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able polarization from radio to optical bands, and emit
predominately non-thermal emission in the entire EM

spectrum. The low-energy hump is ascribed to syn-

chrotron radiation from relativistic leptons, whereas the

high-energy hump arises from inverse Compton (IC)

processes and sometimes from hadronic processes (e.g.,

Marscher 1983; Mücke et al. 2003; Romero et al. 2017,
and references therein).

Blazars display flux variability on diverse timescales

ranging from a few minutes to several years. Blazar

variability has often been divided into three categories,

depending on the cadence of the observations: (i) mi-

crovariability (Miller et al. 1989), or intraday variability
(IDV) (Wagner & Witzel 1995), or intra-night variabil-

ity (INV) (Sagar et al. 2004), focusing on the variability

over a day or less; (ii) short-term variability (STV),

focusing on variability over days to weeks, (iii) and

long-term variability (LTV), focusing on timescales of

months to years (e.g. Gupta et al. 2004).

The BL Lac object AO0235+164 is at redshift z =

0.94 (Cohen et al. 1987). Optical spectroscopic and

photometric observations of the object have discovered

two foreground-absorbing systems at z = 0.524 and z =
0.851 (Cohen et al. 1987; Nilsson et al. 1996; Raiteri

et al. 2007). The flux of the source can be both ab-
sorbed and contaminated by these foreground systems,

and the stars in them may act as gravitational micro-

lenses that could contribute to the observed variability.

Abraham et al. (1993) did deep CFHT imaging of AO

0235+164 and reported that the source is weakly am-
plified by macrolensing / microlensing by stars in the

foreground.

AO0235+164 has been extensively observed in the past

from radio to γ-ray bands either in individual EM bands

or quasi-simultaneously in multiple EM bands and has

shown variations in all those bands on diverse timescales

(e.g., Madejski et al. 1996; Rabbette et al. 1996; Takalo
et al. 1998; Qian et al. 2000; Webb et al. 2000; Romero

et al. 2000; Raiteri et al. 2006, 2008; Hagen-Thorn et al.

2008; Gupta et al. 2008; Agudo et al. 2011; Ackermann

et al. 2012; Fan et al. 2017; Kutkin et al. 2018; Wang

& Jiang 2020, and references therein). It is one of the
blazars which has displayed very high and variable op-

tical/NIR polarization up to ∼45 percent (e.g., Impey
et al. 1982; Stickel et al. 1993; Fan & Lin 1999; Cellone

et al. 2007; Ikejiri et al. 2011; Itoh et al. 2016, and

references therein). In the Hamburg quasar monitoring

program (HQM) this source was observed in the optical

R band during 1988–1993, during which a 2.36±0.25

magnitude variation was detected; a particularly strong

brightening in the source of ∼1.6 magnitude was re-

ported during February 20–22, 1989 (Schramm et al.

1994). In six nights of optical B and V bands obser-

vations during 21–27 September 1992, the blazar was
found in an unusually bright state and IDV was de-

tected in both B and V bands (Rabbette et al. 1996).
On another occasion, 6 nights of quasi-simultaneous V

and R band observations in November 1999, revealed

IDV with an amplitude of ∼100 percent over timescales

of a day, while 0.5 magnitude changes were reported

in both bands on a single night (Romero et al. 2000).
In multicolor optical/NIR photometric (BVRIJHK)

and R-band optical polarimetric observations of AO
0235+164 during its 2006 December outburst, variabil-

ity on IDV timescales was detected, with increasing

minimum timescale of variability from optical to NIR

wavelengths; such variations were even detected in the

optical polarization (Hagen-Thorn et al. 2008). In three
nights of optical observations of the blazar in January –

March 2007, IDV and STV were detected (Gupta et al.
2008).

In quasi-simultaneous optical (V and R bands) and

radio (22 GHz) observations of AO0235+164 during
1993–1996, the variability in optical bands showed am-
plitudes up to 1.5 magnitudes on STV timescales; al-

though the radio variability is less dramatic, in general,

it followed the optical behavior (Takalo et al. 1998). For

the 1997 AO0235+164 outburst, quasi-simultaneous

multi-wavelength (MW) (radio, optical, NIR, and X-

ray) observations were carried out. It was found that

the source varied nearly simultaneously over 6 decades

in frequency during the outburst and this result was
explained in terms of a microlensing event (Webb et al.

2000).

An analysis of this source’s variability over ∼25 years

led to the suggestion of a ∼5.7 years quasi-periodicity
of the main radio and optical flares (Raiteri et al. 2001);

however, the putative next outburst, predicted to peak

around February–March 2004, did not occur, and a

new analysis of the optical light curves on a longer

time span revealed a characteristic variability timescale

of ∼8 years, which was also present in the radio data
(Raiteri et al. 2006). Recently, optical R band photo-

metric data taken during 1982–2019 showed 5 cycles

of double-peaked periodicity of ∼8.13 years with a sec-

ondary peak following the primary one by ∼(1.5–2.0)

years (Roy et al. 2022). In another MW campaign from

radio to UV bands in 2006–2007, a huge NIR-optical-

UV outburst with brightness increase of ∼5 magnitudes
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during February 19 – 21, 2007 was detected (Raiteri
et al. 2008). During a major outburst seen in 2009,

changes in radio, optical, X-ray, and γ-ray bands were

found to be strongly associated (Agudo et al. 2011).

In another simultaneous MW observing campaign of
this blazar between 2008 September and 2009 February,

γ-ray activity was found to be well correlated with a se-
ries of NIR/optical flares, accompanied by an increase in

the optical degree of polarization; the X-ray light curve

showed a different 20-day high state of an unusually

soft spectrum which did not match the extrapolation

of the optical/UV synchrotron spectrum (Ackermann
et al. 2012).

AO 0235+164 is one of the sources that often used

to be called OVV (optically violently variable). There

are several such objects, like 3C 279, 3C 454.3, 4C

29.45, CTA 102, BL Lacertae, etc. Long-term achro-

maticity and zero lags have widely been found for these

sources (Bonning et al. 2012; Zhang et al. 2021; Fan

et al. 2006; Raiteri et al. 2017; Guo et al. 2015). AO
0235+164 is peculiar because it is commonly considered

a BL Lac, one of the furthest known, but it shares

properties with FSRQs. It is also a complex source

because its light is contaminated by the southern AGN,

ELISA, and absorbed by an intervening galaxy. This

paper has undertaken a detailed analysis of the source’s
optical brightness and spectral variability over a very
long time span (∼5 decades) as well as an investiga-

tion of its central engine. Our aim is to shed light on
the long and short-term behavior of an emblematic BL
Lac object through a detailed analysis of what is likely
the most massive data set ever assembled for an object

of this kind. The paper is organized as follows. In

section 2, we provide descriptions of the observations

of AO0235+164. The section 3 gives our data analy-

sis methods and results. We present a discussion and

conclusions in section 4 and section 5, respectively.

