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1 Introduction

• Astronomers and geodetic community are both interested in radio sources

• Astronomers plan to study yet fainter radio sources with new instruments

Square Kilometer Array (SKA)

• Geodesists have interest in increasing the number of useable sources

Densification of the ICRF by 2010 ? (Charlot, IVS 2004 GM)

Must go to fainter sources....!

• Astronomers are interested in source angular structures

Geodesists would like structure-less point sources

• How many structure-less point sources are there ?



2 Nature of this investigation

• What fraction of faint radio sources have compact structure

on VLBI (few mas) scales ?

• How does this relate to object type ?

• Want large number of sources for robust statistics

• Use unbiased selection, not based on a priori knowledge

of spectral or structural classification

• High-resolution VLBI detection is sufficient - don’t wish

to image the sources

Preston et al. 1984, DSN observations to find ICRF sources

• Not a survey of blank sky:

Target a large number of known weak radio sources



3 The NRAO FIRST Survey

• Becker et al, 1995, Ap.J. 450, 559

• Survey with the VLA in B–configuration

• λ = 21 cm beamwidth = 5.4” 1σ = 0.15 mJy

• First installment: 138,665 sources > 1 mJy

• Covers large areas of the sky

• How can one get structural information for a representative

sub-sample of these sources ?



4 Very Sensitive (single) Long Baseline

• ARECIBO (305 m) to EFFELSBERG (100 m)

• λ = 21 cm (same as FIRST Survey)

• 42 times more sensitive than a single VLBA to VLBA baseline

• 6.2 times more sensitive than the full (phase-referenced) VLBA

• Using 512 Mbps is 12.5 times more sensitive than the VLBA at 128 Mpbs

• Sensitivity (1σ) in 1 minute = ∼ 100 µJy (≡ VLBA in 2.5 h)







5 Observing strategy

• Target ∼ 1000 FIRST Survey sources

• 1 minute per source 1 mJy source detected at 10σ if unresolved

• 30 s drive time ∼ 1000 sources in 24 h

• AR-EB fixed hour-angle resolution ∼ 6 mas in P.A. = 20o

• Unbiased selection of FIRST sources in Declination range 28o–29o

Nearest source to Arecibo hour-angle = –30 m

Minimize Arecibo drive time; Effelsberg elevation 34o

• 11699 FIRST sources in this declination strip in RA range 0718–1727

∼ 87 sources per square degree

• No selection by flux-density, spectral index or angular extension



6 Observations

• 512 Mbps: 64 MHz RHC + 64 MHz LHC (2-bit sampling)

1366 MHz – 1430 MHz

Arecibo thin tape; Effeleberg MK5A disk-packs

• 4 observations (6–7 h runs) OCT 2003 MAR 2004 JUN 2004 (x 2)

• 11 selected FIRST sources replaced by VLBA calibrator sources in this
declination strip

• 992 target FIRST sources + 11 calibration sources

• Correlation at Bonn MK4 correlator

• Additional ∼ 400 FIRST sources within Arecibo beam (FWHM = 210”)

Extracted using second correlation field centre



Figure 1: Configuration of recording bands



7 Preliminary Results

• Analysis of only 1 epoch 22 March 2004

• Data uncalibrated

• Separate RHC and LHC fringe-fit runs (lose 1.4 in detection sensitivity)

• Total source targets: 252 (+11 calibrators)

• Total detected (> 8σ) in either polarization: 71 (28 %)

• Total detected (> 8σ) in both polarizations: 63 (≡ 11σ)

• Likely further detections (> 8σ) for polarization-added data: ∼14

• Fraction of FIRST sources showing compact structure: ∼33 %

• Total additional sources within target fields: 86

• Total detected in both polarizations: 11 (13%)

Lower detection rate due to beam attenuation away from field centre
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Fourfit date:

Position (J2000)

Amp. and Phase vs. time for each freq., 70 segs, 1 APs / seg (1.00 sec / seg.), time ticks 2 sec

U
Validity

L

Parity

U
Bias

L

U
Level

L

B (SU 4)
A (SU 5)

B A

B A

B A

1373.99 Freq (MHz)
6.7 Phase
1.1 Ampl.
129.0 Sbd box
70/70 APs usedU/L
10:10 PC freqsB:A
108:76 PC phaseB:A
0:0 Manl PCB:A
58:37 PC ampB:A
L1R,L0R Chan idsB 10,12,14,16,2,4,6,8
L1R,L0R Chan idsA 10,12,14,16,2,4,6,8

1389.99
1.1
1.0
128.2
70/70
10:10
-144:-154
0:0
78:44
L3R,L2R
26,28,30,32,18,20,22,24
L3R,L2R
26,28,30,32,18,20,22,24

1405.99
17.3
1.4
129.2
70/70
10:10
-14:77
0:0
40:38
L5R,L4R
11,13,15,17,3,5,7,9
L5R,L4R
11,13,15,17,3,5,7,9

1421.99
1.7
1.3
128.9
70/70
10:10
64:-121
0:0
46:34
L7R,L6R
27,29,31,33,19,21,23,25 Tracks
L7R,L6R
27,29,31,33,19,21,23,25 Tracks

All
7.4
1.2

128.9

Group delay (usec)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-9.03977819333E+03
-9.03979982070E+03
-9.03979787021E+03
-9.13410623307E-01

-315.3

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-9.03979788510E+03
-4.5799999E+01
0.0000000E+00

-9.13408443788E-01
7.20906751139E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

