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Abstract. ON 231 was observed witBeppoSAX in May and in extragalactic astrophysics. The observed radiation of blazars
June 1998, following an exceptional optical outburst which ots dominated by the emission of a jet whose plasma moves rela-
cured in April-May. We measured the X—ray spectrum from Otliistically at small angles to the line of sight (Blandford & Rees
up to 100 keV. In both occasions the spectrum had a conca8¥8). Early multiwavelength studies provided the first strong
shape, with a break detected at about 4 and 2.5 keV, respagdence for bulk relativistic motion, later confirmed directly
tively. We interpret the steeper component at energies belaith VLBI observations (Vermeulen & Cohen 1994). However,
the break as due to synchrotron emission and the extremsilygle epoch spectra cannot constrain the models of variability
flat component at energies above the break as due to invaémseelativistic jets (e.g. Knigl 1989; Ulrich et al. 1997).
Compton emission. This is so far the best example in which The overall spectral energy distribution (SED) of blazars
both the synchrotron and the Inverse Compton component andws two broad emission peaks: the lower frequency peak is
detected simultaneously and with the same instruments in tedieved to be produced by synchrotron emission, while the
X—ray spectrum of a blazar. We detect a decrease of the X—tagher frequency peak should be due to the inverse Compton
flux of about 30% below the break between the first and tipeocess. The location of the synchrotron peak is used to define
second observation, and smaller variability amplitude betwesifferent classes of blazars: HBL (High frequency peak blazar,
4 and 10 keV. During the May observation we also detectegaaking in the UV or X-ray frequencies) and LBL (Low fre-
fast variability event with the flux below 4 keV increasing byjuency peak blazar, peaking in the IR or optical bands) (Giommi
about a factor of three in 5 hours. Above 4 keV no variabi& Padovani 1994).
ity was detected. We discuss these results in the framework of Since blazars emit over the entire electromagnetic spectrum,
synchrotron self~-Compton models. a key for understanding blazar variability is the acquisition of
several wide band spectra in different luminosity states during
Key words: galaxies: BL Lacertae objects: general — galaxiemajor flaring episodes. Coupling spectral and temporal infor-
BL Lacertae objects: individual: ON 231 — X-rays: galaxies mation greatly constrains the jet physics, since different models
predict different variability as a function of wavelength. Im-
portant progress in this respect has been achieved recently for
some of the brightest and most studied blazars, as PKS 2155-
304 (Chiappetti et al. 1999; Urry et al. 1997), BL Lac (Bloom
The continuum emission from Active Galactic Nuclei (AGNEgt al. 1997), 3C 279 (Wehrle et al. 1998), Mkn 501 (Pian et al.
is both highly luminous and rapidly variable, especially for th£998), Mkn 421 (Maraschi et al. 1999). We successfully used
blazar class (BL Lac objects and violently variable quasars). Dtee Bepp@&AX satellite to perform observations of blazars that
termining the continuum production mechanism is critical fawere known to be in a high state from observations carried out
understanding the central engine in AGNs, a fundamental gbath in other bands (mainly optical and TeV) and in the X-ray
band itself. The goo@8epp®AX sensitivity and spectral reso-

1. Introduction

Send offprint requests 1. Tagliaferri (gtagliaf@merate.mi.astro.it)
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Table 1.Journal of observations

date LECS count rate MECS count rate PDS count rate
exposure (s) cts st exposure (s) cts st exposure (s) ctsst
11-12/5/1998 21127 0.083 4+ 0.002 24859 0.075 4+ 0.002 40729 0.24 £0.04
11-12/6/1998 17673 0.054 + 0.002 36661 0.052 + 0.002 32482 0.12 £ 0.05
V mag R. mag L mag

11/5/98 13.39 £0.04 13.07 £ 0.02 12.54 £ 0.03

12/5/98 13.64 +£0.03 13.25 +£0.02 12.73 £ 0.02

11/6/98 13.31 £0.03 12.92+0.03 12.38 £ 0.03

13/6/98 12.93 £0.03

2 |n the band 0.1-10 ke\? for two MECS units in the band 1.5-10 keVin the band 12—-100 keV.

