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Localization! Localization! Localization!

Lots and lots of potential hosts

Also, many radio counterparts
Few weak X-ray sources (Scholz et al 2016)
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Chatterjee et al (2017)
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6 hrs of premium data!
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Milky Way

Tendulkar et al (2017)
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SFR

AGN

Tendulkar et al (2017)
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z band extent
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GAMA LF evolution 11

Figure 10. As Fig. 9 but using Sérsic magnitudes.

Vaucouleurs-profile galaxies, and which have an improved back-
ground subtraction compared with SDSS DR7, largely mitigates
these differences, and suggests that our evolution model is a rea-
sonable one.

8 DISCUSSION

8.1 Comprison with previous results

While our evolution-corrected LFs agree well with previous esti-
mates, our finding of positive density evolution (in the sense that
comoving density was higher in the past) is at odds with most pre-
vious work which has tended to find either mildly negative (Cool
et al. 2012) or insignificant (Blanton et al. 2003; Moustakas et al.
2013) density evolution. Faber et al. (2007) find a declining co-
moving number density with redshift for their red sample, with no
noticeable density evolution for their blue and full samples. Zucca
et al. (2009) also find a declining comoving number density with
redshift for their reddest sample; for their bluest galaxies, they find
increasing number density with redshift.

At least some of the discrepancy between the sign of the den-
sity evolution between us and e.g. Cool et al. (2012) might be ex-
plained by the way in which the LF and evolution are fitted. Cool
et al. (2012) fit the characteristic magnitude M⇤ to each redshift
range using the Sandage et al. (1979) maximum-likelihood method,
holding the faint-end slope parameter ↵ fixed at its best-fit value for

Figure 11. Stellar mass function for low-redshift galaxies (z < 0.06) de-
termined from GAMA-II with (blue circles) and without (green squares)
applying a weighting correction for surface-brightness and redshift incom-
pleteness. Comparison data points for GAMA-I data from Baldry et al.
(2012) are shown as open diamonds.

the lowest-redshift range. They then find the normalization �⇤ us-
ing the Davis & Huchra (1982) minimum-variance estimator. Any
over-estimate of luminosity evolution would lead to a correspond-
ing under-estimate in density evolution, due to the assumption of
an unchanging faint-end slope with redshift and the strong corre-
lation between Schechter parameters. Although any determination
of evolution will be affected by degeneracies between luminosity
and density evolution, our method makes no assumption about the
(unobserved) faint-end slope of the LF at higher redshifts. On the
other hand, we do assume a parametric form for evolution.

It is also plausible that the discrepancies between esti-
mated evolution parameters are due to the uncertainties in
incompleteness-correction required when analysing most galaxy
surveys. For example, when we cap our incompleteness-correction
weights to 5, we see a reduction in the estimated density evolution
parameters. There are likely to be other effects leading to system-
atic errors in the determination of evolution parameters, which are
not reflected in the (statistical) error contours.

A positive density evolution for the All galaxy sample would
suggest a reduction in the number of galaxies with cosmic time, ei-
ther through merging, or due to galaxies dropping out of the sample
selection criteria as they passively fade. Neither scenario seems ter-
ribly likely; Robotham et al. (2014) see evidence for only a small
merger rate in the GAMA sample. Perhaps a more likely explana-
tion is that the apparent density evolution at low redshift is actually
caused by a local underdensity, e.g. Keenan et al. (2013); Whit-
bourn & Shanks (2014).

8.2 Future work

There are several ways in which the present work can be extended.
Having derived density-corrected V

max

values for each
galaxy, it is then trivial to determine other distribution functions,
such as the stellar mass and size functions, and their evolution. By
way of a quick example, in Fig. 11 we plot the stellar mass function
for low-redshift (z < 0.06) GAMA-II galaxies, using the stellar
mass estimates of Taylor et al. (2011). In the mass regime where

c� 0000 RAS, MNRAS 000, 000–000
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Loveday et al (2015)
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Number of dwarf galaxies in the 
primary beam

Assuming a redshift window of 0.1

Absolutely need intererometric
localization!
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SLSNe redshifts are measured from the 
SLSNe, which are much brighter.

LGRBs often have bright afterglows.

Here, we have to depend on the galaxy.
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TABLE 1

Radio Fluences and �-ray Fluence Upper Limits of FRBs.

Name Time Coord. (J2000)a F1.4GHz
b Vis.c F�

d log10(⌘FRB)e Ref.
(UTC) RA Dec (Jy-ms)

FRB 010724 01-07-24 19:50:00 01:18:06 �75:12:18 150.0 K 20 > 8.9 Lorimer et al. (2007)
FRB 110220 11-02-20 01:55:46 22:34:38 �12:23:45 8.0 K 20 > 7.6 Thornton et al. (2013)
FRB 130729 13-07-29 09:01:49 13:41:21 �05:59:43 3.5 K, B 2 > 8.2 Champion et al. (2015)
FRB 010621 01-06-21 13:02:09 18:52:05 �08:29:35 2.9 K 20 > 7.2 Keane et al. (2011)
FRB 011025 01-01-25 00:29:14 19:06:53 �40:37:14 2.8 K 20 > 7.1 Burke-Spolaor & Bannister (2014)
FRB 131104 13-11-04 18:03:59 06:44:10 �51:16:40 2.7 K, G 1 > 8.4 Ravi et al. (2015)
FRB 121002 12-10-02 13:09:14 18:14:47 �85:11:53 2.3 K, G, B 1 > 8.4 Champion et al. (2015)
FRB 090625 09-06-25 21:53:49 03:07:47 �29:55:36 2.2 K, G, B 1 > 8.3 Champion et al. (2015)
FRB 110703 11-07-03 18:59:38 23:30:51 �02:52:24 1.8 K, G 1 > 8.3 Thornton et al. (2013)
FRB 130626 13-06-26 14:55:57 16:27:06 �07:27:48 1.5 K, B 2 > 7.9 Champion et al. (2015)
FRB 140514 14-05-14 17:14:09 22:34:06 �12:18:46 1.3 K, B 2 > 7.8 Petro↵ et al. (2015a)
FRB 130628 13-06-28 03:57:59 09:03:02 03:26:16 1.2 K, G, B 1 > 8.1 Champion et al. (2015)
FRB 121102 12-11-02 06:35:53 05:32:09 33:05:13 1.2 K 20 > 6.8 Spitler et al. (2014)
FRB 110626 11-06-26 21:33:15 21:03:43 �44:44:19 0.7 K, G, B 1 > 7.8 Thornton et al. (2013)
FRB 120127 12-01-27 08:11:20 23:15:06 �18:25:38 0.6 K, B 2 > 7.5 Thornton et al. (2013)

