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Abstract. We present results of two-colour photometry witloptical wavelengths, Rabbette et al. (1996), Heidt & Wagn
high time resolution of the violently variable BL Lac object AQ(1996), and Noble & Miller (1996) have found rapid change
0235+164. We have found extreme intranight variability witbf a few tenths of a magnitude within a single night. Schram
amplitudes ofv 100% over time scales of 24 hours. Changes @t al. (1994) reported extreme optical microvariability (1.6 m
0.5 magnitudes in botl® andV bands were measured withinin 48 hours), although not with high time resolution. At hig
a single night, and variations up to 1.2 magnitudes occurredergies, AO 0235+164 has also displayed significant variabil
from night to night. A complete outburst with an amplitude (see Hartman et al. 1999).
30% was observed during one of the nights, while the spectrum In this Letter we present the results of two-colour optic
remained unchanged. This seems to support an origin based @C& photometry with high time resolution of AO 0235+16
thin relativistic shock propagating in such a way that it changearried out with the 2.15-m CASLEO telescope. Our observ
the viewing angle, as recently suggested by Kraus et al. (19%8)s revealed one of the most extreme variability events e
and Qian et al. (2000). observed at optical frequencies in any blazar. The observatio
results can be used to shed some light on the mechanisms
Key words: galaxies: BL Lacertae objects: individual: AOgenerate the short-term flux changes in this puzzling object.
0235+164 — galaxies: photometry —radiation mechanisms: non-
thermal

2. Observations and data analysis

The observations were carried out during 6 consecutive nig
1. Introduction in November 1999 with the 2.15-m CASLEO telescope at

h bi . fth . . _Leoncito, San Juan, Argentina, as part of an extensive progr
The BL Lac object AQ 0235+164 is one of the most intensively; optical monitoring of gamma-ray blazars. A cryogenically

studied blazars. It is a very compact source (e.g. Jones etc@'oled CCD camera with an excellent cosmetics Tek-1024 ¢

1984, Chu et al. 1996) which ejects superluminal cOmponenSy, 5 read-out-noise of 9.6 electrons and a gain of 1.98 el
with apparent velocities up te 30c (see Fan etal. 1996 and ref-

: . L trops adu!) was used. Originally, several blazars were sche
erences therein). The object presents emission lines at a red{}"p

o o dab ion 1 q for observation with a Johnsan filter, but when it be-
of z = 0.94 and foreground absorption features at 0.85and ., mq opyious that AO 0235+164 was undergoing extraordin

z = 0.524, which have led several authors to study a graV'tﬂ'rightness variations we focused only on this source and i

tional microlensing scenario for this source (e.g. Stickel et %lorporated observations with a Kron-Cousisilter in order

1988, Abraham et al. 1993). to achieve two-colour photometry and a high time resolutio

The historical lightcurves at different optical freq“enCi?‘?hese conditions were obtained from the third to the last nig
of AQ 0235+164 have been recently compiled by Fan & Lig ;e integration times were 100 s. The CCD frames were

(2900)' This source is one of the most opti_cally variable B.’L L3Gas subtracted and flat-fielded using dome-flats and twilig
objec_ts (e.9. Webb et al. 1988). very rapid qhanges of its ﬂ%mes in order to correct the pixel-to-pixel variations of th
density have .been reported across the entire electromagné . Standard stars selected from Landolt (1992) were al
spectrum. Quirrenbach et al. (1992), Romero et al. (1997), erved each night for magnitude calibration.

Kraus et al. (1999) have detected intraday radio variability. At Each target frame contained, in addition to the BL Lac o

Send offprint requests 16.E. Romero ject, several stars which were used for comparison and con

