Matthew Bailes + HITRUN team.

A Population of Fast Radio Bursts
at Cosmological Distances

D. Thornton,™** B. Stappers,* M. Bailes,>* B. Barsdell,>* S. Bates,® N. D. R. Bhat,***®
M. Burgay,’ S. Burke-Spolaor,® D. Champion,” P. Coster,%* N. D'Amico,”*® A. Jameson,’*
S. Johnston,” M. Keith,® M. Kramer,”* L. Levin,” S. Milia,” C. Ng,” A. Possenti,” W. van Straten®*

Searches for transient astrophysical sources often reveal unexpected classes of objects that are
useful physical laboratories. In a recent survey for pulsars and fast transients, we have uncovered
four millisecond-duration radio transients all more than 40° from the Galactic plane. The bursts’
properties indicate that they are of celestial rather than terrestrial origin. Host galaxy and
intergalactic medium models suggest that they have cosmological redshifts of 0.5 to 1 and distances
of up to 3 gigaparsecs. No temporally coincident e- or gamma-ray signature was identified in
association with the bursts. Characterization of the source population and identification of host
galaxies offers an opportunity to determine the baryonic content of the universe.
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LORIMER BURST (2001 data, published in Lorimer et al. 2007)
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Widest beam separation: 1.7 degrees L I ! I
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FRB 110220 — the brightest Tﬁ‘%

m DM =944 cm3 pc; W =5.6 ms
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Scattering index, 8

'S'catte'ri'ng and Power law
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Green: High-Lat = 4.5 mins/pt. Sky south of dec 0
Blue: Med-Lat =9 mins/pt. |gh|<15 & 240 < gl < 30
Red: FRB locations

SAZINESER Vellow: Ecliptic plane
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candidate count
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“Heimdall” — a real-time Burst detector
Ben Barsdell et al.
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Murchison Widefield Array?

To appear in ApJL

Prospects for the Detection of Fast Radio Bursts with the
Murchison Widefield Array

Cathryn M. Trott!?, Steven J. Tingay!? and Randall B. Wayth!

International Centre for Radio Astronomy Research, Curtin University, Bentley WA 6845,
Australia

cathryn.trott@curtin.edu.au

Event rate between 110/day and 0.1/day!
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172  Amy et al.

Miscellaneous Radio
Astronomy

A Search for Transient
Events at 843 MHz

S. W. Amy, M. |. Large, School of Physics, University of
Sydney

A. E. Vaughan, School of Mathematics, Physics,
Computing and Electronics, Macquarie University

SWIN Abstract: The Molonglo Observatory Synthesis Telescope
BUR 1s equipped with a transient event monitoring system which
* NE * operates during normal synthesis observations. The device is




Amy’s Rate (single channel FRB detector).

12-hour observation. Sample counts show that the rate is
1.7 x 1072 events s™! sr™!, or 163 events yr'! (sq.deg)?, and this
can be taken as an upper limit on the rate of celestial radio pulses
at 843 MHz, having an energy density =102 J m2 Hz'!, and
7~ 5 ms (excluding known pulsars). Previous searches for radio

163/365*40,000 ~ 18,000 events/sky/day

Thornton rates ~ 10,000 events/sky/day
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Background

m MOST Is the largest radio telescope in Australia:
5XPKS, 4xASKAP

m Development work on digital back-end began around
2005: PFB + correlator, 100 MHz BW, 700-1100 MHz

O Project backend stalled.

m August 2012 Swinburne floated alternative correlator
solution: GPU cluster, with fast sampling (10 Gb/s, 10
GbE)
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Smallest element:

( >  RH Circular Polarisation

e 343 MHz

e ~20 cm apart

0.2 X 11 metres wide

e ~2.2 m? “telescope”

— e 7,744 ring antennae

e ~18,000 m?

o Sensitivity ~ 0.3-0.5 x PKS




“Add by 22 = Phased array Beam”

4 deg




Recelvers take 4 “Modules™ = 1 “Bay” &
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Hex

4 x 4 modules

PFB
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10Gb NIC

10Gb NIC

CPU/GPU

32 Modules/server




Example of new RX board on sky!




New Design (dual 10Gb NIC)
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UDP Input System Monitor [MPSR Web Monitor daemon not running]

Plot Type: | Histogram _:] Update Frequency: 60 o
Board Modules
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Novel Parts (DAQ nodes)

729 GB/s ™ Perform a spectral kurtosis analysis (how non-
Gaussian are my voltages?) on GPUs
1.9 PB/d!

m Replace by gaussian random noise.

m Apply FIR filter for delay correction.