a Pointing location of the telescope at the time of discovery. The FRB positions have an uncertainty of up to a few arc minutes depending on
the telescope primary beam size.
b Measured radio fluence at 1.4GHz. These are lower limits since the FRB may not be detected in the center of the telescope beam.
c Visibility to �-ray burst instruments. K: Konus-W; G: GBM; B: BAT.
d �-ray fluence upper limit based on instrument as discussed in the text. Konus-W: 2 ⇥ 10�7 erg cm�2, BAT: 2 ⇥ 10�8 erg cm�2, GBM:
1⇥ 10�8 erg cm�2. The best available sensitivity is noted in units of 10�8 erg cm�2.
e ⌘FRB = F1.4GHz/F� in units of Jyms erg�1 cm2.

on the individual �-ray fluence limits and the observed
radio fluences, we find the ⇠6-� lower limits on the
FRB radio to �-ray fluence ratio ⌘FRB to be between
106.8�8.9 Jyms erg�1 cm2 (Table 1).

4. DISCUSSION

In Section 2, we have derived an upper limit on the
radio to �-ray fluence ratio, ⌘SGR for the 2004 December
27 giant flare of SGR1806�20 based on the measured �-
ray fluence and a radio non-detection in the 64-m Parkes
telescope for scattering times estimated from the NE2001
model. In Section 3, we have placed ⇠6-� lower limits on
⌘FRB = F1.4GHz/F� as summarized in Table 1 based on
the non-detections of prompt �-ray counterparts to the
reported FRBs.
Figure 3 summarizes our result, plotting ⌘FRB and the

suppression-dependent values of ⌘SGR for a range of scat-
tering timescales or intrinsic pulse widths. Assuming the
likely suppression for the sidelobe of the Parkes telescope
(70 dB) and the scattering timescales from the NE2001
model, all but one of the FRBs have ⌘FRB > ⌘SGR by a
factor of 1.6–100 with the highest ⌘ ratio being that of
the ‘Lorimer’ burst (FRB010724). Even if the scattering
timescale is assumed to be 100ms and the suppression of
the telescope is assumed to be the theoretical worst-case
value of 80 dB, the non-detection of a radio counterpart
to the giant flare from SGR1806�20 is at odds with four
of the fifteen known FRBs.
Thus our result challenges the hypothesis that the same

event mechanism that produces a magnetar giant flare
(at least for SGR1806�20) also produces the known
FRBs simultaneously.
However, next we explore caveats and reasons why this

naive conclusion may not exclude magnetar giant flares
as the origins of FRBs. This work does not have an
obvious applicability to any of the other explanations
that have been suggested, hence we limit our discussion
to the magnetar giant flare hypothesis.

4.1. Variability of Observed ⌘

A straightforward way to reconcile the magnetar giant
flare hypothesis is to propose that the observed fluence
ratio, ⌘obs, can vary wildly between di↵erent magnetars
and even di↵erent bursts of the same magnetar. This
could either be due to the intrinsic variation of the emis-
sion mechanism or due to beaming of the radio pulse to-
ward or away from the observer. Thus, one may explain
away the lack of detectable radio emission from the giant
flare of SGR1806�20 as being due to the radio emission
being suppressed or not being beamed toward the Earth.
Similarly, extragalactic FRBs may be a sub-population
of events that are actually beamed towards us.
The recent discovery of multiple radio bursts from

the source of FRB121102 (Spitler et al. 2016; Scholz
et al. 2016) with varied spectral characteristics supports
this possibility. The bursts are clustered in time, sep-
arated by as little as few tens of seconds, and show di-
verse spectral slopes and amplitudes. The repetition and
the drastic variation in spectral shapes proves that the
emission mechanism is definitely not cataclysmic, is able
to summon up the required energy within few-minute
timescales, and produces emission with varying charac-
teristics. While it is not yet clear whether the source
of FRB121102 is unique or representative of the FRB
population, it is clear that atleast in one case the burst
properties vary over a wide range.
However, as we discuss next, it is di�cult to reconcile

the rates of FRBs with the rates of magnetar giant flares
if we hypothesize that only a small fraction of giant flares
are radio bright.

4.1.1. Event Rates of FRBs and Giant Flares

Let ✏ 2 [0, 1] be the fraction of magnetar giant flares
that produce bright radio bursts with observed ⌘obs &
108�9. If ✏ ⌧ 1, say ✏ . 0.1, then the lack of a ra-
dio counterpart to the giant flare of SGR1806�20 is not
suprising. However, if ✏ ⇡ 1, then we need to find an
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