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& Standard Data Products ASTRON
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 Standard Imaging
— Visibilities
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— Image Cubes
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— Calibration model parameters
— Sky models (LSM/GSM)

xid /Ar)

o
o
(1o

J2000 Declination
>
uoisuadsy bry 000Zr

« Known Pulsars

— Beam-formed time series

—_ _ 0 0°
Frequency-phase cubes I

— Dynamic spectra

— Pulse profiles
« VHECR

— TBB time series
— Dynamic spectra

— Near-field image cubes
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S RM Synthesis Data Cubes ASTRON

(RA, Dec, RM, pol)
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(courtesy E. Carretti and G. Bernardi)
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X .
S Cosmic Ray Image Cubes ASTRON

e Cosmic Ray Air Showers produce
radio pulses as liberated electrons
spiral in the earth’s magnetic field

(geosynchrotron emission)

e Pulse can be imaged as a function

position, frequency, and time
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& Known Pulsars ASTRON

000 X HDFView
File Window Tools Help

=0 ens

File/URL ”/nomt/ frep Jusg y/code/trunk/build/dal/B0329.h5 { - L
B0229.n5 [0 0 X! Figure 1 )
9 @ beam000

5 58000

g s8001 45 y

558002

558003 ge

3 sB004

o 35

55 sB00S

TOTAL_INTEGRATION_TIME = 0.0
BREAKS_IN_DATA = 0
DISPERSION_MEASURE = O
NUMBER_OF_SAMPLES = 3735552
SAMPLING_TIME = 0.0

NOTES = Test data for pulsar suney
NUMBER_OF_BEAMS = 24
SUB_BEAM_DIAMETER = O
WEATHER_TEMPERATURE = 0
WEATHER_HUMIDITY = O

TSYS = 0,32767,6614577

Im Metadata

5 sB006
f 5 sBo07
3 seoos
N 5 58009
2558010
g5 spo11
| 8558012
y 1
B0329.15
Group size = 1
Number of attributes = 29
/ FILENAME = 80329.h5
TELESCOPE = LOFAR
NUMBER_OF STATIONS = 1
DATATYPE =
EMBAND =
SOURCE = AB,C,D
OBSERVATION_ID =
PROJID =
POINT _RA = A g =
PONT.BEC - 2IOIO|+ | &a|
OBSERVER =
EPOCH_MJD = 0.0
EPOCH_DATE =
EPOCH_UTC =
EPOCH_LST =
MAIN_BEAM_DIAM = 0
CENTER_FREQUENCY = 0
BANDWIDTH = 0
\ /

Beam-formed data product
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@ LOFAR

Pulsar Data

ASTRON

2 Pulses of Best Profile

Search Information
Caondidote: 714.50ms_Cand RA poog = 03:32:59.0000 DEC 5000 = 54:34:43.0000
Telescope: GBT Best Fit Parameters
Epochy,,, = 50000.00101750708  Reduced }* = 17.113 P(Noise) < 1.17e~184 (w29.00)
Epochy,,, = 50000.00485330322 Dispersion Mecsure (DM) = 26.812
T

= 0.00065536 P, (Ms) = 714.4167(28 Poary (Ms) = 714.4607(28

Reduced 2

Reduced ¥*

F=dot = 1.4171e=11 (Hz)

Doto Folded = 2555904 P!::’° (s/s) = 0.0(1.3)x10" P bory (s/s) = 0.0(1.3)x10™
Dota Avg = 76.21 P opo (8/87) = 0.0(5.1)x107"" P * (s/s%) = 0.0(5.1)x107""
Dota StdDev = 2573 Binary Parometers
' ) Profile Bins = 64 Pos (5) = N/A e = N/A
Profile Avg = 2.97e+06 a,sin(i)/c (s) = N/A w (rod) = N/A
" Profile StdDev = 5.142e+05 Teen = N/A
- ] v T v T v T v T v T T T N
o
g je
2 8 -3 {e
© . 5107 0 TS A
o ol P-dot + 7.2334e-12 (s/s)
2 -23
s f “? T T T ] g
o = 3 - B 9 g 42
8 ¥ 7§ 4 jo
— - o (.
\?, 8 " A o
8 o 0.2 ) -0.2
g % - Period ~ 714.45594755 (ms)
= §
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0 0.5 1 15105 0 26 27 28 a 02 0
Phase Reduced xz DM Period — 714.45594755 (ms)
B80329+54_080911_zenith.sub000 12-Sep-200