1.96918E-02
-1.93560E-03
1.48825E-05

-2.17952E-06
7.4

+/-
+/-
+/-
+/-
+/-

1.0E-03
3.9E-03
1.3E-05
6.5E-07

6.5
RMS Theor. Amplitude 1.190 +/- 0.135 Pcal mode: NORMAL,  NORMAL

ph/seg (deg) 34.5 54.1 Search (256X16) 1.179 Pcal rate: 3.193E-09,  -2.954E-09  (us/s)
amp/seg (%) 84.5 94.5 Interp. 1.181 Bits/sample: 2
ph/frq (deg) 6.5 11.3 Inc. seg. avg. 1.217 Sample rate(MSamp/s): 16
amp/frq (%) 15.8 19.7 Inc. frq. avg. 1.168 Data rate(Mb/s): 256 nlags: 128

Control file: cf_1830    Input file: /.amd_mnt/ccc/root/data/1830/082-0619_141046+054/BA..qvqkww    Output file: /.amd_mnt/ccc/root/data/1830/082-0619_141046+054/BA.L.2.qvqkww

Mk4 Fringe Plot 141046+054.quqvhi, 082-0619_141046+054, BA
EFLSBERG - ARECIBO, fgroup L, pol LL
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68.744
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-31.8

-0.008532

0.020227

-0.002777

1373.9900
1.000

V1609Ca
1819

2004:082
061950.00
062100.00
062025.50

2004:107:175712

2004:232:085509

14h10m46.5390s
+28˚05’46.390"

Fringe quality

SNR
PFD
Intg.time
Amp
Phase
Sbdelay (us)

Mbdelay (us)

Fr. rate (Hz)

Ref freq (MHz)

AP (sec)

Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr. date:

Fourfit date:

Position (J2000)

Amp. and Phase vs. time for each freq., 70 segs, 1 APs / seg (1.00 sec / seg.), time ticks 2 sec

U
Validity

L

Parity

U
Bias

L

U
Level

L

B (SU 4)
A (SU 5)

B A

B A

B A

1373.99 Freq (MHz)
-29.2 Phase
1.2 Ampl.
128.5 Sbd box
70/70 APs usedU/L
10:10 PC freqsB:A
14:5 PC phaseB:A
0:0 Manl PCB:A
47:29 PC ampB:A
L1L,L0L Chan idsB 10,12,14,16,2,4,6,8
L1L,L0L Chan idsA 10,12,14,16,2,4,6,8

1389.99
-35.2
1.2
128.6
70/70
10:10
8:41
0:0
57:29
L3L,L2L
26,28,30,32,18,20,22,24
L3L,L2L
26,28,30,32,18,20,22,24

1405.99
-32.5
0.9
129.1
70/70
10:10
24:169
0:0
35:25
L5L,L4L
11,13,15,17,3,5,7,9
L5L,L4L
11,13,15,17,3,5,7,9

1421.99
-29.7
0.9
224.2
70/70
10:10
123:-20
0:0
31:19
L7L,L6L
27,29,31,33,19,21,23,25 Tracks
L7L,L6L
27,29,31,33,19,21,23,25 Tracks

All
-31.8

1.0
128.7

Group delay (usec)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-9.03977765850E+03
-9.03980641668E+03
-9.03979794936E+03
-9.13410481555E-01

-354.4

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-9.03979788510E+03
-4.5799999E+01
0.0000000E+00

-9.13408443788E-01
7.20906751139E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

2.02266E-02
-8.53158E-03
-6.42675E-05
-2.03777E-06

-31.8

+/-
+/-
+/-
+/-
+/-

1.2E-03
4.6E-03
1.5E-05
7.6E-07

7.6
RMS Theor. Amplitude 1.038 +/- 0.138 Pcal mode: NORMAL,  NORMAL

ph/seg (deg) 36.0 63.1 Search (256X16) 1.002 Pcal rate: 7.902E-09,  -8.589E-09  (us/s)
amp/seg (%) 105.6 110.2 Interp. 1.003 Bits/sample: 2
ph/frq (deg) 2.4 13.2 Inc. seg. avg. 1.122 Sample rate(MSamp/s): 16
amp/frq (%) 13.4 23.0 Inc. frq. avg. 1.004 Data rate(Mb/s): 256 nlags: 128

Control file: cf_1819    Input file: /.amd_mnt/ccc/root/data/1819/082-0619_141046+054/BA..quqvhi    Output file: /.amd_mnt/ccc/root/data/1819/082-0619_141046+054/BA.L.2.quqvhi

Mk4 Fringe Plot 141046+054.quqvhi, 082-0619_141046+054, BA
EFLSBERG - ARECIBO, fgroup L, pol LL
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7.5
3.9e-10
68.744
1.038
-31.8

-0.008532

0.020227

-0.002777

1373.9900
1.000

V1609Ca
1819

2004:082
061950.00
062100.00
062025.50

2004:107:175712

2004:232:085509

14h10m46.5390s
+28˚05’46.390"

Fringe quality

SNR
PFD
Intg.time
Amp
Phase
Sbdelay (us)

Mbdelay (us)

Fr. rate (Hz)

Ref freq (MHz)

AP (sec)

Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr. date:

Fourfit date:

Position (J2000)

Amp. and Phase vs. time for each freq., 70 segs, 1 APs / seg (1.00 sec / seg.), time ticks 2 sec

U
Validity

L

Parity

U
Bias

L

U
Level

L

B (SU 4)
A (SU 5)

B A

B A

B A

1373.99 Freq (MHz)
-29.2 Phase
1.2 Ampl.
128.5 Sbd box
70/70 APs usedU/L
10:10 PC freqsB:A
14:5 PC phaseB:A
0:0 Manl PCB:A
47:29 PC ampB:A
L1L,L0L Chan idsB 10,12,14,16,2,4,6,8
L1L,L0L Chan idsA 10,12,14,16,2,4,6,8

