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Finding pulsars

. Periodic signal

Emission over the entire bandwidth (almost).

3. non-zero DM

4. Dtoc O L

Point source — only in one beam (or one or two adjacent beams
with reduced S/N) in case of a multi-beam receiver.
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Pulsar Searching

Single Pulse Search

Periodicity Search

Pulsars, RRATs, LB, Perytons

Frequency domain search Time domain search

Pulsars
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Motivation for single pulse search

Existance of nulling pulsars were known. Periodicity searches are
supposed to fail if duration of null is sufficiently long during the time of

observation

Can be applied to other non-periodic/quasi-periodic radio signals:
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Single Pulse Search: PSR J1157-6224 (in PMPS data)
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Algorithm derived as McLaughlin’s Ph.D thesis project:
Cordes & MclLaughlin; 2003, ApJ, 596, 1142.
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Slngle Pulse Search: RRATs

RRATs J1443-60, J1819-1458

oM (pe em)

RRATs J1317-5759,
J1443-60, J1826-14
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McLaughlin et al.; 2006, Nature, 439, 817: Rotating Radio Transients

90 RRATS: http://astro.phys.wvu.edu/rratalog/
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woihgle Pulse Search: Lorimer Burst

S1400

RA, DEC 01:18:06, — 75:12: 19 (survey of Magellanic clouds; 24-August-2001)
I, b 300.653075, — 41.80

w 5ms

DM 375 cm_gpc

d 1 Gpc (z ~ 0.3) [NE2001 for Galactic electron density + guess value

[(~ 100 cm~3pc) of DM contribution from a host galaxy -+
models for intergalactic electron plasma]

400

DM (am3 pa)
o 308

2
Frequency (GHz)

"
100

Time after UT 19:50:01.63 (ms)

Lorimer, Bailes, McLaugrhIin, Narkevic, Crawford; 2007, Science, 318, 777./14



Single Pulse Search: Perytons
Burke-Spolaor, Bailes, Ekers, Macquart, Crawford; 2011, ApJ, 727, 18.

Widest beam separation: 1.7 degrees
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RA,DEC 13, —47 to 16, —63

Single Pulse Search: Perytons
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Bagchi, Nieves, McLaughlin; 2012, MNRAS, 425, ﬂ2501. 9/14



Single Pulse Search: Fast Radio Bursts

FAST RADIO BURST DISCOVERED IN THE ARECIBO PULSAR ALFA SURVEY

A Population of Fast Radio Bursts ~ +eumiiv

o P, 6,0

W. T. Brsszis™, D, R, Lonien”, M. A MeLaveauy’, S CHATTERIEE,
V.M. Kaset', R. S, Wanarroy’, B. Auex™!L . Bocnavov®, A Brazer’,
! F A Jever", C. Kansko-Anoava®, B. Ksper!*'! P. me K J L,

H H 2013, Science, 341 53 vy Lesvwey®, R. Ly YNEY, 8. M. Ravsou”, P SCH<)L’7 X sty 1 St s, K. STovaiL”,
at osmologlcal Dlstances ! e LK. 8 ararantan™, W W, e, C. Ausserr!, H. Fepmyany'!
Drof versian Aprl 1, 9014
D. Thornton,%?* B. Stappers, M. Bailes,* B. Barsdell ** S. Bates,* N. D. R. Bhat,**% ABSTRACT
M. Bu[gﬂy1 . Burke-Spolaor, 3D, 1. Champion 9. Coster2* N. D'Amico 107 A, Jameson, 34 Recent work hes exploited pulsar survey data to identify temporally isolated, millsecond-duration

radio hunsts with large dlaptmor Imeasiires \E\[s) These hms bave hc“n
from a population of extragelactic s
tunities for prabing the mt(rg&la

S, Johnston, M. Keith? M. Kramer, ™ L. Levin 5. Milia C. Ng,' A Possenti,” W. van Straten®*

Searches for transient astrophysical sources often reveal unexpected dlasses of objects that are wov, howere, all sl

. B : seope and its 13-heam receiver, (xsling some coneert aht»ut Itc Fﬁilﬂph)
useﬁjllpITyswrallahorat.ones. Iparerelnt survey for pulsarsa:dfasttranswerﬁsl,we have unmvere’d H:r:m‘putauﬁFRBl?ll‘?E,ﬂmﬁrstFRBnlbmvm"y‘ ngcumphl“lamuomthvLhu‘P =
four millisecond-duration radio transients all more than 40° from the Galactic plane. The bursts FRB 121102 was found i it in the 1.4GHz Pulsar ALFA survey wirk

properties indicate that they are of celestial rather than terestrial origin. Host galaxy and
intergalactic medium models suggest that they have cosmological redshifts of 0.5 to 1 and distances

peem™, pulse width of 3 +0.5 ms, and o
e ing. The :ﬂmw d delay of the :1g;nx.l arrival time with Fequency agrees

. L . S P! o expectation of dispersion through an jonized medium. Despite its low Galactic
of up to 3 gigaparsecs. No temporally coincident x- or gamma-fay signature was identified in latitude (@ the burst has three times the maximan: Gelactie DM expected elong this par-
association with the bursts. Characterization of the source population and identification of host tlfﬂtﬂ lne- 5 e LE Fa: inverted

. , . . . spectru; we & consequence of being detected in a sidelobe of the ALFA »
galaxie offrs an opportuity to determine the baryonic contnt of the universe F[EB 121102’ brightocss, duration, andqt.hv mfm(dmg,cui rate are all consistent with the prop

of the previously detected Parkes bursts.
2014, Ap), 70,9
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Single Pulse Search: Fast Radio Bursts at Parkes

