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We have conducted daily monitoring of the BL Lac object OT 081 at 8.4 GHz with the Yamaguchi
32 m radio telescope from February to June 2010. Based on these data, we detected a short-time
flare with a duration of 19.3 days and an amplitude of 0.73 Jy, overlapped on a long-term trend
with a time scale of about 200 days. This short-term flare was also observed in the University
of Michigan data at 4.8, 8.0, and 14.5 GHz. Subtracting the long-term trend allowed us to study
the short-term flare in details. The flare was found to occur synchronously at 8.4 and 14.5 GHz,
with no significant delays between the two frequencies. This suggests that the flaring region
was optically thin, as otherwise the radio emission would have peaked with a delay at the lower

frequency. The duration of the flare indicates that the emitting region is smaller than 0.01 pc.
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1. Introduction

Among various classes of active galactic nuclei (AGNs), the blazar class (consisting of BL Lac-
ertae objects and optically violently variable quasars) is known for rapid flux variability. At optical,
X-ray, and gamma-ray bands, the time scale of flux variability is often shorter than a month because
the emission emanates from small regions with a size of less than one light-month (e.g. [[]). In
the radio band, several monitoring programs are currently running, and these provide long-term
light curves of various blazars (see review in [[]). The Effelsberg, IRAM, Metsidhovi and Owens
Valley Radio Observatory programs conduct radio flux monitoring with a sampling of 2—4 weeks.
The sampling of the University of Michigan Radio Astronomy Observatory (UMRAQ) program
(1-2 weeks) is the shortest one. Such sampling, however, remains too sparse to study variability at
intervals shorter than about 2-3 weeks. To this end, daily monitoring would be desirable.

Kadota et al. [H] conducted daily monitoring of PKS 1510—089 at 8.4 GHz using the Yam-
aguchi 32 m telescope and found variability with a time scale of 30 days. Since PKS 1510—089 is
known to be strongly and rapidly variable in the optical, X-ray, and gamma-ray bands (e.g. [B, O]), it
is a candidate for short-term variability in the radio band. Kadota et al. [B] indeed found a clear in-
crease of the flux density of PKS 1510—089 while in a long-term decay phase, but their monitoring
ended before that short-term flare is over, preventing a detailed study of the variation pattern.

This paper reports the discovery of short-term variability in the object OT 081 (also known
as PKS 17494-096 or 4C+09.57) at z = 0.32. OT 081 is one of the most extreme AGNs showing
strong and rapid variability in all spectral ranges. This object is an ultra-luminous BL Lac object
with an optical polarization of up to 32% [B]. Dallacasa et al. [B] classified this source as a high-
frequency peaker, while Torniainen et al. [[I] suggested it is a flat-spectrum source with an inverted
spectrum during flares. Recent VLBI observations indicate superluminal motions with 5-21 ¢ [B].
OT 081 is thus a suitable target for intensive monitoring to explore short-term variability in blazars.

2. Observations

Monitoring of the flux density of OT 081 has been carried out with the Yamaguchi 32 m
radio telescope for 148 days from 2010 February 1 (DOY 32') to 2010 June 29 (DOY 180). The
observing campaign covers the same period as the campaign for 1510—089 discussed above [H].
A strong, nearby radio source 3C 348 (6.53 Jy at 8.4 GHz, see [B]) was selected as flux density
calibrator. The calibrator and the target source were observed at the same elevation range. Hence,
the flux density of OT 081 is determined relative to that of 3C 348. The total on-source time
for OT 081 was 45 min/day. The standard measurement error was typically 0.03 Jy. Due to the
weather, there were only 80 effective observations. Observations were not made from 2010 May 17
(DOY 137) to 2010 June 2 (DOY 153) due to another observing program.

3. Results and discussion

3.1 Detection of a short-term flare

Figure @ (left) shows the light curve of OT 081 at 8.4 GHz. From the beginning of the campaign

'DOY is the day of year. DOY 0 of 2010 corresponds to MJD 55196.
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Figure 1: Left: light curve of OT 081 at 8.4 GHz from observations with the Yamaguchi radio telescope.
The plotted flux density error represents the standard measurement error for each day. Right: comparison of
UMRAQO and Yamaguchi light curves. Filled circles: Yamaguchi data at 8.4 GHz; open squares: UMRAO
data at 14.5 GHz; open circles: UMRAO data at 8.0 GHz; open triangles: UMRAO data at 4.8 GHz.

(DQY 32), the flux density increased, reaching a maximum value of 5.52 Jy on DOY 58. After that,
it decreased, with a lower value of 2.92 Jy at the end of the observing period (DOY 180). Although
the decrement was almost monotonic, a small rise and decay is detected around DOY 113. This
isolated small flare is referred to as short-term flare in the rest of the paper.

We compared our data with those from UMRAO. Figure 0 (right) shows the UMRAO light
curves of OT 081 at 4.8, 8.0 and 14.5 GHz from DOY 32 to DOY 180, overlapped with the Yam-
aguchi light curve at 8.4 GHz. The flux density at the three frequencies peaks around DOY 60, with
variation patterns similar to those observed with Yamaguchi. The short-term flare is also seen in
the UMRAO data, at all three frequencies, even though the sampling at 4.8 and 8.0 GHz is sparse.

