-\&\\

Analyzing LOFAR
Beam-Formed Data

Jason Hessels
(ASTRON/UVA)

!

LOFAR Data Processing School
ASTRON - Feb. 11, 2009




Outline

: what it is,
format.
. basic
access/inspection of these data for system
checks and to build analysis tools.

. existing (scientific) software
packages for analysis.

. where we want to go; what we
need to do.
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Some Terms

Aperture Array

Synthesized beams
Station antenna patterns

Element antenna pattern

. hon-imaging
data, generally with high time and
frequency resolution. Also termed
“pulsar” data or “timeseries” data.

. the
signal (e.g. Stokes [) as a function of
time at a given central frequency.
This can be the combination of many
spectral channels in which a
correction for dispersive delay has
also been applied.

. a
collection of timeseries at a range of
discrete frequency bands.

. two large,
previously existing suites of pulsar
search and reduction routines.

LOFAR Data Processing School - Feb. 11, 2009




Raw data: Format

- HDF 5 (Hierarchical Data Format):
flexible file format for raw beam-formed
(and other) LOFAR data.

» Keeps track of data (and derived data

products?) across file systems.
Important for large (>1TB) data sets.

» Extensive LOFAR header structure
defined (easily extended and modified in
future... input welcome!).
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Raw data:

Visualization

 Existing tools for
visualizing and readin
HDF5 (e.g. VISIVO).

jupiterCSOlOc,20080410,&‘ TableView - /hi

@ @ beamooo Table

sl

B seo00
ER seool

1,1 =

2100 T

ER seooz

TOT+

2.10

Ef seo0z

3.22

ER sBo04

158

121

ER sBo0S

3.08;

E sBO0E

3.03

3.08:

E% sBoo7

3.03

F% sBo0s

3.08!

E% sBo0S

3.02

3.08i

ER sBO10

3.03

308

ER sBO11

0.0

Ef sBo12

3.03

HR SBO12

3 08

3.03

E§ sBo14

£ sB015

f§ sB016

g5 se0l7

Hise018

B se019

B se020

B se021
g se022
¥y -Taleled

727741
FE20686.
756483
720954
773559
764350
780912
751000
713707
750928
756623
747906,
760195
737156
758500
734824
755632
731170
720616
755561
705369
717354
743894
739801

Di[753355.5

781603.44
76504675
7EO968.7

7E0553.06

743537.0

770496 25

792510.0

7726011

746626.44

TE4963.6

777235.9

759679.56
820054.6
775892.2

7582631

808533.2

762155.06

770824 44

TEE019.9

761379.3

T9T975.25

7PT5EH.0
767086.9
787846.2

TT4E79.44

IEFErTEwYE

Compound/vdata, 1520

Mumber of attributes = 5
CLASS = TABLE
WERSION = 2.0
TITLE = beam000/SEQLE
FIELD_0O_MNAME = TOTAL_INTEMSITY
CEMTER_FREQUEMCY = 25468750

Metadata

LOFAR Data Processing School - Feb. 11, 2009




CURRENT STATUS
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# lustibinfeny python

fram pydal import *
from scipy import *

import sys

from pylab impor *
uﬂmmm
dewnsamgle(vector, Tacter):

anou.mmmmmwhm-

of @ vector by an integer factor,
if flenfvector) % factor):

m'mﬁwummmwwudrﬂ

mm reshape{vestor, (ler{vestoryfactor, facter))
raturm add. reduce(newvestor, 1)

# Tha BeamFormed object represents the file.
# The paramater is the name of the beam-formead file.

if (len{sys.amgv) > 1)
ll = BeamFormed{sys.amgv] 1]}

pfii Please provide a beam-formed hdfS file as input.®
sys.axit(1)

# get beam 0
bam =

n_samples = 512 * 128
for subband in range{24 )
start = 0
downsampled_data = amay([],T)
rangal2200):
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Data Access:

Data Access Layer (DAL)

* Library of routines to read LOFAR
HDF5 beam-formed data (C++).

* Handy python module called “pydal”

(python implementation of C++ code).

» Can use DAL to e.g. read headers,
build basic tools (bandpass, timeseries)
and reduction steps, link with other
software made very easy.




HDFD QUICK LOOK

python

from pydal import *
file = BeamFormed(“myfile.h5")

file.summary()
beam = file.getBeam(0)
data = beam.getSubbandData XY( 5, 0, 100 )

file.number of beams()

file.point ra()

Wispn N o N N W o B0 N Pl

file.number of samples()

Excellent for visualizing data, building analysis scripts, and linking to
existing reduction packages.



Raw data: Initial Reduction and
Customization of Data Products

 Output total power (e.g. pulsar search) or full Stokes.
 Allow downsampling of powers.

* Create ~16-256 channels per subband at the expense of
the native time resolution.

* Directly provide (coherently) dedispersed timeseries
(prohibitive in realtime for pulsar search) and/or folded
profiles.

* Provide multiple tied-array beams.




Raw data: Customizing, Initial
Reduction

Tied-Array Header
Observation

Processing
“Full-res™ data Results _
Summed or Stokes . Dedispersed
chan., down. Timeseries
Quicklook
Data




Linking Software

- Excise REFI.

 Create dynamic spectra.

« Search for bursts.
« Coherently dedisperse.
 Fold data.

* Measure polarization.

« Search for periodicities.




Single pulse results for 'BO323+54_080411"
Source: B0O325+54 Ra [JZo00): [0.3:32:553.00040 N zomples: 1650954
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Results of Pulsar “Busy Week”

Pulsars other than B0329+54 detected for the
first time with LOFAR

|I OM = 5 pc em ™~
II' |I | rl |1 | '"
lr 'pl I 1|I I.Illllll ||r J
All these with only 1 HBA tile (1-2 hr integrations)!
Excellent test sources for commissioning

Nice spread in RA so tests can be done at any time

Note with 4 tiles added we can get the same detection in ~1/16
the time (i.e. 5-10 minutes)!




PR BOXYIH+ 54 el LOFAR in twiéaé Sandan (el intarfarenla dacisib ]

Rogd: 1 60kFE
Blcww; 185MHL

...cap’use same
software for full
gtation, two stations
becomes trickier...
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Results of Pulsar "Busy Week”
Successful 2-hr track of B1919+21 with 4 tiles added together

Note that RFI masking could have been done much better here (my laziness...)

2 Pulses of Best BEBIA9+21_081119 trocking_long.sub000 Search Infarmation
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Coming Soon

* Another “Pulsar Busy Week™: 1) implement online data-
taking straight to HDF5 or PRESTO format, 2) further test
tied-array mode.

- Will likely need to extend some of the existing
analysis packages like PRESTO and PSRCHIVE
to optimize them for LOFAR (approximations that
aren’t valid at low frequency?) and write new
software.

» Keep the DAL in mind when developing things.
Don’t reinvent the wheel unless it is a much better
wheel!

LOFAR Data Processing School - Feb. 11, 2009




This afternoon’s exercises:

Exercise 1: Interactively investigate time series and their
Fourier transforms

(.

Reduced ¥
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This afternoon’s exercises:

Exercise 3. Create and investigate dynamic specira.
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