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Abstract. We report the results of new observations of the two BL Lac objects 3C 66A and ON 325 performed withBeppoSAX
and of nearly simultaneous photometric measurements in the bandpasses fromI to B. 3C 66A was observed in January 1999
and in July 2001: its X-ray flux wasF(2−10 keV)= 2.0+0.3

−0.5 × 10−12 erg cm−2 s−1 in January 1999 andF(2−10 keV)= (2.6 ±
0.6) × 10−12 erg cm−2 s−1 in July 2001. In both observations the X-ray spectrum can be fitted by a single power law with an
energy index 1.2± 0.1, steeper than that measured in the optical, equal to 0.86± 0.05. TheBeppoSAX observation of ON 325
was performed in December 1998 when its X-ray flux wasF(2−10 keV)= 8+3

−4×10−13 erg cm−2 s−1. The X-ray spectrum cannot
be fitted by a single power law, but it is found to be well represented by a broken power law with a break energy at around 4 keV
and energy indices equal to 1.48± 0.12 and−0.57± 0.63. Both sources are characterised by a synchrotron-dominated emission
at energies lower than a few keV, with a sharp flattening toward higher energies due to the inverse Compton component. We
obtained satisfactory modelling of the overall spectral energy distributions, from the optical to low energy X-rays, with log-
parabolic laws.

Key words. radiation mechanisms: non-thermal – galaxies: active – BL Lacertae objects: individual: 3C 66A, ON 325 –
X-rays: galaxies

1. Introduction

BL Lac objects have been classified into two main groups
on the basis of their Spectral Energy Distribution (SED)
by Padovani & Giommi (1995): LBL (Low-energy peaked
BL Lacs) if the maximum of the synchrotron (S) peak is in the
range 1012–1014 Hz, and HBL (High-energy peaked BL Lacs)
if it lies above 1016 Hz. Compton scattered photons by relativis-
tic electrons emitting the synchrotron radiation have energies
in the keV and GeV−TeV ranges for LBL and HBL sources,
respectively. An open problem is the origin of the seed pho-
tons upscattered to high energies: they could either be the
same radiated locally by synchrotron (SSC model, Synchro-
Self Compton) or those originated in the surrounding regions
(ERC model, External Radiation Compton) – see Sikora &
Madejski (2001) for a review. These two models predict differ-
ent correlations between the optical and X-ray luminosities and
different changes of the SED. In particular, in the SSC scenario,
since the source of photons of the Inverse Compton (IC) emis-
sion are those produced through the synchrotron radia-
tion, the S and IC components are strongly linked and the
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IC emissivity has a quadratic dependence on the electron den-
sity. In the ERC models, instead, the S and IC components are
less connected and the IC emission depends only linearly on the
electron density. To investigate the possible behaviour we car-
ried out nearly simultaneous optical and X-ray observations of
a sample of BL Lacs. The best suited objects are those with the
S peak in the near IR/optical band and the tail of this emission
in the X-ray band where it mixes with the harder IC compo-
nent. TheBeppoSAX satellite (Boella et al. 1997a) was the best
observatory for these observations because its Narrow Field
Instruments (NFIs) cover a wide spectral energy range (0.1–
200 keV) with a good sensitivity. Wide band X-ray observa-
tions combined with nearly simultaneous measurements in the
optical are particularly useful to establish the spectral distribu-
tion around the synchrotron peak.

The selected sources are generally observed in active states
detected either in the optical during intense monitoring pro-
grams or in the X-rays (see the review by Tagliaferri et al.
2002). The BL Lacs whose observations were triggered by op-
tical flares were ON 231 (Tagliaferri et al. 2000), S5 0716+714
(Giommi et al. 1999; Tagliaferri et al. 2003), BL Lac (Ravasio
et al. 2002), OJ 287 and MS 1458+22 (Massaro et al. 2003a).
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Table 1.BeppoSAX observation log and exposure times of 3C 66A and ON 325.