1389.99
-35.2
1.2
128.6
70/70
10:10
8:41
0:0
57:29
L3L,L2L
26,28,30,32,18,20,22,24
L3L,L2L
26,28,30,32,18,20,22,24

1405.99
-32.5
0.9
129.1
70/70
10:10
24:169
0:0
35:25
L5L,L4L
11,13,15,17,3,5,7,9
L5L,L4L
11,13,15,17,3,5,7,9

1421.99
-29.7
0.9
224.2
70/70
10:10
123:-20
0:0
31:19
L7L,L6L
27,29,31,33,19,21,23,25 Tracks
L7L,L6L
27,29,31,33,19,21,23,25 Tracks

All
-31.8

1.0
128.7

Group delay (usec)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-9.03977765850E+03
-9.03980641668E+03
-9.03979794936E+03
-9.13410481555E-01

-354.4

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-9.03979788510E+03
-4.5799999E+01
0.0000000E+00

-9.13408443788E-01
7.20906751139E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

2.02266E-02
-8.53158E-03
-6.42675E-05
-2.03777E-06

-31.8

+/-
+/-
+/-
+/-
+/-

1.2E-03
4.6E-03
1.5E-05
7.6E-07

7.6
RMS Theor. Amplitude 1.038 +/- 0.138 Pcal mode: NORMAL,  NORMAL

ph/seg (deg) 36.0 63.1 Search (256X16) 1.002 Pcal rate: 7.902E-09,  -8.589E-09  (us/s)
amp/seg (%) 105.6 110.2 Interp. 1.003 Bits/sample: 2
ph/frq (deg) 2.4 13.2 Inc. seg. avg. 1.122 Sample rate(MSamp/s): 16
amp/frq (%) 13.4 23.0 Inc. frq. avg. 1.004 Data rate(Mb/s): 256 nlags: 128

Control file: cf_1819    Input file: /.amd_mnt/ccc/root/data/1819/082-0619_141046+054/BA..quqvhi    Output file: /.amd_mnt/ccc/root/data/1819/082-0619_141046+054/BA.L.2.quqvhi

Mk4 Fringe Plot 101946+415.quqkwz, 082-0228_101946+415, BA
EFLSBERG - ARECIBO, fgroup L, pol LL
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V1609Ca
1819

2004:082
022850.00
023000.00
022925.50

2004:107:100838

2004:232:083131

10h19m46.7110s
+28˚41’56.500"

Fringe quality

SNR
PFD
Intg.time
Amp
Phase
Sbdelay (us)

Mbdelay (us)

Fr. rate (Hz)

Ref freq (MHz)

AP (sec)

Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr. date:

Fourfit date:

Position (J2000)

Amp. and Phase vs. time for each freq., 70 segs, 1 APs / seg (1.00 sec / seg.), time ticks 2 sec

U
Validity

L

Parity

U
Bias

L

U
Level

L

B (SU 4)
A (SU 5)

B A

B A

B A

1373.99 Freq (MHz)
8.0 Phase
1.6 Ampl.
129.7 Sbd box
70/70 APs usedU/L
10:10 PC freqsB:A
15:92 PC phaseB:A
0:0 Manl PCB:A
48:31 PC ampB:A
L1L,L0L Chan idsB 10,12,14,16,2,4,6,8
L1L,L0L Chan idsA 10,12,14,16,2,4,6,8

1389.99
49.7
1.8
129.6
70/70
10:10
9:131
0:0
58:30
L3L,L2L
26,28,30,32,18,20,22,24
L3L,L2L
26,28,30,32,18,20,22,24

1405.99
47.0
1.1
129.5
70/70
10:10
25:-106
0:0
36:28
L5L,L4L
11,13,15,17,3,5,7,9
L5L,L4L
11,13,15,17,3,5,7,9

1421.99
14.0
1.8
129.8
70/70
10:10
124:65
0:0
31:23
L7L,L6L
27,29,31,33,19,21,23,25 Tracks
L7L,L6L
27,29,31,33,19,21,23,25 Tracks

All
28.5
1.5

129.7

Group delay (usec)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-8.83527951623E+03
-8.83524641239E+03
-8.83526958161E+03
-9.11133705423E-01

-18.9

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-8.83526963924E+03
-4.5799999E+01
0.0000000E+00

-9.11133130324E-01
7.14826455711E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-9.87699E-03
2.32268E-02
5.76290E-05

-5.75099E-07
28.5

+/-
+/-
+/-
+/-
+/-

8.2E-04
3.2E-03
1.1E-05
5.3E-07

5.3
RMS Theor. Amplitude 1.489 +/- 0.137 Pcal mode: NORMAL,  NORMAL

ph/seg (deg) 30.7 43.9 Search (256X16) 1.419 Pcal rate: 8.024E-09,  -1.753E-08  (us/s)
amp/seg (%) 68.3 76.6 Interp. 1.419 Bits/sample: 2
ph/frq (deg) 18.5 9.1 Inc. seg. avg. 1.443 Sample rate(MSamp/s): 16
amp/frq (%) 18.7 16.0 Inc. frq. avg. 1.546 Data rate(Mb/s): 256 nlags: 128

Control file: cf_1819    Input file: /.amd_mnt/ccc/root/data/1819/082-0228_101946+415/BA..quqkwz    Output file: /.amd_mnt/ccc/root/data/1819/082-0228_101946+415/BA.L.2.quqkwz

Mk4 Fringe Plot 101946+415.quqkwz, 082-0228_101946+415, BA
EFLSBERG - ARECIBO, fgroup L, pol LL
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10.8
2.5e-23
68.865
1.489
28.5

