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A large number of AGN have been monitored for nearly 30 yeaP2a37 and 87 GHz in Met-
séhovi Radio Observatory. These data were combined witkriésequency 4.8, 8.0 and 14.5
GHz data from the University of Michigan Radio Astronomy ®hatory, higher frequency data
at 90 and 230 GHz from SEST, and supplementary higher freayudsta from the literature to
study the long-term variability of a large sample of AGN. Bdhe characteristics of individ-
ual flares from visual inspection and statistically-deteed variability timescales as a function
of frequency and optical class type were determined. Basepast behaviour, predictions of
sources expected to exhibit large flares in 2008—2009 apptegor study by GLAST and other
instruments are made. The need for long-term data for piyopaderstanding source behaviour
is emphasised.
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1. Introduction

Active galactic nuclei (AGN) are variable across the whole electromagspéctrum. The
radio regime is of special interest because we can directly observertbereyron radiation from
the jet. The total flux density variations and flares seen in the flux cureassaally explained with
shock-in-jet models where a disturbance creates a shock moving downjet tAnd as the shock
develops we see a flare evolving from higher submm- and mm wavelengthsdWwwer radio
frequencies [1, 2].

We have used a sample of 90 AGN to study their long-term variability timescald$ §d
flare characteristics [5, 6]. Our extensive database enables us yalséucbrrespondence between
the shock model and the observations, and also the statistical diffetsteg=en the different AGN
types (27 high polarisation quasars (HPQs), 33 low polarisation qudsfa@s), 25 BL Lacertae
objects (BLOs), and 5 radio galaxies (GALSs)). Our sample includes tsiglrces that have flux
density at least 1 Jy in the active state.

2. Variability timescales

We used four statistical methods to study variability timescales in a sample of 80aAGN
frequency bands between 4.8-230 GHz. We used the Structure Fu(®Edrthe Discrete Cor-
relation Function (DCF), the Lomb-Scargle periodogram, and waveletthelmvavelet analysis
we used only frequencies 22, 37 and 90 GHz. In addition to analysing thedates, we studied
the properties and the differences of the methods. From the Fouried-lpasthods [3], the SF
gives a timescale related to short variations such as the rise and the decaytiffeees. The
DCF and the Lomb-Scargle periodogram give the time between flares, enedite indicates how
often shocks are formed in the jet. We found that especially the Lomb48gqagodogram easily
produces spurious spikes. The DCF is somewhat better but still séribengtreating a flux curve
as one entity, a property of Fourier-based methods. Compared to Fbasied methods, wavelets
preserve the locality of the timescale i.e. show when and for how long it rexs iresent in the
flux curve. Another good property of the locality is that a change in a fewntp only affects the
analysis locally. We lose, however, in the resolution of detecting the time$caleshen studying
guasi-periodicities the accuracy is adequate. We also found that the BxCthe periodogram
give very similar results as wavelets, but with wavelets it is possible to dettdw timescale is
persistent or only short-lived.

As an example, in Fig. 1 the SF, the DCF and the Lomb-Scargle periodogsartisr at 22
GHz are shown for the quasar 4C 29.45. The DCF in Fig. 1b gives a titeasca 49 years which
is very close to the timescale 3.29 years obtained with the Lomb-Scargle pgnanudFig. 1c).
Indeed, when examining the flux curve in Fig. la it is possible to see flate8wears in between
them. However, the wavelet analysis of the source in Fig. 2 shows how thectitee(3.4 years
from the wavelet plot) is present only in the latter half of the flux curve. sTiwiusing only the
Fourier-based methods, one could have claimed the source to be petigdistead, the behaviour
of the source has changed over the monitoring period. Therefore ngiden it appropriate to use
wavelets when quasi-periodicities in AGN are studied. We also noticed thatrig swairces the
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Figure 1: Analyses of the quasar 4C 29.45 (1156+295) at 22 GHz. a) Fuagity curve b) the DCF c) the
Lomb-Scargle periodogram d) the SF. Timescales obtainddegich method are marked by vertical lines.
The periodogram timescale is 3.29 years which is 0.2 yeamdestthan the DCF timescale of 3.49 years.
The SF gives a timescale of 1.21 years. [3]
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Figure 2: The wavelet analysis of 4C29.45 (1156+295) at 22 GHz. Thedoale 3.4 is obtained from the
plot at log 10°53) years. It is only present in the latter half of the flux curvaring at~ 1995. [4]



