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Abstract. The high redshift{ = 0.997) blazar B2 1308+326 than a BL Lac. It is suggested that B2 1308+326 be considered
was observed contemporaneously at x-ray, optical and rad®the prototype of this class of composite source.
wavelengths in June 1996. The x-ray observations were per-

formed with ASCA. The ASCA results were found to be corKey words: galaxies: BL Lacertae objects: individual:
sistent with reanalysed data from two earlier ROSAT obseB2 1308+326 — galaxies: quasars: individual: B2 1308+326
vations. The combined ASCA and ROSAT data reveal an x-X-rays: galaxies — radio continuum: galaxies — cosmology:
ray spectrum that is best fit by a broken power law with algravitational lensing

sorber model with photon spectral indicesItfy, = 3.475]

andTy,..q = 1.6370 5 and a break energy at1™) % keV in

the rest-frame of the blazar. The break in the x-ray spectrum )

is interpreted, from the shape of the simultaneous broadba@ndmmdUCtlon

spectral energy distribution, to be the emerging importance e classification of the high redshift (= 0.997) source
inverse Compton (IC) emission which dominates the ASCA2 1308+326 is uncertain (Gabuzda et al., 1993). It has been
spectrum. The faint optical state reported for these observatigisignated a BL Lac (Stickel et al., 1991) because of its almost
(my = 18.3 & 0.25) is incompatible with the high synchrotronfeatureless optical spectrum (Wills & Wills, 1979), its strong
flux previously detected by ROSAT. The IC emission detectesptical variability (Mufson et al., 1985) and the high degree
by both ROSAT and ASCA was not significantly affected byf polarization of its optical continuum (Angel & Stockman,
the large change in the synchrotron component. 1980). As one of the 1 Jy sample of BL Lacs, B2 1308+326

Mg 11 emission was detected with an equivalent width\{W s classified as a Radio-Selected BL Lac (RBL) (Stickel et al.,

of ~ 15A, significantly different from previously reported val-1993).

ues. The small and variable \Wh B2 1308+326 may be dueto  However, B2 1308+326 also exhibits quasar-like properties.
the highly variable continuum and not intrinsically weak linegB| polarisation images show that the polarised flux from
in the source. A lower limit on the Doppler boost factor calcuhe inner part of the jet is nearly perpendicular to the direc-
lated from the contemporaneous data is consistent with expegign of the jet which is a characteristic property of quasars not
tions for highly polarised quasars and higher than expected BIr Lacs (Gabuzda et al., 1993). The degree of core polarisation
BL Lacs. Absorption at a level of N = 3.0757 x 102°cm™2  from VLBI observations of B2 1308+326 is somewhat higher
was detected which is in excess of the Galactic value®EN  than usual for quasars and at the lower end of the range for
1.1 x 10 ecm2, indicating the possible presence of a foreB| Lacs (Gabuzda et al., 1993). Measurements of the appar-
ground absorber. A gravitational microlensing scenario canrigit speed of knots emerging from the core are superluminal
therefore be ruled out for this blazar. No significant variability3 6n ¢, 8h—'¢, 21h~'¢) and above the typical speeds ob-

on timescales of hours was detected in the optical or Xx-ray dafarved in BL Lacs (Gabuzda et al., 1993). B2 1308+326 also

B21308+326 could be a typical radio-selected BL Lac ishows an optical-UV excess above the IR extrapolation (Brown

terms of peak synchrotron frequency and optical and radio vagt-al., 1989), and its radio power and morphology are FR Il (Fa-
ability butits high bolometric luminosity, variable line emissiomaroff & Riley, 1974, type I1) in nature (Kollgaard et al., 1992).
and high Doppler boost factor make it appear more like a quas@fe FR Il classification is not that unusual among BL Lacs

(Kollgaard et al., 1996), but an FR | morphology would strongly

Send offprint requests t®. Watson (dwatson@bermuda.ucd.ie) ~ militate against its being a quasar (Urry et al., 2000; Kollgaard
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et al., 1990). The large bolometric (Sambruna et al., 1996) at@96, and between 23:37UT on 11 June 1996 and 09:10 UT
5 GHz luminosities (Kollgaard et al., 1992) are further indicaen 12 June 1996. There are four instruments on board ASCA,
tions that it could be regarded as a quasar. The term “blazartwo Gas Imaging Spectrometers (GIS-S2 and GIS-S3) and two
particularly useful for sources like this, encompassing as it dogglid-state Imaging Spectrometers (SIS-S0 and SIS-S1). Thein-
flat spectrum radio quasars (FSRQs) and BL Lacs. It must steuments have a well-calibrated energy range of 0.7-10.0 keV
noted that the terms highly polarised quasars (HPQs), opticdlty the GIS and 0.5-10.0 keV for the SIS and only data in these
violently variable (OVV) quasars, FSRQs (and more recentgnergy ranges were used for spectral fitting. The total expo-
quasar-hosted blazar) are used to refer to blazar subclasses stinetime per instrument was approximately 40 ks. The SIS data
significant distinction here is between quasar-type and BL Lagere recorded in FAINT data mode and converted to BRIGHT-2
type blazars and the term FSRQ is used except in cases whneogle (Inoue, 1993) having corrected for the Residual Dark Dis-
another classification occurs in a work cited in the text. tribution (RDD) effect with the FTOOLS script ‘Correctrdd’.

