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Abstract. We present the results of recent BeppoS AX observations of the two BL Lac objects OJ 287 and MS 1458+22 in
bright optical states and of simultaneous photometric measurements in the bandpasses from / to U. OJ 287 was observed in
November 2001 and MS 1458+22 in February of the same year. The X-ray flux of OJ 287 was rather low, F(2-10 keV) =
(1.35 £ 0.15) x 1072 erg cm™? s™! and its spectrum is well described by a single power law with an energy index 0.45 + 0.08,
flatter than that measured in the optical, equal to 1.53 + 0.03. The X-ray emission of MS 1458+22 was characterized by a low
flux level of F(2—10keV) = (7.5 + 0.6) X 10713 erg cm™ s7!, with a steeper spectral index of 1.71 + 0.15, while in the optical
it was 0.99 + 0.06. We show that the broad-band SEDs of these two sources can be well represented by log-parabolic spectral
laws and evaluate their parameters. This law, already observed for the synchrotron components of other BL Lac sources, can
be explained if the emitting particles are accelerated by some statistical mechanism having a probability of energy gain that is

a decreasing function of the energy itself.
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1. Introduction

Simultaneous multiband observations of BL Lac objects are
useful for the understanding of the physical processes respon-
sible for their highly variable emission. In particular, for the
so-called LBL (Low frequency peaked BL Lac, Padovani &
Giommi 1995) sources the X-ray band is important because
in this energy range it is occasionally possible to detect at the
same time both the Synchrotron and inverse Compton (here-
after IC) components, as in the case of ON 231 (Tagliaferri
et al. 2000). Previous observations have shown that the for-
mer component is generally more variable than the latter and
its intensity is correlated with the optical brightness, while the
origin of the variations of the IC component remains not well
established. Particularly, it is not clear which are the seed pho-
tons upscattered into the X-ray range (see for instance Giommi
et al. 1999). The study of the variability of X-ray emission,
possibly on different time scales, is therefore useful to gain
more information about flux correlation between the various
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spectral bands. To this end, we performed a few TOO (Target
of Opportunity) BeppoSAX pointings of some bright BL Lac
objects, whose behaviour in the radio and optical bands has
been well known for several years because they are often mon-
itored. In this paper we present the results of the observations
of the sources OJ 287 and MS 1458+22, which were observed
in bright optical states and showed quite different properties in
the X-ray range.

The BL Lac object OJ 287 (z = 0.306; Stickel et al. 1989)
is one of the best studied sources of this class and, in particu-
lar, it is the main target of an intensive optical (Pursimo et al.
2000) and radio (Valtaojoa et al. 2000) monitorings, the former
carried out by a large international collaboration. One of its
most relevant characteristics is the periodicity of 11.95 years,
detected from the historic optical light curve (Sillanpéi et al.
1988). A light curve in the R (Cousins) band, spanning the
time interval from 1993, one year before the large maximum,
to 2001 is shown in Fig. 1.

X-ray observations of OJ 287 were performed on several
occasions with different satellites, starting from the first detec-
tion with Einstein in 1979-1980 (Madejski & Schwartz 1988).
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Fig. 1. The light curve of OJ 287 in the R (Cousins) band in the period 1993-2001 from Perugia and Rome databases. The five vertical lines
indicate the epochs of the ASCA (1994 Nov. 18, 1997 April 26 and 1997 Nov. 18, dashed lines) and of the two BeppoSAX (1997 Nov. 24, 2001

Nov. 21, solid lines) observations.

Later, it was observed by EXOSAT (Giommi et al. 1990) and
ROSAT (Urry et al. 1996); the results of these observations
have been summarized in a paper by Idesawa et al. (1997),
together with the results of an ASCA observation, performed
in November 1994 when OJ 287 was in a phase of high op-
tical brightness. Two other ASCA observations were also per-
formed in April and November 1997 (Isobe et al. 2001) dur-
ing the decline which followed the optical maximum in 1995.
BeppoSAX observed OJ 287 twice: in November 1997, as a tar-
get of the 1 Jy sample (Padovani et al. 2001), and four years
later, in November 2001. These two epochs are indicated in
Fig. 1 by two vertical lines. The former pointing was just a
few days after the last ASCA observation, while the latter was
a TOO triggered by a relatively bright optical state. For both
pointings simultaneous optical photometric observations were
also performed.