lution over a very wide X—ray energy range (0.1-200 keV) arees on board four Narrow Field Instruments (NFI) pointing
ideal to constrain the existing models for the X—ray emissionn the same direction and covering a very large energy range

The BLLac object ON231 (WCom, B21219+28, = from 0.1 to 300 keV (Boella et al. 1997a). Two of the four
0.102), which had been observed in the X-ray bandBig- instruments have imaging capability, the Low Energy Concen-
steinlPC in June 1980 wit a 1 keV flux of1.Jy (Worrall & trator Spectrometer (LECS), sensitive in the range 0.1-10 keV
Wilkes 1990) and by ROSAT PSPC in June 1991weitl keV (Parmar et al. 1997), and the three Medium Energy Concentra-
flux of 0.4uJy and energy spectral index = 1.2 (Lamer et tor Spectrometers (MECS) sensitive in the range 1.3-10 keV
al. 1996; Comastri et al. 1997), had an exceptional optical o(Boella et al, 1997b). The LECS and three MECS detectors are
burstin April-May 1998, reaching the most luminous state evall Gas Scintillation Proportional Counters and are at the focus
recorded, about 40 mJy in the R band. The optical broad basfdour identical grazing incidence X-ray telescopes. The other
spectrum was strongly variable. In particular, it was very flat awo are passively collimated instruments: the High Pressure
the maximum with a broad band energy spectral index of 0.3oportional Counter (HPGSPC), sensitive in the range 4-120
while before the flare it was found to be 1.4; the peak frequenkgV (Manzo et al. 1997) and the Phoswich Detector Systems
moved from near IR to beyond the B band. During the flare(RDS), sensitive in the range 13—-300 keV (Frontera et al. 1997).
sudden and large increase of the linear polarisation, from ab&ot a full description of th&epp®&AX mission see Boella et
3%to 10%, was also observed and itremained high at least toshg1997a).
end of May, indicating a non-thermal origin of the burst (Mas- The log of the ON 231 observations is given in Table 1, to-
saro et al. 1999). An optical spectrum of ON 231 was obtaingdther with the exposures and the mean countrates in the various
by Weistrop et al. (1985) and it showed two weak emissionstruments. The data analysis for the LECS and MECS instru-
features identified with the H(EW 1 or 2,&) and Olll, from ments was based on the linearized, cleaned event files obtained
which a redishift estimate of z=0.102 was derived. No more rsem the online archive (Giommi & Fiote 1998). Light curves
cent spectra, in particular during the flare, have been publishadd spectra were accumulated with the FTOOLS package (v.
Following the optical flare, we triggered our X—ray observatiof.0), using an extraction region of 8.5 and 4 arcmin radius for
and ON 231 was observed Bgpp®&AX in May, with a second the LECS and MECS, respectively. At low energies the LECS
pointing performed a month later, in June. We measured for thes a broader Point Spread Function (PSF) than the MECS,
first time the hard X-ray spectrum of this source above 3 kevhile above 2 keV the PSFs are similar. The adopted regions
and in different brightness states. In these occasions simuftesvide more than 90% of the source counts at all energies both
neous optical observations were also performed. Unfortunatédy the LECS and MECS. The LECS and MECS background is
the source was already close to the sun and it was impossible and rather stable, but not uniformly distributed across the
to monitor it long enough to search for correlated variability atetectors. For this reason, itis better to evaluate the background
optical and X—ray frequencies. from blank fields, rather than in concentric rings around the

In this paper we present and discuss the results of theseirce region. Thus, after having checked that the background
BeppoSAX observations together with simultaneous opticalas not varying during the whole observation by analyzing a
data. light curve extracted from a source—free region, we used for the
spectral analysis the background files accumulated from long
blank field exposures and available from the SDC public ftp
site (see Fiore et al. 1909, Parmar et al. 1999).