2. OBSERVATIONS

Most of the optical UBV RI observations of AO
0235+164 we have employed in this work are taken

from The Whole Earth Blazar Telescope1 (WEBT)

(Villata et al. 2002; Raiteri et al. 2017) which is an in-

ternational collaboration of optical, near-infrared, and

radio observers. WEBT has organized several monitor-

ing campaigns on the blazar AO 0235+164, with the

participation of many tens of observers and telescopes

all around the world. Later, this source was studied

1 https://www.oato.inaf.it/blazars/webt

by the WEBT and by its GLAST-AGILE Support Pro-
gram (GASP) (Villata et al. 2008, 2009), which was

started in 2007 to record quasi-simultaneous data of

various blazars observed by the AGILE and Fermi (for-

merly GLAST) satellites. WEBT/GASP data on AO
0235+164 were published in Raiteri et al. (2001, 2005,

2006, 2008) and Ackermann et al. (2012). Raiteri et al.
(2005) prescribed ways to remove the contribution of

the southern galaxy ELISA from the observed optical

flux densities and estimated the amount of absorption

towards the source in excess of that from our Galaxy in

X-ray, ultraviolet, optical, and near-infrared bands.

The WEBT and GASP data were calibrated following
a common prescription, i.e., with the same photome-
try for the same reference stars. For calibration of the

AO 0235+164 observations, the adopted photometric

sequence includes stars 1, 2, and 3 from Smith et al.

(1985). To build a reliable lightcurve for further anal-
ysis, clear outliers were removed and minor systematic

offsets between various datasets were corrected.

AO 0235+164 was also observed with the 2.2m tele-

scope of Calar Alto Astronomical Observatory (CAHA,

Spain) in November – December 2005, using the CAFOS

instrument in imaging polarimetry mode, and photo-

metric data were obtained by adding up the ordinary

and extraordinary fluxes from each individual image

(Cellone et al. 2007). Photometric data were also

obtained with the 2.15m telescope at Complejo As-

tronómico El Leoncito (CASLEO, Argentina) along

several runs in November 1999, December 2000, August

2004, and January 2005. Results from these data were

published in Romero et al. (1999, 2000, 2002) and in
two papers by the WEBT collaboration focused on this
blazar (Raiteri et al. 2005, 2006). Data from a more

recent (December 2019) observing run with the same

telescope were used in Roy et al. (2022). Magnitude

calibration to the standard system was done using our
own photometry of Landolt’s (2009) fields as well as

standard stars in the field of AO 0235+164 (Smith

et al. 1985; González-Pérez et al. 2001).

We also collected the publicly available optical R and

V -band data of AO0235+164, taken at Steward Ob-
servatory2, University of Arizona. These measurements

employed the 2.3 m Bok and 1.54 m Kuiper telescopes

between 4 October 2008 and 12 February 2018, using

the SPOL CCD Imaging/Spectropolarimeter attached

2 http://james.as.arizona.edu/∼psmith/Fermi/DATA/Rphotdata.
html
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Table 1. Result of flux variability on optical UBVRI long-term
lightcurves of AO 0235+164

Optical Total χ2

red. χ2

0.999,red. Status Variability

filter Obs. amplitude (%)

U 109 904.5 1.47 V 548.8

B 894 3246.7 1.15 V 590.9

V 1403 5968.4 1.12 V 589.0

R 5675 8715.5 1.06 V 718.8

I 1173 3555.2 1.13 V 567.5

Note—In the fourth column ’V/NV’ represents variable/non-
variable status.

to those two telescopes. Details about the instru-

ment, observation, and data analysis are given in Smith

et al. (2009). In addition, we included the optical-
BV R data from the Small and Moderate Aperture

Research Telescope System (SMARTS) public archive3.

The SMARTS consortium is part of the Cerro Tololo

Inter-American Observatory (CTIO), Chile, and has

been observing Fermi-Large Area Telescope (LAT)-

monitored blazars in the optical B, V , R and NIR J

and K bands. Details about the SMARTS instruments,
observations, and data analysis procedures are given

in Bonning et al. (2012). These standard magnitudes

observed by CASLEO, CAHA, SMARTS, and the Stew-

ard observatory were further corrected for the southern

galaxy ELISA following Raiteri et al. (2005). We also

added other R-band optical photometric data from the

literature (Takalo et al. 1998; Hagen-Thorn et al. 2008).

3. DATA ANALYSIS METHODS AND RESULTS

We combined all the optical U , B, V , R, I band data

to plot the long term (1974–2020) MW lightcurves of

blazar AO0235+164 (Figure 1). We removed the ob-

servations with errors of more than 0.1 magnitudes and
studied long-term and intraday variability, color varia-

tion, spectral properties, and inter-band correlations.

3.1. Flux variability studies

We use different tools on the observed optical magni-

tudes to quantify the variability timescales and the cor-

responding significance in multiple optical wavebands.

3.1.1. The χ2test

3 http://www.astro.yale.edu/smarts/glast/home.php#

For a time series of flux density observations, the χ2 is
defined as,

χ2 =

N
∑

i=1

(Mi − M̄)2

ε2i
(1)

where Mi is the magnitude obtained at the ith observa-

tion, εi is the corresponding error in measurement, and
M̄ is the average magnitude. If the obtained χ2 value

is higher than the critical χ2 value at 99.9 per cent sig-
nificance level, we consider the source as variable. The

critical value (χ2
0.999,d) depends on the degrees of free-

dom (d) of the dataset. The reduced χ2 values listed in

Table 1 indicate that the source exhibits significant flux

variations in all the optical wavebands.

3.1.2. Variability amplitude

According to the relation given by Heidt & Wagner

(1996), we estimated the variability amplitudes (VM ) in

percentage for the lightcurves in different wavelengths

using the following formula,

VM = 100×
√

(Mmax −Mmin)2 − 2 ε̄2 (%) (2)

whereMmax andMmin are the maximum and minimum

observed magnitude in a lightcurve, respectively, while

ε̄ is the average error in magnitude measurements. We

list the calculated variability of amplitudes in Table 1.