B0329+54 (courtesy J. Hessels)
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TBB Time Series ASTRON

d HDFView <@bang> -5 X
File Window Tools Help

S ean

File/URL /scratch/jmasters/lopes.hS -

TR 2f S fad o
] :':' JR, 1S I [[¥ Page 1 of 4  TableView - /scratch/jmasters/dcia timing. test/single_baseline.h’ - /data ' I Tableview - /sc. @ &
R man i B SPSPEFIFY 1 .
L we i KGN rwe )
single_baseline hS —
£ owa S
B freg 0 3 DATA
2 1 ~12 -
’ r [ r
i ime 0.024080_../0.0 0.08 : 2 4 A
B opes.hS =T 3 35
13000 4 ~14
¥ S -21
R 2TENNAD [ -4
[T ANTENNAL . & ; ?,
R ANTENNALO Table [m] 9 %
I 2nTENNALY 2.2 = |11567578125E8 10 >3
: J 11 -12
IR ~mennal2 v 12 -3
MR anTENNALS S 1 13 12
23 AL 2 1 14 1
MR anTeENNALS — 1 15 ~14
R ~anTENNALS 4 1 16 19
MR anTENNALE [ I 1 17 3
S ; 3 1 18 |-19
FR anTENNALY 2 1 19 ~18
HR anTENNALS 8 1 20 g
- s 1 RES1C
R anTENNALS - 22 |0
10 | 1
i aNTENNA2 11 ). |1 T
B2 20 Y 12 1 24 11
N ANTENNAZO 1 1 2% 11
T anTENNAZ L g 11 26 -3
" T 27 =23
LT » Y
ik ANTENNAZ2 W - 28 >
m‘. JNTENNA23 = ol AN EPIOL =51 T 53 1%
oo 129
g SIheE ncsa un @ gva-mmi/h
ITableView = Jscr fimasters/dcia_ timn
TableView - [scrarch/ masters /acka_tmin
[TaDleView - fscratch/ masters fdcia tmn
TadleView - J ch/masters fdcia_timnin
[TaDIeView - | h/masters foca tenmn
TableView « J /imasters jdcia_timn
Ta0leView - ACh/ masters foca_ tinn
TableView = fscratch/imasters/dcia_timnd =126 - - - - o = - - -
TaDIeVIew - /SCratch) masters (dcia tian 1 6554 13108 19661 26215 32769 39322 45876 52429 SEI83 63537
TableView = jscratch/ master es.hS
Close

TadleView - [scratch/ masters)

Log Info  Metadata
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S Dynamic Spectra ASTRON

JupiterCS5010¢c_20080410_down128.h5
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Jupiter bursts (courtesy J.-M. Griefsimeier)
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Data Descriptions ASTRON

LLOFAR Common Headers

— Minimum observation information (observer, OBSID, erc.)
— Coordinates, data scales, etc.

— Definitions for all data products (ICDSs)

Image Headers

— LOFAR specific (sky, RM, near-field, etc.)

— FITS versions for 2D (3D?) slices

Updated MS Description

— Extension of MS2.0 for phased-arrays (SKA?)

— Keyword updates? Flag bit-masks? Etc., etc.

« Modification Tracking
— Changes logged to header

ASTRON 11 LOFAR Data School, 10 Feb 2009




Data Descriptions

ASTRON

Common header info

3.2.2 LOFAR common metadata
[— | FIELD/KEYWORD Type  UNIT Description
B0329.h5
Group size = 1 TELESCOPE string — Name of the telescope
Number of attributes = 29 OBSERVER string — Name(s) of the observer(s)
FILENAME = B0329.h5 i . . . .
TELESCOPE = LOFAR PROJECT_ID string — Unique identifier for the project
NUMBER_OF_STATIONS = 1 PROJECT_NAME string — Name of the project
| el PROJECT_DESCRIPTION string —  Brief project description
SOURCE = AB,C,D OBSERVATION_ID string — Unique identifier for the observation
ggg?‘l;'“f'o"'-'o = OBSERVATION_MODE string — Observation mode (i.e.  Mode 1: 30-90MHz,
POINT _RA = Mode 2: 120-190MHz etc.)
POINT _DEC =
OBSERVER =

