30°  32M00° | 31mace
sion (J12000)

(Parker)

Finding AGN With Wide-field VLBI observations

First results from a new observational technique

Collaborators:
Enno Middelberg Alef, Bach, Brisken, Deller, Lenc,
Astronomisches Institut der Ruhr-Universitat Bochum Morgan, Norris, Rottmann, Tingay

3100
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Wide-field VLBI observations

Applications and problems

=VLBI surveys are expensive
=T, > 10° K is great AGN filter (if z>~0.1)

=Long baselines
- high fringe rates
- tiny FOV _
- nho ,blind* surveys o

[
—27960 |—

Declination (J2000})

*Workaround: higher resolution S e i
- data volume >> TB/day S e N S

Right Aszcension {J2000)

— cumbersome/impossible

Large circle: VLBA primary beams at 1.4GHz; small
circle: VLBA FOV at 1.4GHz
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Wide-field VLBI observations

Applications and problems

DECLINATION (J2000)

0.0 0.5 1.0

3545

40 T T T
35
30 s
c
(=]
o
[}
Q06| .
25 o
[1+]
1]
(=}
=
20 Noal ]
o
S
S
15 b=
0.2 -| — Bandwidth smearing (TMS) 4
— Bandwidth smearing (Condon)
" [ ) 2 — Time smearing (TMS)
b | b e | i e I | Iy T : i
o 5030 o SR oo s B 0.0 Time smearing (Bridle & Schwab) _
RIGHT ASCENSION (J2000) ' ' ' :
Grey scale flux range= 0.000 1.000 MilliJY/BEAM 0 1 : 2 3 ; 4 3
Cont peak flux = 2.2838E-02 JY/BEAM Distance to phase centre / arcmin
Levs = 1.400E-05 * (-5, 5)
Garrett+ 2005: 1024 channels, 0.5s integrations (120GB of Averaging losses on 5000km baseline with 64kHz channels and

data), FOV of few arcmin 0.5s integrations (as in Garrett+ 2005)
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Wide-field VLBI observations

New methods: multiple phase centres in DIFX2
(Deller+ 2010, in prep)

* Fourier transform data .

= Calculate delay towards N phase

centres

—2¥e50

Declination (J2000)

" Phase-rotate spectra

=Correlate and average ook |

*Result: N normal VLBI data sets il e e i
I 13]133“1305' ] 33mp0° I I BémSOS 1 I 3ém005 T IE 1™30¢ I I 31m00°
Right Ascension {J2000)

Radio sources from Norris+ (2006) indicated with pluses, large circle
is VLBA FWHM at 1.4GHz, small circle is CDFS (Luo+ 2008), rectangle
is ECDFS (Lehmer+ 2005) 4
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Wide-field VLBI observations

The pilot project — observations E
(Middelberg+ 2010, submitted) o

[P T

*=CDFS observed at 1.4GHz in July 2007

—R750 =

Declination (J2000)

= EXpected sensitivity 50uJy — 100uJy

—zae00

= Batch-calibration — thank you, ParselTongue

A A A S A R S B e
ghggigos 33Mp08 3aMmgp® 32Mgps 1308 311000

Right Ascension (I2000)

= First project to use multi-phase centre capability

Radio sources from Norris+ (2006) indicated with
I I — pluses, large circle is VLBA FWHM at 1.4GHz, small
Of DIFXZ’ Wlth N 96 circle is CDFS (Luo+ 2008), rectangle is ECDFS
(Lehmer+ 2005)
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SC beam response

Wide-field VLBI observations 15

The pilot project — observations
(Middelberg+ 2010, submitted)

El off f arcmin

*=CDFS observed at 1.4GHz in July 2007

= EXpected sensitivity 50uJy — 100uJy

= Batch-calibration — thank you, ParselTongue

= First project to use multi-phase centre capability Az off / arcmin
. . Cont : RCP and LCP b f the VLBA ant
Of D|FX2, W|th N=96 afgtocurlsix; crogses: pathe(?frgif?axisesource?jrtljr?r?ga

the observations

" Primary beam correction scheme developed

Does not require equal telescopes - EVN
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Wide-field VLBI observations

The pilot project — results

(Middelberg+ 2010, submitted)

L e ER A 7 T R T R

—27e40°L00

—RTB0

Declination (J2000)

—28°00'

VAL VT LRI b st S A O S M

33moo® 32’“505 3zmop®
Right Ascension {(I2000)

Target S393: z=1.07,S,..,=49.1mJy, S
Target S519: z=0.69, S, ,=0.9mJy, S

ghaamgos

ATCA

ATCA VLBI

VLBI

31m3os 31M00%

=2.5m])y
=1.1mjy

DECLINATION (J2000)

DECLINATION (J2000)