3.1.3. Correlation study

To study the inter-band correlations, we first gener-

ated 15-minute binned optical UBVRI lightcurves, and

plotted the average U , B, V , and I-magnitudes against

the average R-magnitudes for the time bins when the

source was observed at both the wavebands (Figure 2).
The magnitude-vs-magnitude plots show very good

linear correlations. To take the uncertainty of magni-

tude measurements into account, we simulated 10000

datasets assuming that each magnitude measurement

is Gaussian distributed. Then we calculated the mean

and standard deviation of the Pearson correlation co-
efficients of all simulated datasets. We obtained high
correlations (> 0.9) with small uncertainties (< 0.003)

between all wavebands.

Moreover, to find any time lag between the correlated
optical lightcurves we computed the discrete correlation

function (DCF) from the unbinned multiwavelength
light curves, as the light curves consist of discrete data
points. Following the method of Edelson & Krolik

(1988), we computed the unbinned DCF (UDCF) be-
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Table 6. Result of scaled C-criterion and F-test for IDV on AO 0235+164 differential lightcurves from
CASLEO and CAHA

Date JD Band No. of S1, S2 Γ CΓ FΓ F 0.005
c Status Final

obs. Status

1999 Nov 2 2451485 V 23 2,3 0.8886 11.3640 129.1405 3.1246 V V

2,6 1.0867 12.9184 166.8856 3.1912 V

2,10 1.6876 8.1627 66.6298 3.1246 V

2,11 0.7431 13.4002 179.5650 3.1246 V

1999 Nov 3 2451486 V 22 2,3 1.0707 5.6976 32.4624 3.1347 V V

2,11 0.8841 6.0726 36.8768 3.1347 V

1999 Nov 4 2451487 R 30 2,3 1.0059 8.4058 70.6582 2.6737 V V

2,11 0.6639 9.8857 97.7278 2.6737 V

V 30 2,3 0.9994 8.9281 79.7104 2.6737 V V

2,11 0.8286 9.6683 93.4770 2.6737 V

1999 Nov 5 2451488 R 23 2,3 1.4994 1.5631 2.4433 3.1246 NV NV

2,11 0.9852 1.9303 3.7260 3.1246 NV

V 22 2,3 1.4403 3.0342 9.2064 3.1347 V V

1999 Nov 6 2451489 R 30 2,3 0.8471 17.5775 308.9682 2.6737 V V

2,6 0.9769 12.3281 151.9824 2.6737 V

2,7 1.3573 9.9373 98.7501 2.7048 V

2,8 1.3805 9.8381 96.7876 2.7048 V

2,10 1.6936 6.8657 47.1376 2.6737 V

2,11 0.5616 15.4338 238.2019 2.6737 V

V 29 2,3 0.8485 18.1892 330.8486 2.7233 V V

2,6 1.0013 11.7527 138.1254 2.7233 V

2,7 1.3527 12.5480 157.4516 2.7397 V

2,8 1.4133 13.4172 180.0214 2.7397 V

2,10 1.5626 17.6674 312.1376 2.7233 V

2,11 0.7018 17.9948 323.8145 2.7233 V

1999 Nov 7 2451490 R 11 2,3 0.9562 3.5930 12.9095 5.8479 V PV

2,4 1.9798 2.2801 5.1990 5.8479 NV

2,6 1.1143 4.3903 19.2751 5.8479 V

2,10 1.9703 1.7073 2.9148 5.8479 NV

2,11 0.6197 2.9496 8.7003 5.8479 V

V 12 2,3 0.9382 2.9304 8.5871 5.3191 V PV

2,4 1.7807 1.9342 3.7410 5.3191 NV

2,6 1.1169 2.8931 8.3701 5.3191 V

2,10 1.7653 2.1046 4.4292 5.3191 NV

2,11 0.7772 4.3359 18.7997 5.3191 V

Note—S1 and S2 are the comparison and control star numbers, respectively, used for the IDV tests. Star
numbers follow the star maps shown in Table 5.
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Table 6. Result of scaled C-test and F-test for IDV on AO 0235+164 differential lightcurves from CASLEO
and CAHA (continued...)

Date JD Band No. of S1, S2 Γ CΓ FΓ F 0.005
c Status Final

obs. status

2001 Nov 9 2452223 R 12 2,11 1.2042 4.6476 21.5998 5.3191 V V

V 12 2,3 1.8778 2.5035 6.2675 5.3191 NV NV

2,4 3.6191 1.1450 1.3111 5.3191 NV

2,9 2.2039 1.2380 1.5326 5.4171 NV

2,10 3.5871 2.0056 4.0226 5.3191 NV

2,11 1.5366 1.7566 3.0857 5.3191 NV

2001 Nov 10 2452224 R 10 2,3 2.3728 1.0570 1.1172 6.5402 NV NV

2,9 2.2429 1.1058 1.2229 6.5402 NV

2,11 1.5595 0.9395 0.8826 6.5402 NV

V 10 2,3 2.3876 1.0788 1.1637 6.5402 NV NV

2,9 2.7847 1.3860 1.9209 6.5402 NV

2,11 1.9713 0.9038 0.8168 6.5402 NV

2001 Nov 11 2452225 R 14 2,3 2.0291 1.4125 1.9951 4.5724 NV NV

2,9 1.5447 1.2505 1.5638 4.6425 NV

2,11 1.3171 1.6860 2.8427 4.5724 NV

V 14 2,3 2.0291 1.4125 1.9951 4.5724 NV NV

2,9 1.5447 1.2505 1.5638 4.6425 NV

2,11 1.3171 1.6860 2.8427 4.5724 NV

2001 Nov 12 2452226 R 12 2,3 1.8479 1.5819 2.5025 5.3191 NV PV

2,11 1.2074 3.0203 9.1222 5.3191 V

V 12 2,3 1.8704 1.9230 3.6980 5.3191 NV NV

2,4 3.5981 1.0281 1.0571 5.3191 NV

2,10 3.5672 2.3374 5.4634 5.3191 NV

2,11 1.5330 1.5642 2.4468 5.3191 NV

2001 Nov 13 2452227 R 11 3,4 2.0213 1.1434 1.3073 5.8479 NV NV

V 11 3,4 1.1840 0.6858 0.4703 5.8479 NV NV

Note—S1 and S2 are the comparison and control star numbers respectively used for the IDV tests. Star
numbers follow the star maps shown in Table 5.
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Table 6. Result of scaled C-test and F-test for IDV on AO 0235+164 differential lightcurves from CASLEO
and CAHA (continued...)

