ATCA monitoring of gamma-ray loud AGN
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Introduction Blazar Variability
As a critical part of the TANAMI program (Ojha et al. 2010), in » Sources that showed spectral index variability between 2007 and
November 2007 the Australia Telescope Compact Array (ATCA) started now are shown in Figure 1. We used the method described in
monitoring the radio spectra of a sample of southern hemisphere AGN Angelakis et al. (2010) to select these sources.
that were selected as likely candidates for detection (as well as a
control sample) by the LAT instrument aboard the Fermi Gamma Ray » Blazar classification is from the Roma-BZCAT (Massaro et al. 2009).
Space Observatory. The initial sample was chosen based on properties We label sources that are not in this catalogue as “unclassified”;
determined from AGN detections by the EGRET experiment. Most of 91% of our sources are blazars, while most others are Flat
the initial sample have indeed been detected by Fermi/LAT and with the Spectrum Radio Sources (FSRS, Healey et al. 2007).
addition of new detections the sample has grown to include 102 AGN.
For the majority of these AGN, our monitoring program provides the » To date, 59% of the Flat Spectrum Radio Quasars (FSRQs) and
only dynamic radio spectra available. The ATCA receiver suite makes it 64% of the BL Lacs show spectral index variation, while 52% of the
possible to observe several sources at frequencies between 4.5 and 41 unclassified sources show spectral index variation.
GHz in a few hours, resulting in an excellent measure of spectral index
at each epoch. By examining how the spectral index changes over time, * For blazars that could not be neatly classified as a FSRQ or BL Lac
we aim to investigate the mechanics of radio and y-ray emission from in the Roma-BZCAT, we find that 99% displayed spectral index
AGN jets. variation.
- JO01735-0512 JO05041-0929 JO05108-0650 0208-512 E J022928-3643 E 0244—470 E 0302—6235 J033413—-4008
A = 4  af e e A M—a
P D s = IR 1
gllllll | | | I | | | L L1111 I gllllll | I\Algllllll | | Igllllll | | | I | | |
0405—-385 0412-5356 0414 189 0426 380 0454—-254 0454—-463 0506—-612 0516—621
-0 o YV Ek i_.: M- *fﬁg “‘::t:ls i
? ||=m?053|7 247 E - :60074 E T o6T6=116 E "~ J065925-6613 E T 0700-6671 E "~ J082601-2230 E "~ J091058-5048 E T To29-85
zg—f«;’f;’ =% - - - - o it - -
3 A= A=A =, _ A A M- RE -4
- 0~4=~\ - N =M - @~ Al A= 2 " ¢ ¢
E?IIIIII | | | I EIIIIII | | |§A|—|'#|_“#|\n\‘ EII[III | I’EIIIIII | IEIIIIII | | IEIIIII “ I~.
/;\ — 1057-797 J113007 1449 1144—-379 1151-324 E J124646—-2547 &25611‘—0547 J132649-5256 J132901-5608
e E. | - T
< —18- " oFEr~ AR 40 2-¥- @ : A=
> ‘%‘ki #- E Etin\ig ?"A“:\ig E* *EA:A#A
—+— - o — o -
.a E_IIIIII | | | L 11111 L1 1111 | | | I I I&IYE_IIIIII | | | | 1L 1111 | | | L 1 1111 | | | | 11111 | | |
C - 1334—127 1424 418 1454—-3554 J1505—-3432 E J151053-0543 J151250-0905 J151741-2422 J160350—-4904
8 = A-—A——d-—4 = % A— M- A E
S = - = = A = A
> 3 i TEE SRS ?Ei\‘\igr ;A_ - A A-m 4
D) - A AN 0, — — —
E E_IIIIII | | | [ 1111 | 11111 | | | [ 1 1111 WI IYE_IIIIII | | IE_IIIIII | | IE_IIIIII | | | [ [ 1111 | | |
= 1622—-253 1622 29 E J162700—2426 E 1714-336 F 1718—-649 E 1730—-130 E 1759-39 EL J183339—-2103
3 * B 5 = EA A WY P S B SN
P e i A SR 2
;?llllll | | | | _Ellllll A I_1‘I_EIIIIII 193\% 4IOOI ;?Illlll 9316 I55I _EIIIIII ZOOI5 I89| —Ellljéloz\B OIO7I\35[ _Ellllll 20512 |7|
— 1908—-201 - J192332 2104 — — 1 -1 —4 40— —474
haf AE e |- 3 : : -t —dh 4
§_A-\*‘=i~k ;4 A—A?Maa:h%%*__*#*: S N e
é?llllll | | | I | IEIIIIII | | IEIIIIII | | IE | | IE | | IE?llllll | | IEIIIIII | | |
= 2125—-4635 J213924 4235 2155-304 2204—-540 2940 0832 4512 1555
1 O = Bl Lac
= . FSRQ
/‘ §'=_ G = A éi:‘::;f‘\ A A — ﬂh Blazar
O. 1 —E A- — M- & | Unclassified
5 10 20

Frequency (GHz)

Figure 1: Measurements of all sources that have displayed spectral index changes during the ATCA monitoring campaign. Each epoch is shown as a different colour/symbol combination. The name of each source is coloured depending
on its classification in Roma-BZCAT (Massaro et al. 2009), and the colour legend is shown at the bottom right of the plot. The frequency and flux density scales are the same for each plot, and are defined on the lower-left.

Ongoing Work

* Using the high-frequency (v > 15 GHz) data, it may be possible to probe deep into the radio jet to where the y-ray emission is likely generated
(Lahteenmaki & Valtaoja 2003). Results from the EGRET era suggest that high-frequency radio flares precede y-ray flares (Valtaoja & Terasranta
1995). Comparison of this dataset and Fermi-LAT light curves will help resolve questions about y-ray emission regions.

 The ATCA receivers are capable of measuring polarisation accurately at all the frequencies observed by this project. It will therefore be possible to
examine the polarisation position angle variability for these blazars and determine if the magnetic field direction is changing when the spectral
index varies.

« The ATCA s able to rapidly observe AGN that are seen to flare in y-rays; eg. the recent example of 0454-234 (ATel #3713). In this way, we have a
higher probability of observing “interesting” AGN, and thus examining their temporal behaviour during flare events.

« The ATCA monitoring data provides information crucial in constructing the SEDs of AGN both in their flaring and their quiescent states. Quasi-
simultaneous broadband SEDs are necessary to distinguish between competing models for the high energy emission from AGN (e.g. Boettcher
2007, Abdo et al. 2011). The ATCA data are also being used to look for changes in spectral index associated with the ejection of VLBl components
from the AGN cores.

Summary
The ATCA has monitored a set of 102 AGN over multiple epochs for four years, and will continue to monitor even
more in the future. Through a combination of regular monitoring and target-of-opportunity observations of flaring
AGN, we will investigate the mechanisms responsible for both radio and y-ray emission in their jets. More
information can be found on the project website:

www.narrabri.atnf.csiro.au/people/Philip.Edwards/c1730.html
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