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• I soon became convinced... that all the theorizing would be empty brain 
exercise and therefore a waste of time unless one first ascertained what 
the population of the universe really consists of  – Fritz  Zwicky

• There is something fascinating about some theoretical astrophysicists 
Some of them get such wholesale returns of conjecture out of such a 
trifling investment of fact – adapted from Mark Twain

• The most incomprehensible thing about the world is that it is 
comprehensible   – Albert Einstein
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I. DÉJÀ VU ALL OVER AGAIN: FROM GRBS TO 
FRBS
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From gamma-ray bursts to fast radio bursts
The field of gamma-ray burst astronomy arguably went through three decades of growing pains before reaching 
maturity. What development lessons can be learned for the adolescent field of fast radio burst astronomy?

S. R. Kulkarni

Gamma-ray bursts (GRBs) were 
discovered in the late 1960s by a team 
based at the Los Alamos National 

Laboratory but reported1 in June 1973. Fast 
radio bursts (FRBs) were reported about 
a decade ago2. GRBs and FRBs share two 
letters in their acronym, one common word 
and perhaps a similar history. Here, I review 
the development of the GRB field and 
use this occasion to apply lessons learned 
during the early days of GRBs to the rapidly 
developing field of FRBs.

Gamma-ray detectors have a large field-
of-view but lack the ability to make images. 
The lack of localization meant that the 
distance to the bursts was unconstrained 
which, in turn, led to a frenzy of speculation. 
At the Seventh Texas Symposium on 
Relativistic Astrophysics (Dallas, December 
1974) the Los Alamos team reported a total 
of 33 GRBs. Malvin Ruderman3 summarized 
the constraints posed by the observations to 
theories of GRBs and also listed the many 
more proposed models. The prevailing view 
was that GRBs were nearby old Galactic 
neutron stars.

The proceedings4 of a conference held 
at Taos (July, 1990) on the eve of the launch 
of the Compton Gamma-Ray Observatory 
(CGRO) make for excellent reading. The 
neutron star model rested on the presence 
of absorption lines in some GRBs. These 
features were interpreted as cyclotron lines 
arising in the photosphere of neutron stars. 
The isotropic distribution meant that the 
neutron stars were nearby, at a distance 
of ~100 pc. The resulting energetics were 
modest. Triangulation of bright events, 
based on the arrival time provided by 
the Interplanetary Network (IPN) of 
satellites, led to localizations of a few 
square arcminutes. The absence of optical 
quiescent counterparts was consistent 
with a neutron star origin. In any case, the 
Burst and Transient Source Experiment 
(BATSE) aboard CGRO was expected to 
make definitive measurements of the sky 
distribution of faint events.

To be fair, suggestions for extragalactic 
models were made in the 1980s. In an 
influential paper, Bohdan Paczyński, noting 
the isotropic distribution and the slow rise 
in the counts of fainter sources, advocated5 

an extragalactic model. He noted that the 
inferred isotropic gamma-ray energy release 
was 1051 erg — similar to the mechanical 
energy yield of supernovae. Paczyński 
strengthened his case by attributing three 
repeating bursts to an extragalactic GRB 
lensed by an intervening galaxy. However, 
no physical mechanism that could produce 
short bursts of gamma-rays with high 
efficiency was identified.

By the time of the 1995 seminal review6 
by Gerald Fishman and Charles Meegan, 
two classes had emerged: short duration 
with hard spectrum (SHB) and long 
duration but with soft spectrum (LSB).  