* Member of CONICET purposes following the procedures described in detailin Rom
** \fisiting Astronomer, Complejo Astra@mico EI Leoncito, oper- €t al. (1999). Data reduction was made with the IRAF softwal
ated under agreement between CONICET and the National Unive@ackage. The aperture routine APPHOT was applied to perfo
ties of La Plata, Grdoba, and San Juan. the differential photometry, and lightcurves were calculated
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target minus comparison star, as usual in this kind of studies (e.g. — T T T T T T T T T 1
Carini et al. 1991). In order to avoid possible spurious variabil- ~ |
ity introduced by seeing fluctuations that could affect the blazar 4, L
but not the point-like stars, we have followed the recommenda-
tions of Cellone et al. (2000) and selected an 8-pixel (6.5arcsec) 00 - _
radius aperture. Checks using plots of the PSF FHWM vs. time 02 i *
confirmed that the aperture was correctly selected, and thatthe ~~ [ %
magnitude changes were real and not originated in varying IigI% 04k =
contamination from the weak foreground galaxies induced b%’ .
small changes in seeing conditions. > 06

The standard deviations} of comparison minus control £ 08 I
stars was adopted as a measurement of the observational @r- | |
rors. The average variability errors werg ~ 0.011 mag and ;E) 1.0 | .
oy ~ 0.012 mag, whereas the individual photometric errorsg r ¥ 1
were typically~ 0.004 mag and~ 0.005 mag for theR andV' -"D= 1.2 i
bands, respectively. 14

Absolute calibration to the standard system was performed L 1
for AO 0235+164 and the field stars, tying all nights to the best 1.6 - - - - . = .
(photometric) one. The expected zero-point errdy.(d mag i 1
for both R and V' bands, although internal consistency in the |
V' — R colours should be better than this. The blazar’s stan- , g P T TP S S B
dard magnitudes were corrected for Galactic extinction adopt- 0 1 2 3 4 5 6
ing Fg_yv = 0.08 (Schlegel et al. 1998), and absolute flux JD 2451485+
densities in both bands were calculated using the calibrations _ o )
of Bessell (1979). Tables with the resulting values of the flUX9- 1- Differential lightcurve in thel” band for AO 0235+164 and
densities of AO 0235+164 from November 3 to November §mpParison star during 6 consecutive nights in November, 1999.
1999 are available upon request from G.E. Roffero

Spectral indices for the blazar were computed fitting Table 1. Results of optical intranight variability observations of AO
power-law spectrunf’ oc v and errors adequately propagatef235+164 (entire campaign)
from the flux values. Spectral index variability during the ob
servation span was additionally controlled using the scatter®nd UT Date o ty ¢ Y FV (F)

the spectral indices obtained for the field stars| ~ 0.074. (mag) (hours) (%) mJy
R Nov5-8,1999 0.011 26.8 309 993 1.74 0.872

V- Nov3-8,1999 0.012 268 26.2 1094 2.04 0.563

e AO 0235+164
o Comparison + 1 mag

18 | -

3. Results

The complete differentidl’-band lightcurve of AO 0235+ 164
is presented in Fig. 1 along with the corresponding curve fabout 24 hours. Translated to flux density this means a change
the stellar comparison. The confidence of the variability is @f about 100%: the source doubled its flux density in one day.
a 26.30 level. For theR band the confidence is even higherDuring the fifth night there was a variation ef 0.5 mag in
30.90. In Table 1 we present a summary of the results obtaing hours. This extreme behaviour is even more violent than the
from the observations; from left to right we list the observingery strong outbursts observed in 1990 and 1991 by Noble &
band, the UT date, the variability errer obtained from the Miller (1996) in this same object, when intranight amplitudes
scatter of the field stars, the timescale of the variability definefi~ 0.25 mag were registered.
ast, = AF(dF/dt)~1, the confidence level of the observed In Fig. 2 we show the spectral index evolution during the
variability estimated as the ratio between the scatter in the Bbservations (starting on the third night when tRefilter
Lac lightcurve and the observational errof$:= op; /o, the was incorporated). The average index(i® = —3.04 (i.e.,
variability amplitudes defined as in Heidt & Wagner (1996):(V — R)o) = 0.68), a steep value in agreement with the very
Y = 100[(AF)? — 202]'/2/ (F) (where(F) is the averaged red colour indices quoted by &/on-Cetty & \eron (2000).
flux density), the fractional variability index defined B = Some day-to-day variability seems to be present in the spec-
AF/Fuin, and, finally, the average flux density in mJy. tral index, but the confidence level'(= 1.65) is too low as to

The lightcurve shown in Figll presents one of the moke conclusive. A Pearson’s correlation analysis yields values of
extreme forms of optical variability reported in the literature = 0.87 for the linear correlation between both bands and the
since the introduction of CCD cameras. Between the fourth agiectralindex, whereas itis~ 0.5 for the stars, as expected just
the fifth nights the source brightness changed-by.2 magin from correlated observational errors. This could mean atrendin
the sense that the source becomes brighter when the spectrum
! romero@irma.iar.unlp.edu.ar gets harder, as observed in other blazars (e.g. Romero et al. 2000
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and references therein). But, we emphasize, the confidence leve| -3.8 ——t——»~4b——1—— 111 |
. A 250 255 260 265 270 275 2.80 285
is too low as to allow any conclusion in this respect.