0.023227

-0.009877

-0.000755

1373.9900
1.000

V1609Ca
1819

2004:082
022850.00
023000.00
022925.50

2004:107:100838

2004:232:083131

10h19m46.7110s
+28˚41’56.500"

Fringe quality

SNR
PFD
Intg.time
Amp
Phase
Sbdelay (us)

Mbdelay (us)

Fr. rate (Hz)

Ref freq (MHz)

AP (sec)

Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr. date:

Fourfit date:

Position (J2000)

Amp. and Phase vs. time for each freq., 70 segs, 1 APs / seg (1.00 sec / seg.), time ticks 2 sec

U
Validity

L

Parity

U
Bias

L

U
Level

L

B (SU 4)
A (SU 5)

B A

B A

B A

1373.99 Freq (MHz)
8.0 Phase
1.6 Ampl.
129.7 Sbd box
70/70 APs usedU/L
10:10 PC freqsB:A
15:92 PC phaseB:A
0:0 Manl PCB:A
48:31 PC ampB:A
L1L,L0L Chan idsB 10,12,14,16,2,4,6,8
L1L,L0L Chan idsA 10,12,14,16,2,4,6,8

1389.99
49.7
1.8
129.6
70/70
10:10
9:131
0:0
58:30
L3L,L2L
26,28,30,32,18,20,22,24
L3L,L2L
26,28,30,32,18,20,22,24

1405.99
47.0
1.1
129.5
70/70
10:10
25:-106
0:0
36:28
L5L,L4L
11,13,15,17,3,5,7,9
L5L,L4L
11,13,15,17,3,5,7,9

1421.99
14.0
1.8
129.8
70/70
10:10
124:65
0:0
31:23
L7L,L6L
27,29,31,33,19,21,23,25 Tracks
L7L,L6L
27,29,31,33,19,21,23,25 Tracks

All
28.5
1.5

129.7

Group delay (usec)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-8.83527951623E+03
-8.83524641239E+03
-8.83526958161E+03
-9.11133705423E-01

-18.9

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-8.83526963924E+03
-4.5799999E+01
0.0000000E+00

-9.11133130324E-01
7.14826455711E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-9.87699E-03
2.32268E-02
5.76290E-05

-5.75099E-07
28.5

+/-
+/-
+/-
+/-
+/-

8.2E-04
3.2E-03
1.1E-05
5.3E-07

5.3
RMS Theor. Amplitude 1.489 +/- 0.137 Pcal mode: NORMAL,  NORMAL

ph/seg (deg) 30.7 43.9 Search (256X16) 1.419 Pcal rate: 8.024E-09,  -1.753E-08  (us/s)
amp/seg (%) 68.3 76.6 Interp. 1.419 Bits/sample: 2
ph/frq (deg) 18.5 9.1 Inc. seg. avg. 1.443 Sample rate(MSamp/s): 16
amp/frq (%) 18.7 16.0 Inc. frq. avg. 1.546 Data rate(Mb/s): 256 nlags: 128

Control file: cf_1819    Input file: /.amd_mnt/ccc/root/data/1819/082-0228_101946+415/BA..quqkwz    Output file: /.amd_mnt/ccc/root/data/1819/082-0228_101946+415/BA.L.2.quqkwz

Mk4 Fringe Plot 101946+415.qvgnkk, 082-0228_101946+415, BA
EFLSBERG - ARECIBO, fgroup L, pol RR
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1830
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022850.00
023000.00
022925.50

2004:120:122946

2004:232:132342

10h19m46.7110s
+28˚41’56.500"

Fringe quality

SNR
PFD
Intg.time
Amp
Phase
Sbdelay (us)

Mbdelay (us)

Fr. rate (Hz)

Ref freq (MHz)

AP (sec)

Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr. date:

Fourfit date:

Position (J2000)

Amp. and Phase vs. time for each freq., 70 segs, 1 APs / seg (1.00 sec / seg.), time ticks 2 sec

U
Validity

L

Parity

U
Bias

L

U
Level

L

B (SU 4)
A (SU 3)

B A

B A

B A

1373.99 Freq (MHz)
18.0 Phase
1.0 Ampl.
130.6 Sbd box
70/70 APs usedU/L
10:10 PC freqsB:A
108:153 PC phaseB:A
0:0 Manl PCB:A
59:34 PC ampB:A
L1R,L0R Chan idsB 10,12,14,16,2,4,6,8
L1R,L0R Chan idsA 10,12,14,16,2,4,6,8

1389.99
92.0
1.4
130.4
70/70
10:10
-144:-78
0:0
79:43
L3R,L2R
26,28,30,32,18,20,22,24
L3R,L2R
26,28,30,32,18,20,22,24

1405.99
79.3
1.7
130.3
70/70
10:10
-13:151
0:0
41:34
L5R,L4R
11,13,15,17,3,5,7,9
L5R,L4R
11,13,15,17,3,5,7,9

1421.99
45.1
2.1
129.9
70/70
10:10
62:-49
0:0
44:30
L7R,L6R
27,29,31,33,19,21,23,25 Tracks
L7R,L6R
27,29,31,33,19,21,23,25 Tracks

All
61.2
1.5

130.3

Group delay (usec)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-8.83527836390E+03
-8.83522973598E+03
-8.83526951561E+03
-9.11133928206E-01

13.8

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-8.83526963924E+03
-4.5799999E+01
0.0000000E+00

-9.11133130324E-01
7.14826455711E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-8.72466E-03
3.99033E-02
1.23633E-04