‘The non-Galactic DM contribution, DM is

the sum of two components: the intergalactic
‘medium (IGM: DMiyy) and a possible host gal-
axy (DMy,). The intervening medium could be

FRB 110220 FRB 110627 FRB 110703 FRB 120127
Beam right 22" 34™ 21" 03" 23" 30" 23" 15™
ascension (J2000)
Beam dectination -12°24° -44° 24’ -02° 52' -18° 25"
(J2000)
Galactic latitude, -54.7 -a17 -59.0 -66.2
b()
Galactic longitude, +50.8 +355.8 +81.0 +49.2
UTC (dd/mmiyyyy 20/02/2011 27/06/2011 03/07/2011 27/01/2012
hh:mm:ss.sss) 01:55:48.957 21:33:17.474 18:59:40.591 08:11:21.723
DM (cm™ pa) 944.38 £ 0.05 723.0 03 1103.6 £ 0.7 553303
DM (cm™ po) 910 677 1072 521
Redshift, 2 (DMyox = 0.81 0.61 0.96 045
100 cm™ po)
Co-moving distance, 28 22 32 17
D (Gpo) at z
Dispersion index, « ~2.003 = 0.006 - ~2.000 = 0.006 -
Scattering index, B -4.0£04 - - -
Observed width 56£01 <14 <43 <11
at 1.3 GHz, W (ms)
SNR 49 e 16 b
Minimum peak 13 04 05 05

flux density S, 0y)

Frequency (MHz)

o =N

1494 MHz

1369 MHz

Flux Density (Jy)

400 600 800 1000
Time (ms)
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A

1400
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Single Pulse Search: Fast Radio Bursts at Arecibo

Observational Pa;;I;l_e‘te;S of FRB 121102

Parameter Value

Date 2012 Nov 02
Time 06:35:53 UT i)
M.JD arrival time® 56233.27492180 ;
Right AscensionP 05"32mp9.65 <
Declination” 332051347
Gal. long.P 174.95° 7
Gal. lat.P —0.223° 2
DM (pc cm—?) 557.4 £ 2.0 g
DMyNE2001,max (pc cm=?) 188 "
Dispersion index® —2.01 £ 0.05
Pulse width (ms) 3.0+ 0.5

Pulse broadening (ms)4 <15

Flux density (Jy)e 0. 4t8 ‘i
Spectral index range(a) f 7to 11 I Tine (sec)
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Fast Radio Burst/Perytons ... hypotheses
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Possibility of detections of FRBs using SKA/GMRT

T Astaomrica JouRwL Sussuemt Setis, 2062 mpm 2013 May

©w13.

DETECTION OF FAST TRANSIENTS WITH RADIO INTERFEROMETRIC ARRAYS

N.D.R. BHAT! 23, J.N. CHENGALUR?, P. J. Cox®, Y. Gupra®, J. Prasan*®, I Rov*,
M. BarLes®, 5. BURKE-SPOLAORE, 5. 5. KUDALE?, AND W. VAN STRATEN?
International Centre for Radio Astronomy Research, Curtin University, Bentley, WA 6102, Australia
2 Cenire for Astrophysics & Supercomputing, Swinburne University, Hawthor, Victoria 3122, Australia
* Australian Research Council Centre of Excellence for All-Sky Astrophysics (CAASTRO), Curtin Universiy. Bniley. WA 6102. Austalia
#National Centre for Radio Astrophysics, Tata Institute of Fundamental Research, Pune 411007, India
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ABSTRACT

Next-generation radio arrays, including the Square Kilometre Array (SKA) and its pathfinders, will open up new
avenues for exciting transient science at radio wavelengths. Their innovative designs. comprising a large number
of small elements. pose several challenges in digital processing and optimal observing strategies. The Giant Metre-
wave Radio Telescope (GMRT) presents an excellent test-bed for developing and validating suitable observing
modes and strategies for transient experiments with future arrays. Here we describe the first phase of the ongoing
development of a transient detection system for GMRT that is planned to eventually function in a commensal mode
with other observing programs. It capitalizes on the GMRT’s interferometric and sub-array capabilities, and the
versatility of a new software backend. We outline considerations in the plan and design of transient exploration
programs with interferometric arrays, and describe a pilot survey that was undertaken to aid in the development of
algorithms and associated analysis software. This survey was conducted at 325 and 610 MHz, and covered 360 deg?
of the sky with short dwell times. It provides large volumes of real data that can be used to test the efficacies of
various algorithms and observing strategies applicable for transient detection. We present examples that illustrate
the methodologies of detecting short-duration transients, including the use of sub-arrays for higher resilience to
spurious events of terrestrial origin. localization of candidate events via imaging. and the use of a phased array for
improved signal detection and rma In addition to d app]lcmons of interferometric arrays for
fast transient exploration, our efforts mark important steps in the madmap toward SKA-era science.

Key words: instrumentation: interferometers — methods: observational — pulsars: individual
(J1752-2806) — techniques: interferometric

doi:10.1088/0067-0049/206/1/2
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Dispersion Measure (DM)

50
TE (ms)

,71/2
Vg =¢ [1_@’)] =\ S

foddx
fT = VgT = ttravel(: Ve )\ln
2

At = 52 (= 7-) Jy ne(RA, DEC, x)dx = D(7F- — ) DM.

D=, =418 x 103 MHz2 pc~! cm® s; DM = fod ne(RA, DEC, x)dx in pc cm™3

27Tmec
We get good signal only when guessed DM is close to actual DM.
d # 0 means DM # 0
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Multibeam

Parkes Multibeam:
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