Source Date Start UT End UT LECS Exp. (s) MECS Exp. (s)

3C 66A 1999/01/31 02:37 17:11 8 492 26 441

2001/07/29-30 11:48 16:23 19 840 50 156

ON 325 1998/12/23 06:26 23:59 12 545 31 383

For some of them we detected both the S and IC compo-
nents. Two other sources, PKS 2005-489 (Tagliaferri et al.
2001) and Mkn 421 belonging to the HBL class, were ob-
served because of an enhanced X-ray activity and showed only
the S component well extended into the X-ray energy band. In
this paper we present the results ofBeppoSAX observations
of the two BL Lac objects 3C 66A (B0219+428, J0222+4302)
and ON 325 (B1215+303, J1217+3007).

The optical counterpart of the radio source 3C 66A was first
identified by Wills & Wills (1974); Miller et al. (1978) derived
a redshiftz = 0.444 from a broad emission feature identified
with a Mg II line. The classification as a BL Lac object is also
supported by the high optical polarisation (16%, Mead et al.
1990) and by the brightness variability with an amplitude of
about 2 mag (Folsom et al. 1976; Miller & McGimsey 1978).

The first X-ray observations of 3C 66A were obtained with
the IPC instrument aboard theEinsteinObservatory in 1979
and 1980 and are summarised by Maccagni et al. (1983).
In July-August 1979 the source was very bright and reached
a flux in the 0.2–4 keV range of about 10−11 erg cm−2 s−1,
more than one order of magnitude higher than that measured
in February 1979 and July 1980.EXOSATobserved 3C 66A
in 1986 on three occasions from January 6 to February 1.

The optical behaviour of 3C 66A has been regularly
monitored only since the end of 1994, mainly by the
OJ 94 collaboration. This large database, described in Takalo
et al. (1999), is directly accessible at the URL address
http://www.astro.utu.fi/oj94/pub/pubdata.shtml.
The EGRET source 3EG J0222+4253, whose error box
contains 3C 66A, is indicated in the 3EG catalogue (Hartman
et al. 1999) as its possibleγ-ray counterpart. This high energy
source is also positionally consistent with the millisecond
pulsar PSR J0218+4232. Kuiper et al. (2000), on the basis
of a Maximum Likelihood Ratio analysis of theγ-ray field,
concluded that the emission at energies lower than 300 MeV is
essentially originated from the pulsar, while above 1 GeV it is
due to the BL Lac source.

ON 325 was first identified in the optical by Browne
(1971) and classified as a BL Lac object because of its
featureless continuum. A redshiftz = 0.237 was reported
by Murphy et al. (1993), but more recently Bade et al.
(1998) gavez = 0.130. Zekl et al. (1981) reported opti-
cal variations larger than three magnitudes and a linear po-
larisation of 14% was measured by Wardle (1978). ON 325
was observed in the X-rays at various epochs withEinstein
(December 1979), EXOSAT (December 1983, May 1985),
ROSAT-PSPC (June 1991) and ASCA, but a detailed spec-
tral study of its X-ray emission has not been published yet.
Einstein data are reported by Worrall & Wilkes (1990) and

the results of the EXOSAT data observations are presented by
Giommi et al. (1990) who reported flux changes in the en-
ergy band 0.05–2.0 keV of a factor of about five. The spectral
shape, however, was not determined because of the contami-
nation in the ME instrument by a nearby source. Ueda et al.
(2001) measured with ASCA a flux in the 2–10 keV interval
of 1.1× 10−12 erg cm−2 s−1.

2. Observations and data reduction

2.1. X-ray data

3C 66A was observed twice byBeppoSAX on January 31,
1999 for about 26 ks and on July 29–30, 2001 for about 50 ks.
ON 325 was observed on December 23, 1998 for about 31 ks.

Although on both occasions 3C 66A was not very bright
in the X-rays, it was nevertheless very well detected in the
LECS (Parmar et al. 1997) and MECS (Boella et al. 1997b)
images. Also ON 325 was clearly detected by these two instru-
ments. The presence of nearby confusing sources and a rather
low count rate, did not allow us the use of PDS (Frontera et al.
1997) data and therefore the useful energy ranges were lim-
ited to about 10 keV. The journal of these pointings with the
net exposure times for the two NFIs used is given in Table 1.
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 pack-
age. Data analysis was performed using the software available
in the XANADU Package (XIMAGE, XRONOS, XSPEC).