Two main approaches have proven to be effective in con- Data from the SIS and GIS instruments were screened in
straining models of BL Lacs; monitoring their variability (e.ga standard way, and were then reduced using the FTOOLS ap-
Georganopoulos & Marscher 1998a), and studying their broaaications. An extraction region was defined around the source,
band spectral energy distributions (SEDs) (e.g. Sambruna etdth an aperture of ‘4or the SIS detectors and for the GIS.
1996, Kubo et al. 1998, Sambruna et al. 1999). Rapid flux vafihis spatial region was used to extract the source plus back-
ations and changes in the shape of the SEDs of blazars gmeund counts. An estimate of the background was derived by
common (e.g. Pian et al. 1998, Macomb et al. 1995, Chiabetg&ing an annulus around the extraction aperture and extracting
& Ghisellini 1999). To place adequate constraints on the syteunts from this region. An alternative background estimate was
chrotron emission (e.g. the Doppler boost factor of the putatiderived from separate dark-sky observations made by ASCA
jetand the angle between such a jet and the line of sight) in thesel results obtained using both types of background estimates
sources requires simultaneous observations over a wide rawgee found to be consistent. The annulus background was sub-
of frequencies. tracted from the extracted source plus background counts to

It has been suggested that some sources with BL Lac chamlatain a source spectrum. The resulting spectra were rebinned
teristics are actually gravitationally microlensed quasars (Na¢- have a minimum of 20 counts per bin in order to ensure the
tale, 1986; Ostriker & Vietri, 1990). The best candidates inalidity of the Gaussian approximation.
clude AO0235+164 (Rabbette et al., 1996), PKS 0537-441 Two observations of the source were made with the ROSAT
(Romero et al., 1999) and MS 0205.7+3509 (Watson et &.SPC (Pfeffermann & Briel, 1986) on 23 June 1991 (Comastri
1999). B21308+326 has characteristics intermediate betwetral., 1995; Lamer et al., 1996) and 3 June 1992. These data
BL Lacs and quasars. Gabuzda et al. (1993) have therefore sugre reduced in a standard way using the FTOOLS software.
gested that B2 1308+326 may be gravitationally microlensethe response matrix from ROSAT AO-1 was used to analyse
Observation of a foreground galaxy would lend support to thiee data from the 23 June 1991 observation, and that from AO-2
argument that it is indeed gravitationally lensed. However hidbr the 3 June 1992 observation. Only the well-calibrated data
resolution imaging with the HST WFPC2 (Urry et al., 1999%etween 0.1-2.4 keV were used.

did not confirm the detection of spatially extended emission re-

ported by Stickel et al. (1993). The observations were consist
with a point source with an upper limit ofy®> 26 mag arcsec?
for any surrounding galaxy. Optical Johnson V-band observations were carried out under

In the superluminal micro-lensing scenario, the time scaiaotometric conditions with the 1.23 m telescope at Calar Alto
for rapid variability can constrain source parameters (e@bservatory, Spain on the nights of 10 and 11 June 1996 with
Lorentz factor and source diameter, McBreen & Metcalfe 198fpical exposure times of 900 s. Standard CCD aperture pho-
Gopal-Krishna & Subramanian 1991). Such microlensing vatémetry techniques were used to reduce the data. Absolute cal-
ations should be achromatic and therefore detectable withibiration of the source was derived using V-band differential
multaneous multi-wavelength observations. photometry on a calibrated reference star within the CCD field

Simultaneous x-ray, optical and radio observations weog view (star C from Fiorucci et al. 1998). Optical V-band ob-
carried out in order to constrain the nature of the emissiongervations made two weeks later with the 1 m JKT telescope
B2 1308+326. These observations and the data reduction pradd-a Palma Observatory showed the source to be of the same
dures are described in Sect. 2. Results are presented in Seagagnitude, within the error of 0.25mag. The relative uncer-
and 4 and are discussed in Sect. 5 with conclusions in Sectanty (0.08 mag.) in the optical magnitude was brought below
Hy = 75kms ! Mpc—! andgy, = 0.5 are assumed throughoutthe absolute calibration uncertainty (0.25 mag.), by using dif-

ferential photometry techniques (Rabbette et al., 1998).
2. Observations and data reduction Observations were carried out under non-photometric con-
ditions at the 2.12 m telescope of the Observatorio “Guillermo
Haro” at Cananea, Son.,&fico on June 16, 1996 using the Lan-

Observations of B2 1308+326 were made with the ASCA satélessternwarte Faint Object Spectrograph and Camera (LFOSC)
lite (Tanaka etal., 1994) between 15:26 and 23:41 UT on 10 JuRe~5-5A/pixel mode. The standard IRAF utility package dis-