A subset of the LSB class, soft gamma-ray 
repeaters (SGRs) were accepted to be of 
Galactic origin (with the prototype, ‘5 March 
1979’ residing in the Large Magellanic 
Cloud). The three bursts discussed above 
had been identified to arise from SGR 
1900+ 14. Next, despite the increased 
sensitivity of BATSE, no absorption features 
were seen. Finally, the faint bursts were 
isotropically distributed, which, in the 
Galactic framework, required the neutron 
stars to be located in the Galactic ‘corona’  
(at a distance of ~100 kpc). The introductory 
statement of the review — “...adopt a new 
paradigm for the origin of γ -ray bursts: 
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Fig. 1 | The annual flux of refereed papers (P) and earned citations (C, divided by 25) of papers on or 
about GRBs since their discovery in 1973. Recognizing that there are four more months left in 2018, 
P and C have been boosted for this year by 3/2. The annual flux of papers is the number of papers 
published in a given year. In contrast, citations can be sorted by the year in which the paper was cited 
(earned) or tagged to the year in which the paper was published (accrued). Accrued citations, although 
commonly used, are not useful since they lag paper production by (typically) five years. To obtain the 
bibliographic data I queried the Astrophysical Data System (ADS) for “GRB” or “gamma ray burst” (also 
“γ -ray burst”) in the title or abstract but with “solar”, “blazar” and “Erratum” excluded. Over decades, 
Kevin Hurley of the IPN painstakingly assembled a list of GRB papers. Hurley’s list stands at 13,209 
but includes conference proceedings and reports. My list is strictly limited to refereed papers and, as 
of September 2018, it stands at 10,374 papers with 388,036 citations. The left-most shaded region 
corresponds to the first decade and the right-most to the burgeoning multi-messenger astronomy 
(MMA) era. During the first decade, the Venera missions made key contributions (showing that the 
bright GRBs were distributed isotropically and discovering soft gamma-ray repeaters). The IPN was 
key to arcminute localization. Thin vertical lines mark the launch of key GRB missions (which are noted 
to the right of each line). The CGRO was the second of the four elements of the Great Observatories 
programme, and operated from 1991–2000. BeppoSAX was an Italian–Dutch X-ray mission that 
ceased in 2002. The High Energy Transient Explorer-2 (HETE-2) was a small mission led out of the 
Massachusetts Institute of Technology until 2006. The Neil Gehrels Swift Observatory, a ‘medium’ 
explorer devoted to studies of GRBs, was launched in November 2004. The Fermi Gamma-ray Space 
Telescope is a major NASA–Department of Energy project aimed at studying the gamma-ray sky. Both 
Swift and Fermi are still in operation.
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Fig. 1 | The annual flux of refereed papers (P) and earned citations (C, divided by 25) of papers on or 
about GRBs since their discovery in 1973. Recognizing that there are four more months left in 2018, 
P and C have been boosted for this year by 3/2. The annual flux of papers is the number of papers 
published in a given year. In contrast, citations can be sorted by the year in which the paper was cited 
(earned) or tagged to the year in which the paper was published (accrued). Accrued citations, although 
commonly used, are not useful since they lag paper production by (typically) five years. To obtain the 
bibliographic data I queried the Astrophysical Data System (ADS) for “GRB” or “gamma ray burst” (also 
“γ -ray burst”) in the title or abstract but with “solar”, “blazar” and “Erratum” excluded. Over decades, 
Kevin Hurley of the IPN painstakingly assembled a list of GRB papers. Hurley’s list stands at 13,209 
but includes conference proceedings and reports. My list is strictly limited to refereed papers and, as 
of September 2018, it stands at 10,374 papers with 388,036 citations. The left-most shaded region 
corresponds to the first decade and the right-most to the burgeoning multi-messenger astronomy 
(MMA) era. During the first decade, the Venera missions made key contributions (showing that the 
bright GRBs were distributed isotropically and discovering soft gamma-ray repeaters). The IPN was 
key to arcminute localization. Thin vertical lines mark the launch of key GRB missions (which are noted 
to the right of each line). The CGRO was the second of the four elements of the Great Observatories 
programme, and operated from 1991–2000. BeppoSAX was an Italian–Dutch X-ray mission that 
ceased in 2002. The High Energy Transient Explorer-2 (HETE-2) was a small mission led out of the 
Massachusetts Institute of Technology until 2006. The Neil Gehrels Swift Observatory, a ‘medium’ 
explorer devoted to studies of GRBs, was launched in November 2004. The Fermi Gamma-ray Space 
Telescope is a major NASA–Department of Energy project aimed at studying the gamma-ray sky. Both 
Swift and Fermi are still in operation.
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THEORIES OF γ-RAY BURSTSfn1 - Ruderman - 1975 - Annals of t... https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632....