Date JD Band No. of S1, S2 Γ CΓ FΓ F 0.005
c Status Final

obs. status

2005 Jan 16 2453387 R 11 2,3 1.5238 3.8074 14.4962 5.8479 V V

2,4 3.3465 2.7388 7.5010 5.8479 V

2,6 3.3316 2.7442 7.5308 5.8479 V

2,7 1.4051 3.4058 11.5996 5.8479 V

2005 Nov 2 2453677 R 32 2,3 1.2848 6.4237 41.2636 2.5846 V V

2,4 0.8959 4.5227 20.4545 2.5846 V

2,5 0.2571 4.3013 18.5013 2.5846 V

2,6 0.5453 3.9310 15.4528 2.5846 V

2,7 0.5844 4.9283 24.2884 2.5846 V

2,8 0.4738 7.0560 49.7865 2.5846 V

2,9 0.3415 6.5374 42.7373 2.5846 V

2,10 0.3397 4.0828 16.6695 2.5846 V

2005 Nov 4 2453679 R 12 2,3 0.8534 4.3059 18.5409 5.3191 V V

2,4 0.5599 3.7978 14.4235 5.3191 V

2,5 0.1421 5.0805 25.8111 5.3191 V

2,6 0.3029 5.3341 28.4524 5.3191 V

2,7 0.3534 7.6846 59.0525 5.3191 V

2,8 0.2839 4.3153 18.6220 5.3191 V

2,9 0.1914 11.0664 122.4647 5.3191 V

2,10 0.1875 5.4019 29.1804 5.3191 V

2005 Nov 5 2453680 R 44 2,3 0.9749 10.6766 113.9894 2.2266 V V

2,4 0.6398 9.3431 87.2939 2.2266 V

2,5 0.1942 11.0439 121.9674 2.2266 V

2,6 0.3721 10.7338 115.2142 2.2266 V

2,7 0.4059 10.2100 104.2433 2.2266 V

2,8 0.3427 8.3494 69.7127 2.2266 V

2,9 0.2399 12.1459 147.5239 2.2266 V

2,10 0.2340 8.5775 73.5744 2.2341 V

2005 Nov 6 2453681 R 40 2,3 1.0022 7.8517 61.6495 2.3212 V V

2,4 0.6946 8.8524 78.3645 2.3212 V

2,5 0.2051 6.6830 44.6620 2.3212 V

2,6 0.4022 7.6630 58.7211 2.3212 V

2,8 0.3694 5.9489 35.3890 2.3212 V

2,9 0.2576 6.8684 47.1751 2.3212 V

2,10 0.2563 5.1520 26.5433 2.3212 V

Note—S1 and S2 are the comparison and control star numbers respectively used for the IDV tests. Star
numbers follow the star maps shown in Table 5.
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Table 6. Result of scaled C-test and F-test for IDV on AO 0235+164 differential lightcurves from CASLEO
and CAHA (continued...)

Date JD Band No. of S1, S2 Γ CΓ FΓ F 0.005
c Status Final

obs. status

2005 Nov 8 2453683 R 28 2,3 0.9329 2.4256 5.8834 2.7940 NV NV

2,4 0.6336 2.3363 5.4585 2.7770 NV

2,5 0.1788 1.7843 3.1836 2.7770 NV

2,6 0.3598 2.2163 4.9120 2.7770 NV

2,7 0.4059 1.4945 2.2335 2.7770 NV

2,8 0.3451 2.1606 4.6682 2.9002 NV

2,9 0.2318 1.3895 1.9307 2.7770 NV

2005 Dec 5 2453710 R 20 2,3 1.4796 1.4053 1.9748 3.4317 NV NV

2,4 1.0247 0.7240 0.5242 3.4317 NV

2,5 0.3133 0.9355 0.8752 3.4317 NV

2,6 0.6030 1.1896 1.4151 3.4317 NV

2,8 0.5634 1.0332 1.0674 3.4317 NV

2,9 0.3979 1.0716 1.1482 3.4317 NV

2,10 0.3915 0.8994 0.8089 3.4317 NV

2005 Dec 6 2453711 R 16 2,3 1.4092 2.1709 4.7129 4.0698 NV PV

2,4 0.9785 3.7432 14.0118 4.0698 V

2,5 0.2848 2.1323 4.5467 4.0698 NV

2,6 0.5570 2.7562 7.5967 4.0698 V

2,7 0.6157 1.8489 3.4186 4.0698 NV

2,8 0.5266 1.3717 1.8815 4.0698 NV

2,8 0.5266 1.3717 1.8815 4.0698 NV

2,9 0.3691 2.4056 5.7869 4.0698 NV

2,10 0.3688 2.0671 4.2727 4.0698 NV

2019 Dec 17 2458835 R 30 9,10 1.3151 1.2773 1.6315 2.6740 NV NV

9,11 0.7377 1.3155 1.7307 2.6740 NV

9,12 1.0425 1.0698 1.1445 2.6740 NV

Note—S1 and S2 are the comparison and control star numbers respectively used for the IDV tests. Star
numbers follow the star maps shown in Table 5.
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Table 7. Result of power enhanced F-test and nested ANOVA test for IDV on AO 0235+164 differential lightcurves from CASLEO and CAHA

Obs. Band No. of Power enhanced F-test Nested ANOVA test Status Variability doubling

date Obs. Comp. amplitude(%) timescale

star DOF(ν1,ν2) Fenh F 0.005
c DOF(ν1,ν2) F F 0.005

c (days)