3(’5_ Optical and radio observations

2.1. X-ray observations
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Table 1. Comparison of fits (using model A, a simple power-law plu3able 2. Results from best-fit broken power-law plus absorber model
absorber) to data from: each ASCA detector individually (SO, S@B), to data from different observations; R1 and R2 are the ROSAT ob-
S2, S3), from the combined ASCA detectors (A), from the ROSA3ervations of 23 June 1991 and 3 June 1992 respectively; A represents
observations of 23 June 1991 (R1) and 3 June 1992 (R2) and frtima simultaneous fit to the data from the ASCA observations of 10-12
both ASCA and ROSAT, fit simultaneously (A+RYg is the equiv- June 1996; A+R is a simultaneous fit to all the ROSAT and ASCA data.
alent hydrogen columr; is the photon index, kv is the flux in  Ranges in parentheses are 90% confidence intervals for 1 parameter of
photons/keV/cras™! at 1 keV,x2/DOF is the value of? for that fit interest.I"1 andT'2 are the photon spectral indices below and above
with DOF degrees of freedom and N. H. Prob. is the probability dlfie break energy respectively.

the x? obtained being at least as large as it is if the data come from a

parent distribution described by the model. Ranges in parentheses are Nu 1 Break r2
90% confidence intervals for 1 parameter of interest. (10%° cm™2) (soft) (keV) (hard)
3 R1 8.4 >10.0 0.38 2.1
i r Fikev, x“/DOF (6.35-8.69)  (3.04-) (0.35-0.43) (1.7-2.4)
(10 cm ) (><10 ) N. H. Prob. aR2 71 10.0 0.33 232
SO0 0.0 1.45 1.94 46/45 (5.1-7.6) ) (0.28-0.42) (1.58-2.49)
(0.0-11.6) (1.28-1.71) (1.67-2.55) 0.45 A 2.78 10.0 0.45 1.62
S1 0.4 1.38 1.82 29/38 (0.0-9.7) =) (0.21-0.56) (1.54-1.77)
(0.0-14.6) (1.18-1.74) (1.52-2.60) 0.84 A+R 3.0 3.4 0.57 1.63
S2 24.5 2.21 2.94 37/49 (2.4-5.3) (2.3-8.5) (0.36-0.77) (1.54-1.73)
(0.0-102.4)  (1.59-3.24) (0-9.20) 0.90 #I'l is unconstrained for the ASCA and R2 data, since model B is not
S3 © 00-202 3 @ 51283 23 @ 2-2423 59) 67(;6217 a significantly better fit than model A for these data alone (see Table 3).
A © 8_02 5) 1 éGY—SZL 84) (115332 16) 205?25 Table 3. Fit comparisons for models A, power-law plus absorber and
R1 '1 35' ' > 01' '2 19 ’ 34/'30 B, broken power-law plus absorber. N. H. Prob. is the probability of
© 84—1 9) (1 76_2 7)) 9'9_2 39) 0.29 the x? obtained being at least as large as it is if the data come from a
R2 ' 0 81. .1 75' '1 89 ' 10/i2 parentdistribution described by the model. Thest Prob. refers to the
(0.00.—2.15) (1.25_230) (1.6.1—2.17) 066 probability dgrived from thg'-test qf the hyp_othesis thatan gd_ditional
A+R 136 188 515 250/247 component (i.e. spectral break) yields an improved description of the

data. R1and R2 are the ROSAT observations of 23 June 1991 and 3 June
1992 respectively; A represents the ASCA observations of 10-12 June
1996; A+R is a simultaneous fit to all the ROSAT and ASCA data. The
spectral break is not significant in the ASCA or R2 data individually,
ggt is significant in R1 alone and in the A+R simultaneous fit.

(1.14-158) (1.80-1.96) (2.05-2.25) 0.43

tributed by the National Optical Astronomy Observatories w
used to reduce the data. The spectral images were processedto

obtain one-dimensional spectra of the object and the sky by &85 A abscpow B: abscbknpow - f-test

adding the counts on each channel along the slit, through user  N-H- Prob. gop  N.H. Prob. bor  Prob.
defined apertures. R1 0.286 34/30 0.707 24/28 0.994
The wavelength calibration was performed using the ideR2 ~ 0.657 10/12 0.657 7.7/10 ~ 0.651
tified lines of the comparison arcs in order to obtain a dispdf- 0431~ 205/202  0.433 203/200  0.645
0.430 250/247 0.621 238/245 0.998

sion solution. With the derived coefficients the wavelength cdR
ibration of the spectra was then carried out. Due to the non-
photometric conditions during these spectral observations,
spectrophotometric ca_llbratlon pr(_)ved to be unreliable. ﬁnd consistent results (Table 1).
The results of radio observations at 22 GHz and 37 GHz . . N

o : ; Since the ASCA instruments showed no significant spectral
performed at the Me#ovi Radio Observatory, Finland for thedifferences the binned spectra from all four detectors were fit
period 1980-2000 are included here. The observing and data ' P

