


Fast	Radio	Bursts	with	HIRAX	
Jeff	Peterson	
	
McWilliams	Center	for	
Cosmology	
	
Carnegie	Mellon	
University,		
PiDsburgh	PA	USA	
	

The	Lorimer	Burst,	2007	First	HIRAX		
Six-Meter	Dish	
Built	at	CMU,	tested	at	
Durban	SA	

FRB	110523	
	



The	Lorimer	Burst	(2006)	

•  Found	in	a	
pulsar	
search	of	
archived	
data	from	
Parkes	

  

Bright events are easily visualized



CharacterisWcs	of	Previous	Bursts	(11)	

  

• 1+1+4+1+1=8 published

• Peak flux > 0.5 Jy

• L-band (1.4 GHz)

• Highly dispersed

• Pulse widths > few ms

• Evidence for scattering

• Singular events?

• Different sky locations

• No counterparts so far

From Thornton et al. (2013)

What is 
observed?

Thornton	etal	2013	

-Peak	Flux	~	1	Jansky	
-Highly	dispersed	
-Pulse	width	few	ms	
-Three	FRB	have	scaDering	tail	
-LocaWon	precision:	15	arcmin.	
-Not	concentrated	in	GalacWc	plane	
-Rate	~	2500	sky^-1	day^-1	
-All	but	one	detected	with	Parkes	
-Two	events	found	at	same	poinWng	
-These	events	have	different	dispersion	
-No	counterparts	idenWfied	at	other		
		wavelengths	



Recent	news:		
Five	new	bursts	at	Parkes,	Arecibo	

burst	repeats	Five new FRBs from the HTRU high latitude survey 3

et al. (2013), the re-detection of the previously known FRBs
served as a validation of our pipelines. Indeed, those FRBs
were detected with S/Ns similar to the original processing
and no new FRBs were discovered in the area previously pro-
cessed. The processing of the additional 1233 deg2 hrs of ob-
servations in the high-latitude survey resulted in the detec-
tion of five FRBs. As the initial processing by Thornton et al.
(2013) was not done in chronological order, FRB090625 re-
sulted from an observation made before their publication.

Following a detection using Heimdall, for each FRB
the full bandwidth was divided into a smaller number of
(typically eight) sub-bands. A Gaussian template was con-
volved with a scattering tail (a one-sided exponential) using
a characteristic scattering time ⌧ . The scattering time for
each sub-band was related to the centre frequency of the
observation by ⌧ = ⌧

Cen

(⌫/⌫
Cen

)�4; after fitting the scatter-
ing time at the reference frequency of 1GHz was calculated
using the same relation. The template was a Gaussian whose
width was varied to optimise the �2-value in a least-squares
fashion. For FRB121002 a double Gaussian was required.
In all of the FRBs (including the individual components of
the double FRB), the resulting widths are consistent with
smearing due to intrachannel dispersion, i.e. the pulse was
unresolved. Using the arrival time of the burst at reference
frequency ⌫

0

, the arrival time at a frequency ⌫ was scaled
according to a cold plasma dispersion law t = t

0

+k⇥DM/⌫2.
The parameters ⌧ , DM and t

0

were determined in a least-
squares fit using the SIMPLEX and MIGRAD algorithms
from CERN’s MINUIT package2. Uncertainties were derived
using the MINUIT algorithm to explore the error matrix,
which also attempts to account for correlations between pa-
rameters. An overall baseline and amplitude of the scattered
pulse of each sub-band were also treated as free parameters
to be fitted. The results are summarised in Table 1.

To confirm that the apparent double peaks seen in
FRB121002 are significant the Akaike Information Cri-
terium was used to compare the models using a single
and double Gaussian template for the FRB when dedis-
persed and summed across the detected bandwidth. The
double Gaussian model was more likely than the single
by more than 9 orders of magnitude for FRB121002. The
same test was applied to the other FRBs in this paper. For
FRB090625 there was no significant di↵erence between sin-
gle and double Gaussian models and for all other FRBs the
single Gaussian model was clearly preferred.

FRB130729 was only detected in the lower half of the
observing band, and it was most strongly detected at the
lowest frequencies. This could be evidence of a steep spec-
tral index but is equally consistent with the FRB coming
from the edge of the beam where the receiver’s sensitivity to
higher frequencies diminishes quickly. The lower bandwidth
makes the DM determination less precise and the detection
weaker. While it is also possible that this is terrestrial radio
interference the lack of a similar detection in other beams
and and DM suggests that it is of astrophysical origin. Al-
though it appear there may be a double peak structure in
this FRB it is not statistically preferred.

The new FRBs are shown in Fig. 1 and detailed in Ta-
ble 1. In each case the contribution to the DM from the

2 http://www.cern.ch/minuit

Figure 1. The five FRBs presented in this work. The flux scale is

calculated using the radiometer equation and assuming the FRB

was at the beam centre, therefore these fluxes should be consid-
ered to be lower limits. Note that the horizontal scale for the

upper four panels are at the top of the figure, while the scale for
the bottom panel is below.

Milky Way is estimated using the maximum value from the
NE2001 model for the given line of sight. All the FRBs pre-
sented here show a very significant DM in excess of the po-
tential Milky Way contribution. FRB121002 has the highest
DM of any FRB thus far detected at 1629 pc cm�3. If we as-
sume that FRBs originate in an external galaxy then some of
the DM will come from this host galaxy, this contribution is
obviously uncertain. The intergalactic medium (IGM) DM
contribution is calculated using the models of Ioka (2003)
and Inoue (2004), from which we can also estimate a cor-
responding redshift. This gives FRB121002 an upper limit
on redshift of z < 1.3 by giving a host contribution of 0
pc cm�3 and acknowledging that the host could contribute
anything above this value depending on progenitor location
and orientation (e.g. if the host galaxy is edge on).

