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ABSTRACT

Aims. In a previous study we suggested that the broad-band emiarib variability properties of BL Lacertae can be accoufibedy a double
synchrotron emission component with related inverse-Gompmission from the jet, plus thermal radiation from theration disc. Here we
investigate the matter with further data extending over@ewenergy range.

Methods. The GLAST-AGILE Support Program (GASP) of the Whole Eartla®ir Telescope (WEBT) monitored BL Lacertae in 2008—2009
at radio, near-IR, and optical frequencies to follow its faehaviour. During this period, high-energy observatiomserperformed by XMM-
Newton, Swift, and Fermi. We analyse these data with pddticattention to the calibration of Swift UV data, and applie&lical jet model to
interpret the source broad-band variability.

Results. The GASP-WEBT observations show an optical flare in 2008 tlgr-March, and oscillations of several tenths of mag omaday
time scale afterwards. The radio flux is only mildly variabléne UV data from both XMM-Newton and Swift seem to confirm a EXtess
that is likely caused by thermal emission from the accretist. The X-ray data from XMM-Newton indicate a strongly cawe spectrum,
as well as moderate~(4—7%) flux variability on an hour time scale. The Swift X-ragta reveal fast (interday) flux changes, not correlated
with those observed at lower energies. We compare the speargy distribution (SED) corresponding to the 2008 lwghtness state, which
was characterised by a synchrotron dominance, to the 19®nrst state, where the inverse-Compton emission was ipreyaA fit with an
inhomogeneous helical jet model suggests that two synamratomponents are at work with their self inverse-Comptmission. Most likely,
they represent the radiation from two distinct emittingioeg in the jet. We show that theffrence between the source SEDs in 2008 and 1997
can be explained in terms of pure geometrical variationg dutburst state occurred when the jet-emitting region® wetter aligned with the
line of sight, producing an increase of the Doppler beaméugaf.

Conclusions. Our analysis demonstrates that the jet geometry can playteengely important role in the BL Lacertae flux and spectealability.
Indeed, the emitting jet is probably a bent and dynamic atrecand hence changes in the emitting regions viewingearayle likely to happen,
with strong consequences on the source multiwavelengtavimir.

Key words. galaxies: active — galaxies: BL Lacertae objects: genegallaxies: BL Lacertae objects: individual: BL Lacertae fagees: jets

1. Introduction Ravasio et al. [(2002);. _Bottcher et all__(2003); _Villata et al

. . . . (2004h,8); | Bachetal. | (2006);. _Papadakisetal. (2007);
Blazars are active galactic nuclei whose extreme proseatie Villata et al. (2009b): Larionov et Al (2010).

thought to be owing to their relativistic jets pointing tawais. | ; P
N : ,, n a recent paper, Raiteri etial. (2009) analysed the mul-

BL Lacertae, the prototype of the "BL Lac objects” blazarssia tiwavelength data from the 2007-2008 WEBT campaign, in-
has been the target of many campaigns by the Whole Eaﬁmding three pointings by XMM-Newton. The XMM-Newton
Blazar Telescope (WEBT) collaboratibsince 1999. The tens 1 " e ealed a UV excess, which was interpreted to be due
of thousands of opt!cal-to-r_adlo data coIIected_by_ _the WEB thermal emission from the accretion disc, as well as a-spec
allowed us to study its multiwavelength flux variability,l6or o' yature in the X-ray band. The authors constructet-sp
behaviour, and the correlations among flux variationsfietent .oy energy distributions (SEDs) of BL Lacertae correspogd
bands, and revealed a possible Per'Od'C'ty .Of the rad,',o Ol various epochs where the source was fiiedeént brightness
bursts. The results have been published by Villatalet aDZp0 states, using both their own data and data from the litezatur
Send offprint requests to: C. M. Raiteri They applied the inhomogeneous, rotating helical jet mogel

* The radio-to-optical data presented in this paper are mo,\yilla’ta& Raiter] (1999, see also Raiteri etial. 1999, Raietral.
in the GASP-WEBT archive; for questions regarding theirilava'2003, Ostorero et al. 2004) to fit the SEDs, and suggested that
ability, please contact the WEBT President Massimo Villatthe broad-band spectral properties of BL Lacertae may tresul
(villata@oato.inaf.it). from the combination of two synchrotron emission composent

1 http://www.oato.inaf.it/blazars/webt/ with their self inverse-Compton emission, plus a thermah€o
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ponent from the disc. Subsequently, Capetti et al. (2018)-anTable 1. List of optical, near-IR, and mm-cm radio observatories
ysed optical spectra acquired in the same period with thé 3.&ontributing data to this work.
m Telescopio Nazionale Galileo (TNG). They found a broad H

emission line, with luminosity of 4 x 10" ergs?! and FWHM Optical and near-infrared

of ~ 4600 km s?, even brighter than that found in 1995-1997 Observatory Tel. size Bands
byVermeulen et al! (1995) and Corbett et al. (1996, 2000} Th [cm]

favours the hypothesis that the UV excess is caused by thefbastumani, Georgia 70 R
mal emission from the accretion disc, the most likely sourcé\rmenzano, ltaly 35 BRI

of ionising photons for the broad line region. The multiwave Armenzano, ltaly 40 BVRI

length data available for the Raiteri et al. (2009) analigiked Calar Alto, Spaif 220 R