The images of ON 325 in the LECS and MECS showed a
pointlike source well separated from the nearby Seyfert galaxy
Mkn 766: the events for spectral analysis were selected within
circular regions, centred at the source position and with radii
of 4′. The event selection is more complex for 3C 66A because
of the nearby radiogalaxy 3C 66B at an angular distance of
only ∼6′. We therefore limited the extraction radius in the im-
ages of both instruments to 3′ to reduce the possible contam-
ination from 3C 66B. Furthermore, we limited the useful en-
ergy range of the LECS to 0.6 keV because the PSF becomes
broader at low energies while for ON 325 we considered all the
data down to 0.1 keV. In the spectral analysis of both sources
data were rebinned to assure a minimum number of 20 events in
each bin. Background spectra were taken from the blank field
archive.

In the spectral fitting of X-ray data we must consider the
low energy absorption due to the interstellar gas. The galactic
column densities cannot be derived directly from X-ray data
because of the rather low statistics and also because the sim-
ple power law cannot be a good model being the spectrum in
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Table 2.Photometric magnitudes of 3C 66A and ON 325.

Source Date UT B V RC IC

3C 66A 1999/02/01 14.30 (.03)

2001/07/29 01:05 14.97 (.02) 14.52 (.03) 14.09 (.02) 13.53 (.02)

ON 325 1998/12/23 00:35 15.56 (.03) 15.10 (.03) 14.65 (.03) 14.17 (.03)

this range a combination of a steep S component with a flat-
ter IC component. We adopted, therefore, theNH value derived
from the 21 cm measurements (Dickey & Lockman 1990) of
NH = 8.98×1020 cm−2 for 3C 66A andNH = 1.69×1020 cm−2

for ON 325. The latter is well in agreement with the litera-
ture estimates of theAV value, equal to 0.08 and theNH vs.
E(B − V) relation given by Massaro et al. (2000), calibrated
with the Crab nebula spectrum for Solar abundances. We used
this relation also to derive the extinction for 3C 66A and found
AV = 0.47, a value larger than those given in the literature (see
the NED database), which are around 0.30. For the sake of con-
sistency we adoptedAV = 0.47 in the evaluation of the optical
spectrum.

2.2. Optical data

Nearly simultaneous optical photometry of both sources was
performed with the 0.5 m reflector of the Astronomical Station
of Vallinfreda (Rome), equipped with a CCD camera and stan-
dard JohnsonB, V and CousinsR, I bandpasses. For the
January 1999 observation of 3C 66A only measurements in
the R band are available: the source was monitored for about
five hours with the 0.40 cm reflector, located at the Hard
Labor creek Observatory of Georgia State University, start-
ing from February 1, 2h 20m UT, nine hours after the end
of the BeppoSAX pointing and during this time the source
flux remained stable. Aperture photometry was made with
IRAF-apphot using several reference stars in the same field of
the sources. TheV, R, I magnitudes of these stars are given in
Fiorucci & Tosti (1996), while theB values were taken from
Gonzalez-Perez et al. (2001).

The magnitudes of both sources, measured during the
BeppoSAX pointings, are given in Table 2.

3. Results

3.1. 3C 66A

In January 1999 the unabsorbed X-ray flux of 3C 66A was
F(2 − 10 keV) = 2.0+0.3

−0.5 × 10−12 erg cm−2 s−1, and in July
2001 it was moderately higher and equal to (2.6 ± 0.6) ×
10−12 erg cm−2 s−1. The spectral analysis of both observations
was performed using the data in the range (0.6–2.0) keV for
the LECS and (1.65–9) keV for the MECS. A simple power
law model gives good fits for these two data sets. The best fit
energy indices (F(E) = KE−α) wereα = 1.2± 0.1 (χ2

r = 0.88,
21 d.o.f.) in January 1999 andα = 1.27± 0.06 (χ2

r = 0.95,
37 d.o.f.) in July 2001; here and throughout the paper the errors
correspond to 1 standard deviation for one interesting parame-
ter. The rather low statistics of both observations prevents the

Fig. 1. Spectral best fit with a broken power law of the LECS and
MECS data of the 2001, July 29–30 observation of 3C 66A.