The first X-ray detection of MS  1458+22
(J150101.8+223806) was likely made by Uhuru, because
a source at the same position (4U146+22) was reported in
the 4U catalog (Forman et al. 1978), but the presence of
other (unresolved) sources in the field of view prevented
a reliable flux measurement at that epoch. The source was
clearly identified by Stocke et al. (1991) in the Einstein
Medium Sensitivity Survey. Although it is a relatively bright
BL Lac object, only a few X-ray observations have been
performed since the first epoch. On January 22, 1979 Einstein
measured the rather low flux (in the 0.5-3.5 keV energy band)
of 1.2 x 1072 erg cm™2 s~!. The source is present in the
RASS (Rosat All Sky Survey) catalogue (1990-91) and it
was observed with the ROSAT-PSPC on January 19, 1992 for

10 ks: in both observations the count rate was very similar
(0.345 ¢/s) corresponding to a flux of 5 x 107! erg cm™ 57!
in the 0.1-2.4 keV range (WGACAT, White et al. 1995).
BeppoSAX observed MS 1458+22 in 2001, following a TOO
request triggered on the 8th of February when the source
reached the magnitude R = 14.62, the brightest optical state
recorded since 1994. In this paper we present the results of
the first simultaneous optical and X-ray observation of this
BL Lac object, which allow us to study its Spectral Energy
Distribution (hereafter SED) over an energy range of about
three orders of magnitude.

2. Observations and data reduction
2.1. X-ray observations

The BeppoSAX observations of OJ 287 were performed on
November 25, 1997 and in November 2001. The latter ob-
servation started on November 20 (03:19 UT) and ended on
November 24 (11:19 UT). The resulting net exposure times
were 39.8 ks for the MECS and 23.8 ks for the LECS over
a total duration longer than three days, because the efficiency
was rather low. The count rate in this pointing was lower than
in 1997, but the total statistics were higher because in the first
observation the net exposures were 10.7 ks for the MECS and
5.2 ks for the LECS. For the sake of a more accurate compar-
ison we also performed a new spectral analysis of this obser-
vation. PDS data were not used because the source fluxes were
below the detection limit of the instrument. The observation
of MS 1458+22 started on February 19, 2001 (21:55 UT) and



E. Massaro et al.: Optical and X-ray observations of OJ 287 and MS 1458+22

35

14.5

15

15.5

R (mag)

16

16.5

17

17.5

1 I 1 1 1 I 1
1500 2000 2500

3000

&
3

Time (JD -24480000)

Fig. 2. The light curve of MS 1458422 in the R (Cousins) band obtained with the AIT of the Perugia Observatory in the period 1994-2001.
The vertical line indicates the epoch of the BeppoSAX (2001 Feb. 20) observation.

ended on February 21 (01:33 UT): the net exposure for MECS
was 47.9 ks and that for the LECS 22.5 ks. Also in this case
the PDS count rate was too low to detect a signal above the
detection limit.

Standard procedures and selection criteria were applied to
the data to avoid the South Atlantic Anomaly, solar, bright
Earth and particle contamination, using the SAXDAS v. 2.0.0
package. Data analysis was performed using the software
available in the XANADU Package (XIMAGE, XRONOS,
XSPEC). The images in the LECS and MECS showed a bright
pointlike source: events for spectral and timing analysis were
selected in circular regions, centred at the source position, with
radii of 4’ for both instruments. Background spectra for both
instruments were taken from blank fields in the BeppoSAX
archive. In all the spectral fits of X-ray data we considered
only simple power law models with the low energy absorptions
assumed equal to those due to the galactic column densities
Ny = 3.04x10%° cm™2 for OJ 287 and to Ny = 3.48x10%° cm™2
for MS 1458+22, respectively (Dickey & Lockman 1990).

2.2. Optical photometry

The photometric data presented in this paper have been ob-
tained in the course of a monitoring program of a sample of
bright blazars carried out since 1994 by our collaboration. The
telescopes used were the Automatic Imaging Telescope (AIT,
0.40 m) of the Perugia Observatory, the 0.50 m reflector of the
Astronomical Station of Vallinfreda (Rome), the 0.70 m reflec-
tor telescope of the Observatory of Collurania (Teramo), the
0.91 m Cassegrain telescope of the Astrophysical Observatory
of Catania, the 0.70 cm meniscus telescope of Abastumani
Observatory and another reflector (0.35 m) located near Greve,

in Tuscany. The instruments, with the exception of the Catania
telescope, are equipped with CCD cameras and standard fil-
ters for the Johnson B, V and Cousins R, I bandpasses. The
Catania telescope was equipped with a cooled photon-counting
photometer and standard Johnson U, B, V filters. Bias, dark,
flat field correction and data reduction of CCD frames were
performed with IRAF! tasks, and a locally developed software
(REDUCE, Fiorucci & Tosti 1996). Aperture photometry was
made with IRAF-apphot or equivalent algorithms and using a
sequence of reference stars in the same field of the sources. The
V., R, I magnitudes of these stars are given in Fiorucci & Tosti
(1996a) and Fiorucci et al. (1998), while the B values can be
found in Gozales-Peres et al. (2001). The Catania photomet-
ric data were reduced to the Johnson standard system by using
the brightest stars of the CCD sequences and by adding some
brighter stars in nearby fields. For all these stars U, B, V mag-
nitudes were improved by means of photometric standard stars
from Landolt (1992).