. . - Simultaneously. The data were fit to model A (Table 1) and to
reduction procedures are described indeanta et al. (1998). model B. a brgken power-law with absorber ('I('able 2).)'fhe

test (Bevington & Robinson, 1992) was applied to models A and

B to establish whether the fit was significantly improved by the

addition of the two extra terms in model B (Table 3). Model B

The x-ray data from both ASCA observations were comparédl not yield a significant improvement over model A in the fit

for variability above a significance level @fs. No variability to the ASCA data alone (Table 3).

was detected and the data were therefore coadded per detectoFhe ROSAT data from 23 June 1991 were published by

for further analysis. Comastri et al. (1995). The results of a single power-law with
Data from the four ASCA instruments were fit individuallyabsorber fit (model A) to this ROSAT data were found to be

using the Levenberg-Marquardt algorithm in XSPEC. Model Aompatible with and had a similar reducgtistatistic,x2 (Ta-

a power-law with an absorber as defined by Morrison & Mdle 1) to that obtained by Comastri et al. (1995) for the same

@gmmon (1983) was fit to these data and yielded acceptable fits

3. X-ray spectral fits
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data and model. Although model A provides an acceptableviere left free to vary independently to allow for any residual

(x2 = 1.13) to the ROSAT data of 23 June 1991 (R1), fheest systematic differences between the instruments.

indicates that a broken power-law is a significantly better fit (Ta- Model B was the best fitting model to the combined ASCA

ble 3). The spectral break is clearly detected in this data alceed ROSAT data and was used for all further analysis. Although

(Fig. 1). Data from the ROSAT observation of 3 June 1992 (Ra)discrepancy ofAI" ~ 0.4 has been noted in the spectral in-

is acceptably fit by model A; there is no significantimprovemedices reported for observations with ASCA SIS and ROSAT

in the fit to this data using model B (Table 3). PSPC (lwasawa et al., 1999), the detection of the spectral break
The energy of the spectral break is at the low energy enddifes not depend on differences between the ROSAT and ASCA

the SIS detector range and outside that of the GIS. The ROSgdectral indices since the break is clearly detected in the R1 data

observation of 3 June 1992 unfortunately does not constrain #ilene. The results of a comparison between models A and B for

models very well. It is not surprising therefore that there is rall the x-ray observations are summarised in Table 3.

significant improvement in the fit for either of these observa-

tions using a broken power-law model. Data from both ROSA. Results

observations were fit with model B and the results were found ) . .

to be consistent with the results from the fit of model B to the"€ deconvolved data from all instruments with the best-fit

ASCA data (Table 2). No variation was found at the level Jiodel and the data/model ratio are plotted in Fig. 1.

95% significance, in the 0.5-2.4 keV flux between any of the Confidence contours for the best-fit model for the two pa-
observations. rameters of interest, equivalent Hydrogen absorbing column

The consistent results indicate that the x-ray spectrum h@gﬁ) and the spe_ctral break %gergxéa_lre shown in Fig. 2'_ The
not altered substantially between the ROSAT and ASCA op2ft X-ray absorg)ﬂonf.olx 10" cm* is above the Galactic
servations (see the next section for further discussion on ti¥e! 0f1.1 x 107" cm™ given by Dickey & Lockman (1990).

point). The combined ROSAT and ASCA data were therefore | "€ 'est-frame SED is plotted in Fig. 3. The brIeYak in the
fit simultaneously, allowing the normalization parameter to vafyo>AT Spectrumiis clearly evident at 1.1 kedy(x 10" Hz).
independently between the two ROSAT observations and thds generally accept_ed that the two broad emission compo-
combined ASCA data, but constraining the other parameterdfgts that characterise blazar SEDs are due to synchrotron

be the single best-fit for all datasets. The flux normalizatiof§1iSSion at lower energies and inverse Compton (IC) emis-
sion at higher energies (Costamante et al., 2000; Fossati et al.,
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direction of B2 1308+326 (Dickey & Lockman, 1990).
Fig. 3. Rest-frameyF, spectral energy distribution of B2 1308+326.
The x-ray data has been corrected for absorption using the best-fit
2000; Sambruna et al., 1996; Pian et al., 1996) The SED Riframeters (Table 2). The break2at x 10'" Hz is clearly seen in

B2 1308+326 shows the synchrotron component peaking ftlee middle of the x-ray data. Data contemporaneous with the ASCA
tween 10'2 Hz and 104 Hz with the inverse Compton emis_observation are plotted in black. Non-simultaneous data are plotted in
sion dominating by~ 2.8 x 10'7 Hz. The parabolic fit to the grey. Archive data are from NEDTwo parabolic fits to the synchrotron

ntemporan data indicates that th k synchrotron Prr_]ponent are plotted, the black one is the best fit parabola to the
conte po a F_,Igus a_a cates that tne p(_ea_ SY chrotro o%temporaneous data below the break, the grey parabola is a fit to the
qguency is~ 10 Hz (Fig. 3). Although no variation in the 0.5—