possibility of a detailed study of the spectral distribution and a
power law model is indeed well acceptable. Nevertheless, the
SED of the July 2001 observation (see Fig. 2) shows an in-
creasing trend toward the lower energies. This trend is clearly
depending on the assumed GalacticNH value and can disappear
for smaller column density values. We modelled the spectrum
with a broken power law:

F(E) = K E−α1 , E ≤ Eb

= KEα2−α1

b E−α2 , E > Eb. (1)

Of course we obtained again a very good fit (χ2
r = 0.93,

35 d.o.f.) with a break energyEb = 2.4 ± 0.7 keV and nearly
coincident spectral indicesα1 = 1.5± 0.2 andα2 = 1.2± 0.1.
This result is not statistically better than the single power law
as indicated by the theF-test which gave a value of 1.46 with a
significance of 0.246. The plot of the broken power law best fit
spectrum, practically identical to that of the single power law,
is shown in Fig. 1.

The same trend observed in the X-ray flux is also apparent
in theRdata (Table 2) being 3C 66A about 0.2 mag brighter in
July 2001 than in January 1999. A power law fit to the optical
points of July 2001, corrected for the reddening, gave an energy
index α = 0.86± 0.05. The correspondingνF(ν) values are
shown with the X-ray data in the SEDs of Fig. 2.
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Fig. 2. The IR-optical to X-ray Spectral Energy Distribution
of 3C 66A in the twoBeppoSAX observations. Log-parabolic mod-
els of the synchrotron component are shown.J, H andK points (open
triangles) are derived from our measurements taken one month after
theBeppoSAX observation (Nesci et al. 2003) and have been reduced
by 0.3 mag to match the optical fluxes as explained in Sect. 4.

3.2. ON 325

The mean flux of ON 325 was about 8+3
−4 × 10−13 erg cm−2 s−1,

a factor of∼3 weaker than 3C 66A. Its X-ray spectrum can-
not be well fitted by a single power law: the energy index
was equal to 1.26 ± 0.11 but the corresponding reducedχ2

was 1.67 with 18 d.o.f. In particular, the most relevant dis-
crepancy was a clear excess at energies above 5 keV clearly
apparent in the residuals plotted in Fig. 3. A much better fit
is obtained with a broken power law− Eq. (1)−, for which
we obtainedχ2

r = 1.10 (16 d.o.f.), confirmed also by the
F-test which gave a value of 5.63 with a significance of 0.014.
The plot of the broken power law best fit spectrum with the
residuals is shown in Fig. 4. The two power laws intersect at
Eb = 4.0±0.6 keV and the energy indices areα1 = 1.48±0.12
andα2 = −0.57± 0.63. Although the latter spectral index is
poorly determined, likely because of the small band and the low
flux, it is significantly flatter than that below 4 keV. This spec-
tral distribution is likely due to the appearance of the inverse
Compton component as already observed in other BL Lac ob-
jects, like S5 0716+714 (Giommi et al. 1999; Tagliaferri et al.
2003) and ON 231 (Tagliaferri et al. 2000). In Fig. 5 the SED
of ON 325 derived from our optical and X-ray observations is
shown.

Fig. 3. Spectral best fit with a single power law of the LECS and
MECS data of ON 325. Note the systematic excess at energies greater
than about 5 keV.

Fig. 4. Spectral best fit with a broken power law of the LECS and
MECS data of ON 325.

4. The Spectral Energy Distributions

We used the optical and X-ray observations described above to
derive more general information on the SEDs over the entire
frequency range connecting the two bands. A common charac-
teristics of 3C 66A and ON 325, like other BL Lac objects, is
that the spectral slope in the optical is flatter than in the X-rays.
This property is naturally explained by a synchrotron spectrum
having a rather mild curvature, generally well described by a
log-parabolic law which can be written in the following form
to represent the SED:

Log(νF(ν)) = Log(νpF(νp)) − b

[
Log

(
ν

νp

)]2

(2)
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Fig. 5. The IR to X-ray SED of ON 325. The dotted line is a log-
parabolic interpolation of data.

whereνp is the peak frequency in the SED andb a “curvature”
parameter; it is easy to verify that the curvature radius at the
parabola vertex is indeed equal to 1/|2b|.

