due to the contribution of low-surface brightness components in
the host galaxy (Cellone et al. 2000). Another test is to verify
of the behavior of the FWHM (indication of seeing variations)
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between 2001 and 2003. The error bars correspond to the standard de-
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during the monitoring period (Jang & Miller 1997). Figure 4
shows that apparently there is no correlation between flux den-
sity and FWHM that could explain the variability observed in
the light curves. In fact, in the Sperman correlation coefficient
(rS) gives a value of about 0.65 in all cases, which means no
correlation or a weak one.

PKS 2005-489 did not show microvariability during the ob-
servations in August 2001. The long-term spectral behavior can
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Fig. 6. Correlation between spectral indices calculated between two
consecutive bands and the corresponding flux densities in PKS 2005-
489. The solid lines represent a linear fit to the spectral indices. The
goodness of the fit (R2) is indicated in each plot. In the last panel, the
open triangules and the open squares indicate the 2002 and 2003 mea-
surements, respectively.

be seen in Fig. 5, where the additional data taken on July 2002
and May 2003 in the infrared were also included. The points
are the average flux density for each night and the error bars
are the standard deviation. In the infrared bands, PKS 2005-489
brightness decreased by about 19 mJy and 16 mJy in the the J
and H bands, respectively.

As we can see, the spectrum is variable and not smooth be-
tween the different wavebands. For that reason we calculated the
spectral indices (S (ν) ∝ ν−α) between each pair of consecutive
bands and found them correlated to the corresponding flux den-
sities, as shown in Fig. 6. Only for α(B−V) does the spectral index
become harder when the V band flux density increases. In the
infrared no correlation seems to exist.
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Additionally, by taking advantage of the good data sampling
of the V and R light curves obtained during the two nights in
which short-term variability was detected, we calculated the in-
stantaneous spectral index between these two filters. The results
can be seen in Fig. 7; in general, the spectral index becomes
harder as the flux density increases, as observed in other sources
(Wagner et al. 1996).

3.2. Light curves of PKS 2155-304

Microvariability was detected in PKS 2155-304 during three
nights, occurring only in the optical bands, as shown in Fig. 8.
In fact, we did not find microvariability in the the near-infrared
wavelengths at any time during the monitoring period. The con-
trol light curves for the V and J bands are shown as an example
to check the accuracy of the observations.

The long-term behavior of the spectral energy distribution
can be seen in the Fig. 9. On time scales of months, we observed
variations in the six bands between July and November 2001.
The amplitude of the variations was different for each band.
Additionally, PKS 2155-304 was observed in the infrared in two
nights in July 2002 for about one hour and in May 2003 for
about three hours. The source presented a brightness decrease

of about 14 and 17 mJy in J and H, respectively, from
November 2001 to May 2003, as also shown in Fig. 9.

The near-infrared observations of PKS 2155-304 in
July 2002 and May 2003 were obtained, respectively, a few
days and a month before detection of the source at TeV ener-
gies, by the HESS collaboration (Aharonian et al. 2005a). The
fluxes of the TeV detections were I(>1 TeV) = (85.1 ± 16.1) ×
10−9 m−2 s−1 (13σ of significance) and I(>1 TeV) = (9.45 ±
1.27) × 10−9 m−2 s−1 (21.1σ of significance) in 2002 and 2003,
respectively. In the first epoch the H band flux density was about
20.2 ± 0.6 mJy, while in the second it was 16.0 ± 0.5 mJy.

As for PKS 2005-489, the spectral energy distribution is
complex, so we also calculated the spectral indices between each
pair of wavebands. The results are shown in Fig. 10, where
we also can see a correlation between spectral index and flux
density.

4. Duty cycle

Using the results of the observational campaign presented here,
we can quantify the incidence of microvariability using the defi-
nition of a duty cycle given by Romero et al. (1999):

DC = 100

∑n
i=1 Ni(1/∆ti)∑n

i=1(1/∆ti)
% (2)



T. P. Dominici et al.: Multiwavelength observations of PKS 2005-489 and PKS 2155-304 671

L
o

g
 ν

F
ν (

er
g

 c
m

-2
) 

Log ν 

-11.1

-10.9

-10.7

-10.5

-10.3

-10.1

-9.9

14.2 14.3 14.4 14.5 14.6 14.7 14.8 14.9

16/07/2001

18/07/2001

12/8/2001

10/11/2001

10/7/2002

15/05/2003

Fig. 9. Spectral energy distribution of PKS 2155-304 between July 2001
and May 2003 in the six filters. We binned the data for better visualiza-
tion; the error bars correspond to the standard deviation of the daily
averages.

where n is the number of nights, Ni is equal to 1 or 0, depending
on whether or not variations were detected in the interval ∆ti =
∆ti,obs(1+z)−1, measured in rest frame of the source of redshift z,
while ∆ti,obs is the time interval in the observer’s rest frame.