1999 Nov 2 V 23 2 (22, 87) 116.132 2.209 (5, 17) 58.924 5.075 V 43.99 0.103

1999 Nov 3 V 22 2 (21, 42) 34.529 2.540 (5, 16) 10.920 5.212 V 24.47 0.145

1999 Nov 4 V 30 2 (29, 58) 86.046 2.216 (7, 22) 38.922 4.109 V 34.48 0.106

R 30 (29, 58) 82.016 2.216 (7, 22) 40.356 4.109 V 32.59 0.083

1999 Nov 5 V 22 2 (21, 21) 9.207 3.216 (5, 16) 4.426 5.212 NV 10.94 0.140

R 23 (22, 44) 2.951 2.487 (5, 17) 9.426 5.075 V 9.03 0.335

1999 Nov 6 V 29 2 (28, 166) 211.363 1.960 (7, 21) 58.114 4.179 V 36.79 0.092

R 30 (29, 170) 107.913 1.941 (7, 22) 74.686 4.109 V 37.90 0.085

1999 Nov 7 V 12 2 (11, 55) 6.392 2.854 – – – PV 9.13 0.170

R 11 (10, 50) 6.413 2.988 – – – PV 5.36 0.244

2000 Dec 21 V 10 2 (9, 54) 4.813 3.055 – – – PV 6.95 0.275

R 10 (9, 54) 6.73 3.055 – – – PV 7.67 0.428

2000 Dec 23 V 11 2 (10, 70) 10.314 2.846 – – – PV 20.58 0.200

R 10 (9, 63) 14.542 2.989 – – – PV 14.18 0.180

2001 Nov 9 V 12 2 (11, 54) 2.345 2.863 – – – NV 12.13 0.372

R 12 (11, 22) 5.91 3.612 – – – PV 12.73 0.441

2001 Nov 10 V 10 2 (9, 27) 1.152 3.557 – – – NV 8.49 0.227

R 10 (9, 27) 1.054 3.557 – – – NV 5.64 0.660

2001 Nov 11 V 14 2 (13, 38) 2.02 2.923 – – – NV 9.63 0.364

R 14 (13, 38) 2.02 2.923 – – – NV 9.63 0.364

2001 Nov 12 V 12 2 (11, 44) 2.212 2.969 – – – NV 12.06 0.539

R 12 2 (11, 22) 3.928 3.612 – – – PV 11.74 0.856

2001 Nov 13 V 11 3 (10, 10) 0.470 5.847 – – – NV 10.81 0.160

R 11 3 (10, 10) 1.307 5.847 – – – NV 10.19 0.178

2005 Jan 16 R 11 2 (10, 40) 9.842 3.117 – – – PV 32.92 0.095

2005 Nov 2 R 32 2 (31, 247) 27.709 1.868 (7, 24) 37.156 3.991 V 8.98 0.189

2005 Nov 4 R 12 2 (11, 88) 31.995 2.689 – – – V 6.59 0.166

2005 Nov 5 R 44 2 (43, 343) 124.459 1.713 (10, 33) 16.301 3.26 V 13.60 0.146

2005 Nov 6 R 40 2 (39, 273) 57.755 1.767 (9, 30) 87.95 3.45 V 9.79 0.227

2005 Nov 8 R 28 2 (27, 182) 4.371 1.965 (6, 21) 0.449 4.393 PV 3.18 0.365

2005 Dec 5 R 20 2 (19, 133) 1.067 2.200 (4, 15) 14.394 5.803 PV 2.61 0.391

2005 Dec 6 R 16 2 (15, 120) 4.863 2.373 – – – PV 3.53 0.746

2019 Dec 17 R 30 9 (29, 87) 1.453 2.075 (7, 22) 2.341 4.109 NV 7.74 0.038

Note—Comparison star numbers follow the star maps shown in Table 5.

to be affected only by instrumental fluctuations as any

known or suspected variable star can be discarded.

Jang & Miller (1997) and Romero et al. (1999) in-
troduced a parameter C defined as C = σB−S1/σS2−S1,

where σB−S1 and σS2−S1 are the standard deviations in

blazar DLC and control star DLC, respectively. The

blazar is considered to be variable with 99.5 per cent

confidence level if C is greater than a critical value of

2.576.

Howell et al. (1988) pointed out that it is important
to select non-variable stars with magnitudes close to

the blazar magnitude as comparison and control stars.

Otherwise, even if the blazar is non-variable, there will

be difference between σB−S1 and σS2−S1 due to dif-
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Figure 9. Spectral fitting of AO 0235+164, where the black
line is the original spectrum while the green line is the single
power law for the fitted continuum. The inset shows Mg
II line fitting where the blue, green, and red lines are the
narrow, broad, and total components, respectively.

ferences in photon statistics and other random-noise

terms (sky, read-out noise). To use field stars with dif-
ferent magnitude levels, Howell et al. (1988) suggests

calculating a correction factor Γ to scale σS2−S1 to the

instrumental level of σB−S1 for proper comparison. Γ

can be estimated using the following formula:

Γ2 =

(

NS2

NB

)2 [
N2

S1(NB + P ) +N2
B(NS1 + P )

N2
S2(NS1 + P ) +N2

S1(NS2 + P )

]

(7)

where N is the total (sky-subtracted) counts within the

aperture, while the sub-indices B, S1 and S2 correspond
to N of the blazar, comparison star and control star,
respectively. The factor P contains the common noise-

terms, as P = npix(Nsky + N2
RON), where npix is the

number of pixels within the aperture, Nsky is the sky

level and NRON is the read-out noise. We used the me-

dian values of N of the objects and sky for calculating

Γ. Thus, the scaled C parameter (CΓ) is defined as

CΓ =
C

Γ
=

1

Γ

(

σB−S1

σS2−S1

)

. (8)

The source is considered variable if CΓ ≥ 2.576. Even

though the C parameter is not a proper statistic, it re-
mains a useful indicator of stability (de Diego 2014; de

Diego et al. 2015; Zibecchi et al. 2017, 2020).

3.2.2. Scaled F-test

The standard F-statistics parameter is F =
σ2
B−S1/σ

2
S2−S1, where σ2

B−S1 and σ2
S2−S1 are the vari-

ances in blazar DLC and a control star DLC respectively.

The scaled F-statistics FΓ is given as

FΓ =
F

Γ2
=

1

Γ2

(

σ2
B−S1

σ2
S2−S1

)

.

The F-statistic assumes that the uncertainties in the
observations are normally distributed. If n(B−S1) and

n(S2−S1) are the sizes of the blazar and control star
DLC respectively, the number of degrees of freedom in
the numerator and denominator of the F-statistic are

ν1 = n(B−S1) − 1 and ν2 = n(S2−S1) − 1, respectively.

We calculated FΓ and considered the blazar to be vari-

able with 99.5 per cent confidence if FΓ was greater than
the critical value Fα

c (ν1, ν2) at α = 0.005 (Zibecchi et al.

2017, 2020).