The success in describing the shape of the synchrotron
spectra with a log-parabolic law was first pointed out by
Landau et al. (1986) and more recently by Tanhiata et al. (2001)
and Giommi et al. (2002). Massaro et al. (2002) proposed a
simple interpretation for this law based on an energy dependent
acceleration mechanism, described in more detail in Massaro
et al. (2003b). Massaro et al. (2003a) used the log-parabolic
model to describe the optical to X-ray synchrotron peak in the
two BL Lac objects OJ 287 and MS 1458+22, also observed
with BeppoSAX.

The same model was then applied to 3C 66A and ON 325.
The SED of 3C 66A is shown in Fig. 2: the optical distribution
is flat while that in the X-ray band is steep at low energies and
flattens above∼2 keV.

The flatness of the optical spectrum is confirmed also from
the analysis of the OJ94 database by Hagen-Thorn et al. (2001)
who report an average spectral index 0.92± 0.12 (computed
with AV = 0.30). A log-parabolic SED has been determined
in order to match the optical and the low energy X-ray data
of the July 2001 observation. The resulting spectral parameters
wereνp = 1.26× 1015 Hz andb = 0.225. A peak frequency
in the near UV is more typical for the so called “intermedi-
ate” BL Lac objects rather than for LBL sources for which it
lies in the near IR–optical range. The aboveνp value is also in
agreement with the SED plot given by Impey & Neugebauer
(1988). In Fig. 2 we also reported three photometric data in
theJ, H, andK bands derived from our measurements obtained
one month after theBeppoSAX observation (Nesci et al. 2003).
These data were corrected by 0.3 mag because the simulta-
neousB VR I photometry showed that 3C 66A was brighter

by this amount than in July, but the colour indices were un-
changed. The points correspond quite well to the low energy
extrapolation of the log-parabolic spectrum and confirm, there-
fore, that this law gives a satisfactory model of the synchrotron
peak over a frequency interval more than three orders of mag-
nitude wide. For the observation of January 1999 we have only
a value in theR band and consequently the spectral slope in
the optical is unknown: we assumed, therefore, the sameνp
while b resulted slightly higher and equal to 0.27.

It is important to recall that the actual spectral shape de-
pends upon some systematic effects which cannot be deter-
mined by our measurements. Assuming, for instance, a lower
column density, equal to 6×1020 cm−2, the X-ray flux at low en-
ergies is reduced as well as the reddening corrections. Another
important systematic effect in the IR-optical band arises from
the zero magnitude fluxes. The values given by Elvis et al.
(1994), computed for a power law with an energy index of 1.0
and differing from those of Mead et al. (1990) less than 10%,
give spectral slope in the optical systematically steeper by
about 0.3. For 3C 66A this implies that the peak frequency
moves from the UV to the near IR. In the present analysis we
take the values of Mead et al. (1990) for consistency with pre-
vious papers.

Although not statistically compelling, the most natural ex-
planation of these data is that the X-ray emission of 3C 66A
is likely due to both the S and IC components: the former
is only marginally detectable at energies below about 2 keV
while the other is responsible of the spectral flatness observed
up to∼10 keV.

In Fig. 5 we plotted the SED derived from our optical
and X-ray observations of ON 325. In this case the detection
of the synchrotron and inverse Compton components is bet-
ter established. The optical spectrum has a best fit energy in-
dex of 1.22± 0.06 flatter than that in the low energy X-rays.
A log-parabolic model gives a good description of the over-
all shape of the synchrotron peak. The model parameters have
been chosen in order to fit the optical spectrum and to match the
low energy X-ray points; their values areνp = 3.74× 1013 Hz
andb = 0.113.

5. Discussion

The results ofBeppoSAX observations of these two BL Lac
objects provide further evidence for the two component model
of the SED and, in particular, give useful information on the
energy distribution of the synchrotron component. We have al-
ready observed for other sources of the same class, like OJ 287
and MS 1458+22 (Massaro et al. 2003a), that the curved spec-
trum of the synchrotron component can be rather well de-
scribed by a log-parabolic law. LBL sources are typically char-
acterized by optical spectral indices around 0.8−1.3 and the
single power law extrapolation in the X-ray range gives a flux
much higher than the observed ones. The log-parabolic model
is one of the simplest ways to connect the IR-optical and X-ray
emissions with a mild curved spectrum. The main parame-
ter characterising this law is the “curvature” parameterb. We
found that for 3C 66A this parameter has a value close to 0.23
whereas for ON 325 it is around 0.11.
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Fig. 6.Comparison between the Spectral Energy Distributions of the synchrotron component in some BL Lac objects measured in the observer
(upper panel) and in the source frames (lower panel). The latter has been computed for an isotropic emission. All the distributions are mod-
elled by means of log-parabolic laws: those for OJ 287 and MS 1458+22 are taken from Massaro et al. (2003a) and that for S5 1803+78,
corresponding to its highest optical brightness, is taken from Massaro (2002).