The PDS was operated in the customary collimator rock-

TheBepp@®AX satellite is the result of an international collabol"d Mmode, where half collimator points at the source and half
ration between the Italian Space Agency (ASI), the Netherlan@st"® Packground and they are switched every 96s. The PDS
Agency for Aerospace Programs (NIVR) and the Space Scierft@ Were analysed using the XAS software (Chiappetti & Dal
Department of the European Space Agency (SSD-ESA). It cEjume 1997) and the data reduction was performed according

2. X-ray observations

2.1. Observations and data reduction
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to the procedure described in Chiappetti et al. (1999), inclusive _ 11-12 May 1998

of spike filtering. In the case of May data the attitude contral e
software using a single gyro was in a non favorable condition, = i
resulting in significant gaps in the reconstructed attitude data’i upo
to 20 min in each orbit while the satellite pointed at the sourcg - |
(these intervals are rejected by the standard event file creation= ©
software). However since the MECS is kept on during such in-  — ‘
tervals, one can use XAS to accumulate images from telemegry~ 4( E
and verify that, despite a little blur, the satellite is not driftingé = 7$‘*# ﬁ*%ﬁ%@ %‘%%’"" + %J'
significantly. Considered also the sizeable flat top response ofc £ . . . ...

the PDS collimator, it is therefore justified to use also such in- 100
tervals in PDS spectra accumulation, e.g. using a plain limit on
Earth elevation angle above 5 degrees (this explains why the_,
PDS exposure times in Table 1 are longer). No such problem : 7
was present in June data (attitude gaps were small and conflne@

1 10
channel energy (keV)

T T T
11-12 May 1998 =

S
during Earth eclipses). L —+ ]
The source was not detected by the HPGSPC detector, thu§ JT
we will not discuss these data. =1 *Li 3

| SF 1 1 T
2.2. Spectral analysis g ofb S
For the spectral analysis, the LECS data have been considereck —ﬁfkﬁ#uwwmﬁ%@“’f"i———‘——‘—‘—7‘—‘—‘ ol
only in the range 0.1-4 keV, due to still unsolved calibration 1 10 100
problems at higher energies (Fiore efal. 1999). To fit the LECS, channel energy (ke¥)

MECS and PDS spectra together, one has to introduce a cgig: 1. Top panel: LECS+MECS+PDS ON 231 spectrum during the
stant rescaling factor to account for uncertainties in the intemay 1998 observation, the best fit model is a broken power law. Bottom
calibration of the instruments. The acceptable values for thgsmel: the same spectrum fitted with a power law model (over the entire
constants are in the range 0.7-1.0 for the LECS and in the ramgergy range), clearly showing that a simple power law model can not
0.77-0.95 for the PDS, with respect to the MECS (Fiore et &f.the data.

