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the shock-in-jet model and investigate the location of tigl lenergy emission region. The rapid
rise and decay of the radio flares is in agreement with thedtom of a shock and its evolution,
if a geometrical variation is included in addition to insio variations of the source. We find
evidence for a correlation between flux variationg-afy and radio frequencies. A two month
time-delay betweep-ray and radio flares indicates a non-cospatial origip-cdys and radio flux
variations in S5 0716+714.

Nuclei of Seyfert galaxies and QSOs - Central endineonditions of star formation,
November 6-8, 2012

Max-Planck-Insitutdir Radioastronomie (MPIfR), Bonn, Germany

“Speaker.

TMember of the Max Planck Research School (IMPRS) for Astrononty Astrophysics at the Universities of
Bonn and Cologne.

(© Copyright owned by the author(s) under the terms of the Cre&@ammons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/



S5 0716+714 : Rapid Variability study B. Rani

1. Introduction

Blazars constitute a unique laboratory to probe jet formation and its relati@adit-toy-ray
variability. The current understanding implies that relativistic shocks ggating down the jet
provide a good description of a variety of observed phenomena in AGNgrovide a framework
for the observed flux variations, we tested the evolution of radio flaresntegt of the standard
shock-in-jet model [1; 2]. A shock induced flare follows a particulamdrian the turnover frequency
— turnover flux density$y, — Vi) diagram. The typical evolution of a flare in tBg — vy, plane can
be obtained by inspecting the(radius of jet)-dependence of the turnover frequemgyand the
turnover flux densitygy [see 3 for details]. During the first stage, Compton losses are domindnt an
Vm decreases with increasing radiBswhile S, increases. In the second stage, where synchrotron
losses are the dominating energy loss mechanigmcontinues to decrease whifg, remains
almost constant. Botg, andvy, decrease in the final, adiabatic stage. As a consequencg, the
— Vm diagram is a useful tool to explore the dominance of emission mechanismg darious
phases of evolution of a flare.

We report here a radio tgray variability study of the BL Lac object S5 0716+714. We tested
the evolution of radio (cm and mm) flares in context of the standard shegt-model following
the S, — v diagram as discussed above. We also investigate the correlatjeragfactivity with
the emission at lower frequencies, focusing on the individual flaresrebd between August 2008
and January 2011.

2. Multi-frequency light curves

A broadband flux monitoring of S5 0716+714 was performed over a timiegpbetween April
2007 to January 2011. The multi-frequency observations comprise Gelamiog by Fermi/LAT
and radio monitoring by several ground based telescopes. The detalseifvations and data
reduction can be found in [4]. Fig. 1 shows treay and radio frequency light curves of the source.
The top of the figure shows the weekly averageady light curve integrated over the energy range
100 MeV to 300 GeV. The radio frequency light curves are shown in diiteim of the figure. The
source exhibits significant flux variability bothgrays and radio frequencies. Apparently, the two
major radio flares (labeled as “R6" and “R8") are observed after thermaipy flares.

3. Evolution of radio flares in the shock-in-jet scenario

In order to test the evolution of the two major radio flares in the context ofoaksin-jet
model, we construct the quasi-simultan€otedio spectra over different time bins as shown in
Fig. 2 (a) [see 4 for details] using 2.7 to 230 GHz data. The observéaspdctrum is usually the
superposition of emission from the two components : (i) a steady state {urif region), and
(ii) a flaring component resulting from the perturbed (shocked) regibitise jet. The quiescent
spectrum (Fig. 2 (b) (dotted curve)) is approximated using the loweslgiak during the course of
our observations. The quiescent spectrum is described by a powEi(law= Cq(v/GHz)% with

ltime samplingit = 5 days
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Figure 1: Top : GeV light curve of S5 0716+714 during the firsB years of thdeermiLAT observations
from 2008 August to 2011 January atEL00 MeV. Bottom : Radio frequency light curves of S5 0716+714
observed over the past3 years. For clarity, the light curves at different freques@re shown with arbitrary
offsets (indicated by a "Frequency + x Jy" label). The magatio flares are labeled as "R6" and "R8".

Cq = (0.92£0.02) Jy andagq = —(0.06+0.01). We subtract the contribution of the steady-state
emission from the entire spectrum before modeling.

We fitted the flare component spectrum using a synchrotron self-algsorbéel, which can
be described as [see 3; 6 for details] :

% 1—exp(—Tm(V/Vm) ™)
A
S = sm< > 1 exp(—1) : (3.1)
wheret, ~ 3/2 — % —1) is the optical depth at the turnover frequen8y,is the turnover

flux density,vn, is the turnover frequency ara and ag are the spectral indices for the optically
thick and optically thin parts of the spectrum, respectiv8ly(v?).