3.2.3. Power-enhanced F-test

The power-enhanced F -test (PEF) has been used in
various recent blazar IDV studies (Pandey et al. 2019;

Pandey et al. 2020, and references therein). The power-

enhanced F-statistic has the advantage of comparing the

blazar variance to the combined variance of multiple

field stars and is given as (de Diego 2014)

Fenh =
s2blz
s2c

, (9)

where s2blz is the variance of the DLC of the blazar with

respect to a reference star, and s2c is the combined vari-

ance of the comparison stars’ DLCs with respect to the

reference star. Thus, s2c is given as

s2c =
1

(

∑k
j=1 nj

)

− k

k
∑

j=1

nj
∑

i=1

s2j,i. (10)

Here, k is the total number of available comparison stars

in the DLC, nj is the number of observations of the jth

comparison star, and s2j,i is the scaled square deviation
of the ith observation of the jth comparison star given

as

s2j,i = Γj(mj,i − m̄j)
2. (11)

Here Γj is the scale factor of the jth comparison star

DLC computed following Equation 7.

Using the data of the field stars, we first checked the

star–star DLCs to identify any spikes due to instru-

mental errors or improper removal of cosmic rays, and

removed them iteratively if they were more than 3

standard deviations from the mean magnitude. We

considered a “well-behaved” star with low fluctuations

and an average magnitude close to the blazar as the

reference star. The number of degrees of freedom in

the numerator and denominator of the F-statistics are
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ν1 = nblz − 1 and ν2 =
(

∑k
j=1 nj

)

− k, respectively.

We calculated Fenh, and considered the blazar to be

variable (V) with 99.5 percent confidence if Fenh was

greater than the critical value Fc(ν1, ν2) at α = 0.005.

3.2.4. Nested ANOVA test

In the nested analysis of variance (ANOVA) test, DLCs

of the blazar are generated with respect to all the com-

parison stars used as reference stars. The details of this

method are given in de Diego et al. (2015). The nested

ANOVA test needs a large number of points in the light
curves, strongly limiting its application to densely pop-
ulated DLCs. We divided the DLCs with at least 20
observations into groups such that each group contains

4 observations. Equation (4) of de Diego et al. (2015)
considers an ideal set of lightcurves where the total

number of observations are divisible by the group size.

In most of the DLCs in this work, the total number of

observations was not an integral multiple of the group

size of 4. So, in those cases, the last group contained less

than 4 observations, and we calculated the degrees of

freedom accordingly to compute the mean square due to
groups (MSG) and mean square due to the nested obser-

vations in groups (MSO(G)). The ANOVA F-statistic is

given as, F = MSG/MSO(G). For a significance level of

α = 0.005, if the F -statistic is greater than the critical

value (Fc), the blazar is taken as variable (V), other-

wise as non-variable (NV) with 99.5 per cent confidence.

We have listed the results of the scaled C-criterion

and scaled F-test in Table 6 and those of power en-

hanced F-test and the nested ANOVA test in Table 7.

In the case of scaled C-criterion and F-test, we fixed one

particular star as the comparison star for each dataset.

The source is declared variable with respect to one

comparison-control star pair if both scaled C-statistics

and F-statistics cross their respective critical values.

We declare the final variability status of the blazar

as variable/non-variable (V/NV) if it is variable/non-

variable against all control stars. If the blazar is variable

against some of the control stars, we call it probably

variable (PV). We did not carry out the nested ANOVA
test in a few datasets containing less than 20 obser-
vations. In the case of the power-enhanced F-test in

absence of the corresponding nested ANOVA test, we

call the blazar probably variable (PV) even if the F-

statistic crosses the critical value, as the F-test is more

prone to give a false positive result (Zibecchi et al. 2017,

2020). If nested ANOVA is present and both the tests
cross the critical values, we call the blazar variable (V).

Otherwise, we declare the source non-variable (NV). We

list the summary of the IDV tests in Table 8. We give

a final verdict on the variability status of the source
after comparing the results of the combination of the
C-test and F-test (C&F) from Table 6 and results of

the combination of the power-enhance F-test and nested

ANOVA test (P&N) from Table 7. If the results from
both combinations were the same, we kept that result.

If C&F declared “V” and P&N declared “PV” due to
the absence of nested ANOVA, we finally consider the
source variable (V). We considered variability on 2005
November 8 as “NV” because both C-test and nested

ANOVA resulted in non-variability. Despite being vari-

able in nested ANOVA, we consider the 2005 December

5 lightcurve “NV” as the F-test and PEF-test detected

no variability. A few examples of DLCs of AO0235+164
having different variability characteristics (V/PV/NV)
are shown in Figure 8.

3.2.5. Doubling timescale

A flux doubling/halving timescale gives an estimate of

the variability timescale (τvar) of a source. We calcu-

late the flux doubling/halving timescale (τd) between
two consecutive observations and its corresponding sig-

nificance (σ) as

F(ti+1) = F(ti) ∗ 2
(ti+1−ti)/τd

σ = |F(ti+1)−F(ti)|/εi,
(12)

where F(ti) and εi are the flux observed at time ti
and the corresponding measurement uncertainty, respec-

tively. We consider the fastest doubling timescale (τmin
d )

with a higher significance than 3σ as an estimate for

τvar. We obtained τmin
d < 1 day for all the nights when

the source showed significant IDV both in scaled F-test

and nested ANOVA test. This further strengthens our

claims for the frequent presence of IDV. Following Equa-
tion 2 we computed the variability amplitudes on the

same nights. All these results are listed in Table 7.

3.2.6. Duty cycle

We calculated the duty cycle (DC) of AO0235+164

using the definition of Romero et al. (1999), that was

used later by multiple authors (e.g., Stalin et al. 2009;

Agarwal et al. 2016). The formula for DC for a partic-

ular waveband is given as,

DC = 100

∑n
i=1 Ni(1/∆ti)
∑n

i=1(1/∆ti)
% (13)

where ∆ti = ∆ti,obs/(1+ z) (duration of the monitoring

session on ith night is ∆ti,obs). Thus, this formula cal-
culates the duty cycle weighted by the cosmological red-

shift corrected monitoring duration of each night. We
set Ni = 1, 0.5, and 0 for the nights with variability
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Table 8. Summary of statistical tests for IDV on AO 0235+164
differential lightcurves from CASLEO and CAHA

Obs. Band Combined variability status Final

date (C & F -test)a (PEF & status

N-ANOVA)b

1999 Nov 2 V V V V

1999 Nov 3 V V V V

1999 Nov 4 V V V V

R V V V

1999 Nov 5 V V NV PV

R NV V PV

1999 Nov 6 V V V V

R V V V

1999 Nov 7 V PV PV PV

R PV PV PV

2000 Dec 21 V PV PV PV

R PV PV PV

2000 Dec 23 V PV PV PV

R V PV V

2001 Nov 9 V NV NV NV

R V PV V

2001 Nov 10 V NV NV NV

R NV NV NV

2001 Nov 11 V NV NV NV

R NV NV NV

2001 Nov 12 V NV NV NV

R PV PV PV

2001 Nov 13 V NV NV NV

R NV NV NV

2005 Jan 16 R V PV V

2005 Nov 2 R V V V

2005 Nov 4 R V V V

2005 Nov 5 R V V V

2005 Nov 6 R V V V

2005 Nov 8 R NV PV NV

2005 Dec 5 R NV PV NV

2005 Dec 6 R PV PV PV

2019 Dec 17 R NV NV NV

Note—aTable 6, bTable 7, PEF=power-enhanced F-test.

status “V”, “PV”, and “NV” respectively. We obtained

the duty cycle of AO0235+164 to be ∼44 percent in V -

band, and ∼45 percent in R-band considering the nights

where the source was observed for at least 2 hours.