3. Results
3.1. OJ 287

In November 1997 the unabsorbed X-ray flux of OJ 287 was
F(2-10keV) = (2.1 £ 0.3) x 107! erg cm™2 57!, about 50%
higher than in November 2001 when it was (1.35 + 0.15) X
1072 erg cm™2 s~!'. The spectral analysis of the latter observa-
tion was performed using the data in the range (0.4-1.65) keV

' IRAF is distributed by the National Optical Astronomy
Observatories, which are operated by the Association of Universities
for Research in Astronomy, Inc., under cooperative agreement with
the National Science Foundation.
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for the LECS and (2-10) keV for the MECS. The best fit en-
ergy index (F(v) = Kv™®) was @ = 0.45 + 0.08 (,yrz = 1.00,
21 d.o.f.). It was found marginally flatter than in 1997 when it
was 0.63 + 0.12 ()(f = 0.99, 17 d.o.f.), as shown in the SEDs
of Fig. 3, but the uncertainties are too large to safely establish
this difference. Again, a similar spectral index, 0.62 +0.05, was
measured by ASCA in November 1994, when the (2-10 keV)
flux was about 5 x 107!2 erg cm2 57! (Idesawa et al. 1997,
Kubo et al. 1998), and also in 1997 (Isobe et al. 2001) when the
source flux was comparable to that measured by BeppoSAX.

Simultaneous optical photometric measurements were ob-
tained only for the observation of November 2001. Those
carried out during the three days of this BeppoSAX pointing
showed only very small changes in the optical brightness: the
measured magnitudes on November 20 were [ = 13.99 + 0.01,
R = 1459 £ 0.01, V = 15.04 £ 0.03, B = 15.61 + 0.01,
U = 15.06 + 0.07. A fading of about 0.08 mag was ob-
served on November 22, but the following day the source re-
covered to the same level as before. The corresponding vF (v)
values are also shown in Fig. 3, corrected for the reddening
with Ay = 0.09 and using the extinction law by Cardelli et al.
(1989). A power law fit to these data gives the energy index @ =
1.53 + 0.03. For the BeppoSAX pointing of November 1997 no
simultaneous optical data are in our archive. The closest optical
photometry was on November 18, a week before the X-ray ob-
servation and the subsequent one was on December 5. The for-
mer magnitudes were / = 14.38 + 0.03, R = 15.04 = 0.03,
V = 15.53 £ 0.05, about 0.5 mag fainter than in 2001. In that
period OJ 287 was fading after the second large burst occurred
in December 1995-January 1996 and its typical R magnitude
was around 15.0 (see Fig. 1). One can reasonably assume that
the values given above are representative of the mean state of
the source, although large amplitude and fast changes cannot
be excluded.

These data indicate that there is no stable correlation be-
tween the optical brightness and the X-ray emission when the
latter is due to the IC scattering. Model implications will be
discussed in the last section.

3.2. MS 1458+22

A light curve of MS 1458422 in the R band covering the
period 1994-2001 is shown in Fig. 2; all these data were ob-
tained with the AIT of the Perugia Observatory. It is possi-
ble to see that from 1994 to 1998 the typical source mag-
nitude varied between 15.5 and 16.5, but occasionally it can
be even brighter. A first flare was observed in January 2000,
when it reached R = 14.75, after which it remained brighter
than 15.5 and on February 8, 2001 it reached the magnitude
R = 14.62, the highest state observed since the beginning of the
monitoring, and on this occasion we requested a TOO point-
ing of BeppoSAX. The X-ray observation was performed after
about 10 days, when MS 1458+22 was still quite bright. On
that occasion the source was observed in the optical with the
Catania telescope (from about UT 2" to 3" of February 20) and
the following magnitudes were measured: V = 15.19 + 0.06,
B = 1553 +0.05 and U = 14.99 + 0.05 and also with the
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Fig. 3. The X-ray Spectral Energy Distributions of OJ 287 observed
in the two BeppoSAX (1997 Nov. 24, 2001 Nov. 21) and ASCA (1994
Nov. 18, Idesawa et al. 1997) pointings. Optical data for all these mea-
surements are also reported using the same symbols, filled squares
correspond to the ASCA observation. The optical data of 1997 (the
first BeppoSAX observation) were obtained on Nov. 18 and those for
the ASCA epoch were taken from Idesawa et al. (1997).