The evolution of both R6 and R8 flares in t§g— v, plane is shown in Fig. 2 (c) — (d). In the
standard shock-in-jet modeh, 0 V5 whereg; depends upon the variation of physical quantities
i.e., magnetic field (B), Doppler factod) and energy of relativistic electrons [see e.g. 1;3 for
details]. The estimateg values are given in Table 1.

We notice that there is a significant difference between the theoreticalgceeg (from [1])
and our calculated values (see Table 1). Therefore, the rapid rise and dec& of.r.t. vn
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Figure 2: The evolution of the radio spectra: (a) 230 GHz light curvevgihg different periods over which

the spectra are constructed. (b) Results of a single conmpspectral fitting at time bin “4", the dotted line
corresponds to the quiescent spectrum, the dashed oneftarthg spectrum and the solid line to the total
spectrum. (c) & (d) The time evolution &ax Vs Vmax for the R6 and R8 radio flares (see text for details).

Table 1: Different states of spectral evolution and their charasties

Flare Time bin  &caiculated EExpected b Stage
JD [2454000+] s=2.2,a=1-2
R6 1096-1178 1-4 -¥3 -2.5 0.7 Compton
1178-1194 4-5 0 0 -0.07 Synchrotron
1194-1221 5-8 182 0.7 2.6 Adiabatic
R8 1283-1303 13-15 -0490.1 -2.5 0.4 Compton
1298-1345 15-18 1:80.2 0.7 -2 Adiabatic

SOR,BOR ®andN(y) Oy S

particularly in the case of the R6 flare (see Fig. 2) rule out these simplmptisas of a constant
Doppler factor §). Consequently, we consider the evolution of radio flares includingratbpeies

of physical parameters, s andd following (7). Here,a, s andd parametrize the variations of
5 ORP, BOR 2andN(y) Oy S along the jet radius. Since it is evident that thealues do not
differ much for different choices ad ands [7], we assume for simplicitg ~ constant. For the
two extreme values ad = 1 and 2, we investigate the variationshin The two differenta values
give similar results fob. The calculated values df for the different stages of evolution of the
radio flares are given in Table 1As a main result, we conclude that the Doppler factor varies
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significantly along the jet radius during the evolution of the two radio flares.

4. Correlated mm-gamma-ray variability

We apply the discrete cross-correlation function (DCF) [8] analysis ndetbionvestigate a
possible correlation among flux variations at radio gagy frequencies. In Fig. 3, we report
the DCF analysis results of the weekly averagedy light curve with the 230 GHz radio data. To
estimate the possible peak DCF value and respective time lag, we fit a Geussiton to the DCF
curve with a bin size of 11 days. The Gaussian function has a fB@F(t) = a x exq_(tzgzb)z],
wherea is the peak value of the DCB,is the time lag at which the DCF peaks ancharacterizes
the width of the Gaussian function. The best-fit function is shown in Fig.d4tlaa fit parameters
area=0.94+0.30,b = (674 3) days ancc = (74 2) days. The significance of the correlation is
checked using the linear Pearson correlation method which gives a eocdidevel>97%. This
indicates a clear correlation between theay and 230 GHz radio light curves of the source with
the GeV flare leading the radio flare b§7+ 3) days. Consequently, the flux variationsyatays
lead those at radio frequenciesl month time period, which suggests a non-cospatial origin of
radio andy-ray emission in the sense thatays are produced closer to the central black hole.

5. Summary and Conclusions

The evolution of the two major radio flares in thg — S, plane shows a very steep rise and
decay over the Compton and adiabatic stages with a slope too steep to beezkfiain intrinsic
variations, requiring an additional Doppler factor variation along the jet. thh® two flares, we
notice thatd changes a&’ during the rise and aB>® during the decay of the R6 flare. The
evolution of the R8 flare is governed By R®* during the rising phase arid R-2° during the
decay phase of the flare. Such a changé itan be due to either a viewing angk) (variation
or a change of the bulk Lorentz factdr)(or by a combination of both. The changedrcan be
easily interpreted as a few degree variatio®jrwhile it requires a noticeable change of the bulk
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Lorentz factor. A similar behavior has also been observed in a patséeéLBI kinematic study
of the source, which showed that the jet components exhibited significamtlyadial motion with
regard to their position angle and in a direction perpendicular to the major fatkie et [9]. Con-
sequently, a correlation between the long-term radio flux-density variaéiiiythe position angle
evolution of a jet component, implied a significant geometric contribution to thenasfghe long-
term variability. This can be probably a result of precession at the Habe get, which leads to
twisted and/or helical structures. More observations and modeling is eglgiarunderstand the
physical origin of these phenomena. A formal cross-correlation betfler variations at radio
andy-ray frequencies suggests thatay are produced closer to the black hole. The agreement of
shock-induced evolution of radio flares with a clear correlation betwaeio andy-rays is a hint
for the shock-induced origin gf-ray emission in the source.
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