| Loginfo | Metadata

EPOCH.MJD = 0.0

EPOCH_DATE =

EPOCH_UTC =

EPOCH_LST =

MAIN_BEAM _DIAM = 0
CENTER_FREQUENCY = 0
BANDWIDTH = O
TOTAL_INTEGRATION_TIME = 0.0
BREAKS_IN_DATA = 0
DISPERSION_MEASURE = 0
NUMBER_OF_SAMPLES = 3735552
SAMPLING_TIME = 0.0

NOTES = Test data for pulsar survey
NUMBER_OF_BEAMS = 24
SUB_BEAM _DIAMETER = 0
WEATHER_TEMPERATURE = 0
WEATHER_HUMIDITY = O

TSYS = 0,32767,6614577

Beam-formed data header

ASTRON 12
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Data Formats ASTRON

Visibility Data
« Continue to support CASA MS sets
« Native support for CASA tables and HDF5
« No FITS support (except through translators)

«  MS 3.0 specification under development

Image Cubes
« Native support for CASA tables and HDF5
« Support for both already in casacore, DAL

« FITS supported provided through translators

Time Series
« BF and TBB time series stored as HDF5 tables
« Support for PRESTO pulsar formats
« Support for ROOT, LOPES, etc.

ASTRON LOFAR Data School, 10 Feb 2009



Current ICDs

ASTRON

Data

Formats

ICD

1/0

Availability

Time series HDF5

1.0

R+W

Now

Beam-formed HDF5

1.0

R+W

Now

Image cubes CASA/HDF5

1.0

R+W

Now

UV data

CASA/HDF5

2.0/0.0

R+W/R

Q2 09

Supporting several formats

CASA measurement sets, tables (CASA4CORE)

FITS images, tables (CFITSIO)

HDFS5 tables, image cubes (HDF510)

Raw telemetry formats (7BB, beam-formed, etc..)

LOPES, ROOT, PRESTO, etc...

ASTRON
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Sky Model Database ASTQRON

GSM stored as a database (MySQL, PostgreSQL, MonetDB)
Many predictive functions implemented in database
Python interfaces provided for database access

Simulated maps created using external tools (SKP, N. Mohan)

GSM - Expected Lightcurves
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LLOFAR Archive ASTRON

-« € i 4+ | @O hup//lofar.test.astro-wise.org/Lofar

[0 MacRumors Versiontracker Mac (26)v Shoppingv News (2953)v Babel Fish Bankingy Travelv Torrents cience v

Observation ID

Coordinate RA DEC
Observation Date 0000-00-00
Observer Name

Frequency

TimeSeries

BeamFormed
Visibility

Collaboration with
ASTRO-WISE

ASTRON LOFAR Data School, 10 Feb 2009



LLOFAR Archive ASTRON

« ¢ i<+ | @ hup://lofar.test.astro-wise.org/Lofar ~Q-

[} MacRumors Versiontracker Mac (26)v Shoppingy News (2953)v Babel Fish Bankingv Travelv Torrentsv Sciencey LOFARY

« ¢ i+ O hup://lofar.test.astro-wise.org/Lofar?latest = 1&product = Visibility&submitted =1 ~(Q-

[ MacRumors Versiontracker Mac (26)v Shoppingv News (2953)v Babel Fish Bankingv Travelv Torrentsv Sciencey LOFARY

AN

< C i+ o hup//lofar.test.astro-wise.org/Lofar?object_id=5CIAA881304DOF62E0407D81E30E25D ~ Q-

Lofar Archive @ Lorentz Center - The fir...