2 of 4 2/16/21, 7:10 AM

1975
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Red Herrings, Wishful Thinking, Desperate 
theorists...
• Cyclotron lines
• Optical flashes (“Plate Defects”)
• The “no-host” problem

• The discovery of afterglow 
enabled localization and damped 
down speculative->crackpot  
GRB theories
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The afterglow of GRB050709 19

Figure 1. HST and Chandra X-ray Observatory images of the afterglow and
environs of GRB050709

(a) The Chandra (0.3–8.0 keV) image of the field from our observation of 2005 July 12.5 UT. The

large circle is the HETE localization region, 81 arcsec in radius; north is up, east is to the left,

and the scale of the image is indicated. A red ellipse indicates the faint X-ray source which we

identify with an NVSS catalog object; the bright point source in the boxed region is the afterglow

of GRB050709. (b) Close-up of the region surrounding the X-ray afterglow, in a coaddition of all

our HST data; the red circle is the Chandra localization region, 0.5 arcsec in radius. A point source

is visible within this region; the source is observed to fade over the course of our HST observations,

and we identify it as the optical afterglow of GRB050709. The irregular galaxy to its west is the

proposed z = 0.16 host galaxy. We use the GALFIT software45 to fit the radial surface brightness

distribution of the host galaxy, with the Sersic concentration parameter, n, and the effective radius,

re, as free parameters. We find a best-fit solution (χ2 ≈ 3 per degree of freedom) with n = 1.1 and

re = 0.75′′. At z = 0.16 the afterglow’s 1.38-arcsec offset from the brightest region of this galaxy

corresponds to 3.8 kpc in projection, or 1.8re.
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FASTER PROGRESS  BUT SOME THINGS HAVE 
REMAINED THE SAME
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M2 Browing Heavy Machine Gun A simple bow & arrow
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SEARCH FOR GALACTIC FRBS
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Are there Galactic FRBs?

• 1031 erg/s/Hz corresponds to 
a 7 MJy-ms burst at 10 kpc.

• Detectable with a dipole!

• Detecting local FRBs requires 
an extrapolation of the 
energy distribution by 1-2 
orders of magnitude. 
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STARE2
Sensitive to 0.3 MJy-
ms FRBs at 1.4 GHz.
Bochenek, Kulkarni, 

Kocz, Ravi, McKenna, 
Belov (2020a)

Chris Bochenek

(future)
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The receiver: end-to-end 
DSA-10 signal chain FWHM of beam is 70 

degrees
36 15
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28 April 2020: An amazing day for FRBs

• On April 27, 2020, starting with Swift/BAT a “forest of bursts” were 
seen from SGR1935+2154
• CHIME detected  and reported a dispersed burst with an estimated 

fluence of few kJy ms consistent with the SGR position
• Revised upwards by a factor of 60 three weeks later

• STARE-2 detected  1.5x106 Jy burst
• No flux correction since source present in our 70-degree primary beam
• We suggested that this was sufficiently bright to belong to extra-galactic FRBs.

• X-ray missions (HXMT, Konus-WIND, Integral, AGILE and others) 
reported a hard burst coincident with the radio burst.
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Bochenek et al. 2020b 36 19



A (THEORY-THEOLOGY-FREE) SUMMARY OF 
FRBS 
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• FRBs are cosmological (leaving aside FRB 200428) 

• Some FRBs are repeaters

• The first repeater was embedded in a synchrotron nebula (plerion?) but 

this appears not to be universal

• The simplest assumption is that all all FRBs are repeaters, albeit with a wide 

distribution of waiting times

• Leaving aside repeaters, the observed all-sky rate of FRBs do not 

support any catastrophic model

• Do not waste time focusing on  sci-fi phenomena (strings, black-hole 

batteries, evaporating primordial black holes, etc.)