FRB121002 shows a double-peaked structure. Both
components can be fitted with the same DM, width and
scattering time. The components have a separation of 2.4(4)
ms, and the relative amplitudes of the first component to the
second component (before scattering) are 0.91(2). Assuming
these bursts originate beyond the Milky Way there will be a
significant redshift that will have stretched the component
separation between emission and detection. The redshift for
FRB121002 is estimated to be 1.3 which results in an emis-
sion separation of 1.0(2) ms once the factor of 1 + z has
been applied. The overall width of FRB121002 is similar
to those of FRBs 010724, 110220 and 130729 which sug-
gests that some FRBs may have multiple components that

c� 2015 RAS, MNRAS 000, 1–5

Double	peak	

Champion	etal	

Coming	soon:	
several		Bursts	found	
with	MOST	



FRB	sources	are	very	likely	outside	of	
the	Milky	Way	

Blue:	pulsar	
Green:	FRB	
Red:	FRB110523	



If	FRB	are	at	z~1	they	have	excepWonal	
brightness	temperature	

	

  

What could they be?
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FRB	proposed	models	

Gamma-ray
Bursts

Flare stars

Pulsars
We are here

Merging
Black Holes MagnetarsSupernovae

Evaporating
Black Holes

“Blitzars”

SETI

Super-giant
Pulses

Pernicious RFI
Atmospheric effects

A well-coordinated hoax

Galactic

extra-Galactic

Slide	by	J	Hessels	



HIRAX:	The	Hydrogen	Intensity	and	
Real-Wme	Analysis	eXperiment	

	
•  Primary	Science	Goal:	Probe	Dark	Energy	
models	using	a	21-cm	Intensity	Mapping	BAO	
test	

•  Sec	Goal:	
– Find	and	sharply	localize	
– Hundreds	of	FRBs	



Also	a	
Thrash	
Metal	
Band	
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Current		
HIRAX		
Plan	

•  1024	close-packed	6m	dishes	at	Karoo	site.	
•  KIS--No	tracking,	no	cryogenics,	commodity	dishes.	
•  Dishes	Wlt	N/S	by	hand:		when	“deep	enough”	on	a	
strip,	Wlt	over	to	increase	fsky.		

•  Operate	between	400-800	MHz	
•  Channelizing	on	FPGA	ICE	boards	(MaD	Dobbs)	
•  CorrelaWon	on	GPUs.	
•  Plan	to	do	beamforming	in	correlator,	distribute	beams	
for	FRB	processing.	

•  Outrigger	arrays	in	Botswana	and	Namibia	to	localize	
FRBs	



Status	

•  Funded	to	build	128	element	at	Klerefontein	
•  Proposal	in	SA	under	review	to	expand	to	512	
•  Plan	to	submit	NSF	MRI	proposal	for	the	final	512	
elements	

•  4	Element	pathfinder	in	place	at	HartRAO	
•  Ten	dishes	in	transit	
•  Use	to	verify	performance	of	RF	system,	RFOF,	
Channelizer,	beamformer,	correlator,	RealWme	
FRB	search.	



Tests	at	HartRAO	
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10	six-meter	dishes	on	the	boat	to	
Durban	



Laser-cut	dish	ribs	at	Durban	



Outriggers	
•  Central	array	makes	iniWal	FRB	

detecWon	
•  Central	array	and	outriggers	

streaming	amplitudes	to	disk…
but	deleWng	aler	few	hours	

•  On	candidate	alert:	amplitudes	
files	are	saved	for	all	arrays	

•  Carry	out	aperture	synthesis	
imaging	using	know	DM,	Wme	
and	formed-beam	

•  Provides	a	sub	arc	second	error	
ellipse	for	most	FRBs	

HIRAX	 Outrigger	
25	dishes	

100	km	

Outrigger	
25	dishes	

Small	Outriggers	
allow	arcsecond	
localizaWon	
of	each	FRB	



Science	Possible	with	HIRAX-FRB	
•  Fast	Radio	Bursts:	30,000	m^2	collecWng	area	w/
1000	beams	allows	detecWon	of	>10	FRB/day.	

•  Pulsar	search:		Pulsars	spend	20	min	in	beam	
each	day--12	µJy/scan				

•  Site	allows	pulsar	search	in	GalacWc	Center.	
•  Neutral	hydrogen	and	OH	absorbers:		Req’s	
Higher	frequency	resoluWon	in	beam-formed	
data	(with	a	few	FFTs	on	GPUs).	

•  Diffuse	polarizaWon	of	galaxy.	
•  Other	ideas?		



Thinking	BIG:	Specs	and	FRB	event	rate	
for	a	future	array	

•  4028	elements,	10	m	aperture	on-axis	close	
packed.	Plus	two	outrigger	arrays…$30M	

•  4028	instantaneous	dual-pol	beams		
•  EffecWve	area	150,000	m^2…40	x	GBT,	62	x	
CHIME.	4	x	FAST	(but	twice	Tsys	of	GBT	or	FAST)	

•  Gain	80	K/Jy	
•  FRB	rate:	19,000	/day	->	one	every	5	sec	
•  MulW-octave	feed?		Wider	correlator	bandwidth?	
•  What	other	science	does	this	enable?	