1999). The spectral analysis was performed with the XSPEC

10.0 package. As expected, during the May observation ON 2@ile for the PDS we kept the constant fixed at 0.9. In the same
was in a high state with respect to previous X—ray observatiofiigure, lower panel, we report the best—fit with a single power
(Comastri etal. 1997) and the source was detected also with g for comparison.
PDS up to 100 keV. During the June observation the source was detected in a
In the fitting procedure we first considered only the LEC§ate fainter than in May, although still higher than earlier X—
and MECS data. We fitted a single power law model plus agy observations. Again a BPL model was still necessary to
sorption with the column density fixed at the Galactic valug the LECS—-MECS data (a fit with a simple power law gave
Ny = 2 x 10?° cm~2. This model does not give a good fit tog y2 = 3.3 for 47 dof). The first spectral index'() is very
the data yielding a reduced’ = 1.9 (60 degree of freedom). similar to the previous observation, while the break is at lower
The fit did notimprove by lettingvy; free to vary. In particular, energies. This suggests that the break moves toward lower en-
the data at energies above4 keV could not be fitted by the ergies when the source is weaker. The second spectral index
same power law fitting the lower energies data (see residuatjn) seems steeper, but at 90% confidence level it is consistent
Fig.[, lower panel). Instead, a broken power law (BPL) modglith the value found for the May observation (due to the poorer
provides a good fit to the data witli = 0.96 (58 degree of statistics at high energies, the second spectral ifgeis not
freedom), the best fit values and error at 90% (for three parary well constrained). The LECS constant is 0.85. The PDS de-
eters of interest) are given in Table 2. Notice that the spectrygttion in June is less significant and it does not add significant
hardens significantly at higher energies. information. Again we kept the PDS rescaling constant factor
We then considered also the PDS data which approximat@led to 0.9 in the best-fit procedure. The inclusion of these data
lie on the extrapolation of the BPL that fits the LECS & MECSjoes not change the results (see Table 2). The flux at 1 keV is
data. By including also the PDS data in the fit procedure, tITeZMJy_
second photon spectral indel;) is somewhat flatter than be-  Gijven the concave shape of our two spectra, we then fitted
fore, the break is at slightly higher energy and the errors on i sum of two power law models, which is more physical than
second spectral index are smaller (see Table 2). The flux & toncave broken power law. The results are also reported in
keVis1.7uJy. In Fig[l, top panel, we report the LECS-MECSTaple 2, together with the ratio between the two power law
PDS spectra together with the BPL best fit. In this fit the LECSormalizations. Formally the fit is as good as the BPL ones,
intercalibration constant factor has an acceptable value of 0.8 the first spectral index steeper and the second one flatter.
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Table 2. Fit results for a broken power law and a two—power law model

broken power law model

date instruments ry > break X2 (d.o.f) F[%.1,2 keV] Fo—10kev]  Fl10-100 kev]
energy’ ergenT?s™ ! ergem?s™! ergenm?s!

11-12/5/98 LECS-MECS 2.607 008 1.2770%% 3.80 s, 0.96(58)
LECS-MECS-PDS 2.603 005 113,050 4.00072  0.92(63) 2.3x 107! 44x 107 32x 107"

11-12/6/98 LECS-MECS 2687071 1517028 255,090 0,88 (45)
LECS-MECS-PDS 2.68.017 149,038 2.60 00y 0.88(47) 1.7x107" 32x107"* 12x10°"

two-power law model

Iy T2 n1/n29 x; (d.o.f) Flo.1-2 kev) Fla_10kev]  Fl10-100 keV]
egem?s !t ergem?st ergcm?s!
11-12/5/98 LECS-MECS-PDS  2.697 09 0.847015 20735 0.96(63) 22x107'" 42x107"% 33x10°"
11-12/6/98 LECS-MECS-PDS  2.87701% 1117039 56725 090(47) 1.6x107'" 32x107'2 1.9x10° "

2 photon spectral index® energy values in keV: corrected for the absorptiortt ratio between the two power law normalizations.
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Time (UT hours since May 11)

0.050 =+ 0.003, 0.059 £ 0.002, 0.040 £ 0.001, 0.013 % 0.001.
Thus, on a monthly time scale, the amount of variability in the
energy band 0.1-10 keV seems to be greater at softer energies.

In the May observation rapid X—ray variability of about a
factor of three in 4-5 hours was clearly detected, but only at
energies smaller than 3—4 keV, confirming a higher amount of
variability at energies below the break. This can be seen from the
light curves of Fig.R: inthe 0.1-4 keV band the fluxincreased by
a factor~3 just after the starting of the observation and reached
the maximum level at about 30h. This level was maintained
for about 2—3 hours and then the count rate declined @06
ctss!, comparable to the level measured at the beginning of
the observation. Above 4 keV this variability, if at all present, is
much less pronounced. Note that 8ur limit, in the band 4-10
keV, corresponds to a variability of 40%. Thus, at high energies,
the source is much less variable than below 4 keV.