3.3. The mass of the central black hole

We estimate the mass of the SMBH in AO0235+164
by using its spectrum observed using the CCD Imag-

ing/Spectropolarimeter (SPOL) at the Steward Obser-

vatory4 on 2011 January 8 (air mass = 1.12). This

spectrum was selected since the blazar was then at its
lowest level during the period 2008–2018, and should

ensure the best visibility of the emission lines because
of the lower continuum contribution from the jet. The
observed wavelength range of the spectrum we used is

4000–7550 Å, with a spectral resolution of 4 Å, and it is

analyzed by following the procedure given in Liao & Gu

(2020). Firstly, it was corrected for Galactic extinction

with the reddening map of Schlegel et al. (1998), and

then was shifted to the rest-frame wavelength by using
the redshift of 0.94.

This spectral coverage meant we could use the Mg

II line, which is prominent on the spectrum shown in

Figure 9 (focused on the 2400−3100 Å range), to es-

timate the SMBH mass. We modeled the continuum
by applying a single power law (fλ ∝ λα) (as Fe II
emission is rather weak). A Gaussian profile was then

used to fit the Mg II line, centered at the position of

2800 Å, on the continuum-subtracted spectrum. The

broad component of Mg II was fitted with a Gaussian
with a 1000 km s−1 lower limit, while a Gaussian with

upper limit of 1000 km s−1 was applied for the narrow
component. In order to estimate the corresponding
errors of full width at half maximum (FWHM) and

flux, we generated 100 mock spectra by adding random

Gaussian noise to the original spectrum using the flux

density errors, and then took the standard deviation of

measurements from those mock spectra as the uncer-

tainties. Here, the flux density errors were the RMS
value of the spectrum calculated over the spectral win-
dow of (3000−3100) Å, after subtracting a second-order

polynomial function. Figure 9 shows the resulting fit

to the spectrum. Our best fitting results indicate that

the line width of the broad Mg II component is FWHM

= 3151 km s−1, with log-scale luminosity in erg s−1,
log(LMgII) = 42.8.

The line width and the Mg II line luminosity we find

are consistent with the range of values FWHM=3100–

3500 km s−1 and log(LMgII)=42.5–42.8, respectively,
which were derived by Raiteri et al. (2007) from one

VLT and four TNG spectra of AO 0235+164 acquired
in 2003–2004. We use the FWHM and luminosity of
the broad Mg II line, not the continuum luminosity, as

4 http://james.as.arizona.edu/∼psmith/Fermi
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methods need high spatial resolution spectroscopy data
from the host galaxy and/or higher ionization emission

lines and are not applicable to most BL Lacertae objects

(BL Lacs). But in BL Lacs, if the weak emission lines

are present, we can use the empirical methods (Kong
et al. 2006) for BH mass estimation. The most common

methods used for BH mass estimation for BL Lacs are
the shortest variability timescales and periods of QPOs
(Gupta et al. 2012). Since BL Lacs are highly variable

objects, any BH mass estimation may be treated as an

upper limit, and there are possibilities of detection of

a shorter variability timescale or shorter QPO period.

We obtained a log-scale BH mass of 7.90±0.25 in so-

lar mass unit. The Steward observatory spectrum we

used in our analysis had a narrower Mg II emission

line (FWHM=3151 km s−1) than those of Raiteri et al.

(2007) and Paliya et al. (2021), thus resulting in a lower

mass estimate. We considered a multi-temperature

blackbody type accretion disk model, where the temper-

ature at any portion of the disk is a function of the disk

luminosity and the central black hole mass, to compute

the thermal emission component. In Figure 10 we plot-

ted the thermal component along with the optical-UV

SED during the lowest activity state of AO0235+164

observed on JD 2452169. It is evident that, as the ther-

mal emission peaks at far UV frequencies (∼3.5×1015

Hz) in the observer’s frame of reference, the jet emission

always dominates in BVRI wavebands. We do not see

any significant trend in the variation of the (V − R)

spectral index (αV R) (Figure 7). The sudden rise of

the U -band flux in Figure 10 is an indicator of a prob-

able UV-soft X-ray bump as discussed in Raiteri et al.

(2005, 2006). According to these studies, the source

of the bump is either an additional synchrotron com-
ponent coming from a separate emission region in the
jet or the emission of a continuous inhomogeneous jet

is suppressed in near UV region due to a discontinuity

in opacity or misalignment of that particular emission

region. Ackermann et al. (2012) mentioned that the
whole optical-UV spectrum is produced by a single syn-

chrotron emitting zone as the shape of the bump does

not change with luminosity. They attributed the UV

spectral hardening to an artifact due to the overestima-

tion of extinction by Junkkarinen et al. (2004).

For the detection of any statistically significant intraday
variability in 33 lightcurves of AO0235+164 observed

at CASLEO/CAHA, we employed different statistical
tests widely used in AGN variability studies. The re-
liability of each of these tests has been disputed (e.g.

de Diego et al. 2015; Zibecchi et al. 2017), so we here

employed a comparative approach that could allow us

to circumvent the limitations affecting any individual

test. In the first place, we used the scaled C-criterion
and the F -test. The first compares the dispersion of the

blazar lightcurve to the dispersion of a field star (con-

trol star), while the latter does so with the variances.

According to Zibecchi et al. (2017) and Zibecchi et al.

(2020), the F-test has a tendency to classify noisy non-

variable curves as a variable (i.e., give false positives),

while the C-criterion tends to give false negatives. Even

though the C-criterion (Romero et al. 1999) cannot be

considered as an actual statistical test, it may still be a

useful parameter to detect variability with high signifi-

cance. The F -test, on the other hand, does not always
work as expected, because it is particularly sensitive to

non-Gaussian errors (“red noise”), which are usually an
issue when analyzing blazars DLCs.