A correlation analysis using an interpolated correlation JD 2451485+
function (ICF) gives a time lag of just 14.7 minutes for th
entire lightcurves, in the sense that variations appear f|rst a
higher frequencies. However, the associated error, determined
as in Gaskell & Peterson (1987), is 31.5 minutes, hence thérsts of about 100% in a few hours. Extremely large and rag
variations can be considered as simultaneous at both bandsgptical variations require the introduction of relativistic effect

On the night of November 5, a complete outburst was ofgr order to be explained (e.g. Marscher 1992). These effe(
served. The flux density in thg-band changed fronf,.;, &~ are present if an important part of the emission received by t
0.46 mJy t0 Fiuax ~ 0.63 mJy at a rate ofdF'/dt) ~ 0.04 observer is originated in a superluminal feature, such as a t
mJy/hr and returned to its original value in 6 hours. This meansativistic shock propagating down the jet of the source. Rap
a fluctuation with an amplitud® ~ 30.4% in theV band. In variability, then, arises when the shock interacts with density i
the R band the variation was simila¥’ ~ 29.4%, with identi- homogeneities or turbulent features in the flow (e.g. Marsch
cal timescale. The ICF analysis is consistent with no time lage§90, Qian et al. 1991, Romero 1995). The shock evolutio
all: (lag) = 1.345.7 minutes. During the outburst, the spectraiowever, is not achromatic: radiative losses make the sou
index did not undergo significant changes; its average value agjhter when the spectrum flattens (e.g. Marscher 1997). T
(o) = —3.11, with a scatter ok = 0.09 for the entire night. is not the case for the rapid outburst shown in Eig. 3, althoug
In Fig. 3 we show the lightcurves in both bands for this event e evolution of the source during the entire observational ca
well as the spectral index behaviour. paign could be consistent with this behaviour (as we mention
above the confidence on this point is not too high). The rap
change observed on November 5 1999, on the contrary, suggg
a geometric origin because of its lack of spectral variability a
Several models have been proposed to explain the rapid variatiihe symmetry.
ity of AO 0235+164. Interstellar scintillation is only relevantat  Kraus et al. (1999) outlined a precessing jet model for A(
cm-wavelengths (e.g. Romero etal. 1997, Kraus et al. 1999), B@B5+164 where the trajectory of the shocked componentsiis
relativistic shocks and gravitational microlensing can produtermined by collimation in the magnetic field of the perturbe
important changes in the flux density at optical wavelengthseam, which can develop an helical configuration. This mod
Accretion disk instabilities are also often invoked as a sourceltds been recently expanded by Qian et al. (2000) in order
optical variations in AGNs (e.g. Wiita 1996), but any accretioimclude aberration effects. If the relativistic source changes t
disk model would have enormous difficulties to explain outdewing angle due to its propagation through the helical pat

. 3. Outburst observed on November 5, 1999.

4. Discussion
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the Doppler factor should vary, introducing important changespported by the Argentine agencies CONICET (PIP 0430/98) and
in the observed flux density. For a Lorentz fadfor 25 (Qian ANPCT (PICT 98 No. 03-04881), as well as by FundacAntorchas
et al. 2000), a small change frabfi to 1° in the direction of the (through funds granted to GER and JAC).
shock with the line of sight would result in a change from 50 to
42 in the Doppler factor, and, consequently, in a flux variatiqReferences
of ~ 70% for the emitting component at all optical wavebands. -
If the contribution from this component represents a significafipraham R.G., Crawford C.S., Merrifield M.R., etal., 1993, ApJ 415,
fraction of the total flux density, changes-0f30% can be easily
. . s . . . Bessell M.S., 1979, PASP 91, 589
Ogta't”ed W'.tholugvzr'?rtl'onfh'” Lh?. Splet‘;tral '”deg' |If abe”;at'ogarini M.T., Miller H.R., Noble J.C., et al., 1091, AJ 101, 1196
eliects are included, then the helical béam model can also BXji,ne 5 A, Romero G.E., Combi J.A., 2000, AJ 119, 1534