} highest archival flux values in each band (from NED) and the ROSAT
2.4keV spectra was detected between the observations & below the break. The shift in frequency of the synchrotron peak
with ROSAT and ASCA, examining the SED (Fig. 3) leads t@ apparent.
the conclusion that the ROSAT synchrotron flux is incompati-

ble with the radio and optical data obtained contemporaneously

with ASCA. The effect of the absence of the synchrotron flugayehand and the ROSAT data below the spectral break yields
on the R1 spectrum was quantified by extrapolating the begiheak synchrotron frequencyef104 Hz. This indicates that

fit ROSAT synchrotron power-law past the spectral break {ge peak synchrotron frequency of B2 1308+326 may decrease
2.4keV. The 0.5-2.4keV flux of this synchrotron power-layith flux, an important indicator in deciding the nature of the
alone was subtracted from the composite synchrotron-IC lerse Compton emission in this sourcé(@her, 1999). This
0.5-2.4keV flux. The resulting (IC) flux was still fully con-ype of spectral break and the possibility of increasing syn-
sistent with the ASCA 0.5-2.4keV flux. This indicates thahrotron peak frequency with increasing flux have also been
the synchrotron-IC break occurred at lower energies during thgserved witlBeppoSAXn the blazar S50716+714 (Giommi
ASCA observation than during R1 and that the ASCA spectrug 5| 1999).

is almost entirely dominated by an IC component that has not The ASCA lightcurve yields no evidence for variability
varied substantially at these energies despite the large chagggyer.5 » 10~14 erg cnm2 s~ on timescales of hours. V-band

in the synchrotron flux. Chiaberge & Ghisellini (1999) havgptical photometry from both Calar Alto observations yields a
modelled synchrotron—self-Compton emission in blazars apfgnitude o18.3+0.25. Alimit on the variability of the source
successfully reproduced the SED of Mkn 421 in different flugt 9.0g mag. was found using differential photometry. There-
states (Macomb et al., 1995). Their model allows a peak S¥gre, no constraints can be placed on the superluminal gravita-
chrotron variation of nearly two orders of magnitude that leavggna) |ensing scenario in this AGN because of the absence of
the low-frequency end of the IC component largely unaffecteghyiapility.

consistent with the SED observed here and in Mkn421 (Ma- The optical spectrum (Fig. 4) observed on 16 June 1996 is
comb etal., 1995). Major variability of the IC component woulghtermediate between the extreme spectra previously observed
however be expected atray energies because of the large

change in the synchrotron emission. Observationsraty en- 1 The NASA/IPAC Extragalactic Database (NED) is operated by the
ergies can strongly constrain synchrotron-IC models (Marasgt Propulsion Laboratory, California Institute of Technology, under
etal., 1999). A parabolic fit to the highest archival fluxes in eaclntract with the National Aeronautics and Space Administration.
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(Miller et al., 1978; Stickel et al., 1993). The equivalent width * .

of the Mgt line was~15A. The absolute flux calibration for ~ *°[ kH # y + ]

this spectrum is unreliable due to non-photometric conditions 3}
during the observation; it was therefore not possible to obtaina, . |

’
continuum level or line fluxes from the ASCA observations. + $++¥ a )

The results of the radio observations (Fig. 5) over 20 years *| f ‘4 J*ﬂ ! ‘f* L i
indicate that B2 1308+326 was in an intermediate radio flux 15 r i p
state during these observations. 1L t ] ! :t

++ ++ t
05 4
5. Discussion o L37GHz o ‘ ‘ ‘
o . 1980 1985 1990 1995 2000
Although BL Lacs were originally classified as XBLs or RBLs Date

depending on the energy band in which they were first dié_— -
covered, recent work has focused on determining the physi ol S 198.0_2000 radio .l'ght(?urve at 22 GHz (top) and 37GHZ (bot-
distinctions between the two types (Padovani & Giommi, 199 m) obtained at the Meiiovi Radio Obs-e rvatory. Th_e times of the