We extracted LECS and MECS spectra during the flare
(from the third to the ninth points of the X—ray light curve shown
in Fig. 2) and outside the flare and performed the spectral anal-
ysis. Again, in both cases a power law did not fit the data and

Fig. 2. MECS 4-10 keV (top panel) and LECS 0.1-4 keV (mid panej BPL model was necessary. The first spectral index is steeper
light curves of ON 231 during the May 19@pp&AX observation. gy ring the flare; = 2.740.06 vs2.440.15 outside the flare).

The two figures have the same scale, note the different amount
variability. The bottom panel shows the optical data in heband.

e break seems to move at higher energies (best fit values are
4.4 and 3.5 keV, respectively), although the two values are con-
sistent inside the 90% confidence errors for three parameters

The two power laws cross at about the values of the breaks fowridnterest. The second spectral index does not change at all.
with the BPL model.

2.3. Time variability

Thus, also the fast variability that we detected during the May
observation, suggests that the break moves at higher energies
when the source flux increases.

In the June observation we did not detect significant vari-

As apparent from the best-fit fluxes reported in Table 2, durimdpility, neither at high nor at low energies.
the second observation the source was weaker. We checked ifthe

amount of variability was different at energies lower or high%(
than the break. We considered the LECS and MECS detectors,

. Optical observations

which have a much higher statistics than the PDS, and calculatutical photometry of ON 231 during tiBepp®&AX pointings
the count rates in four different energy bands: 0.1-2.0, 0.1-4u@s performed with some telescopes in ltaly, in the standard
2.0-10 and 5.0-10 keV, for the two observations. The valueandpasses Johnson B, V and Cousins R, |, operated by the Pe-

for the May observation arel.077 + 0.002, 0.086 + 0.002,

rugia and Torino Observatories and by the Istituto Astronomico

0.050+0.002, 0.014+0.001. For the June observation we haveof University “La Sapienza” in Roma. The main results of the
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In the same figure we plot other three sets of quasi—
simultaneous observations: i) the data of the 1996 multiwave-
length campaign as reported by Maisack et al. (1997); ii) the
optical andy—ray observations during 1995, when the source
reached the brightest state in the EGRET band; iii) the infrared,
optical, X—ray andy—ray data during 1991-1992, when the
source was first detected in theray band by EGRET. The last
two sets of data are not strictly simultaneous @theay fluxes
detected in 1991-1992 refer to the sum of various pointings),
but can illustrate the different states of the source. The source
was also detected by IRAS (Impey & Neugebauer 1988), and
the corresponding IR fluxes are reported in Eig. 4, even if they

L | 1 are not simultaneous with any other obse_rvations. _
1020 1910 1960 1980 2000 Note that there are some inconsistencies between the data in
JD (+2449000) 1991-1992 as reported in Table 1 of von Montigny et al. (1995)

and the fluxes reported in Fig. 5 of the same paper, which are

Fig. 3. Optical light curve for the period May—June, 1998. Data hay onsistent with the flux reported by Sreekumar et al. (1996). We
been obtained at the Perugia, Torino and Rome optical telescopes