. . S N - Campo Imperatore, Italy 110 JHK
simultaneous information in theray band, so that the inverse- < ean Ukraine 70 BVRI
Compton spectral region was poorly constrained. But in 200 viengrell Spain 20 R
the Fermi satellite was able to detect BL Laceriae (Abdo.et al kitt peak (MDM), USA 130 UBVRI
2010a), even if in a low state compared to the past detedbipns L'Ampolla, Spain 36 R
the Compton Gamma Ray Observalbf@GRO, Hartman et al.  Lulin, Taiwan 40 R
1999, Bloom et &1. 1997). In the same period, observatiotiein  New Mexico Skies, USA 30 VRI
UV and X-ray bands were performed by Swift, while in the op-Roque (KVA), Spain 35 R
tical, near-IR, mm and cm radio bands the source was moditore>abadell, Spain 50 R
by the GLAST-AGILE Support Program (GASP) of the WEBT. St-l Petebe“fﬂl IRUSS'a 3‘;0 %\\’/Fg
This offered the unique opportunity to study the source emissio@a.massons’ aly

; eide (BRT), Spain 35 BVR
over a very extended spectral range. The results of thisdurt 012" Finland 103 R
investigation &ort on BL Lacertae are presented in this paper. e o' Aosta, ltaly 81 BVRI
Radio
) Observatory Tel. size Frequencies
2. GASP observations [m] [GHZ]
b

The GASP was born in 2007 as a WEBT project, with the ainmggirl?ngeﬁéSMA)’ USA & %2 22033333
of monitoring a list of 28y-ray loud blazars in the optical, near- petsahovi. Finland 14 ' 37
IR, mm, and cm radio bands during tiyeray observations of Noto, Italy 32 43
the AGILE] and Fernfl (formerly GLAST) satellites (see e.g. UMRAO, USA 26 4.8,8.0, 145

Villata et al.,| 2008| 2009a). Data are collected periodiichyy 2 Calar Alto data were acquired as part of the MAPCAT (Monitgri

the WEBT President, who checks the consistency of the variAGN with Polarimetry at the Calar Alto Telescopes) project.

ous datasets. The GASP light curves are then available for mu Radio interferometer including 8 dishes of 6 m size.

tiwavelength studies, mostly in the framework of the GASP

collaboration with the AGILE and Fermi research teams. The

GASP data presented in this paper were taken at the observdtdR, andl). The source photometry was evaluated from a circu-

ries listed in Tablé]1. lar region with an 8 arcsec aperture radius, while the bankgp
The optical data were calibrated with respect to a cori#as taken in a surrounding annulus with 10 and 16 arcsec radii

mon choice of reference stars in the same field of the souleghis way the measure is essentially seeing-independerala

(Bertaud et di. 1969 itv andB bands! Fiorucci & Tosfi 1996 in datasets arefiected by the same contamination from the light

of the host galaxy. Raiteri et/al. (2009) estimated that i

2 http://heasarc.gsfc.nasa.gov/docs/cgro/ above prescriptions the contamination amounts to about 60%
8 http://agile.iasf-roma.inaf.it/ of the host total flux density, which is 0.36, 1.30, 2.89, 4.23
4 http://fermi.gsfc.nasa.gov/ 5.90, 11.83, 13.97, and 10.62 mJy in tHe B, V, R, I, J, H,
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Fig. 2. June—November 2008 light curves of BL
Lacertae from UV to near-IR after correction
for the host galaxy contribution, but not for the
Galactic extinction. Data taken by the GASP-
WEBT collaboration are plotted as blue circles,
UVOT data as red triangles. The UVQT b,
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and K bands, respectively. When converting magnitudes intlata displayed in the figure are presented in $éct. 3). The hos
flux densities, we corrected for the Galactic extinctioncside galaxy contribution has been subtracted to distinguishbiine
ing to the Cardelli et al! (1989) laws, usiiy = 3.1, the stan- haviour of the active nucleus. This reveals that the brigédn
dard value for the diuse interstellar medium, ands = 1.42 evolution follows the same trend in the various bands, buig-ma
(from|Schlegel et all, 1998). We adopted the absolute fluyes hitude variations are more pronounced at higher frequencie
Bessell et al.[(1998). which is a common feature of BL Lac objects. For example, the

brightness increase following the almost symmetric dipuatb
thD ~ 2454681 involved a variation of 0.79, 0.64, 0.57, and 0.54
Jhag in~ 5 days in theB, V, R, andl bands, respectively. We
tice that the source redshiftzs= 0.0686 (Vermeulen et al.,
95) and hence the broadeHemission line enters the tails
f the R and | passbands. However, referringito Capetti et al.
2010), one can estimate that its flux contribution is onlgwa f
gFu_ousandths of that of the continuum. Hence, the preserite of

I

Figure[1 shows the best-sampled to®aband light curve
from February 2008 to February 2009 built with GASP da
which are not corrected for the host galaxy contributionehe
A noticeable flare was observed at the beginning of the peri(%g
in 2008 February—March; afterwards both the average brigii
ness level and the variability amplitude decreased. Howev
the source remained active, its brightness oscillatingdvesal
tenths of magnitude on a few-day time scale. This is not an
usual behaviour for BL Lacertae (see e.g. Raiteri et al. 820
who reported on a 0.9 mag brightening in 24 hours).