-7.97882E-07
61.2

+/-
+/-
+/-
+/-
+/-

8.9E-04
3.4E-03
1.2E-05
5.7E-07

5.7
RMS Theor. Amplitude 1.390 +/- 0.138 Pcal mode: NORMAL,  NORMAL

ph/seg (deg) 34.2 47.4 Search (256X16) 1.336 Pcal rate: 3.471E-09,  -1.152E-08  (us/s)
amp/seg (%) 84.7 82.7 Interp. 1.336 Bits/sample: 2
ph/frq (deg) 27.3 9.9 Inc. seg. avg. 1.395 Sample rate(MSamp/s): 16
amp/frq (%) 31.8 17.3 Inc. frq. avg. 1.518 Data rate(Mb/s): 256 nlags: 128

Control file: cf_1830    Input file: /.amd_mnt/ccc/root/data/1830/082-0228_101946+415/BA..qvgnkk    Output file: /.amd_mnt/ccc/root/data/1830/082-0228_101946+415/BA.L.2.qvgnkk
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8

10.0
1.1e-19
68.410
1.390
61.2

0.039903

-0.008725

-0.001076

1373.9900
1.000

V1609Cb
1830

2004:082
022850.00
023000.00
022925.50

2004:120:122946

2004:232:132342

10h19m46.7110s
+28˚41’56.500"

Fringe quality

SNR
PFD
Intg.time
Amp
Phase
Sbdelay (us)

Mbdelay (us)

Fr. rate (Hz)

Ref freq (MHz)

AP (sec)

Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr. date:

Fourfit date:

Position (J2000)

Amp. and Phase vs. time for each freq., 70 segs, 1 APs / seg (1.00 sec / seg.), time ticks 2 sec

U
Validity

L

Parity

U
Bias

L

U
Level

L

B (SU 4)
A (SU 3)

B A

B A

B A

1373.99 Freq (MHz)
18.0 Phase
1.0 Ampl.
130.6 Sbd box
70/70 APs usedU/L
10:10 PC freqsB:A
108:153 PC phaseB:A
0:0 Manl PCB:A
59:34 PC ampB:A
L1R,L0R Chan idsB 10,12,14,16,2,4,6,8
L1R,L0R Chan idsA 10,12,14,16,2,4,6,8

1389.99
92.0
1.4
130.4
70/70
10:10
-144:-78
0:0
79:43
L3R,L2R
26,28,30,32,18,20,22,24
L3R,L2R
26,28,30,32,18,20,22,24

1405.99
79.3
1.7
130.3
70/70
10:10
-13:151
0:0
41:34
L5R,L4R
11,13,15,17,3,5,7,9
L5R,L4R
11,13,15,17,3,5,7,9

1421.99
45.1
2.1
129.9
70/70
10:10
62:-49
0:0
44:30
L7R,L6R
27,29,31,33,19,21,23,25 Tracks
L7R,L6R
27,29,31,33,19,21,23,25 Tracks

All
61.2
1.5

130.3

Group delay (usec)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-8.83527836390E+03
-8.83522973598E+03
-8.83526951561E+03
-9.11133928206E-01

13.8

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-8.83526963924E+03
-4.5799999E+01
0.0000000E+00

-9.11133130324E-01
7.14826455711E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-8.72466E-03
3.99033E-02
1.23633E-04

-7.97882E-07
61.2

+/-
+/-
+/-
+/-
+/-

8.9E-04
3.4E-03
1.2E-05
5.7E-07

5.7
RMS Theor. Amplitude 1.390 +/- 0.138 Pcal mode: NORMAL,  NORMAL

ph/seg (deg) 34.2 47.4 Search (256X16) 1.336 Pcal rate: 3.471E-09,  -1.152E-08  (us/s)
amp/seg (%) 84.7 82.7 Interp. 1.336 Bits/sample: 2
ph/frq (deg) 27.3 9.9 Inc. seg. avg. 1.395 Sample rate(MSamp/s): 16
amp/frq (%) 31.8 17.3 Inc. frq. avg. 1.518 Data rate(Mb/s): 256 nlags: 128

Control file: cf_1830    Input file: /.amd_mnt/ccc/root/data/1830/082-0228_101946+415/BA..qvgnkk    Output file: /.amd_mnt/ccc/root/data/1830/082-0228_101946+415/BA.L.2.qvgnkk

Mk4 Fringe Plot 122951+074.quqqoy, 082-0438_122951+074, BA
EFLSBERG - ARECIBO, fgroup L, pol LL

9

8.0
1.0e-11
69.723

1.093
-143.0

0.023522

-0.013420

-0.007088

1373.9900
1.000

V1609Ca
1819

2004:082
043849.00
044000.00
043925.00

2004:107:142500

2004:232:084504

12h29m51.0190s
+28˚07’49.650"

Fringe quality

SNR
PFD
Intg.time
Amp
Phase
Sbdelay (us)

Mbdelay (us)

Fr. rate (Hz)

Ref freq (MHz)

AP (sec)

Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr. date:

Fourfit date:

Position (J2000)

Amp. and Phase vs. time for each freq., 71 segs, 1 APs / seg (1.00 sec / seg.), time ticks 2 sec

U
Validity

L

Parity

U
Bias

L

U
Level

L

B (SU 4)
A (SU 5)

B A

B A

B A

1373.99 Freq (MHz)
-155.6 Phase
1.3 Ampl.
129.4 Sbd box
71/71 APs usedU/L
10:10 PC freqsB:A
15:35 PC phaseB:A
0:0 Manl PCB:A
48:29 PC ampB:A
L1L,L0L Chan idsB 10,12,14,16,2,4,6,8
L1L,L0L Chan idsA 10,12,14,16,2,4,6,8