see
text). The times of the twBepp®AX observations are marked.
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ave reported the data as shown in Fig. 5 of von Montigny et
al. (1995). As can be seen, the 1991-1992ay spectrum is
extremely hard¢ ~ 0.4 + 0.4). We could not find the spec-
optical observations during the great 1998 outburst of ON 28} index for the 1995/—ray flux, but the shape of the spec-
were already presented by Massaro et al. (1999). A detailedm combining all observations together (from 1991 to 1995) is
description of the instrumentation and data reduction, together, . 73+10.18 (Hartman et al. 1999), suggesting that the com-
with a complete data list up to 1998 June 9 can be retrievgghed spectrum is steeper than the 1991-1992 spectrum (and
from the article by Tosti et al. (1999). The mean \, &d L  syggesting that the 1995 spectrum is steeper still). Also shown
magnitude are given in Table 1. From these data we also evgps the upper limits in the TeV band, as derived by WHIPPLE
ated the optical (energy) spectral index (assuning= 0.19)  and HEGRA observations (Maisack et al. 1997) during Jan-Feb
which was found equal t9.24 + 0.08 for all observations. In 19g¢.
Fig.[3 we show the optical light curve of ON 231 inthe R band  ajike other blazars, the SED of ON 231 is characterized by
from the end of Aprll to about the end of June with the data OBNO broad components, the first peaking at |R_Optica| frequen_
tained at the three observing sites. The times of the two X—r&¢s and the second in theray band. The first is believed to
observations are marked. be synchrotron emission by a relativistic jet, while the second
From this light curve we can see that the R magnitude gymponent has been interpreted as synchrotron self~-Compton
the period between the twBeppoSAX pointings was in the gcattering, possibly including some contribution from seed pho-
interval 13.0 — 13.5: the source remained quite bright but atghs produced externally to the jet (see e.g. Ghisellini & Madau
mean level fainter than that of great burst of the end of Aprigg6 and reference therein) or synchrotron by ultra—relativistic
In May and June the angular distance of ON 231 from the Sctron—positron pairs generated by relativistic protons (the
was small and we were able to perform our optical observatioigﬁ,ton blazar model, Mannheim 1993, see Maisack et al. 1997
only for few hours: in particular, the observations of May wergy the application of this model to ON 231).
only at the beginning and at the end of theppoSAX pointing The only other spectral information in the X—ray band is
and then missed the “flare” observed in the soft X—rays (sg8m ROSAT: Comastri et al. (1997), using a single power law
Fig. 2). In June, the weather conditions allowed to observe Qhhdel, found an energy spectral index = 1.2 + 0.05, in

231 only at the beginning of thBeppoSAX pointing. agreement with Lamer et al. (1996). An earlier determination
of the spectral shape using Einstein data resulted in an uncon-
4, Discussion strained spectral index (Worrall & Wilkes 1990). The shape of

the X—ray spectrum at the time of the ROSAT observation seems
4.1. SED different from the one determined WyeppoSAX. This could

In Fig.[4 we show the spectral energy distribution (SED) of ORe due both to the narrower spectral coverage of ROSAT and to
231, including our simultaneous X-ray and optical data. TH@e fact that the source was in a weaker state. The 0.1-2.5 keV
SED C|ear|y shows that in the X_ray band we have detectéﬂ?SAT spectrum, which is flatter than that measured by us in
simultaneously and with the same instruments, both the syfe same energy band (see indigxn Table 2), could be due to
chrotron and the inverse Compton emission in the spectrumtid® contribution, in this energy band, of the flat component that
a blazar. Simultaneous detection of both components in the ReppoSAX sees above 4 keVin May and above 2.5keVin June.
ray spectrum of blazar have already been reported by Kubo ettfe break moves at lower energy when the source is weaker, as

(1998) and by Giommi et al. (1999) for S5 0716+714, althougtggested by the twBeppoSAX observations, then during the
not as clearly as in ON 231. ROSAT observation, when the source was more than a factor of
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Fig.4. The SED of ON 231, together with the 4 SSC models used to fit the far—IR to hard X-ray data. Source of data: 1991-1992: infrared
and optical data (Feb. 1992) from Massaro et al. (1994); X—data (June 14, 1991) from Comastri et al. (1997), the spectral index in the ROSAT
0.1-2.4 keV band i$.2 &+ 0.05; v—ray data from Fig. 5 of von Montigny et al. (1995). 1995: optical data from Tosti et al. (19989y data

from Mukherjee et al. (1997). 1998: optical and X—ray data from this paper. The lines are SSC models, whose input parameters are listed in
Table 3.