Another advantage of this model is the possibility to in-
tegrate it analytically over the entire frequency range and to
estimate the bolometric flux of the synchrotron component:

FS =
√
π ln 10

νpF(νp)√
b
= 2.70

νpF(νp)√
b
· (3)

In our cases we obtainFS ' 3× 10−10 erg cm−2 s−1 for 3C 66A
andFS ' 2.3×10−10 erg cm−2 s−1 for ON 325. The correspond-
ing apparent (not corrected for the beaming factor) luminosities
can be computed from the luminosity distance

dL = (c/H0)z
[
1+ z/(z+ 2+ 2

√
1+ z)

]
(4)

for q0 = 0.5. With the Hubble constantH0 = 65 km s−1 Mpc−1

we derivedL = 2.2 × 103 Mpc for 3C 66A anddL = 6.2 ×
102 Mpc for ON 325, which imply (isotropic) luminosities
of ∼1.8× 1047 erg s−1 and of∼1.0× 1046 erg s−1, respectively.

It is interesting to compare the SEDs of some objects in the
observer and in the source frames. In the upper panel of Fig. 6
we plot the observed log-parabolic distributions of five BL Lac
objects. The observed X-ray flux distributions of three of them,
namely 3C 66A, MS 1458+22 and ON 325, is characterized by
the presence of a rather flat component (likely inverse Compton
scattered photons) and, at energies below∼3 keV by a moder-
ate excess due to the high energy tail of the synchrotron com-
ponent. The other two, OJ 287 and S5 1803+78, showed in the
BeppoSAX observations (Massaro et al. 2002, 2003a) only the
IC component. In particular, the SED of S5 1803+78 plotted in

Fig. 6 corresponds to the most luminous optical state observed
for this source (Nesci et al. 2002), but it was also observed a
factor of about 15 fainter. Notice that the spectral curvature is
similar for all the five sources: the values of the parameterb lie
in the rather narrow range from∼0.11 to∼0.24. Greater val-
ues,b ' 0.35, have been measured withBeppoSAX for the
HBL source Mrk 421 in 1997–1999 (Massaro et al. 2003b).

The luminosity spectral distributions in the sources’ frame
are plotted in the lower panel of Fig. 6. Because of the differ-
ent redshifts we see that the luminosities are scattered over two
orders of magnitude, but this scatter can be reduced to a factor
of ∼10 if one considers that the luminosity of S5 1803+78 cor-
responds to a very bright state. The typical apparent (beamed)
luminosities of these sources are then in the interval be-
tween 7× 1045 and 1046 erg s−1. The spread of the synchrotron
peak frequencies is from∼3× 1013 to ∼2× 1015 Hz. To evalu-
ate the actual energy outputs from these sources it is necessary
to take into account the (unknown) beaming factors, which are
usually assumed of the order of 10. The similarities in the lumi-
nosity distributions suggests that also the spread of the beaming
factor values cannot be large.

The log-parabolic law is not only a useful analytical tool
to describe a curved SED, but it also allows a direct physical
interpretation of the parameters. This type of spectra is natu-
rally obtained from statistical acceleration mechanisms when
the probability for a particle to remain inside the acceleration
region is assumed to decrease with the energy of the particle
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itself. It is well known that a power law spectrum is obtained
when the energy gain of a particle at the stepk, γk = εγk−1

(γ being the Lorentz factor of the electrons), and the probabil-
ity p that a particle has an energy gainε are both constant:

N(> γ) = N0(γ/γ0)log p/ logε. (5)

With the assumption that the acceleration probability decreases
with the electron energy, and that this relation is given by a
power law:

p(γ) = g/γq, (6)