ne cannot &ect the variability in these bands, at least when the
source brightness is at these levels. Another interestiagne
ple of fast variability is the rise of 0.9 mag in 4 days, from
Optical data at other wavelengths as well as near-IR data are
shown in Fig[2 for the period June—November 2008 (the UV
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JD = 24547523 to 2454756.3, in th® band, which unfortu- . 2°%%2 20084 20086 20086 20090
nately was not observed in other bands. 2 40 . ° :
Radio flux densities at cm—mm wavelengths are displayédgg e % o i
in Fig.[3 together with de-reddened and host-galaxy sutetsac < 1o o %o Www o -
R-band optical flux densities. The former are complemented by 4 :
data from the VLAVLBA Polarization Calibration Databd$e = 3° I
(PCD). The flux variation amplitude appears to decrease fronf & o ® 6o I
the highest to the lowest frequencies, as usual. One itteres_ i = =
ing feature is the fast radio flare that is visible in the 37 GHZZ 3= .
light curve at JD~ 2454760, because it occurred simultane-g 25 o © 05 0% qp 8 o -
ously with an optical flare. The correlation between optamad = 1 & :
radio flux variations in BL Lacertae has been the subjectwfse — *= i
eral studies, and most of them found a correlation with a long: 2 o b 6
time delay (a few months) of the radio after the optical flux=" = © °%o ©
changes (see elg. Hufnagel & Bregman, 1992; Tornikoskigtal 4f
1994p; Clements et al., 1995; Villata et al., 2004a; Bacl.eta 2 3 Afa e 059’ o oW %%% LRI

2006; Villata et al., 2009b). However, simultaneous vaoie 5 2 -
have already been found (Tornikoski et al., 1994a). The 3ZGH 1E =
data we are dealing with aréfected by large uncertainties due = g 1Y + ¢ % o o |0 -
to unfavourable weather conditions; but an increase ofabeor — , ol o %Q Lol | g % R i
flux is visible also at 43, 22, and 14.5 GHz, giving strength tg~ | £ ,
the possibility that these events are correlated. We alsiseno — 4 é
that there is neither a contemporaneous nor a delayed eléiar r = 3 & o HP € R o® go B e
counterpart to the optical flare observed at the beginnirntgef = 2 v & -
period (JD~ 2454520). Yet, one would have expected to see it i = =
in the high-frequency radio light curves. A better samplimthe = 55 | P w o b |% b -
mm wavelength range perhaps would have helped to understaric, = ©° ¢ @ocos f ¢ ®@c0c " ® & & & ®o o i
whether the variability mechanism responsible for thiseflaf N -
fected the optical emission region only or if it extendedats _ 4= -
the radio domain. 5@:’% & o @o® ° o ogoBoge & cdPO © o0 0 °°
&,
1E E

i H 4500 4600 4700 4800 4900
3. Swift observations Julian Date - 2450000

The Swift satellite observed BL Lacertae in 2008 Augusgig 3. Optical flux densitiesR band, top panel), after correc-
September, and October, for a total of 24 pointings. In palr, o, for Galactic extinction and host galaxy contaminaficom-
from August 20 to September 9 a daily sampling was obtainedared to radio flux densities atffiirent frequencies. Blue cir-
cles represent GASP data; red diamonds indicate data frem th
3.1. UVOT data VLA/VLBA PCD. The vertical green line corresponds to the
) ) i i XMM-Newton pointing of May 16-17; the yellow strip high-
The UltravioletOptical Telescope (UVOT; Roming et al. 2005)ights the period of Swift observations, from 2008 August@0
onboard the Swift spacecraft acquires data in the optichl October 2.
andu bands, as well as in the UV filtetswl, uvm2, anduvw?2
(Poole et al., 2008).
We reduced the BL Lacertae data with the HEAsoft pack- .
; ; The comparison between the UVQ@Tb, andv data and the
6.7, with CALDB updated at th d of N b
zziggg.esrf)lgpce com:ts were extLrszi)thde frgm aecie;r(;ulgr re(g)g\ilgmmw , B, andV data taken by the GASP observers reveals that an
a radius of 5 arcsec, while background counts were estinhatecgﬁse:j's present bet_ween(;he space light curves ang the ground-
a neighbouring source-free region. When multiple expasire afj(i/ or:/es: Wg ggtl?géeuygﬁgﬁcigv;sogﬁgv;n - gl%m 5
the same filter were present durlng_an observing epoch, we fﬁgve been_shiftéd éccordin | ngkin nto account tha
processed each frame separately with the taskmaghist and oo g 3; g 0 eihe
then binned the results. These values were compared wise thSragbe U\YOTOCSO (t)#é g]b(;(\:/zsﬁgetzl_ d:_s?elcgjergge\/vmle;ho;e aglrlilve g
obtained by first summing the frames acquired in the same bghd—-— Y~ -2 X ! .
with uvotimsum, and then performing the aperture photomet ylPoole et al.| (2008) for the objects on which they based thei

with the taskuvotsource. We verified that the two methods arePnotometric calibration of UVOT, i.e. Pickles stars and GRB
equivalent. models. Indeed, these objects have fiedent spectral shape,
The final UVOT light curves are shown in Fig. 2. We subS° that the Poole et al. (2008) calibrations may not hold for B
tracted the host galaxy contribution, taking into accourait t Lacertae. ! _
with the 5 arcsec aperture radius we used for the photometry, The UVOT data confirm the variability trend traced by the
about 50% of the host flux was included. We adopted the h(ggpund—based ones, ext_endmg it to UV fr_equenmes. This in-
galaxy flux densities given by Raiteri ef dl. (2009, see atset.S dicates that the variability mechanisnffexting the near-IR—
2): these authors also discussed that the host contribcaiobe optical emission, which is dominated by beamed synchrotron

considered negligible in the UV. radiation, can also produce flux changes in the UV, where a con
tribution from the synchrotron emission is thus expectedjdes
5 http://www.vla.nrao.edu/astro/calib/polar/ a possible contribution from thermal disc radiation.
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-14.2

from 16 UVOT observing epochs analysed in this paper). To
compensate for the filerent brightness state, we increased the
OM flux densities by~ 6% so that the two spectra match in
the V band. The composite spectrum is shown in Fig. 4 (top
panel), together with its log-parabolic fit that we used ie th
folding procedure. The resultingfective wavelengths (see Eg.
8 in|Poole et al. 2008) are: 5439, 4381, 3500, 2776, 2295, and
2225 A for thev, b, u, uvw1, uvm2, anduvw? filters, respectively,
showing a clear shift towards longer wavelengths in thewitr-
3.3 3.4 3.5 3.6 37 3.8 let. As for the count-rate-to-flux conversion factors, weadihed
log A [A] 2.60, 1.47, 1.65, 4.31, 8.54, and7Bx 10 %ergcnt?s 1 A1
from thev to theuww?2 band, respectively. These new CF dif-
SloepTTT T s w T wi | mz we 1 ferfrom those given by Poole etldl. (2008) for the GRB models
by < 1%, with the only exceptions of C&gwl) and CFgww2),
which are now 8% largBr
The newlgr Would produce a decrease of extinction in the