. SCA and ROSAT (R1 and R2) observations are indicated.
Fossati et al., 1997; Georganopoulos & Marscher, 1998b) and
their relation to the other subclass of blazar, FSRQs (Sambruna
et al., 2000; Sambruna, 1997; Fossati et al., 1998; Ghisellini One hypothesis connecting FSRQs and BL Lacs is that they
et al., 1998). The spectral energy distributions of XBLs arate high and low luminosity radio galaxies respectively that are
RBLs differ markedly, with the peak in synchrotron output geriighly-relativistically beamed towards the observer (Padovani,
erally occurring in the x-ray range for the former and the infrarei92). A more recent theory connects FSRQs, LBLs and HBLs
range for the latter (Padovani & Giommi, 1995). This properiy a sequence of increasing peak synchrotron frequencies and
has allowed BL Lacs to be classified as low-frequency peakeelcreasing bolometric luminosity (Fossati et al., 1998; Sam-
BL Lacs (LBLs, roughly the same sample as RBLs) and highruna et al., 2000); however, roughly 25% of FSRQs in the
frequency peaked BL Lacs (HBLs, approximate to XBLs). Sudbeep X-ray Radio Blazar Survey (Perlman et al., 1998) have
differences may arise due to changes in the dominant radiattdBL-like radio—x-ray broadband spectral indices:f), indi-
mechanism occurring as a function of both the angle betweeating that the synchrotron peak frequencigs ) for FSRQs
the line of sight and the bulk velocity (Ghisellini & Maraschiyeach energies at least as high as those of HBLs, sipgeis
1989), although it has been demonstrated, assuming certain gtrengly correlated withv, ... (Fossati et al., 1998, and refer-
ditions, that the complete range of properties observed in blazenses therein). In this theory, blazars with strong thermal emis-
are difficult to account for solely by a change in orientation afion or strong emission lines (FSRQs) should have soft x-ray
the jet (Sambruna et al., 1996). On the other hand, XBLs agplectra dominated by inverse Compton (IC) emission produced
RBLs have different variability timescales, a fact that is veryy jet electrons scattering photons produced externally to the jet
naturally explained with the orientation hypothesis (Heidt §external Compton, EC model). Blazars with intrinsically weak
Wagner, 1998). The recent RGB sample revealed BL Lacs gmission lines (BL Lacs) are expected to have their IC com-
termediate between XBLs and RBLs, indicating that there is ponent dominated by jet electrons scattering photons produced
bi-modal distribution in BL Lacs and that they span peak syim the jet via synchrotron emission (synchrotron self-Compton,
chrotron frequencies continuously from IR to x-ray wavelengti&SC model). Bttcher (1999) has postulated that EC-dominated
(Laurent-Muehleisen et al., 1999). spectra have peak synchrotron frequencies that decrease with in-
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creasesinflux. The peak synchrotron frequency of B2 1308+3Rfble 4. Average radio, optical and x-ray luminosities for samples of
appears to decrease with decreasing flux. While this synchrot¥i.s (Slew), RBLs (1 Jy) and FSRQs. The Slew, 1Jy and FSRQ sam-
peak shift behaviour is contrary to the trend found in samplesri¢ data (Cols. 1, 2 and 3respectively) are from Fossati etal. (1998). Lu-
blazars (Kubo et al., 1998 Fossati et al., 1998) it is not at all uminosities calculated from the contemporaneous data for B2 1308+326
usual in flares detected in individual sources (e.g. Catanese e’ Shown for comparison. The 5 GHz luminosity of B2 1308+326 is es-

1997). Without IR photometry it is not possible to determinrématEd from an extrapolation of the best-fit parabola to the contempo-

. . raneous data. The minimum recorded flux at 5 GHz and the maximum
precisely the peak synchrotron frequency at the time of the

. . . . . %%orded flux in the V-band for B2 1308+326 are shown in parentheses.
observations. The optical observations were obtained S'm“{Eﬁfninosities are given in units of ergs.
neous with, and two weeks after, the ASCA observations and

yielded compatible results on both occasions. The radio dafa
nearest the ASCA observations were taken on 4 June 1996 %?d XBLs (Slew) RBLS(1Jy) FSRQ B21308+326

37 GHz, and on 5 and 20 June 1996 at 22 GHz. The radio vércHz 41.71 43.69 44.81 454 (44.0)
ability during the surrounding months was less than 30%. TReband 4491 45.68 46.58  45.1(46.7)
spectrum would have to deviate significantly from a parabolikeVv 44.94 44.72 45.98 44.9

shape in order to peak abov@'* Hz and still manage to drop as
low as 18.3 mag. in the optical. Such a spectral shape cannot be

ruled out without accurate modelling of the synchrotron congf the intrinsic line luminosity, since (a) both large\\Wieasure-
ponent, however it is very likely that the synchrotron peak didents were made near low luminosity states and (b) the line flux
occur belowl 04 Hz in the faint state observed here, indicatingf 3.8 x 1015 ergcn 2 s~ reported by Miller et al. (1978) is
that the synchrotron peak frequency decreases with decreagiféiin a factor of two of the value df.8 x 10~ ergcnr2 s *

flux and that SSC is the more likely emission mechanism in this Stickel et al. (1993) even though \iffers substantially be-
blazar (Bittcher, 1999). Simultaneous GeV observations are kgreen the observations. No error was given for these measure-
quired to determine if there is excess IC emission resulting fraffents. Padovani (1992) has shown thatin general the low values
the EC component. Such observations would be useful for testw, observedin BL Lacs are due to intrinsically less luminous
ing the model proposed for PKS 0548+134 (Mukherjee et gine fluxes than in quasars. Sambruna et al. (2000) findiMg
1999) and the trend detected by Kubo et al. (1998) in a samplginosities of bugn ~(4—40)<10% ergs for a sample of

of 18 blazars. three FSRQs, comparable to but higher than B2 1308+326, with

The dominance of the IC component in B2 1308+326 abou%g” = 1.5 x 10 ergs™!. It therefore appears that the smalll
2.8 x 10'7 Hz is evident from Fig. 3. The relatively low energyalues of W, observed in B2 1308+326 are due mostly to the
of this break is consistent with expectations of LBLs (Giommxtremely bright continuum. Unfortunately, it was not possible
etal., 1995), but somewhat exceeds expectations for FSRQgiBbtain a line flux from these observations. Similar intermedi-
the blazar paradigm described by Sambruna et al. (2000). Te BL Lac—QSO behaviour is not unique to B2 1308+326, and
contemporaneous nature of the observations rules out distortiig also been observed in PKS 0521-365 for example (Scarpa
of the spectrum due to source variability. etal., 1999).