4 weaker, the break should be inside the ROSAT band, or eveg us to put limits on the value of the magnetic field and on
at lower energies. In this case the spectrum detected by ROSA& energy of the electrons producing the variable flux at the
would be either a combination of synchrotron and Comptaberved frequency,. Usingt,.. = 5 hours and,, = 3 x 10'6
emission or purely due to Compton scattering, explaining thz, we deriveB > 0.46~'/% Gauss and,, < 1.5 x 10°5~1/3,
relative flatness of the ROSAT spectrum. A steepening of thiere§ = [I'—+/T'2 — 1 cos 0] ! is the Doppler beaming factor,
spectrum going to softer energies in the SED is also requireduliered is the viewing angle. Since the peak of the synchrotron
the quasi simultaneous IR—optical data (Massaro et al. 1994mission must be at a frequengy < 3 x 10'* Hz, the cor-
responding Lorentz factor of the electrons emitting at the peak
isvs < 1.5 x 10%6~1/3. This implies that the peak of the self
Compton flux is atw, = (4/3)72hvs < 370672/3 MeV.

The observed “flare” in the soft X—ray band is symmetrical Tighter constraints can be obtained assuming that the optical
(equal rise and decay timescale), suggesting that the variabitd X—ray emission are cospatial, and that also the cooling time
ity timescale is determined by the light crossing time of thef the optical emitting electrons is shorter than the light crossing
emitting region,R/c (see Chiaberge & Ghisellini 1999). Thistime. Massaro et al. (1999) report intranight variations in the |
in turn implies that the cooling time is shorter th&yic, allow- and B bands of 0.2 magnitude in 1 hour, with an approximately

4.2. Limits on magnetic field and particle energies
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Table 3.Input parameters for the SSC models shown in[Hig. 4.

Date R B Lfnj 1) Ymax “Ymin S Bcsc
cm G ergs?

1998 May1l &10*® 0.86 2.210*? 142 1.1x10° 23x10® 29 0.38

1991 810'® 0.83 3.3%10* 142 7.0x10* 33x10® 35 0.01

symmetric time profile. Assuming agaig,, = 5 hours, we lower limit for the energy of the electron emitting at the peaks
obtainB > 1.56~'/3 Gauss and, < 9.7 x 103§~1/3, of Ypear > 6 x 10%. These electrons emit &f ,cai ~ 2 x 101

Hz if the magnetic fieldB < 1.4 x 10726~ Gauss. This is
not consistent with the limits derived in the previous section.
In addition, a small magnetic field would imply a very large
The far IR toy—ray emission from blazars can be explained kyadiation to magnetic energy density raig,/Ug, and then an
simple homogeneous and one—zone synchrotron inverse Coayeessive self Compton flux, unless the Doppler factor is ex-
ton models, with the emitting region moving relativistically toeeedingly larged > 100, see Eqgs. 2.5 and 2.6 in Ghisellini et
wards the observer. The inverse Compton emission may havel1996). We then conclude that either the hard 1991-1992
two components: the first is produced by relativistic electromay spectrum is due to another source, or, if it will be confirmed
scattering off locally produced synchrotron photons (SSGp be associated with ON 231, is produced by another compo-
while the second corresponds to the scattering of photons prent (i.e. to inverse Compton scattering with photons produced
duced in other regions (EC), either elsewhere in the jet or by theternally to the jet).

broad emission line clouds, or by some scattering plasma within Note that BL Lacertae showed a similar behavior (hardening
these clouds. Ghisellini et al. (1998), analyzing all blazars of they—ray spectrum) during the flare of summer 1997 (Bloom
known redshift detected by EGRET with spectral informatioet al. 1997). This was interpreted (Sambruna et al. 1999; Made-
in the y—ray band, found that the EC component decreasesjgki et al. 1999; Bttcher & Bloom 1999) as due to an increased
contribution as the total luminosity decreases, with lowest lgentribution of emission line photons to the inverse Compton
minosity BL Lac objects requiring a negligible amount of EGscattering process. Something similar could have happened also
We applied a pure SSC model to the SED of ON 231, as showON 231 (during the 1991-1992 EGRET observation), but the
in Fig.[4. In particular we have tried to explain the different SERack of spectroscopic observations preclude any further conclu-
by changing the minimum number of parameters. sions.