1014 1015

Greve reflector (February 21, 2 h UT) which gave the magni-
tudes / = 14.29+0.03,R = 14.79+0.03and V = 15.17 + 0.04.

X-ray data were obtained from LECS (0.3—-1.65 keV) and
MECS (1.6-9.5 keV) and were found to be well fitted by a
single power law with the steep energy index of 1.71 + 0.13
(x? = 1.01, 22 d.o.f.). The corresponding unabsorbed flux in
the 2—10keV band is (7.5+0.6) x 10~13 erg cm™2 s~!. The opti-
cal to X-ray SED of MS 1458+22 is shown in Fig. 4. The above
flux corresponds to 3.4x10712 erg cm™2 s~! in the ROSAT (0.1—
2.4keV)band and to 3.0x 1072 erg cm™2 s~! in the EINSTEIN
(0.5-3.5keV) band. Therefore we found the source to be fainter
than at the epoch of the ROSAT pointing, but brighter than
during the EINSTEIN observation. The energy index in the
ROSAT observation was 2.0 + 0.1, rather close to our result.
The optical spectrum is also fitted by a power law, but the en-
ergy spectral slope is 0.99 +0.06, much flatter than in the X-ray
range.

4. Discussion

The apparent differences between the SEDs of these two BL
Lac objects provide useful information for a better understand-
ing of the origin and dynamics of the non-thermal emission. In
both cases the simple power law extrapolations of the optical
data into the X-ray range are higher than the measured fluxes.
This implies that the spectral index must steepen significantly
toward the UV-X range, unless the emission originates in dif-
ferent components. This is, for instance, the case of OJ 287 in
which optical photons are due to synchrotron radiation while
X-rays are from IC, whereas in MS 1458+22 both optical
and X radiations belong to the same synchrotron component.
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Fig.4. The X-ray Spectral Energy Distribution of MS 1458422 ob-
served by BeppoSAX in February 2001, together with simultaneous
optical data. The dashed line is a log—parabolic fit of the entire SED.

A simple wide band spectral distribution for the synchrotron
component can be obtained using a logarithmic parabola, for
which a good parametrisation is:

2
Log(vF(v)) = Log(vpF(v)) — b [Log(vl)] (1)
p
where v, is the peak frequency in the SED and b a curvature
parameter.

The use of a log-parabolic spectral distribution for BL
Lacs and other Blazar sources was introduced by Landau et al.
(1986), who showed that the wide band spectra, from milli-
metric to optical-UV, of this class of sources are fitted by such
a law better than others. More recently Tanihata (2001) con-
firmed that a log-parabolic distribution gives very good fits
for other BL Lac sources. It is possible to show that a log-
parabolic spectrum is naturally obtained by a statistical acceler-
ation mechanism when the probability for a particle to remain
inside the acceleration region is assumed to decrease with a
power of the particle energy (Massaro 2002). The parametrisa-
tion of Eq. (1), furthermore, is also well suited to describe the
spectral changes during the outbursts because the changes of
the main source parameters, like energy, number and acceler-
ation rate of the radiating electrons, correspond to changes of
the peak frequency vp, of the flux F;, and of the spectral curva-
ture b, respectively. A further advantage of this model is that it
provides a reasonable estimate of v, even if it lies outside the
observed range.

Our data cover only rather limited frequency intervals and
therefore they do not constrain a particular spectral distribu-
tion but are compatible with some possible models like a bro-
ken power law or other curved laws. In particular, for OJ 287
only the optical points belong to the synchrotron component
whereas the measured fluxes in the X-ray range are on the
Compton branch and represent only upper limits for the high
frequency synchrotron tail. Log-parabolic distributions adapted
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Fig. 5. Possible Spectral Energy Distributions of MS 1458+22 derived
using a SSC model. A rather small change of the model parameters,
all providing a good fit of the optical and X-ray data, corresponds to
very different fluxes and peak frequencies of the Compton peak.