Long term radio variability of AGN Talvikki Hovatta

Timescale 145GHz 37 GHz 37 GHz z-corrected 90 GHz
L-S periodogram (ave) 9.2 6.3 4.3 -
DCF (ave) 6.7 4.2 2.6 3.1
Wavelet (ave) - 4.4 2.8 2.9
SF (median) 3.2 1.4 0.7 1.1
duration (median) 2.8 1.4 - 2.3

Table 1: Average or median timescales (in years) obtained with iffemethods at 3 different frequency
bands. At 37 GHz also the redshift-corrected values are show

timescales change slowly, get weaker in power, or disappear over éoinglp. Multiple timescales
are common in these sources and are detected both in wavelet and infBasedrmethods.

None of the sources in our sample showed strict periodicity in our anal{#ases are seen
in these sources on average every 4 years at 22 and 37 GHz ancetlaadishe decay times of
flares are between 1 to 2 years. This is also seen in Fig. 1d, where a SEdienes1.2 years is
found for the source 4C 29.45. The average or the median timescalegatoththe frequency
bands are shown in Table 1. We also studied the differences betweesy HPQs, and BLOs. The
differences in their observed timescales were insignificant, and in all of flages are observed,
on average, in the same timescales. When we studied the intrinsic redstefttedrtimescales
we found indications that BLOs have longer timescales than quasarsai@saem to have flares
every 2 years while in BLOs they happen intrinsically every 3 to 4 year87/&Hz, the difference
between BLOs and quasars in the DCF timescales was significant acctodirgskal-Wallis
analysis, and in the wavelet timescales the BLOs differed significantly frenh Qs and there
were indications that also the BLOs and the HPQs differ from each othes€lresults could imply
that shocks are developed less frequently in BLOs than in quasarsisTdaistradictory to results
from hydrodynamical simulations [7], which show that shocks are formei easily in slower jet
flows which are often associated with BLOs. This will be studied further iortaéoming paper
[8], where we will calculate the Lorentz factors for a large sample ofcasufrom different classes.

Even though none of the sources in our sample are strictly periodic, matheof show
episodes of quasiperiodic behaviour. Therefore we were interesssttevhether we could “pre-
dict” upcoming active states in these sources. It would be useful to knmehvsources are in
an active state when planning multiwavelength observations. In particldanese interested in
sources which would be likely to flare during the early phases of the GLg#dllite, in the time
period 2008-2009. Our earlier work (e.g. [9, 10]) has shown thahgtgamma-ray activity is
connected to a growing flare in the radio regime, and therefore sourtegréhactive in the radio
are good candidates to be detected by GLAST.

Thus, based purely on our statistical wavelet analysis [4] combined wélyses of [3] and
visual inspection of our flux curves at 37 GHz until the end of 2007, amecup with a list of six
potential sources. These sources show quasiperiodic behaviourvatletet analysis and in at
least one Fourier-based method with such a timescale that a large flareocoutdn 2008—2009.
Sources exhibiting almost continuous and complex variability, such as Od28BL Lac were
excluded from the study. The six sources include one GAL type obj@&7(106), two HPQs
(0234+285, 1156+295), two LPQs (0333+321, 2145+067) andaxaz(1749+096). Out of these
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Figure 3: Flux curve of an example source 0235+164 at 37 GHz.

six sources, two (0007+106 and 1749+096) have redshifts less thaan@ could be potential
sources to be detected at TeV energies as well.