[ MacRumors Versiontracker Mac (26)v Shoppingv News (3069)v Babel Fish Bankingy Travelv Torrentsv Sciencev LOFARY

Project Creator Observation ID # Corr #]

AL AWWVRIEND 558144
ALL 2 162112
ALL 0 243168
ALL 226984
AL AWWVRIEND 243168
ALL  AWWVRIEND
AL AWWVRIEND
ALL RIEND
AL AWWVRIEND
ALL AWWVRIEND
ALL AWWVRIEND b Sub
ALL  AWWVRIEND 3 . Project Creator Observation o4 # corr Start Date End Date Pointing Frequency; Iy
AL AWWVRIEND Version L 10 Ra,Dec  [MHz]
ALLS CAWWVRIEHD COMMISSION AWWVRIEND 2.0 5339 0 981240 Feb 2008 16:17:01 04 Feb 2008 04:47: ) 1156
AL AWWVRIEND 343360 COMMISSION AWWVRIEND 2.0 5339 1 981240 256 1 Feb 2008 16:17:01 04 Feb 2008 04:47 rrY 117.6
COMMISSION AWWVRIEND 2.0 5339 2 981240 r Fob 2008 16:17:01 04 Feb 2008 04:47: 119.5
COMMISSION AWWVRIEND 2.0 5339 981240 Feb 2008 16:17:01 04 Feb 2008 04 -3.1, 1215
COMMISSION AWWVRIEND 2.0 5339 981240 Feb 2008 16:17:01 04 Feb 2008 04:47: E 123.4
COMMISSION AWWVRIEND 2.0 5339 961240 Feb 2008 16:17:01 04 Feb 2008 04 : 125.4
COMMISSION AWWVRIEND 2.0 5339 981240 Feb 2008 16:17:01 04 Feb 2008 04:47: [T 127.3
COMMISSION AWWVRIEND 2.0 5339 981240 J Feb 2008 16:17:01 04 Feb 2008 04:. ¥ 129.3
COMMISSION AWWVRIEND 2.0 5339 8 981240 Feb 2008 16:17:01 04 Feb 2008 04:47: z 131.2
COMMISSION AWWVRIEND 2.0 5339 5 981240 Feb 2008 16:17:01 04 Feb 2008 04: 133.2

. . COMMISSION AWWVRIEND 2.0 5339 981240 Feb 2008 16:17:01 04 Feb 2008 04:47: 135.2
‘ O aboratlon Wlth COMMISSION AWWVRIEND 2.0 5339 981240 Feb 2008 16:17:01 04 Feb 2008 04 137.1

COMMISSION AWWVRIEND 2.0 5339 2 981240 ” Fob 2008 16:17:01 04 Feb 2008 04:47: 139.1

SS!
SSION AWWVRIEND 2.0 5339 3 981240 Feb 2008 16:17:01 04 Feb 2008 04 -3.1, 141.0

AS TRO _WIS E CON“I{SS%O?\ AWWVQ?E“D 2.0 533? ?91%40 Feb ‘ZDDB. 16:17:01 04 Feb 2008 04:47: 143.0
(courtesy W.-J. Friend and J. McFarland)

VENOY S WN -
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[LOFAR Archive ASTRON

Collaboration with

ASTRO-WISE
(courtesy W.-J. Friend and J. McFarland)
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LLOFAR Archive