We also used the power-enhanced F-test and the nested

ANOVA test, which involve multiple field stars. It is ex-

pected that the power-enhanced F-test may also suffer

from the same drawback of detecting false variability

as the (original) F -test. In the nested ANOVA test,
in turn, data grouping may lead to false results if data

within a time span larger than the (unknown) variability

timescale are grouped. Comparing the results of Table 6

and Table 7, while considering the tendencies of giving
false results by the respective tests, we can confirm that

the source was significantly variable in 4 out of 13 V -

band lightcurves, and 9 out of 20 R-band lightcurves.
The source seems to be probably variable in 3 V -band

and 4 R-band lightcurves, and non-variable in the rest.

On 1999 November 5, the combination of C-criterion

and F -test indicates non-variability but the combination
of power-enhanced F -test and nested ANOVA detects

variability in the R-band lightcurve. The results in the

V -band lightcurve on that day are exactly the opposite.

Similar situations were observed also on 2001 November

9 and 2001 November 12. A visual inspection of the

DLCs of these nights reveals that the blazar DLCs were

classified as non-variable when either the control star

DLC had higher variability (1999 November 5) or the

measurement errors of the blazar DLCs were higher due

to its low-flux state (2001 November 9 and 12). Higher

measurement errors lead to a lower chance of signifi-

cant variability detection. These strange results may

be an example of the drawbacks of the applied methods
when trying to recover low-amplitude variations from
DLCs affected by non-Gaussian noise (part of the ob-

servations on that night were taken at air mass > 2

and under non-photometric conditions). Otherwise, the

combined results of different methods seem to more or

less agree. Alongside the optical SED patterns, such

frequent IDV establishes AO0235+164 as a low-energy
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Table 9. Variation of duty cycle with
the duration of observation in R-band.

Observation No. of Duty

duration (hours) nights cycle (%)

> 1 20 52

> 2 19 45

> 3 17 50

> 4 14 57

> 5 13 64

> 6 8 77

peaked BL Lac (LBL) object. High energy peaked BL

Lacs (HBL) show significantly less optical intraday vari-
ability than the LBLs (Heidt & Wagner 1998; Romero

et al. 1999).

The differences in IDV behavior have been attributed

to the strength of magnetic fields present in the jet of

HBLs. A higher axial magnetic field (B) than a critical

value (Bc) may prevent the generation of any bends and
Kelvin-Helmhotz instabilities in the jet-base responsible

for creating intraday microvariabilities. This indicates

the presence of a weaker magnetic field than Bc in the

jet of AO0235+164. The critical magnetic field (Bc) is
given in Romero (1995) as

Bc =
√

4πnemec2(Γ2 − 1)/Γ, (15)

where ne is the electron density in the emission region,

me is the electron rest mass, and here Γ is the bulk

Lorentz factor of the jet flow. Considering a typical set

of parameters, ne = 429 cm−3 and Γ = 20 (Ackermann

et al. 2012), we get Bc ≃ 0.07 G.

From Table 7 and Figure 8, we can say that the vari-

ability amplitudes were higher in the 1999 season when

the source was in a fainter state (higher magnitude) than

its brighter state in the 2005 season. Marscher (2013)

suggested that enhancement of flux can arise from a
more uniform flow of particles inside the jet, which in
turn decreases the amplitude of microvariability asso-

ciated with the turbulence inside the jet. Equation 9

indicates that the probability of detection of significant

variability increases with the duration of observation.

Similar results for other blazars were found by Gupta

& Joshi (2005), Rani et al. (2010), and Agarwal et al.
(2016).

From the flux doubling timescales listed in Table 7, we

can estimate the upper limit to the size of the emission

region (Rmax) using the light travel-time argument given
as

Rmax =
cδtvar
1 + z

(16)

where z is the cosmological redshift of 0.94, tvar is the

variability timescale, and δ is the Doppler boost of the

jet. Considering δ = 24 (Hovatta et al. 2009) and tvar
to be the shortest flux doubling timescale of 0.083 days

(when the source was significantly variable), we obtain

an emission region size upper limit of ∼ 2.6 × 1015 cm.
Assuming a conical jet model where the emission re-

gion fills up the entire jet cross-section, we can estimate

the probable maximum distance (dmax) of the emission

region from the central black hole as, dmax = ΓRmax =
5.2×1016 cm. To explain the observed strong variability,

Marchesini et al. (2016) attempted to apply a swinging

jet model that attributes the observed variability to a

change in the viewing angle of the emission region with

time (i.e. variation in the associated bulk Doppler fac-

tor). They reported a high rate of change in viewing an-

gle of about 7−10 arcmin per day, considering a mean
viewing angle of 2.3◦, would be necessary. However,

they found that this geometric wiggling-jet scenario was

disfavored when considering the observed variation in

color index with time. Several earlier studies on AO

0235+164 associated the observed fast optical variabil-

ity with gravitational microlensing by the foreground
absorber at z = 0.524. Webb et al. (2000) proposed that
the 1997 flare resulted due to microlensing because of an

observed correlation with zero lag between radio and op-

tical lightcurves following Stickel et al. (1988), but the

absence of any correlated flare in the X-ray lightcurve

makes this explanation less likely. Abraham et al. (1993)

and Raiteri et al. (2007) explained that such microlens-
ing events can produce small amounts of fast flux ampli-

fication but are unlikely to dominate the high variability

observed in AO 0235+164.

5. CONCLUSIONS

In this work, we conducted a study of long-term and

short-term (intraday) variability in the optical mul-

tiwaveband observations of the blazar AO0235+164.

Here we summarize our results and the probable physi-

cal scenarios.

1. We observed a variation of about six magnitudes
between the quiescent and flaring episodes, or over

two orders of magnitude variation in the SEDs.

2. UBVI lightcurves are highly correlated with the

R-band lightcurve with zero time lag.
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3. A significant bluer-when-brighter trend is observed
in the (B − I) color variation with R-magnitude.

4. All the optical BVR-band SEDs show convexity.
These observations indicate that the optical emis-

sion is dominated by jet radiation.

5. AO 0235+164 frequently shows statistically sig-
nificant intraday variability in optical wavebands.

This implies that AO0235+164 is an LBL and
probably has a weak magnetic field in the jet en-
vironment.

6. From the analysis of a broad Mg II emission line
in a spectrum of AO 0235+164 taken at a low
state, we estimate a central black-hole mass of ∼

7.9× 107M⊙.
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