3.2 Properties of the short-term flare

The light curve in Fig. @ shows a long-term rise and decay of the flux density at all bands with a
short-term flare superimposed on this long-term evolution. In order to separate the short-term flare
from the long-term evolution and to investigate properties of the flare quantitatively, we followed
the analysis of Abdo et al. [[] and used a function with double exponential forms to fit the observed
rise and decay of the flux density. This function is expressed by

F(t) — 2F()(€(t07t)/tr + e(tft())/td)fl , (31)

where Fy measures the amplitude of the flare, 7y describes approximately the time of the peak (it
corresponds to the actual maximum only for symmetric flares, see Eq. below), and ¢, and ¢; are
the rise and decay time, respectively. The peak flux density F,,, is reached at time t,,,,, given by

ttg tq
tnax = I In| — 3.2
max O+tr+td n<tr>7 ( )

which is equal to #( for t; = ¢, (case of symmetric flares). The duration of the flare is defined as the
time during which the flux density is greater than 10% of the peak value.

The fitting was done separately for each light curve. Since the UMRAO data at 4.8 and
8.0 GHz are limited, only the long-term evolution was considered for those two light curves. In
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Table 1: Parameters modeling the light curve of OT 081 on the long term

Data 1y tnax  Pnax

(days) (DOY) (Jy)

Yamaguchi 8.4 GHz 209 58 5.2
UMRAO 14.5 GHz 159 56 53
UMRAO 8.0 GHz 229 61 4.8
UMRAO 4.8 GHz 178 75 4.0

Note. The rise time ¢, is not shown because of the large un-
certainty in the determination of this parameter.

Table 2: Parameters modeling the short-term flare observed in OT 081

Data Duration tnax Erax

(days) (DOY) Jy)
Yamaguchi 8.4 GHz 19.3+3.3 111.7+£1.9 0.73+0.13
UMRAO 145GHz 239+2.7 111.54+1.1 0.78+0.16

practice, this was accomplished by excluding the measurements at the time of the short-term flare
(from DOY 90 to DOY 130). Conversely, the Yamaguchi data at 8.4 GHz and those of UMRAO at
14.5 GHz include many points, permitting both the long-term trend and the short-term flare to be
modeled simultaneously. The parameters of the fits characterizing the short- and long-term changes
are given in Tables 0 and O, respectively. Figure @ plots the corresponding fitted functions.

Examination of the results from the fits shows that the flux density on the long-term peaks near
DOY 60 with a decay time of about 200 days. Taking an additional step, the short-term flare was
isolated by subtracting the long-term model from the observed light curves, as illustrated in Fig. B.
The plot in this figure shows that the flare lasts about 20 days, in agreement with the durations in
Table @ (19.3 £3.3 days at 8.4 GHz and 23.9 +£2.7 days at 14.5 GHz). The peak times at the two
frequencies are consistent (DOY 111.7 at 8.4 GHz and DOY 111.5 at 14.5 GHz), indicating that
variations are synchronized. Peak flux density is 0.73 Jy at 8.4 GHz and is 0.78 Jy at 14.5 GHz.

Comparing with the short-term flare observed for PKS 1510—089 [B], the duration of the
flare is shorter for OT 081 (20 days vs 30 days for PKS 1510—089). Moreover, the flare for
PKS 1510—089 showed a time lag between 8.4 and 22 GHz. This indicates that the flare occurred
in an optically thick region since the peak time is expected to be delayed at the lower frequencies
in such a case. By contrast, the short-term flare for OT 081 must have occurred in an optically thin
region since variations between 8.4 and 14.5 GHz were found to be synchronized, as noted above.

Based on the properties of the short-term flare observed in OT 081, we may constrain the
intrinsic size of the corresponding emitting region, Rgs, using a relation of causality, as given by
the following equation:

Ry < Clyar 3.3)

(1+2)
where § is the relativistic Doppler factor, z is the redshift, and 7, is the time scale of variability.
Assuming 0 = 5 [B] and ty,, = t,, we derive a value < 0.01 pc for Rys. The size of the region
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Figure 2: Light curves of OT 081 and fitted functions: a) Yamaguchi data at 8.4 GHz; (b) UMRAO data at
14.5 GHz; (c) UMRAO data at 8.0 GHz, (d) UMRAO data at 4.8 GHz. The fitted functions are shown as
dotted lines (short-term flare), dashed lines (long-term evolution) or solid lines (combined models).

emitting the short-term flare is thus much smaller than the size of VLBI core [B]. This small size
means that the brightness temperature in the flaring region should be high, a favorable condition
for y-ray emission to arise. In this respect, we plan to study further the origin of the short-term flare
by using both VLBI and Fermi data and present our results in a future paper (Ishida et al. in prep.).

4. Summary

We have conducted daily monitoring of the BL Lac object OT 081 at 8.4 GHz with the Ya-
maguchi 32 m radio telescope from February to June 2010. The purpose of this monitoring was
to search for intrinsic variability on time scales shorter than a month. Based on these data, we
detected a short-time flare with a duration of 19.3 days and an amplitude of 0.73 Jy, overlapped on
a long-term trend with a time scale of about 200 days. This short-term flare is also seen in the UM-
RAO data at 4.8, 8.0, and 14.5 GHz. We extracted the short-term flare by subtracting the long-term
trend from the data, allowing us to study the flare in further details. The flare was found to occur
synchronously at 8.4 and 14.5 GHz, suggesting that the flaring region was optically thin at 8.4 and
14.5 GHz. The duration of the flare indicates that the emitting region is smaller than 0.01 pc.
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Figure 3: Light curve of OT 081 with focus on the period of the short-term flare. Filled circles: Yamaguchi
data at 8.4 GHz; open squares: UMRAO data at 14.5 GHz; open circles: UMRAO data at 8.0 GHz; open
triangles: UMRAO data at 4.8 GHz.
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