ASTRON

UV coverage for L2008_05339_SB18.MS

600 T T T
_— 400}
MS  Observation >v # & Pointing Frequency
P c Band # Corr Plots Start Date End Date ¥
et S 10 ond #C€O Ereq cat = Ra,Dec  [MHz]
1 COMMISSION AWWVRIEND 2.0 5339 o 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 115.6 [
2 COMMISSION AWWVRIEND 2.0 5339 1 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 117.6 ( 200}
3 COMMISSION AWWVRIEND 2.0 5339 2 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 119.5 L{
4 COMMISSION AWWVRIEND 2.0 5339 3 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 1215 (
5 COMMISSION AWWVRIEND 2.0 5339 4 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 123.4 (
6 COMMISSION AWWVRIEND 2.0 5339 H] 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 125.4 [{ —
7 COMMISSION AWWVRIEND 2.0 5339 6 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 127.3 ( >I o}
8 COMMISSION AWWVRIEND 2.0 5339 7 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 129.3 ( =
9 COMMISSION AWWVRIEND 2.0 5339 8 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 131.2 (
10 COMMISSION AWWVRIEND 2.0 5339 9 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 133.2 (
11 COMMISSION AWWVRIEND 2.0 5339 10 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 135.2 Ll
12 COMMISSION AWWVRIEND 2.0 5339 11 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 137.1 ( 200}
13 COMMISSION AWWVRIEND 2.0 5339 12 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 139.1 (
14 COMMISSION AWWVRIEND 2.0 5339 13 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 141.0 (
15 COMMISSION AWWVRIEND 2.0 5339 14 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 143.0 (
16 COMMISSION AWWVRIEND 2.0 5339 15 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 1449 [
17 COMMISSION AWWVRIEND 2.0 5339 16 981240 256 1 uv 01 Feb 2008 04 Feb 2008 04:47:56 -3.1, 1.6 146.9 (
18 COMMISSION AWWVRIEND 2.0 5339 17 981240 256 1 uv 01 Feb 2008 1 04 Feb 2008 04:47:56 -3.1, 1.6 148.8 ( -400}1
19 COMMISSION AWWVRIEND 2.0 5339 18 981240 256 1 uv 01 Feb 2008 04 Feb 2008 04:47:56 -3.1, 1.6 150.8 €
20 COMMISSION AWWVRIEND 2.0 5339 19 981240 256 1 uv 01 Feb 2008 16:17: 04 Feb 2008 04:47:56 -3.1, 1.6 152.7 (
21 COMMISSION AWWVRIEND 2.0 5339 20 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 154.7 {
22 COMMISSION AWWVRIEND 2.0 5339 21 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 156.6 { 60
23 COMMISSION AWWVRIEND 2.0 5339 22 981240 256 1 uv 01 Fe 1172 :47: -3.1, 1. Y -
24 COMMISSION AWWVRIEND 2.0 5339 23 981240 256 1w 01 r:: ggg; ;:,:::g; g:::: ;gg: g:,::;:: ;i ;‘: ::g; [ '%00 -400 -200 o 200 400 600
25 COMMISSION AWWVRIEND 2.0 5339 24 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 162.5 ( U('U)
26 COMMISSION AWWVRIEND 2.0 5339 25 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 164.5 (
27 COMMISSION AWWVRIEND 2.0 5339 26 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 166.4 [
28 COMMISSION AWWVRIEND 2.0 5339 27 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 168.4 (
29 COMMISSION AWWVRIEND 2.0 5339 28 961240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 170.3 [
30 COMMISSION AWWVRIEND 2.0 5339 29 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6 172.3 (
31 COMMISSION
2 comnssion [ 17 COMMISSION AWWVRIEND 2.0 5339 16 981240 256 1  uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1,1.6  146.9
% commieeion| 18 COMMISSION AWWVRIEND 2.0 5339 17 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1,1.6  148.8
S22 cmisor] 19 COMMISSION AWWVRIEND 2.0 5339 18 981240 256 1  uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1,1.6  150.8
20 COMMISSION AWWVRIEND 2.0 5339 19 04 Feb 2008 04:47:56 -3.1,1.6  152.7
21 COMMISSION AWWVRIEND 2.0 5339 20 01 04 Feb 2008 04:47:56 -3.1,1.6  154.7
Size 8290273280 bytes (7.7 GB) ’
22 COMMISSION AWWVRIEND 2.0 5339 21 | b3gb3307058a031a438221 261 760ch36 6r245eg (01 0% FED 2008 04:47:56 -3.1,1.6  156.6
23 COMMISSION AWWVRIEND 2.0 5339 22| o ed 12 Nov 2008 21:56: 13 01 04 Feb 2008 04:47:56 -3.1,1.6  158.6
24 COMMISSION AWWVRIEND 2.0 5339 23 = 01 04 Feb 2008 04:47:56 -3.1,1.6  160.5
25 COMMISSION AWWVRIEND 2.0 5339 24 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1,1.6  162.5
26 COMMISSION AWWVRIEND 2.0 5339 25 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1, 1.6  164.5
27 COMMISSION AWWVRIEND 2.0 5339 26 981240 256 1  uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1,1.6  166.4
28 COMMISSION AWWVRIEND 2.0 5339 27 981240 256 1 uv 01 Feb 2008 16:17:01 04 Feb 2008 04:47:56 -3.1,1.6  168.4

Collaboration with
ASTRO-WISE

(courtesy W.-J. Friend and J. McFarland)
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