3. Flarecharacteristics

We have studied the flare characteristics of 55 sources with 159 well-menhiflares at 8
frequency bands between 4.8-230 GHz. We calculated several gararoe each flare, e.g. the
amplitude, the duration, and the time delays between the frequency bandsefd/@ot able to
calculate all the parameters for all the flares at every frequency beralibe especially the higher
frequency data were often sparsely sampled. The median peak fluitydente sample was
found to be 4.5 Jy at 37 GHz. The range of the peak flux densities in thdesarap very broad,
from 0.7 Jy to 57 Jy, showing that the variability behaviour in these soisaesy heterogeneous,
and studies concentrating on a single source are inadequate in desthibitygpical behaviour
of AGN. This is also seen in the flare durations which we found to rangedest®.3 and 13.2
years. The median duration at 37 GHz is 2.5 years. The long duratiorred ftathe radio regime
also show that long-term monitoring is essential in understanding the behafidéGN. Short
multiwavelength campaigns lasting from a couple of days to a few weeks arsufiicient in
capturing a complete radio flare.

An example of an “average” blazar is in Fig. 3, where the flux curve ofBh® source
0235+164 at 37 GHz is shown. In the flux curve of this source we camtifgehe median or
average values of all the parameters from the different analysesflarageaking at 1987 has a
peak flux density of 4.4 Jy, and also the median flare duration of 2.5 yesgsrnsin the same flare.
We can also find the average time interval 4 years between the flares irah88091. The rise
time 0.95 years of the 1993 flare also agrees with the results of the SF analysis
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We compared the duration of the flares with the relative peak flux densitidsfoand that
there is only a slight positive correlation of 0.15 between the values. Wesssalmost as high peak
flux densities in flares lasting for 2 years as for flares lasting for 13yddue correlation disappears
altogether when we correct the peak luminosity and the duration for rédskifDoppler boosting
(Doppler boosting factors taken from [8]). This indicates that the gnedlgase in a flare does not
increase with the duration of the flares.

Our sample includes sources from various AGN classes and are mostyld@he BL Lacer-
tae objects and their timescales are studied in more detail in [6]. In addition tatb@irameters,
we studied the correspondence between the observations and thersbaellby Marscher & Gear
[1] and its generalisation by Valtaoja et al. [11]. We found that the oleskepeak fluxes and the
time delays between the flares adhere quite well to the predictions of the islooiet, even though
there is large scatter in the data. We note that our definition of a flare is basasual inspection
and therefore many of the events classified as flares in our analysis nhageimoultiple shocks,
increasing the scatter. In our analysis we found no major differende&br the quasars and the
radio-bright BLOs.

4. Conclusions

We studied the long-term radio variability of a sample of 90 sources usindisttiénescale
analysis methods and visual inspection of the flare parameters. Our malis ege the following:

e Fourier-based methods the DCF and the periodogram give very simildtsras wavelets,
but wavelets should be used when quasi-periodities are studied béraygé/e information
on the locality of the timescale. With wavelets it is possible to see if a timescale is long-
lasting or just a short transient phenomenon in the flux curve. DCF mdugrams can then
be used to verify the timescale more accurately.

e Variability behaviour is complex and no clear periodicities could be founddibrfrequen-
cies. Episodes of quasi-periodic behaviour are common, and theffafseeperiodicities
may be found if the temporal coverage is inadequate.

e Flares are seen, on average, every 4 years in all the source tyg¥GHtz but when intrinsic
redshift-corrected timescales are studied, the quasars have shorteatesex 2 years com-
pared to the 3-4 years of BLOs. This could indicate that shocks arepeddess frequently
in BLOs than in quasars.

e Median duration of a flare is 2.5 years at 22 and 37 GHz, but the rangeratiahs is be-
tween 0.3 and 13.2 years. When comparing the duration with intrinsic recstdtoppler-
corrected peak luminosities, we found that the energy release in a flesgsendbincrease with
the duration of the flare.

e Flares adhere quite well to the predictions of the shock model but the sodtterdata, due
to poor sampling and complicated structure of the flares, is still large.
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e By combining the median duration of flares, 2.5 years, with the average timedmetive
flares, 4 years, we see that multifrequency campaigns should last/Age&s in order to
catch the source in both its highest and lowest activity states.

e Long-term monitoring is essential in understanding the true behaviour s¢ theurces at
radio frequencies.
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