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Transient Buffer Board

RAM Ring buffer for each antenna

Records:
— Raw data (100 MHz) for 5.2 seconds

— 1 to 487 channels of 195.3125 kHz for 5.2 s —42
min.

Frozen and stored after a trigger
Full buffer 192 GB per station
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LOFAR TBB Spectrum of FM band on 2011-07-15
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Beam forming

Resolution ~ Wavelength / Distance

Direction to source
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Beam forming
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Beam forming

in different directions simultaneously
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All-Sky beam forming

Cassiopeia A

NGC 1275

Crab Nebula

M87
Sun

1 LOFAR station, credit Sef Welles



detection

1 LOFAR station,
Only 6 antennas




Localisation of a transient source
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Localisation of a transient source
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TBB All-sky image, 1 station.
Contours 135 MHz, Color 110 MHz
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ooming in

Configuration

Diameter
Resolution 15 MHz
Pointings 15 Mhz
Resolution 45 MHz
Pointings 45 MHz
Resolution 75 MHz
Pointings 75 MHz

Inner
323 m
46.2 deg
39

15.4 deg
348
9.24
967



ooming in

Configuration

Diameter
Resolution 15 MHz
Pointings 15 Mhz
Resolution 45 MHz
Pointings 45 MHz
Resolution 75 MHz
Pointings 75 MHz

Outer
81.3m
18.3 deg
246

6.1 deg
2214
3.66
6149



Zooming in

Superterp

Configuration

Diameter
Resolution 15 MHz
Pointings 15 Mhz
Resolution 45 MHz
Pointings 45 MHz
Resolution 75 MHz
Pointings 75 MHz

Outer
300 m
5.0 deg
3350
1.7 deg
30156
1.0
83727



Image of a pulsar pulse with the
Superterp

J2000 Declination
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ooming in

Configuration

Diameter
Resolution 15 MHz
Pointings 15 Mhz
Resolution 45 MHz
Pointings 45 MHz
Resolution 75 MHz
Pointings 75 MHz

Outer
600 m
2.5 deg
13400
0.85 deg
120624
0.5 deg
334908



ooming in

Configuration Outer
Diameter 2400 m
Resolution 15 MHz 0.6 deg
Pointings 15 Mhz 214400
Resolution 45 MHz 0.21 deg
Pointings 45 MHz 482500
Resolution 75 MHz 0.12 deg
Pointings 75 MHz 1334000

Even sharper: Add remote stations
up to 100 km




ooming in

stations 1|16 1 |

Configuration
Diameter
Resolution 15 MHz
Pointings 15 Mhz
Resolution 45 MHz
Pointings 45 MHz
Resolution 75 MHz
Pointings 75 MHz

Inner
32.3m
46.2 deg
39

15.4 deg
348
9.24 deg
967

Outer
81.3m
18.3 deg
246

6.1 deg
2214
3.66 deg
6149

Outer
300 m
5.0 deg
3350
1.7 deg
30156
1.0 deg
83727

Outer
600 m
2.5 deg
13400
0.85 deg
120624
0.5 deg
334908

Outer
2400 m
0.6 deg
214400
0.21 deg

482500
0.12 deg
1334000



Alternative method

If there is a dominant
signal in your frequency
channel, the phase
difference between two
antennas (stations) will
be constant
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Fig. 3. Close-up of the power spectrum in a frequency range
with several RFI sources. Flagged frequencies are shown in
red; the lower panel shows the phase variance, with the
black horizontal line denoting the threshold for flagging.
Although the RFI-quiet noise level would follow a smooth curve,
fitting the curve and RFT flagging using the excess power are
interdependent.



Alternative method

e If there is a dominant
signal in your frequency
channel, the phase off-
set between two
antennas (stations) will
be constant
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Fig. 2. Example power spectrum from 2ms of LOFAR time
series data (lower curve). The phase variance is shown in the
upper (red) data points. It consistently becomes lower whenever
a narrowband transmitter is seen in the power spectrum.



Alternative method

e If there is a dominant ;
signal in your frequency
channel, the phase off- _.
set between two
antennas (stations) will .,
be constant

Frequency [MHz]

Fig. 1. Example power spectrum from 2 ms of LOFAR data,
averaged over 48 LBA antenna dipoles, with crosses indicating
channels with detected transmitters.



e Digitize
* FFT

(195 kHz)
‘\/- Combine

e Digitize
* FFT
(295 kHz)
\/ e Store TBB
data

Processing chain

Beam forming

o FFT
Stationbeam J (16 kHZ)

e Combine

Tied array CEFT (1 HZ)

Transient Bufffer Board data

o FFT
TBE

0 Combine

Zoom



Numbers TBB (8 min)

Subbands 5 400
Datasize 1 stations 192 GB 15TB
Datasize 24 stations 46TB 370 TB
Datasize Remote stations 3.1TB 246 TB
Datasize Dutch stations 7.7 TB 616 TB
Recording time (slow) 3 hours 10 days
Recording time (fast) 0.5 hours 2 days

Number of antennas Core 1152

Number of antennas Dutch 1920



Numbers beam formed (8 min)

I T 75 MiHz

Subbands 400
Datasize 1 beam 0.537TB
Pointings 214400 1334000
Datasize 114000 GB 707000 GB
Recording time (1 beam) 1190 days 7411 days
Recording time (7 beams) 170 days 1060 days

Recording time (19 beams) 62 days 390 days



When is TBB prefered?

Data size (Core) 1152
Data size (Dutch) 1920
Recording (1 beam) 360
Recording (7 beams) 2520
Recording (19 beams) 6840

Calculations ?



Minimum Detectable EIRP (erg s_l)

[E—
-

[E—
-

[E—
-

[E—
-

[E—
-

[§®]
(e=]

[
~

[
O
T T 17T

[
[ee]
T T T TTTTT

Sensitivity

12 minute integration time; Reference sources at 5 pc
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Other telescopes: Embrace
| Pulsar B0329+54
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Horizon transmitters

* Leakage radiation is
most likely towards the
exo-horizon

e Radiation will vary with
spin of exo-planet

* Different dopplershift
transmitters at different
latitudes
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Conclusions

* Newly developed radio telescope can have the
capability of all-sky recording
* Benefits
— Bad element rejection
— Short observing time
— Limited (initial) data storage
— No need to analyse every position

e Zoom in on significant signals
» Use constant phase offset to identify

— Flexibility in data analysis
* Large computing power required