1389.99
-120.5
1.2
129.9
71/71
10:10
8:71
0:0
57:29
L3L,L2L
26,28,30,32,18,20,22,24
L3L,L2L
26,28,30,32,18,20,22,24

1405.99
-150.5
0.6
14.9
71/71
10:10
26:-161
0:0
35:26
L5L,L4L
11,13,15,17,3,5,7,9
L5L,L4L
11,13,15,17,3,5,7,9

1421.99
-146.8
1.4
129.8
71/71
10:10
124:10
0:0
31:20
L7L,L6L
27,29,31,33,19,21,23,25 Tracks
L7L,L6L
27,29,31,33,19,21,23,25 Tracks

All
-143.0

1.1
129.8

Group delay (usec)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-9.00984191399E+03
-9.00980497189E+03
-9.00982878324E+03
-9.14785366807E-01

-234.0

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-9.00982849423E+03
-4.5799999E+01
0.0000000E+00

-9.14780213751E-01
7.19574477803E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-1.34198E-02
2.35223E-02

-2.89002E-04
-5.15306E-06

-143.0

+/-
+/-
+/-
+/-
+/-

1.1E-03
4.3E-03
1.4E-05
7.1E-07

7.2
RMS Theor. Amplitude 1.093 +/- 0.136 Pcal mode: NORMAL,  NORMAL

ph/seg (deg) 36.7 59.9 Search (256X16) 1.050 Pcal rate: -7.819E-09,  -2.038E-09  (us/s)
amp/seg (%) 99.4 104.5 Interp. 1.054 Bits/sample: 2
ph/frq (deg) 13.3 12.4 Inc. seg. avg. 1.096 Sample rate(MSamp/s): 16
amp/frq (%) 26.8 21.6 Inc. frq. avg. 1.091 Data rate(Mb/s): 256 nlags: 128

Control file: cf_1819    Input file: /.amd_mnt/ccc/root/data/1819/082-0438_122951+074/BA..quqqoy    Output file: /.amd_mnt/ccc/root/data/1819/082-0438_122951+074/BA.L.2.quqqoy

Mk4 Fringe Plot 122951+074.quqqoy, 082-0438_122951+074, BA
EFLSBERG - ARECIBO, fgroup L, pol LL

9

8.0
1.0e-11
69.723
1.093

-143.0

0.023522

-0.013420

-0.007088

1373.9900
1.000

V1609Ca
1819

2004:082
043849.00
044000.00
043925.00

2004:107:142500

2004:232:084504

12h29m51.0190s
+28˚07’49.650"

Fringe quality

SNR
PFD
Intg.time
Amp
Phase
Sbdelay (us)

Mbdelay (us)

Fr. rate (Hz)

Ref freq (MHz)

AP (sec)

Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr. date:

Fourfit date:

Position (J2000)

Amp. and Phase vs. time for each freq., 71 segs, 1 APs / seg (1.00 sec / seg.), time ticks 2 sec

U
Validity

L

Parity

U
Bias

L

U
Level

L

B (SU 4)
A (SU 5)

B A

B A

B A

1373.99 Freq (MHz)
-155.6 Phase
1.3 Ampl.
129.4 Sbd box
71/71 APs usedU/L
10:10 PC freqsB:A
15:35 PC phaseB:A
0:0 Manl PCB:A
48:29 PC ampB:A
L1L,L0L Chan idsB 10,12,14,16,2,4,6,8
L1L,L0L Chan idsA 10,12,14,16,2,4,6,8

1389.99
-120.5
1.2
129.9
71/71
10:10
8:71
0:0
57:29
L3L,L2L
26,28,30,32,18,20,22,24
L3L,L2L
26,28,30,32,18,20,22,24

1405.99
-150.5
0.6
14.9
71/71
10:10
26:-161
0:0
35:26
L5L,L4L
11,13,15,17,3,5,7,9
L5L,L4L
11,13,15,17,3,5,7,9

1421.99
-146.8
1.4
129.8
71/71
10:10
124:10
0:0
31:20
L7L,L6L
27,29,31,33,19,21,23,25 Tracks
L7L,L6L
27,29,31,33,19,21,23,25 Tracks

All
-143.0

1.1
129.8

Group delay (usec)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-9.00984191399E+03
-9.00980497189E+03
-9.00982878324E+03
-9.14785366807E-01

-234.0

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-9.00982849423E+03
-4.5799999E+01
0.0000000E+00

-9.14780213751E-01
7.19574477803E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-1.34198E-02
2.35223E-02

-2.89002E-04
-5.15306E-06

-143.0

+/-
+/-
+/-
+/-
+/-

1.1E-03
4.3E-03
1.4E-05
7.1E-07

7.2
RMS Theor. Amplitude 1.093 +/- 0.136 Pcal mode: NORMAL,  NORMAL

ph/seg (deg) 36.7 59.9 Search (256X16) 1.050 Pcal rate: -7.819E-09,  -2.038E-09  (us/s)
amp/seg (%) 99.4 104.5 Interp. 1.054 Bits/sample: 2
ph/frq (deg) 13.3 12.4 Inc. seg. avg. 1.096 Sample rate(MSamp/s): 16
amp/frq (%) 26.8 21.6 Inc. frq. avg. 1.091 Data rate(Mb/s): 256 nlags: 128

Control file: cf_1819    Input file: /.amd_mnt/ccc/root/data/1819/082-0438_122951+074/BA..quqqoy    Output file: /.amd_mnt/ccc/root/data/1819/082-0438_122951+074/BA.L.2.quqqoy

Mk4 Fringe Plot 122951+074.qvlfqn, 082-0438_122951+074, BA
EFLSBERG - ARECIBO, fgroup L, pol RR