The applied models assume to continuously inject, in a What is interesting, and peculiar, in ON 231 is the sharp
spherical source of radiu8 embedded in a tangled magnetidlattening, above — 4 keV, of the X—ray spectrum. A popula-
field B, relativistic electrons with a power law energy distrition of electrons which cools only radiatively can not account
bution oc v~*¢, betweenyy,i, andymax. The total luminosity for spectra as flat as observed in ON 231: the flattest predicted
injected in the form of relativistic electrons Ig,;, calculated spectrum in the case of radiative cooling has an energy spectral
in the comoving frame. We also assumed to observe the soturdex o = 0.5 (see e.g. Ghisellini et al. 1998). We therefore
at the viewing angld /I", so that the Doppler factof = I'.  must invoke an additional mechanism. One likely possibility is
The steady-state particle distribution is the result of the injeescape. In this case high energy electrons would cool before
tion and cooling processes, and we also account for possibézaping, while low energy electrons would preferentially es-
escape of the particles, which may be relevant for ON 231.clipe before cooling radiatively. The corresponding steady—state
is assumed that particles escape at some velogity= cfesc, particle distribution would then show a flattening towards the
independent of their energy. Further details about this mod@lv energy part, accounting for the very flat inverse Compton
can be found in Ghisellini et al. (1998). The input parametetemponent emerging above 4 keV. The model we have applied
for the models shown in Fifl 4 are given in Table 3. The size ON 231 indicates that.;. ~ 0.3-0.4, corresponding to an
of the source and the Doppler factor have been kept fixed; #mscape time of the order of 2-3 light crossing tinfig's.
slopes of the injected electron distribution ang,., are sim- The variability predicted by the model can account for the
ilar. The magnetic field does not change, whilg;, changes observed variability in the soft X—ray band and for the much
by ~ 30%, from 2300 to 3000. The largest change conceriss variable hard X—ray flux, even if the bolometric luminosity
the injected power, increasing frobf,; = 3.3 x 10* erg st does not change. This can be achieved by changing (even by a
(1991 model), taLf,; = 2.2 x 10*? erg s™' (1998 model), an small amount) the slopeof the injected electron distribution,
increase of a factor 7. Within the SSC model, it is not possiblgthout changing the total injected power. This will change the
to account for the very harg-ray spectrum of 1991-1992. Thesynchrotron spectrum above the synchrotron peak (character-
quasi-simultaneous optical data requires the peak of the optizad bya ~ s/2), but not the flux below, nor the self Compton
emission to be at frequencies between the near IR and the offitix below the Compton peak, produced by low energy electrons
cal, while the hard EGRET spectrum indicates that the Compteeattering low frequency synchrotron photons.
peak is at energies greater than a few GeV. This translates in a

4.3. Homogeneous SSC model



438 G. Tagliaferri et al.: The concave X-ray spectrum of ON 231

The BeppoSAX data of ON 231 show that this source caGiommi P., Massaro E., Chiappetti L., et al., 1999, A&A in press
be considered a BL Lac object intermediate between the HBliommi P., Fiore F., 1998, In: Di GasV., Duff M.J.B., Heck A,,
and LBL sources. The concave shape of the X—ray spectrum €t al. (eds.) The® International Workshop on Data Analysis in
in the 0.1-10 keV band can be used to define the class of Astronomy. Erice, ltaly, Word Scient. Publ., p. 73
intermediate blazars, which should be characterized, in tifiommi P., Padovani P., 1994, ApJ 444, 567
band, by the presence of the steep tail of the synchrotr'f)'ﬁrtman R.C., Bertsch D.L., Bloom S.D., et al., 1999, ApJS 123, 79

L . .. Impey C.D., Neugebauer G., 1988, AJ 95, 307
radiation and the hard emerging of the Compton emission. Konigl A., 1989, In: Maraschi L., Maccacaro T., Ulrich M.-H. (eds.)

BL Lac Objects. Springer-Verlag, Berlin, p. 321
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