• Rushing off to work on minor contributors (e.g. GW events, AGN)  without 

any observational  clue is likely to be a waste time, as in GRB days
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• The extant host galaxy sample and offsets show that FRBs follow 
ordinary core collapse events
• So stop invoking exotic sub-types (e.g., SLSN) – until the data force you to do 

so

• A fraction of FRBs show scattering tails

• Of the localized FRBs, most FRBs do not show evidence for large local 
DM contribution
• So most FRBs do not arise in plerions, very young SN or dense regions of ISM

• A low luminosity FRB is conclusively linked to a magnetar which is not 
particularly exceptional

36 22



FRBs at the bottom of the luminosity function

• Characterize the luminosity function of FRBs
• Is most energy emitted at the high or low end of the luminosity function?

• What specific types of magnetar outbursts are associated with FRBs?
• X-ray phenomenology is rich and confusing

• Localize  FRBs in nearby galaxies
• (Eventual) goal of locating FRB sites at the parsec  scale

• We have giant radio pulses, RRATs and FRBs. 
• Is there any additional phenomena? 

• e.g, super-giant pulses,  kilo Jy bursts bound from SGR 1935+2154
• What , if any, is the connection between these three millisecond phenomena

• This motivates study of pulses and bursts in our Galaxy and nearby galaxies

36 23



GREx: A project to study nearest FRBs

• Milky Way & Nearby Galaxies
• GREx (dipoles around the world)

• Galaxies in the local group galaxies
• Use existing telescopes and keep staring!

• Nearest star-burst galaxies
• Shift to 10 to 30 GHz and keep staring (10-m antennas will do)
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GREX IS MADE POSSIBLE BY NEW TECHNOLOGY 
DEVELOPED FOR DSA-110 
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Vikram Ravi, 
Caltech

With Gregg Hallinan 
and the DSA team.

The 110-element 
Deep Synoptic 
Array (DSA-110)

http://astro.caltech.edu/~vikram
https://www.deepsynoptic.org/
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FRB 190523 localized with the DSA-10

0
.5

 d
e
g

0.5 deg

131.072 micro-sec per 
frame, slowed down by 

a factor of 10,000. 

5’’ pixels.

10-element DSA prototype array
Owens Valley Radio Observatory (OVRO)

Ravi+19 1011 solar mass host, z=0.66 
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The DSA-110
NSF MSIP (Hallinan, Ravi) - $5.3M - 2018-2024. <3’’ localization. <60s alerts.

110 4.65-m dishes, elevation only. Custom RFoF 
transport. Unit cost <$10k.

https://www.deepsynoptic.org/

1.28-1.53 GHz receivers. 
Custom “cakepan” feeds 

and room-temp LNAs 
(Weinreb & Shi 2020). Tsys ~ 

25K, aperture efficiency 
~0.65. Unit cost <$2k. 

37 SNAP-1 FPGA boards + 
24 dual 2080Ti GPU servers.
Real time N2 correlation and 
interferometric calibration, 
beam forming throughout 

primary beam, FRB searching, 
triggered storage of voltages.

From Dana Simard28



The FRB instrumentation landscape

From Liam 
Connor

NOW
Mid-2021
Late-2021
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GALACTIC RADIO EXPLORER (GREX)

36 30



GREx Phase I

• Project Scientist: 
• Liam Connor, Post-doctoral Fellow

• Project Engineer:
• Kiran Shila, Graduate Student in EE
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Wide-band feed 

Beam Pattern
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Room temperature low-noise amplifiers
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