9

9.8
1.1e-18
69.866

1.316
-86.4

0.034530

-0.014061

-0.005442

1373.9900
1.000

V1609Cb
1830

2004:082
043849.00
044000.00
043925.00

2004:124:081833

2004:232:133559

12h29m51.0190s
+28˚07’49.650"

Fringe quality

SNR
PFD
Intg.time
Amp
Phase
Sbdelay (us)

Mbdelay (us)

Fr. rate (Hz)

Ref freq (MHz)

AP (sec)

Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr. date:

Fourfit date:

Position (J2000)

Amp. and Phase vs. time for each freq., 71 segs, 1 APs / seg (1.00 sec / seg.), time ticks 2 sec

U
Validity

L

Parity

U
Bias

L

U
Level

L

B (SU 4)
A (SU 5)

B A

B A

B A

1373.99 Freq (MHz)
-103.5 Phase
0.8 Ampl.
51.0 Sbd box
71/71 APs usedU/L
10:10 PC freqsB:A
108:103 PC phaseB:A
0:0 Manl PCB:A
58:37 PC ampB:A
L1R,L0R Chan idsB 10,12,14,16,2,4,6,8
L1R,L0R Chan idsA 10,12,14,16,2,4,6,8

1389.99
-79.6
1.7
130.1
71/71
10:10
-144:-125
0:0
79:44
L3R,L2R
26,28,30,32,18,20,22,24
L3R,L2R
26,28,30,32,18,20,22,24

1405.99
-71.6
1.3
130.2
71/71
10:10
-14:104
0:0
41:37
L5R,L4R
11,13,15,17,3,5,7,9
L5R,L4R
11,13,15,17,3,5,7,9

1421.99
-96.9
1.6
130.2
71/71
10:10
62:-95
0:0
44:34
L7R,L6R
27,29,31,33,19,21,23,25 Tracks
L7R,L6R
27,29,31,33,19,21,23,25 Tracks

All
-86.4

1.3
130.1

Group delay (usec)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-9.00984255529E+03
-9.00979396409E+03
-9.00982866900E+03
-9.14784174442E-01

-177.5

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-9.00982849423E+03
-4.5799999E+01
0.0000000E+00

-9.14780213751E-01
7.19574477803E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-1.40611E-02
3.45301E-02

-1.74770E-04
-3.96069E-06

-86.4

+/-
+/-
+/-
+/-
+/-

9.1E-04
3.5E-03
1.2E-05
5.8E-07

5.8
RMS Theor. Amplitude 1.316 +/- 0.134 Pcal mode: NORMAL,  NORMAL

ph/seg (deg) 37.1 48.9 Search (256X16) 1.264 Pcal rate: 5.760E-09,  5.995E-09  (us/s)
amp/seg (%) 90.4 85.3 Interp. 1.267 Bits/sample: 2
ph/frq (deg) 12.8 10.1 Inc. seg. avg. 1.377 Sample rate(MSamp/s): 16
amp/frq (%) 25.9 17.7 Inc. frq. avg. 1.318 Data rate(Mb/s): 256 nlags: 128

Control file: cf_1830    Input file: /.amd_mnt/ccc/root/data/1830/082-0438_122951+074/BA..qvlfqn    Output file: /.amd_mnt/ccc/root/data/1830/082-0438_122951+074/BA.L.2.qvlfqn

Mk4 Fringe Plot 122951+074.qvlfqn, 082-0438_122951+074, BA
EFLSBERG - ARECIBO, fgroup L, pol RR

9

9.8
1.1e-18
69.866
1.316
-86.4

0.034530

-0.014061

-0.005442

1373.9900
1.000

V1609Cb
1830

2004:082
043849.00
044000.00
043925.00

2004:124:081833

2004:232:133559

12h29m51.0190s
+28˚07’49.650"

Fringe quality

SNR
PFD
Intg.time
Amp
Phase
Sbdelay (us)

Mbdelay (us)

Fr. rate (Hz)

Ref freq (MHz)

AP (sec)

Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr. date:

Fourfit date:

Position (J2000)

Amp. and Phase vs. time for each freq., 71 segs, 1 APs / seg (1.00 sec / seg.), time ticks 2 sec

U
Validity

L

Parity

U
Bias

L

U
Level

L

B (SU 4)
A (SU 5)

B A

B A

B A

1373.99 Freq (MHz)
-103.5 Phase
0.8 Ampl.
51.0 Sbd box
71/71 APs usedU/L
10:10 PC freqsB:A
108:103 PC phaseB:A
0:0 Manl PCB:A
58:37 PC ampB:A
L1R,L0R Chan idsB 10,12,14,16,2,4,6,8
L1R,L0R Chan idsA 10,12,14,16,2,4,6,8

1389.99
-79.6
1.7
130.1
71/71
10:10
-144:-125
0:0
79:44
L3R,L2R
26,28,30,32,18,20,22,24
L3R,L2R
26,28,30,32,18,20,22,24

1405.99
-71.6
1.3
130.2
71/71
10:10
-14:104
0:0
41:37
L5R,L4R
11,13,15,17,3,5,7,9
L5R,L4R
11,13,15,17,3,5,7,9

1421.99
-96.9
1.6
130.2
71/71
10:10
62:-95
0:0
44:34
L7R,L6R
27,29,31,33,19,21,23,25 Tracks
L7R,L6R
27,29,31,33,19,21,23,25 Tracks

All
-86.4

1.3
130.1

Group delay (usec)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-9.00984255529E+03
-9.00979396409E+03
-9.00982866900E+03
-9.14784174442E-01

-177.5

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-9.00982849423E+03
-4.5799999E+01
0.0000000E+00