CONT: 5393 IPOL 1382.490 MHZ S$393 full pb.ICL001.1 CONT: 5393 IPOL 1382.490 MHZ S$393 uni pb.ICL001.1

-27 46 48.10 z -27 46 48.10
4 S393
48.15 3y N 48.15 \
$} |
. Y -
48.20 48.20
8
48.25 2 48.25 I
S )
z
N 9
48.30 5 48.30
[} 3
N o
N w
48.35 J) o 48.35
I i
L
48.40 ! 48.40 o
; 4
N B 1
4845 . ’ 4845 | 1 C \ )
sl b ’
49 n 0 ' i
033201.560  01.555  01.550  01.545  01.540  01.535 033201.560  01.555 01.550  01.545  01.540  01.535
RIGHT ASCENSION (J2000) RIGHT ASCENSION (J2000)
Cont peak flux = 6.2810E-04 JY/BEAM Cont peak flux = -4.6887E-04 JY/BEAM
Levs = 1.958E-04 " (-1, 1, 1.414, 2, 2.828, 4, 5.657, Levs = 2.361E-04 * (-1, 1, 1.414, 2, 2.828, 4, 5.657,
8,11.31) 8,11.31)
CONT: 5519 IPOL 1382.490 MHZ S519 full pb.ICLO01.1 CONT: 519 IPOL 1382.490 MHZ S519 uni pb.ICL001.1
27563025 [ i -27 56 30.25 h ;
' s519
30.30 3030 !
5 s
30.35 v ‘o 30.35
=)
30.40 ] 3040
<
=z
3045 2 3045
! = !
=
-
2
3050 a 3050 ,
3055 — | : 30.55
3060 ¢ ' 3060 .
n !
N i
U

30.65 - 30.65 *
0333 16.750 16.745 16.740 16.735 16.730 16.725 16.720 03 33 16.750 16.745 16.740 16.735 16.730
RIGHT ASCENSION (J2000) RIGHT ASCENSION (J2000)
Cont peak flux = 7.8017E-04 JY/BEAM Cont peak flux = 6.3352E-04 JY/BEAM
Levs = 2.249E-04 * (-1, 1, 1.414, 2, 2.828, 4, 5.657) Levs = 2.777E-04 * (-1, 1, 1.414, 2, 2.828, 4)

Left: natural weighting, right: uniform weighting 7

16.725
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Wide-field VLBI observations

The pilot project — Summary

(Middelberg+ 2010, submitted) 12 e —
= Detected 21% of sources (=AGN) l: | i
= |dentified 8 previously unknown AGN = 6}
=Every X-ray type 1 QSO is detected i
=1 starburst/elliptical galaxy detected : | I ﬂ m
% by %, % %,
- 1 potential radio SN o e, w, Tm, Ry

=\Wide-field VLBI now practical and easy

(but see Morgan+ 2010 and Wucknitz+ for a different approach)

= Next step: Lockman Hole East (Ibar+ 2009), use mosaicing of three pointings
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Wide-field VLBI observations

The pilot project — Summary R
(Middelberg+ 2010, submitted) i fnae TR ey

+
4 - T
i 7 %
[P It Fal e

i + # T b

s R 29 <N e

= Detected 21% of sources (=AGN)

+5730 +

= |dentified 8 previously unknown AGN

+57R0

Declination (J2000)

=Every X-ray type 1 QSO is detected

=1 starburst/elliptical galaxy detected

=1 potential radio SN

=\Wide-field VLBI now practical and easy I —

Right Ascension {J2000)

(but see Morgan+ 2010 and Wucknitz+ for a different approach)

= Next step: Lockman Hole East (Ibar+ 2009), use mosaicing of three pointings
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Wide-field VLBI observations

Last week's result: bm332b

(Middelberg+ 2010, not even in prep)

=bm332b: 12h @ 512Mbps
=347 targets

* Phase-referencing only
=28 targets with SNR>7

= Brightest has SNR=88

Declination (J2000)

+57945

+a7 a0 f— -

+&7 16 [—

+87700' [—

Right Ascension [J2000)

10
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Clean I map. Array:. BFHELMNOPS

Wi d e_fi e I d VL B I 0 b S 2 Lo Z at 1.382 H: 5010 Juyl D4

Last week's result: bm332b
(Middelberg+ 2010, not even in prep)

=

=bm332b: 12h @ 512Mbps

n l ma

=347 targets

Ceclinati

VE

* Phase-referencing only

Relativ

=28 targets with SNR>7

= Brightest has SNR=88

Right Ascensi

Map center R& 10 51 20.8E0, Dec: 457 15 Z2.5

- Wide-field VLBI:

Contours: 0 '[:—1 1243818
. . L Bearn FWHM: 5.34 % 4.24 (rmas) ot =37 I
Astonishing new capabllities,

easy to use!
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