1 uwi anduvm2 bands with respect to those given by Poole et al.
++ + 7 (2008), and an increase in thew2 band. Indeed, the Galactic

T
w2 me wi u b v
-14.4

-14.6
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log Fy [erg cm™@ 7' A™]
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-10.4
mean extinction curve shows a dramatic bump peaking at
2175 A owing to absorption by graphite dust. Actually, an ac-
curate evaluation of extinction in this critical frequen@ange
requires that the Cardelli etial. (1989) law is folded with ff-
ter's dfective area and BL Lacertae spectrum, similarly to what
was done above for thes and CF:

-10.5

log (VF,) [erg em

-10.6 <OM>

[ J
4 <uvoT>
|

<UVOT>
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“““““ [ dAEA(D) F () 10°A0/25
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Fig.4. Top: Observed spectrum of BL Lacertae in the optical—

UV band. Red diamonds refer to the mean UVOT spectrum rgparen, is the extinction in the\ band,E, is the dfective area
sulting from 16 epochs analysed in this paper. Blue CIr@s ' of thai hand, andr, is the source flux density. The result is a

resent the average spectrum obtained from the three obsega,tic extinction of 1.10. 1.44. 1.74. 2.40. 3.04. an® 2@
tions of the OM instrument onboard XMM-Newton in 2007+,5m thev to theuvw? band, respectively.

2008 (Raiteri et all, 2009), normalised to the mean UVOT spec . o ! .

trum in thev band. The solid line is the log-parabolic fit used We verified the stability of our results by iterating the pro-
in the calibration procedure. Bottom: Optical~UV SEDs of Bicedure with the recalibrated UVOT flux densities ahgl. The
Lacertae. Blue circles and red diamonds are derived from tRgttom panel of Fid.14 shows the mean SED obtained after-recal
OM and UVOT average spectra shown in the top panel by usimja,t'on of the UVOT data according to our procedu_re. Forcom
standard prescriptions to obtain dereddened flux denditiask ~Parison, we also show the OM and UVOT SEDs derived from the
squares represent the mean UVOT SED after recalibratiox-as @/€rage spectra shown in the top panel, for which the amdunt o

plained in the text. In both panels the filter labels are @ehen  Galactic extinction was calculated from the Cardelli e{E989)
the standard UVOTer (Poole et all, 2008). law at the standardes;. Notice that the recalibration process has

shifted ¢ (uvw2) redward so much that it overlaps with the stan-
dard g (uvm?). This is because of the noticeable red tail of the
uww?2 filter (Poole et &ll, 2008) as well as to the red BL Lacertae

The derivation of the source intrinsic flux densities fOI’-furspectrum_ Recalibration has solved tive/1-dip problem, which
ther analysis (see Sefl. 5) requires some attention. Inlaei is a common feature of UVOT SEDs for a number of blazars
per on the photometric calibration of UVQT, Poole etial. (200 at different redshifts (see elg. Villata et al., 2008; Raiteri &t al
give efective wavelengths of 5402, 4329, 3501, 2634, 2231, apd08; D’Ammando et all, 2009). Moreover, it seems to confirm
2030 A for thev, b, u, uvwl, uvm2, anduw? filters, respec- the UV excess claimed by Raiteri ef al. (2009) that was asdrib
tively, but warn that theles of the UV filters will be longer for to thermal emission from the accretion disc, even if thisessc
very red spectra. Moreover, they provide count-rate-te-¢lon- may be less pronounced than indicated by the OM data. Our
version factors for both Pickles stars and GRB models, but @amalysis highlights the importance of calculating the aniaf
the UV bands their validity range is limited to— v = 0.1 and extinction in the critical UV bands, close to the 2175 A bump,
b —v = 0.03, respectively, while BL Lacertae hbs- v~ 0.8. by folding the Galactic mean extinction law through théee-

In order to attenuate possible calibration problems, ws thtive area curves and source spectrum. In any case, as pointed
calculated both theffective wavelengthles and count-rate- by|Fitzpatrick & Massa (2007), one has to keep in mind that the
to-flux conversion factors CF for the UVOT filters by fold-use of an average dereddening curve implies a significaot err
ing the BL Lacertae spectrum with theiffective areas (see owing to the scatter of Galactic extinction curves.

Poole et al.| 2008). We first built a composite observed spec-

trum of BL Lacertae by combining a mean OM spectrum (ob-
tained from the three XMM-Newton pointings of 2007-2008, ¢ Notice that our CRfw1) corresponds to that given by Poole €t al.
Raiteri et all 2009) with an average UVOT spectrum (resgltin(2008) for the Pickles stars.