The primary reason for classifying B2 1308+326 asaBL Lac The existence of sources intermediate between BL Lac and
rather than a FSRQ is its largely featureless optical continugd®Os is expected in the blazar unification paradigm presented
which is one of the(:, defining features of the BL Lac class, withy Fossati et al. (1998), where synchrotron peak frequency
rest-frame W < 5 A for any line (Sambruna et al., 1996). Thiss correlated with source luminosity. X-ray, optical and radio
criterion has been justifiably criticised as arbitrary (Kollgaangminosities for B2 1308+326 are compared to averages for
etal., 1992; Marcaetal., 1996; Scarpa & Falomo, 1997) partlyhe different blazar samples examined by Fossati et al. (1998)
on the basis that some sources (such as B2 1308+326) haveiMVTable 4. It is interesting to note that the luminosities for
that vary substantially across this boundary. Nevertheless, weggk] 308+326 span the range between the RBL-FSRQ averages.
or absent emission lines is a distinguishing property of these Sources intermediate between BL Lac and QSOs with lu-
sources (Padovani, 1992). The rest-frame d¥the Mgi1line  minous emission lines that are SSC-dominated and have high
in B21308+326 detected by Miller et al. (1978) was5A  synchrotron peak frequencies (Perlman et al., 1998; Sambruna
and no lines were observed by Wills & Wills (1979). Howet al., 2000) still pose serious problems to the unification scheme
ever, an Mgt W, = 18.6 A in the rest-frame was observedyroposed by Fossati et al. (1998). It has recently been pointed
in March 1989 by Stickel et al. (1993) in a very low lumigyt (Georganopoulos, 2000) that the observed differences be-
nosity state m = 19.0mag (AB__ 2 ~ 18.5mag from the tween FSRQs with high synchrotron peak frequencies (“blue
spectrum), comparable in prightness to the observations pjaasars”) and HBLs can be explained by taking into account
sented here. The W(~ 15A) reported in this paper and bythe orientation of the jet as well as the intrinsic source luminos-
Stickel et al. (1993) place B2 1308+326 outside the tradition@}. In a similar way earlier unification schemes have attempted
limits for BL Lacs, while previous observations place it welto unify intrinsically lower luminosity FR | radio galaxies with
inside. BL Lacs and the higher luminosity FR 1l radio galaxies with

The level of the continuum may be the most significant factquasars (Padovani, 1992; Ghisellini et al., 1993). It now seems
in changing the value of Wfor the Mgit line and not variation likely that quasars and BL Lacs form two distinct populations of
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Table 5. Comparison of relativistic jet parameters calculated using contemporaneous data compared to those of Ghisellini et al. (1993) and
Terasranta & Valtaoja (1994}, is the flux at the synchrotron self-absorption frequemgy F. is the x-ray or optical flux at the energy, v

is the synchrotron high energy cut-off frequeneys the spectral index of the thin synchrotron emissi@nis the highest superluminal speed,

04 is the VLBI FWHM core size at,, z is the source redshif, is a lower limit on the Doppler boost factorgTis the observed brightness
temperatureg is an upper limit on the angle between the jet velocity and the line of sighfamd lower limit on the Lorentz factor of the jet.

4, Te, ¢ andI’ were calculated using the data listed in that row. The third and fourth rows use data from observations made contemporaneously
with the ASCA observations using the two different VVLBI core sizes reported by Gabuzda et al. (1993).

Fp, Um F, Ve Vb o fa 04 z 1) Ts 1) T
(Jy) (GHz)  (Jy) (keV) (GHz) (mas) 1012K)  (°)

1.97" 5.0 03x1076Gh 167 1x10°¢" 075" 1575 05" 0996 6.8" 111°* 61 217
- - - - - - 15.75 - 0992 19" 6.40 7.2  68.0
1.2 509 (0.18x1073 228 x107% 1x10° 0.80 15.75 0.08* 0.997 122 69.0 0.12 62.0
0.76°¢ 5.0°¢ (.18 x 1073 228 x 1072 1x10° 0.80 15.75 0.18* 0.997 9.4 3.35 5.37 18.0

Gh Data from Ghisellini et al. (1993)
“a Data from Gabuzda et al. (1993)
T Data from Tedésranta & Valtaoja (1994)

higher and lower luminosity AGN respectively, where the ories.2. Constraints on beaming in B2 1308+326

tation of the jet influences the luminosity and peak synchrotr i i lenath ob i low the d
frequency. The unusual intermediate properties of B2 1308+3 grr; i?]r;t?gr:%r;zolzivgulirmac\)/r? t?\r:ag 4o N é?gggg{gg 6(;VZthee e
make it an ideal candidate for studying the overlap between ttﬁe PP '