-9.14780213751E-01
7.19574477803E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-1.40611E-02
3.45301E-02

-1.74770E-04
-3.96069E-06

-86.4

+/-
+/-
+/-
+/-
+/-

9.1E-04
3.5E-03
1.2E-05
5.8E-07

5.8
RMS Theor. Amplitude 1.316 +/- 0.134 Pcal mode: NORMAL,  NORMAL

ph/seg (deg) 37.1 48.9 Search (256X16) 1.264 Pcal rate: 5.760E-09,  5.995E-09  (us/s)
amp/seg (%) 90.4 85.3 Interp. 1.267 Bits/sample: 2
ph/frq (deg) 12.8 10.1 Inc. seg. avg. 1.377 Sample rate(MSamp/s): 16
amp/frq (%) 25.9 17.7 Inc. frq. avg. 1.318 Data rate(Mb/s): 256 nlags: 128

Control file: cf_1830    Input file: /.amd_mnt/ccc/root/data/1830/082-0438_122951+074/BA..qvlfqn    Output file: /.amd_mnt/ccc/root/data/1830/082-0438_122951+074/BA.L.2.qvlfqn

Mk4 Fringe Plot 135717+355.ququqp, 082-0606_135717+355, BA
EFLSBERG - ARECIBO, fgroup L, pol LL

9

10.4
4.6e-21
68.876

1.459
-148.4

0.018586

-0.007886

-0.009387

1373.9900
1.000

V1609Ca
1819

2004:082
060620.00
060730.00
060655.50

2004:107:172813

2004:232:085335

13h57m17.1650s
+28˚35’56.250"

Fringe quality

SNR
PFD
Intg.time
Amp
Phase
Sbdelay (us)

Mbdelay (us)

Fr. rate (Hz)

Ref freq (MHz)

AP (sec)

Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr. date:

Fourfit date:

Position (J2000)

Amp. and Phase vs. time for each freq., 70 segs, 1 APs / seg (1.00 sec / seg.), time ticks 2 sec

U
Validity

L

Parity

U
Bias

L

U
Level

L

B (SU 4)
A (SU 5)

B A

B A

B A

1373.99 Freq (MHz)
-156.5 Phase
1.9 Ampl.
129.9 Sbd box
70/70 APs usedU/L
10:10 PC freqsB:A
14:6 PC phaseB:A
0:0 Manl PCB:A
47:29 PC ampB:A
L1L,L0L Chan idsB 10,12,14,16,2,4,6,8
L1L,L0L Chan idsA 10,12,14,16,2,4,6,8

1389.99
-136.5
1.2
129.3
70/70
10:10
9:42
0:0
57:29
L3L,L2L
26,28,30,32,18,20,22,24
L3L,L2L
26,28,30,32,18,20,22,24

1405.99
-131.0
1.0
129.0
70/70
10:10
24:170
0:0
35:25
L5L,L4L
11,13,15,17,3,5,7,9
L5L,L4L
11,13,15,17,3,5,7,9

1421.99
-158.0
1.8
129.5
70/70
10:10
123:-19
0:0
31:19
L7L,L6L
27,29,31,33,19,21,23,25 Tracks
L7L,L6L
27,29,31,33,19,21,23,25 Tracks

All
-148.4

1.5
129.6

Group delay (usec)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

-8.89837526209E+03
-8.89834879071E+03
-8.89836767637E+03
-9.09325672329E-01

-73.3

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

-8.89836737627E+03
-4.5799999E+01
0.0000000E+00

-9.09318841834E-01
7.17248901013E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

-7.88582E-03
1.85856E-02

-3.00094E-04
-6.83050E-06

-148.4

+/-
+/-
+/-
+/-
+/-

8.6E-04
3.3E-03
1.1E-05
5.5E-07

5.5
RMS Theor. Amplitude 1.459 +/- 0.141 Pcal mode: NORMAL,  NORMAL

ph/seg (deg) 35.2 46.0 Search (256X16) 1.364 Pcal rate: 6.783E-09,  8.084E-09  (us/s)
amp/seg (%) 81.4 80.2 Interp. 1.368 Bits/sample: 2
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Figure 2: Single-band delay (GREEN) and fringe-rate (RED) functions for the 5 detected

sources with the lowest listed flux densities in the FIRST catalogue (1.03, 1.11, 1.21, 1.27

and 1.28 mJy). (Left) RHC Polarization; (Right) LHC Polarizat ion



• Detection need not imply it is a “COMPACT SOURCE”.

• Rather, that the source contains COMPACT COMPONENT(S)

visible at this particular baseline orientation.

• Dependence of detection rate on FIRST catalogue flux-density

• Divide target sources into 4 flux-density bins with equal source numbers

Quartiles: 1.41 2.24 4.86 mJy



Figure 3: Histogram of detected sources (8-sigma)



Figure 4: Histogram of detected sources (8-sigma), estimated for polarization-added data



8 Work in Progress

• Analyse the remaining 75 % of data

• Amplitude calibration examine visibility vs. SFISRT

• Refine fringe-search windows

reduce windows to lower detection threshold below 8σ

• Add RHC and LHC data to lower detection threshold

• Examine position differences from FIRST catalogue using

delay/rate resolution

FIRST positions have accuracies of 1” or better



Figure 5: Fringe-rate (0.17”) and Delay (2”) resolutions



• Investigate variability of FIRST sources (γ > 1 ?)

• Search of primary beam for further, weaker sources

Ar–Eb is 40 % more sensitive than the FIRST observations

so one can look for new sources and investigate the completeness

of the FIRST survey

• Follow-up observations of detected sources to determine structure,

spectrum and optical identification