1)
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Fig.5. Swift-XRT spectrum of BL Lacertae on 2008 August 29. 4700 4710 4720 4750 4720 4750

The bottom panel shows the deviations of the observed data fr Julian Date — 2450000
the folded model (a single power law with fixed absorption) i

units of standard deviations F—lig. 6. Details of the multiwavelength behaviour of BL Lacertae

in the period around the Swift observations. The X-ray flus-de
sity (at 1 keV, top) is compared to that in the UMl band),
3.2. XRT data optical R band), near-IRK band), and radio (37 GHz, bottom)

frequency range.
The X-ray Telescope (XRT; Burrows et al. 2005) data were pro-

cessed with version 0.12.3 of thetpipeline task contained

in the FTOOLS package, applying standard screening @&iteri
Inspection of the light curves revealed that the count rade w
low, from 0.15 to 0.24 counts $, so that observations were per-
formed in photon counting mode, and no correction for pilé¥
up was necessary. Source and background spectra were
tracted withxselect from a circular region of 20 pixel (47
arcsec) radius centred on the source and from a surround
annulus of 30 and 50 pixel radii, respectively. We used ver- The photon indeX" ranges from 1.92 to 2.25, indicating
sion 011 of the response matrix available in the HEASARE spectrum that oscillates from moderately hard to modigrate
calibration database (CALDB), and calculated the angiltar soft. The average value is 2.07, with standard deviation@8.0
sponse file withkrtmkarf, using the exposure map created byo understand whether these spectral changes correspreal to
xrtpipeline. The source spectra were binned wittppha to  variations or are owing to noise, we recall the definitiontof t

have a minimum of 20 counts in each bin, and they were finalijean fractional variatiofF,o, = Vo2 —62/< f > (Petersdn,
analysed with version 12.5.1 of tiiepec task, using the energy[2001), which is commonly used to characterise variabitgre
channels greater than 0.3 keV. < f > is the mean value of the variable we are analysing,
Spectral analysis was performed for each observation f@k variance, an@? the mean square uncertainty. In our case,
lowing |Raiteri et al. |(2009): we first fitted a single power law-? = 0.006 is smaller thaa? = 0.011, so that the result is imag-
with free absorptidfy and then fixed the Galactic absorption tanary; thus we conclude that the variations are consistettt w
Ni = 3.4x 107 cm 2, which takes into account both atomic anchoise rather than source variability.
molecular column density. Statistics is not good enougivéd-e The 1 keV flux density varies between 1.34 and4.Jy

uate if a dou_b_le power law model can imprO\_/e the fit. The resulX/ith a mean value of 1.75 and standard deviation of 0.24.ifn th
of spectral fitting on XRT data are reported in Teldle 2 for &k o caseFy, = 0.11, and the variations can be considered reliable
servations with an exposure longer than 3 ksec; Col. 1 ghes t var = = '

date and start time of the observation; Col. 2 its duratiai; 8 Multiwavelength light curves of BL Lacertae in the period
the hydrogen column; Col. 4 the power law photon index; Col.&ound the Swift observations are shown in Eig. 6. The source
the 1 keV flux density; Col. 6 the?/v (and degrees of freedom).behawour at 1 keV diers from the common 'grend characterising
One spectrum (August 29) is shown in Hig). 5. the UV, optical, and near-IR bands. In particular, the Xflay

Fits with free absorption resulted in a very variaiNg, peaks when the n_ear.-l_R—U.\/ fluxes rea_.Ch a minimum_. prever,
which is unlikely to correspond to a real change of absorptiothere are also similarities, like the flux increase at therbegg
The average and median values are 3.46 34431021 Cmﬁz, of the C_Ommon ObserV|ng perIOd, and- the final (.Ziecre.ase. This
respectively, confirming that the value assumed for the &iala May indicate that the 1 keV flux behaviour sometimes is relate
absorption is quite reasonable. Hence, we favoured thendec#? the brightness changes that occur at lower wavelengttite w

model, whose/?/v is usually smaller than in thaiy-free case, in other cases another variability mechanism prevailseéukd
according to Raiteri et al. (2009) this frequency domairiezs

7 We adopted the Tuebingen-Boulder ISM absorption mod#ne variable contribution of two fferent emission components
(Wilms et al./ 2000). (see also Sedil 5).

nd that produces results with smaller errors (because @f on

ree of freedom more). In only two cases (August 23 and
September 2) a double power law model with absorption fixed
pléhe Galactic value clearly improved the fit.
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Table 2. Spectral fitting to the XRT data from Swift observations irD800nly exposures longer than 3 ksec are considered. For
each epoch the first line reports the result of the single pdave model with free absorption, while the second line shaiwe
obtained when fixing the Galactic absorptiorNg = 3.4 x 10?*cm™.

Start Exp Ny T Fikev X /v ()
[s] [10*cm?] [13y]

2008-08-20 @ 15:19:01 5072 .40 20992 137035  0.87(29)

3.4 207+0.12 134+012 0.84(30)

2008-08-21 @ 11:53:00 5200 .120% 198918 15993  103(39)
4 203+010 166+013 1.01 (40)

2008-08-22 @ 00:45:00 5374 .90 215018 187037 (.88 (36)

3.4 206+0.10 170+0.14 0.88(37)

2008-08-23 @ 00:51:01 4859 907012 18302 115020  125(33)

3.4 206+ 0.13 150+0.14 1.34(34)

2008-08-24 @ 13:50:00 5118 .3®70L0 195017 17693  0.96 (41)

3.4 197+ 010 178+0.14 0.93 (42)

2008-08-25 @ 09:07:01 5013 .850% 199016 175033 (.98 (45)

3.4 192+ 009 162+0.12 0.97 (46)

2008-08-26 @ 09:16:00 4756 .2B70% 1997016 185031 (.65 (45)

3.4 201+0.09 189+0.14 0.64 (46)

2008-08-27 @ 00:07:00 4197 @01 19902l 169037  0.62(37)
3.4 210+ 011 189+0.15 0.63(38)