[0 Corner turn voltages via RDMA on Infiniband.

m Can then:
[0 Form tied array beam
[0 Form fan beams (and search for bursts)

[0 Dedisperse any pulsar

SWI N SWINBURNE

BUR 00 Run an FX correlator

%‘NE'&




2013—-05-03—-05:58:08.ar

- ! e | T | T T

. BO§I3-4%
P —

o> |MHz

e
N
XL
=
—
>
Q
L
Q
3
o
L
Nl
(W

PN I T N TR N S |
b |

E]t4 0.6 ) {0 20004C0060008000
Pulse Phase Power




Figure'l

AT T ¥ VYA e T 3 T i AN 0 s ! i i L2 i LR AL 2

OO+ B8 x=8.95313 y=10.2625

Figure 1




J0B35—4510: nosk.F

BC P{ra)= 82.385499172 TC P(ma)= 89.382190452 DM= 67.99C Rtl= CB:35:20.61 Decd= —45:10:34.9

BC MJD = 56944 B83649 Centre freq(MHz) = 840.234 Bandwidth(MHz) = 1375 | = 263.552 b = —2.787

NBig = 512 NChan = 1 NSub = 13 TBin{ms) = 0.175 TSub(s) = 1.000 TSpan(s) = 119.747

P(l%s}: offset = 0.00000, step = 0.13031, range = 15.60386 DM: offset = 0.000, step = 0.000, range = 0.0C0
-+

| 1 1 1 ‘ ‘ ‘ ‘ 1 1 | 1 1
v T v T .. v v T T v
—10 0 10

delta Period (us)

Phase vg Time Phase vs Frequency

1 1

1

1

—17.90$ 2 4500 SR A55H0
|

1

NI ]
{1 o o e

| o
1o T

Frequency (MHz)

—
L)
Q

+—
= |
b=
£
~—
Q
£
—
ke
D
o
fan
=
L

T |
0.5 0 Q.5
BC prd (ma): 89385368860 TC prd (ma): BQ.382060144 §7.990 BC freq (Hz):
Corrn (ma): —G.000130312 Corm {ra): —0.00C130307 : 0.000 Freq arr. gHz):

Error (ms): 0.000198369  Error {ms): 0.000198369 0.000  Width 'Efrns :
Best 3/MN:

!
1

11187513287
C.c00024828
2,270

26,60

T

o 0.2 0.4 0.6 . 1

tpnprpat RN A ApAONN abnihrniman AT M ANV At st g HE TN
T T T T T T T I

. 1

1.2




JOB35—4510: nosk.T
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“Burst” mode

m Search fan beams for Lorimer bursts (FRBS)

m GPU dedisperser + “Heimdall”
O Barsdell's PhD thesis.

m Also find RRATS, single pulses from pulsars

m (Should) find 1 burst per 2 days > 10 sigma

m Real-time detector
m Raw dump from ring buffer

m Position 43"/SNR & 2 deg
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Single pulses
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Fold fan-beam mode

m Coherently dedisperse any pulsar in the beam.
m Up to ~30 pulsars in one beam

m Time > 500 pulsars/day
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New system vs old MOST system

m4XxFoV
m 10 x Bandwidth
m 256 us timescale RFI monitor & excision

m 512 fan beams/FX vs 64 fan beams

[0 Redundancy for calibration.

m Multiple pulsar coherent dedispersion vs 1x3 MHz channel,
one pulsar system

m Simultaneous burst, mapping, pulsar mode, RFI excision
modes using 11 DAQ GPUs + 8 FX/Burst/PSR nodes.
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Timeline

m Pulsar timing commenced
m Single pulse mode validated
m Computer build-out (Dec)

m Full science operations (Jan)

m Nasties:

m Telescope bends occasionally — self-RFl.
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Data Release - Instantaneous!

m All events, pulsar timing, FRBs, immediately public.

m Time delay means MWA can “catch” events.
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MWA Upgrade?

m Change fine PFB to just flow-through mode o

m Purchase 10Gb ethernet CX4 connectors

m Add new 56 Gb Infiniband for any corner turning.
m Upgrade GPUs
m Do “FX” correlation on coarse channels

m Use our correlator (no fine “notches”, delay
tracking, pulsar modes)

m Change first PFB to one big fat PFB channel*

SBWU'RN oo m Phase 2 — use CASPER hardware (40 GbE)
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Super-duper tile?
m 16 x 16 tiles, 2D FFT beamformer

O Coherent pulsar, FRB searches.
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