plain the radio behaviour observed by Kraus et al. (1999), ag|, H.S., Béth L.B., Rantakyi F.T., et al., 1996, A&A 307, 15
is shown by Qian et al. (2000), as well as possible rotations©fn j H., Xie G.Z., Wen S.L., 1996, A&AS 116, 409
the polarization angle (e.g.dfigl & Choudhuri 1985, Romero Fan J.H., Lin R.G., 2000, ApJ 537, 101
et al. 1995a). Gaskell C.M., Peterson B.M., 1987, ApJS 65, 1
Alternatively to intrinsic models involving shocks, superHartman R.C., Bertsch D.L., Bloom S.D., et al., 1999, ApJS 123, 79
luminal gravitational microlensing (e.g. Romero et al. 1995kjeidt J., Wagner S.J., 1996, A&A 305, 42
could explain the rapid and time symmetric outbursts observ&ies D.L., Bath L.B., Davis M.M,, et al., 1984, ApJ 284, 60
in AO 0235+164. This is also an achromatic phenomenon; smiafinigl A., Choudhuri A.R., 1985, ApJ 289, 173
lenses in the interposed galaxies could amplify the emissi§ffus A Quirrenbach A., Lobanov A.P., etal., 1999, A&A 344, 807
from a thin shock producing fast variations superposed to t ndoltA.U., 1992, AJ 104, 340

| hich due to the shock fi Alth ﬁrscherA.P.,1990, in: Parsec-Scale radio jets, ed. Zensus J.A., Pear-
onger ones, which are due o the shock propagation. oug son T.J., Cambridge Univ. Press: Cambridge, p.236

this mechanism probably fails atradio frequencies because t§fscher AP, 1992, in: Physics of Active Galactic Nuclei, eds.
peratures in excess to the inverse Compton limit are demandedpyschis w.J., Wagner S.J., Springer-Verlag, Heidelberg, p.510
for the emitting region in the blazar, at optical bands it canngfarscher A.P., 1997, Perugia University Obs. Publ. 3, 81

be ruled out at present (see Rabbette et al. 1996 for additionable J.C., Miller H.R., 1996, ASP Conf. Ser. 110, 30

details and numerical estimates). The fact that a similar oftian S.J., Quirrenbach A., Witzel A,, et al., 1991, A&A 241, 15
burst was observed on the night of November 4 (only in tf&gian S.J., Kraus A., Witzel A., et al., 2000, A&A 357, 84

V band) opens the question of how frequently these outburSidirrenbach A., Witzel A, Krichbaum T.P., et al., 1992, A&A 258, 279
occur. A large number could pose problems to the microlensifigbPette M., McBreen B., Steel S., etal., 1996, A&A 310, 1
interpretation because a high density of small lenses would B¥"€'0 G -E., 1995, Ap&SS 234, 49

' . . . “ . omero G.E., Combi J.A., Vucetich H., 1995a, Ap&SS 225, 283
required in the interposed galaxy, leading to a “smearing o omero G.E.. Surpi G.. Vucetich H., 1995b, A&A 301, 641

of the |nd|V|d-uaI outbursts. . . . . . Romero G.E., Combi J.A., Benaglia P,, et al., 1997, A&A 326, 77
Future simultaneous radio-optical observations with highymero G.E., Cellone S.A., Combi J.A., 1999 A&AS 135, 477

time resolution, as well as rapid polarimetric observationgomero G.E., Cellone S.A., Combi J.A., 2000, AJ, in press

would be very helpful to improve our understanding of thischlegel D.J., Finkbeiner D.P., Davis M., 1998, ApJ 500, 525

extraordinary blazar. Schramm K.-J., Bogeest U.,il D., et al., 1994, A&AS 106, 349,
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