2008-08-27 @ 23:59:00 3002 .5V 20502 16804  0.71(20)
3.4 203+0.14 163+0.18 0.68 (21)

2008-08-29 @ 12:48:00 5828 .IBCY 201914 18902 103 (58)
3.4 205+ 008 197+013 1.02(59)

2008-08-30 @ 08:05:00 5044 69709 238018 28605  1.01(50)
34 215+008 224014 113 (51)

2008-08-31 @ 08:11:01 5100 .220% 212917 20203  0.95(51)
34 215+009 209+014 0.93(52)

2008-09-01 @ 08:17:01 5491  .43008 199+ 0.14 185,930 1.01 (54)
3.4 199+ 008 183+0.12 0.99(55)

2008-09-02 @ 05:11:01 4077 .30 20492 16593  1.01(34)
3.4 206+0.11 167+0.14 0.98(35)

2008-09-03 @ 14:55:00 4791 6300 211018 1921036 101 (44)
3.4 206+010 184+013 1.00 (45)

2008-09-04 @ 07:06:00 5032 3§01l 22302 222050 (96 (37)
3.4 206+0.10 185+014 1.01(38)

2008-09-05 @ 09:02:00 4491 147019 228018 230947 111 (39)
216+0.10 202+015 1.12(40)

2008-09-06 @ 05:58:31 4676 2401 222022 15803 116(32)

3.4 22508 164+014 1.13(33)

2008-09-08 @ 13:46:01 4860 @012 20892 129932 097 (29)
34 217+013 142+ 013 0.96 (30)

2008-09-09 @ 02:37:00 4501 .08'513 215702 15695  1.18(27)

3.4 20488 138:013 1.17(28)
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Fig. 7. UV and X-ray light curves obtained by the OM and EPI@e-reddened magnitudes into flux densities was done with re-
instruments onboard XMM-Newton on 2008 May 16-17. Blaclspect to Vega.

red, and blue filled circles represent Wi, UVM2, and UWV2
magnitudes, respectively. Arrows mark the data points teed
the SED shown in Fid.]9. Green diamonds, black squares, dhd- EPIC data

red triangles refer to pn (0.5-10 keV), MOS1 (0.3-10 keVli anrhe European Photon Imaging Camera (EPIC) onboard XMM-
MOS2 (0.3-10 keV) count rates, respectively. Plus signsvsh@yewton includes three detectors: MOS1, MOS2 (Turnerlet al.,
the corresponding backgrounds. In all panels horizontstheld [2001), and pnl(Striider etldl., 2001). All instruments wesedu
lines indicate average values and dotted lines represemdatd \ith a thin filter. The two MOS cameras observed in small-
deviations from the mean. window imaging mode, while pn was used in timing mode.
We followed the standard prescription to reduce the data, in

cluding filtering of high background periods with a threghof

4. XMM-Newton observations 0.35 counts 3 for MOS, but with a stricter threshold of 0.1
o o _ counts s for pn.

The X-ray Multi-Mirror Mission (XMM) - Newton satellite 0b- g photh MOS1 and MOS2, we created a filtered sky image,
served the source during revolution 1545, on 2008 May 16-Lf,q extracted the source counts from a 50 arcsec radiusarircu
with a total exposure of 134 ks. Data were processed with theegion, while background was evaluated in a circle on an ex-

Science Analysis System (SAS) package version 9.0. ternal CCD. As for pn, we extracted the source counts from a
strip between RAWX35 and 39, and the background from two
4.1. OM data strips at columns 24-28 and 48-52. To get the most relialle an

best calibrated events, we used the FI-A selection expres-

The Optical Monitor (OM|_Mason et al., 2001) onboard XMM=sion and kept only single and double events (PATTERM).
Newton is a 30-cm telescope carrying six opticM filters, and We verified that pile-upfects were notféecting the MOS data
two grisms. BL Lacertae observations in May 2008 consisfed with theepatplot task.
10 subsequent exposures in WAL, followed by 9 in UW2, Through thegrppha task of the FTOOL package we binned
and then 8 in UW2. All exposures were- 4000 s long. We the source spectra to have a minimum of 25 counts in each bin
used the SAS taskmichain to reduce the data and the taskand then analysed them together by means of¥#pec task
omsource andomphotom to derive the source magnitude. Theof the XANADU package. Only spectral bins corresponding to
error on the aperture photometry is 0.03, 0.04, and 0.09 magergies between 0.3 and 10 keV for MOS1 and MOS2 and in
for the UW1, UVM2, and UMN2 filters, respectively. The re- the range 0.5-10 keV for pn were considered, because they hav
sulting light curves are shown in Figl. 7; average magnitages both a better calibration and a higher signal-to-nois@rati
UVW1 = 1545, UVM2 = 16.25, and UMN2 = 16.54. The three EPIC spectra were analysed together by first fit-

To obtain flux densities for further analysis, OM magnitudding a single power law with free absorption, and then fixing t
were corrected for the Galactic extinction calculated agiog ~Galactic absorption tdNy = 3.4 x 107Lcm™. We also tried a
to thelCardelli et al.| (1989, see Selct. 2) laws at tHective double power law with the same Galactic absorption. The re-
wavelengths of the OM filters (2910, 2310, and 2120 A for theults are shown in Tabld 3 (see also Fig. 8). In agreement with
UVW1, UVM2, and UWV2 filters, respectively). Conversion ofRaiteri et al. [((2009), the?/v suggests that a single power law
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Table 3. Spectral fitting to the EPIC (prMOS1+MOS2) data Table 4. Main parameters of the helical jet model for the fit to
from the XMM-Newton observations of 2008 May 16—17. Thioth the 2008 faint-state SED and the 1997 outburst-stae SE
first line reports the result of the single power law modehwitFor each epoch, “low” and “high” refer to the low- and high-
free absorption; the second shows that obtained when fikiag £nergy synchrotron plus self inverse-Compton componegts,
Galactic absorption tdly = 3.4 x 10?*cm?, and the third that spectively.