BL Lac and QSO categories. It may therefore represent the p?n(%r responding observed brightness temperatuyetfie max-

< , um angle §) between the line of sight and the velocity of
totype of this kind of composite source. 2 X -
the relativistic jet as well as the minimum Lorentz factor of

the jet,I". Ghisellini et al. (1993) have derived these values for
5.1. Gravitational microlensing B2 1308+326 with data from different epochs, using the equa-

The gravitational microlensing scenario (Gabuzda et al., 192%’;”5:

McBreen & Metcalfe, 1987), provides an alternate explanation In (v V) e

for the BL Lac properties of B2 1308+326. Its high bolometric 9 = (1+2) f(a) Py (F g6+4a a V5+3a> 1)
luminosity is comparable to that of other gravitationally lensed } d v

candidates AO 0235+164 (Rabbette et al., 1996) and PKS 053¢ = 1.77 x 10'%(1 + 2)27’”2 K (2)
441 (Romero et al., 1999; Perlman et al., 1996) and may be due Oavm

to amplification by a foreground galaxy. Mgabsorption lines é — arctan 28, 3)
with very small W, (~ 0.4 A) were reported (Miller etal., 1978) B2+62-1

atz = 0.879 in B21308+326. These lines have not been con

firmed by later observations. Recent imaging with HST (Urry

etal., 1999) did not confirm the detection of spatially extendgd_ Bi+0*+1 @)
emission (Stickel et al., 1993) and no evidence was found for 26 ’

a foreground lensing galaxy. Such a galaxy is therefore limitgghere 7, and F, are the fluxes in Jy at the synchrotron self-
to an I-band magnitude greater than 20.1, which, if the galagpsorption frequency,,, (GHz), and at the x-ray or optical en-
were at a redshift = 0.879 implies Mi 2 —23, thus not ergy, ., (keV) respectivelyy, is the synchrotron high energy
constraining its luminosity significantly. The absorbing columgut-off frequencyix is the spectral index of the thin synchrotron
towards B21308+326 is greater than that expected from @ifhission defined fronfr, o< v~ %; 3, is the fastest reported ap-
Galaxy (Fig. 2). The excess absorption could be due to an @arent superluminal speeé; is the VLBI FWHM core size
sorber at: < 0.997 or equally, to absorption in the host galaxyMarscher, 1977) in milliarcseconds (mas)at; = is the red-
of B21308+326. The detection of excess absorption therefefgft of the source. A comparison of these values obtained at
does not exclude the possibility of a foreground lensing galaxjifferent epochs for b2 1308+326 is made in Table 5.
A more detailed spectroscopic observation with XMM could |t has been noted that the largest source of error in Eg. (1)
determine the redshift of the foreground absorber. Sensitiy¢the determination of the VLBI core sizé; (Madau et al.,
high-resolution optical spectroscopy could confirm the detepag7). This value is crucial in determining the limit 6n
tion of Mg absorption lines (Miller et al., 1978) and thus also ~ Ghisellini etal. (1993) calculate= 6.8 usingd,; = 0.5 mas
determine the redshift of such an absorber. at 5 GHz. High resolution VLBI images of B2 1308+326 were
presented by Gabuzda et al. (1993) obtained in 1987 and 1989.
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Using the 5 GHz fluxes and corresponding FWHM core sizes@tpectations for HPQs but is higher than expected for BL Lacs.

Gabuzda et al. (1993),values ofl 22 and9.4 were determined X-ray absorption at a level in excess of the Galactic value was

with the data presented here. Clearly the core size is variabltected and indicates the possible presence of a foreground

and further constraints ofi would require VLBI imaging si- absorber.

multaneous with observations at other wavelengths. B2 1308+326 is a typical RBL in terms of peak synchrotron
Terasranta & Valtaoja (1994) use the radio variabilitpower and optical variability, but with a very large bolometric lu-

timescales of B21308+326 to deduce a lower limit for theinosity, variable line emission and a high Doppler boost factor

doppler boost factor of = 1.9 and the corresponding maxi-also has quasar-like attributes. It may be an intermediate or tran-

mum observed brightness temperatuge, L. = 6.4 x 1012K.  sitional AGN or a gravitationally microlensed quasar, given its

The 22 GHz light curve used for this calculation is plotted inbsorption above the Galactic level. Future x-ray observations

Fig. 5. This method provides a useful independent measure ofould determine the nature of the absorber. Further simultane-

A comparison of these values with those derived using Egs. (Bas multiwavelength observations of this possibly prototypical

(4) are given in Table 5. Two sets of values have been derivietermediate blazar could determine the cause of both its BL Lac

with the data obtained contemporaneously with ASCA usirand its quasar-like properties, providing insight into the relation

the different core sizes reported by Gabuzda et al. (1993). Thetween BL Lacs and FSRQs.

contemporaneous data indicates that the synchrotron peak fre-
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