We calculated the value of DC both for the optical and
near-infrared bands. In the optical wavelengths, the duty cycle
was 29.1% for PKS 2005-489 and 31.2% for PKS 2155-304 (dis-
regarding the November 2001 night, when only a few observa-
tions were available). As mentioned before, although PKS 2005-
489 was initially found as an RBL, its SED from radio to X-rays
suggests that it may be considered an XBL (e.g., Padovani et al.
2001). Therefore, assuming both PKS 2005-489 and PKS 2155-
304 belong to the XBL category, we found a total duty cy-
cle of 30.6%. These results agree with the 27.9% obtained by
Romero et al. (1999) for a sample of three XBLs observed at the
same spectral bands. The duty cycle for microvariability in the
near-infrared, calculated for the first time based on the results of
PKS 2005-489 monitoring, resulted in 31.6%.

5. Conclusions

In this work we present the results of a monitoring program of
the BL Lacs PKS 2005-489 and PKS 2155-304 in six spectral
bands (B, V , R, I, J, and H), covering time scales ranging from a
few minutes to some years. For both sources the contribution of
the host galaxy was subtracted from the observed flux after the
interstellar reddening correction was applied.

PKS 2005-489 was observed during three consecutive nights
in July and August 2001, with an average sample of 20 observa-
tions per night in all bands except for B and I, where only half
of them were taken. It was also observed two nights in the the J
and H bands in July 2002 and May 2003. Short time-scale vari-
ability was observed during two nights in July 2001; this is the
first time in which variability in time scales of a few minutes
was detected in the six bands. The confidence of the detection
was checked through the analysis of the atmospheric influence
and the adequate choice of the aperture for the photometric mea-
surements. Long-term near-infrared variations were also found,
with a brightness decrease between July 2001 and May 2003.
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Fig. 10. Correlation between spectral indices calculated between two
consecutive bands and the corresponding flux densities in PKS 2155-
304. The solid lines represent a linear fit to the spectral indices. The
goodness of the fit (R2) is indicated in each plot. In the last panel, the
open triangle and the open square indicate the 2002 and 2003 measure-
ments, respectively.

PKS 2155-304 was observed in the six bands during three
consecutive nights in July 2001, one night in August 2001, and
two nights in November 2001. It was also observed in the in-
frared J and H bands during two nights in July 2002 and one
night in May 2003. We detected brightness variability in all
bands on long time-scales but micovariability only at optical
bands and at isolated epochs, as it is an already known character-
istic of this object. The near-infrared observations of PKS 2155-
304 in July 2002 and May 2003 were obtained, respectively, a
few days and a month before detection of the source at TeV en-
ergies, by the HESS telescopes (Aharonian et al. 2005a).

Considering both sources, the optical duty cycle for mi-
crovariability was found to be 30.6%, similar to what is reported
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by Romero et al. (1999) for this class of sources (27.9%). For
the first time the near-infrared duty cycle for microvariability
was found to be 31.6%, based on PKS 2005-489 monitoring.

A complex spectral energy distribution between optical and
infrared wavelengths was found for both objects. Similar behav-
ior in the infrared was found by Riffel et al. (2006) in a large
sample of quasars and Seyfert 1 galaxies. For this reason, spec-
tral indices between two consecutive bands were calculated us-
ing daily flux averages, and a correlation between them and the
corresponding flux density was found for most of the cases. For
PKS 2005-489, intranight spectral indices between V and R were
obtained for the two nights in which variability was detected,
thanks to the good sampling of the light curves in those oc-
casions. On short time-scales, a correlation was also found in
this source, with the spectrum becoming harder when the flux
increased.

In a first analysis, the microlensing scenario can be discarded
to explain the observed behavior in the light curves, because
the variations were not achromatic. Eclipses, as well as intrin-
sic mechanisms like the evolution of relativistic jets, are pos-
sible explanations, if we consider that the variability occurs in
a region with a spectral index different from that of the qui-
escent structure. Between these two mechanisms, jets seem to
be better located to produce of the observed variability in the
two objects, because of the short time scales involved and the
changes in the spectral shape. In both cases, the spectral evolu-
tion is not smooth, presenting bumps in the optical range and a
spectral break between optical and near-infrared energies. This
complex behavior can be explained by the existence of short-
lived components, such as shocks, superposed to the quiescent
jet contribution.

More constraints on the possible physical scenarios capable
of explaining the occurrence of rapid variations in these objects
must be obtained with further intensive monitoring campaigns
covering spectral regions for which we could obtain similar time
resolution in the light curves.
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