from a double power law model with the same Galactic absorp-

tion. SED 2008 SED 1997
Parameter | Low High | Low High

NH r Fl keV ,\/Z/V (V) ( 2° 8 2° 8

[10% cm 2] [1dy] a 180 360 | 180 360
2.60+ 0.04 183+ 0.01 113+ 0.01 1.09 (2030) V4 5° 3| 45 s
3.40 1974+ 0.007 1322+ 0.008 1.48 (2031) ¢ 150°  135° 30° 70°
3.40 2801920, 1.57°0%  0.66915, 0.67°312  1.05 (2029) logv4(0) 14 17.8| 14 178
Crmin,max 2 2.5 2 2.5

109 Imin -32 -32|-32 -32
with Galactic absorption dfly = 3.4 x 10?1 cm2 does not rep- :oglmax 0 _%g _13'68 _%g _13'68
resent a good fit to the data. As for the other two fits, the doubl 09 7max(0) 1 1 1 1
power law seems to better fit the data, which is also confirmed log| 05 -05|-05 -05
by a very low F-test probability of 6.8 x 10716, This implies a o 05 05| 05 05
strong spectral curvature. r 7 13 7 13
To check for possible flux variations, we extracted X-ray Csc 3 1 3 1
light curves from the same source and background regions de- loglsc -1 -1 -1 -1

fined for the spectra, with the same selection expressiors. W
considered only the events in the time intervals free froghhi

background and belonging to the 0.3-10 keV energy range for
MOS1 and MOS2, and 0.5-10 keV for pn. The source counts
were corrected for the background and then binned in one h(ﬁiﬁ’
intervals. The results are shown in Fig. 7, which also digpla

: o 1999 [ Raiteri et al. 2003, Ostorero etlal. 2004). This modsl h
the behaviour of the background to check the reliabilitytedf t ’ = X
flux variations. The background increased significantlyyanl been used by Raiteri et/al. (2009) to fit the broad-band SED of

: BL Lacertae in December 2007 — January 2008. Their main find-
the last 6 hours. Just before, at Jb 245460405, there is a ing was that the BL Lacertae broad-band SED cannot be ex-
plained by a single synchrotron component plus its selfrisae
Compton emission. Indeed, the very strong historical Xvay
ability requires an additional synchrotron (plus self irae
gompton) component. Moreover, the UV excess suggests ther-
| contribution from the accretion disc (see Séct] 3.1 Th
D analysed by Raiteri etlal. (2009) lacked simultaneetsy
data, which made it impossible to constrain the inverse{@om
emission of the high-energy component. The 2008 August SED

The August 2008 SEDs indicate a faint, synchrotron-
inated state of the source that we fitted with the rotdiag
ICal jet model by Villata & Raiteril(1999, see also Raitefriodl

small flare clearly visible in all three light curves. Meanste

rates for the whole period are 1.63, 0.61, and 0.64 couht®s

pn, MOS1, and MOS2, respectively, with standard deviatains
0.15, 0.04, and 0.03 counts's This means fractional variations
Fyar Of 7%, 6%, and 4%, which do not change significantly if w
exclude the last 6 hours. Hence, we can conclude that thqx-@é
flux of BL Lacertae is mildly variable on an hour time scale.

5. Modelling the SED in Fig.[d now dfers us the possibility to perform a more detailed
analysis.
Figure[9 shows the broad-band SED of BL Lacertae ftedi In addition, we also display in Fi] 9 the broad-band SED

ent brightness states. The SED corresponding to 2008 May Marresponding to the big outburst of July 1997, which showed
17 includes the XMM-Newton UV and X-ray data analysed ia considerable inverse-Compton dominance. The X-ray spect
Sect[4. In order to avoidffsets caused by source variability, theylotted in the figure are the result of the combined analykis o
OM spectrum was constructed with the last W¥ data point, the ASCA and RXTE data by Tanihata et al. (2000). Because
the first UVM2 (which is close to the last UM2), and the first of the very strong variability of the source in that periokie t
UVW?2 datum of the corresponding light curves (see Eig. 7authors distinguished between a low state, which was well fit
These data indicate a hard UV spectrum. Two SEDs in the flgl{é@ by a Sing|e power law model, and a flare state, for which
refer to the Swift observations of 2008 August 25 and 30, Whighe best fit was obtained with a double power law model. This
were chosen among those analysed in $éct. 3 because oftheiglif fit resulted in a very strong spectral curvaiuhe July 1997
ferent spectral slope in the X-ray band. The low-frequeray p gbservations in the-ray band were performed by CGRO. The
of these three SEDs is built with GASP optical and radio dagiita from the EGRET instrument onboard CGRO in Fig. 9 were
(see Sect]2); for August 30 near-IR data were also availabigken fron{ Bloom et al[ (1997), while those from the OSSE de-
The strong source variability in the optical band requiles the  tector were derived from the High Energy Astrophysics Soéen
optical (and near-IR) data are simultaneous with the si@&elb- Archive Research Cenfe(HEASARC). The low-frequency in-
servations. In the radio bands flux variations are slowethab formation is from the WEBT archive; the range of optical flux
we used data taken within 2-3 days from the satellite onespnwhyariation in the period is indicated. This outburst statethef
simultaneous data were not available. Near-IR, optical, @  source was fitted with the same rotating helical model that we
data were corrected for the Galactic extinction; the n®aaitd ysed to fit the faint state of 2008.