to the optical to X-ray SEDs of OJ 287 and MS 1458+22
are shown in Figs. 3 and 4, respectively: in the case of the
former source the curve has been chosen taking into account
that the synchrotron component is not detected in the X-ray
range, while for the latter it fits all the data. The most relevant
difference is in the estimated position of the peak frequency
which lies at about 2.2 x 10'* Hz (14 um) for OJ 287 and
at 2.5 x 10" Hz (1.2 um, approximately in the J band) for
MS 1458+22. Also different, but not so large, are the values
of the curvature parameter b equal to 0.13 for MS 1458+22
and larger than 0.20 for OJ 287, respectively. We stress that
these values agree well with those that can be derived from the
fit parameters of the LBL sample considered by Landau et al.
(1986), for which the b values range from 0.09 to 0.22 with
the mean value of 0.14. This finding suggests that the SEDs of
the synchrotron component, at least in LBL sources, have re-
markably similar shapes, likely because the same acceleration
mechanism is active. Similar values of the curvature parame-
ter are also found for the HBL (High energy peaked BL Lac)
sources observed with BeppoSAX in bright states, whereas,
when not in outburst, they frequently have b values larger than
~0.3 (Giommi et al. 2002). The smallest curvature for HBL
sources was found for Mkn 501 where it varied in the range
0.1-0.3, like a LBL object (Massaro et al., in preparation).

A comparison between the two BeppoSAX observations
(crosses and filled circles in Fig. 3) indicates that the flux vari-
ation in the optical could be opposite to that observed in the
X-rays: precisely, the source was more luminous in the opti-
cal when it was fainter in the X-ray band. Unless OJ 287 in
November 1997 underwent a brightness increase, not observed
because of the sampling, like that of November 2001, one could
infer that there is no direct positive correlation between the op-
tical synchrotron emission and the IC X-rays. It is interesting
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to compare these results with those of a previous ASCA obser-
vation, performed on November 18, 1994 (Idesawa et al. 1997,
Kubo et al. 1998). On that occasion OJ 287 was even brighter
than in 1997, both in the optical and in the X-ray range, but with
a similar spectral index. In an early observation performed with
EXOS AT in February 1984 (Sambruna et al. 1994), the source
showed a quite high X-ray flux and a photon index around 2.3,
much steeper than in our observations. From the historic light
curve (Pursimo et al. 2000) we can see that in the beginning
of 1984 OJ 287 was very bright, being in the secondary burst
phase. It is then likely that the synchrotron component was
bright enough to be dominant at energies of a few keV.

For the case of MS 1458+22, where the synchrotron com-
ponent is better described by our data, we tried to evaluate
the expected y—ray SED in the framework of a homogeneous
Synchro-Self-Compton (SSC) emission from a jet. The model
involves a population of relativistic electrons emitting syn-
chrotron radiation in a single zone of a jet that is moving at
relativistic speed and at a small angle to the line of sight. These
photons are scattered at higher energies via IC process by the
same electron population. The physical parameters that define
the model are the jet radius, the Doppler factor ¢, the magnetic
field B and the density and the spectral parameters of the elec-
tron population. The Klein-Nishina cross section is used in the
computation of the Compton scattering. A detailed description
of this SSC model can be found in Perri (2002).

This model contains some parameters which cannot be con-
strained by the knowledge of the synchrotron component only,
therefore to compute the SED of MS 1458+22 we fixed some
of them to acceptable physical models: so we take a jet radius
of 107 pc and a beaming factor of 20, while the magnetic
field B, the density n and the upper cutoff Lorentz factor yy
of the electrons spectrum (about equal to that of the electrons
radiating at the SED peak frequencies) were left free. Three
possible resulting SEDs, all giving an acceptable fit of the low
energy component, are shown in Fig. 5: one corresponds to
B =032G, n = 4.5x 10? electrons cm ™3 and y, = 6.6 x 10°
(dashed/blue line), another to B = 0.8 G, n = 2.5 x 10 elec-
trons cm ™ and y, = 3.3 x 10° (dashed-dotted/red line), and
the third one to B = 1.4 G, n = 2.0 x 10? electrons cm~> and
¥» = 2.1 x 10? (double dashed-dotted/green line). The result-
ing Compton spectra differ largely both for the intensity and
the peak frequency and do not allow a satisfactory prediction
of the y-ray luminosity, because it could vary by more than
one order of magnitude. In the case of an HBL source the syn-
chrotron peak would be around 10'7-10'8 Hz and the Compton
peak moves up to the TeV range.

Simultaneous observations over the entire electromagnetic
spectrum represent the best and likely only way to obtain a
more complete estimate of the model parameters. In the coming
years, when the planned space missions for y-ray astronomy,

like GLAST and AGILE, will be in operation, a large inter-
national effort should be done to organize a stable multifre-
quency monitoring of a sample of these sources. Finally, we
stress that it is useful to observe sources like OJ 287 not only
in bright states but, in particular, when they are faint. Only in
this case could the IC component be dominant in the X-ray
range and one will have the possibility to study if it is correlated
with another spectral component, necessary for understanding
which electron and photon populations are responsible for this
radiation.
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