(with g andq positive constants), which follows, for instance,
when the probability of a particle to be diffused against the
shock front depends upon its radius of gyration in the ambi-
ent magnetic field, it is possible to find that the energy integral
distribution of accelerated particles follows a log-parabolic law
− see Massaro et al. (2003b) for the mathematical details−:

N(> γ) = N0(γ/γ0)−s+r log(γ/γ0), (7)

where r and s depend upon the three acceleration parame-
ters g, q and ε. The differential distribution is not exactly a
log-parabola, but differs from this curve very little. It is easy
to verify, at least in theδ–approximation, that the synchrotron
radiation from an electron population with this distribution is
again a log–parabola and the relation between the curvature
parameters of the particle and radiation spectra is:

b = r/4. (8)

A flare of the S component extending into the X-ray range can
be originated either by an increase ofνp and/or F(νp), or by
a change ofr, and consequently of the curvature parameterb.
Electrons emitting synchrotron X-rays have quite short radia-
tive lifetimes and therefore the acceleration mechanisms must
be active in the course of the flare. In this case one could ex-
pect that the observed spectral curvature is more related to the
acceleration process rather than to the radiative cooling.

The last important topic is the relation between the S and
the high energy emission. As stated in the Introduction, the
EGRET source 3EG J0222+4253 has been indicated as the
γ-ray counterpart of 3C 66A (Mukherjee et al. 1997; Hartmann
et al. 1999). Lin et al. (1999) report a mean flux (>100 MeV)
of 1.9±0.3 phot cm−2 s−1 and a photon spectral index of 2.01±
0.14. These values have been questioned by Kuiper et al.
(2000), who associated the flux at energies below∼1 GeV with
the near millisecond pulsar PSR J0218+4232. In Fig. 7 we plot-
ted the SED of 3C 66A from the near IR to the GeV frequen-
cies as resulting from theseγ−ray data and our measurements
of 2001. We tried also to plot some possible spectral distribu-
tions of the IC component (dotted and dash-dotted lines), as-
sumed again to be modelled by a log-parabolic law although
there is no clear observational evidence for it. Because the data
are not simultaneous, theγ-ray distributions were not com-
puted by means of SSC or ERC models, but they have been
drawn to match approximately the spectrum given by Lin et al.
(1999). Note that the excess of the data at around 1018 Hz is
only apparent since the IC contribution has not been added
to the high energy tail of S emission. To reproduce with only
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Fig. 7. The SED of 3C 66A from the near IR toγ-rays, obtained by
our 2001 measurements combined with non simultaneous EGRET
data according the spectrum by Lin et al. (1999) (open box) or the
flux estimates above 300 MeV by Kuiper et al. (2000) (open circles).
The dotted and dash-dotted lines represent possible IC components.

one component both the possible IC emission apparent in the
X-rays and at energies above 30 MeV, it is necessary to take
a spectrum much less curved (b = 0.06, dotted line in Fig. 7)
than the S component in 2001.

On the other hand, the rather sharp low energy cutoff re-
quired byγ−ray emission according to the fluxes given by
Kuiper et al. (2000), cannot be easily reconciled with the X-ray
points. A possible example of such a spectral distribution is
shown by the dash-dotted line in Fig. 7. To match the X-ray
points it would require either a power law low energy tail or the
presence of an additional component, extending mainly from
hard X-ray band to low energyγ rays. If future observations
will provide evidence for such a composite spectral distribu-
tion, 3C 66A could be similar to the intermediate BL Lac ob-
ject S5 0716+714 (Tagliaferri et al. 2003) for which these au-
thors proposed that a contribution to ICγ-ray emission is likely
due to another population of seed photons, for instance those
originated in a region external to the jet as in the ERC model.

A good strategy to distinguish among these possible ex-
planations is to perform coordinated observational campaigns
covering a very wide frequency interval, at least from IR to the
GeV range, to monitor the flux changes of the various com-
ponents. These sources, therefore, must be considered among
the main targets of futureγ−ray wide field space observato-
ries, like AGILE and GLAST, which can provide rich data
sets to be compared with simultaneous measurements in the
IR–optical–UV and X-ray bands.
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