optical data were also corrected for the contribution oftibst
galaxy (see Seckl 2). In August 2008 the Fegmiy satellite 8 We notice that Tanihata etlal. (2000) adopted a Galacti¢ &fta
detected BL Lacertae; the Fermi data we plotted in [Hig. 9 weserption ofNy = 4.6 x 10?* cm2.

derived from_Abdo et all (2010a). ® http://heasarc.gsfc.nasa.gov/
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Fig.9. Broad-band SEDs of BL Lacertae in
August 2008 (blue) and July 1997 (red). The
2008 SED is built with UV and X-ray data
from two epochs of Swift observations (Sect.
[3), 2008 August 25 and 30, together with
simultaneous optical-to-radio data from the
GASP-WEBT collaboration, and contempora-
neousy-ray data from Fermi (frorn. Abdo et al.,
2010a). The 1997 SED includes EGRET data
from |Bloom et al. (1997), OSSE data from
the HEASARC archive, ASCARXTE spec-
tra from [Tanihata et al.| (2000), while low-
frequency data are from the WEBT archive.
Solid lines represent model fits; we distin-
guish the low-energy emission component (dot-
ted lines) from the high-energy one (dashed
lines); the contribution by an accretion disc of
~ 16000 K and 5< 10*ergs? is marked with

a dotted-dashed line. We also show in black the
SED corresponding to the XMM-Newton ob-
servations of May 2008 (Seéfl. 4); both the sin-
gle power law with free absorption and double
10 15 20 25 power law with Galactic absorption fits to the

log v [Hz] EPIC spectra are displayed.

/ ' Fermi
/  Aug-0ct08

—
—
T T T T T TTT ‘ rT T T T T TTT ‘ rT T T T rTrrT ‘ T T T T T TTT

-13

In performing the model fits our aim was to see whether

was possible to reproduce the high and low states by chang

the geometrical configuration only. Moreover, we took inte a

count the results by Larionov etlal. (2010), who explaines tt

long-term BL Lacertae optical and near-IR variability imntes

of variations of the Doppler boosting factor due to chandes

the viewing angle of the emitting region. Outburst
The resulting model parameters are reported in Table state /

while the corresponding fits are shown in Hig. 9. We also ii

cluded blackbody radiation from an accretion disc with a It

minosity of 5x 10*ergs? and a temperature of 16000 K. 7 Faint

The low-energy (radio-to-optical and related inverse-@ton)

emission component comes from a helix portion with a pitch a

gle¢ = 2°, covering an angla = 18C°. The maximum Lorentz I

factor of the relativistic electrons is laghax(0) = 3.7, while the

bulk Lorentz factor of the plasma in the jetlis= 7. The high-

energy (UV-X-ray and related inverse-Compton) emission-co

ponent comes from a helix portion with a pitch angle- 8°,

covering an angla = 36C°. The maximum Lorentz factor of the Fig. 10. Sketch of our helical jet model during both the 2008
relativistic electrons is logmax(0) = 3.8, while the bulk Lorentz faint state and the 1997 outburst state. The angle betwegatth
factor isT' = 13. These parameters, as well as those definiagis and the line of sighty, has been multiplied by a factor 10
the power laws according to which the maximum and minimumith respect to the values given in Table 4 for clarity. Wetidis
emitted frequencies and the flux densities decrease witludie guish the inner region, emitting the high-energy syncloopius
from the jet apex, are maintained fixed. Th&elience between self inverse-Compton component (purple-blue) from theeput
the fits to the 1997 and 2008 SEDs is only due to a variation péne, where the low-energy emission component is produced
the orientation of the jet emitting regions, through onlpteo- (green-yellow-red).

metric parameters: the angle between the helix axis andrtée |

of sighty and the rotation angleé. The outburst state requires

a better alignment of the emitting regions with the line @hsj i the 1-50 MeV energy range. The synchrotron and inverse-
which impliesy: approaching the helix pitch angle, and smalletompton peaks of the high-energy component occur in the far-
rotation angles. UV-soft-X-ray band and in the energy range 0.2-5 GeV, respec
tively. Whether these two components come from two distinct
helices or from dierent regions inside the same helical jet is not
clear. We consider it more likely that there is a unique jdteve
The satisfactory fits that we obtained in the previous sedtio the high-energy component comes from a region closer to the
both the outburst and faint states of BL Lacertae give sttengemitting jet apex than the low-energy one. We notice thata do
to our interpretation of the source SED in terms of two syrmsle synchrotron component is not an unusual interpretdtion
chrotron plus self inverse-Compton emission componemthd the blazar emission properties, as it has been proposedcelso
SED, the synchrotron peak of the low-energy componentifallsMkn 421 (Donnarumma et al., 2009) and 3C 454.3 (Oglelet al.,
the near-IR band, and its inverse-Compton reaches a maxim2oi0).

6. Discussion

10
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Moreover, the fits show that the whole range of BL Lacertabe broad emission line flux. Similar results were obtaingd b
multiwavelength variability can be interpreted in term®dén- |Bottcher & Bloom ((2000) and by Ravasio et al. (2002). Our
tation efects. Although the rotating helical jet model we havigeometrical” interpretation does not require these awbkr
adopted in the previous section is not a physically compleBompton emission components, which are not expected to con-
model, but more a phenomenological approach, it has the #&dbute if the jet emission regions are parsecs away from the
vantage of taking into account variations of the orientatdd central black hole (see elg. Sikora et al., 2008; Marschair et
the emitting regions with respect to the line of sight, witinse- 12010; Abdo et al!, 2010b).
quent changes of the Doppler beaming factor. This is an aspec
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