
R. S. de Souza et al.: Populations III.1 and III.2 gamma-ray bursts

10 GHz

1.4 GHz

500  MHz

LOFAR

SKA

ALMA

EVLA

0.1 1 10 100 1000 104 10510!4

0.001

0.01

0.1

1

t !days"

F
!mJy"

Fig. 7. The theoretical light curve of radio afterglow of a typical
Pop III.2 GRB at z ∼ 10. We show the evolution of afterglow flux
F(mJy) as a function of time t (days) for typical parameters: isotropic
kinetic energy Eiso = 1054 erg, electron spectral index p = 2.5, plasma
parameters ϵe = 0.1, ϵB = 0.01, initial Lorentz factor γd = 200, interstel-
lar medium density n = 1 cm−3, for the range of frequencies: 500 MHz
(dashed brown line), 1.4 GHz (dashed red line), 10 GHz (dashed black
line), in comparison with flux sensitivity Fsen

ν as a function of integra-
tion time, tint(days) for SKA (dot-dashed green line), EVLA (dot-dashed
orange line), LOFAR (dot-dashed blue line) and ALMA (dot-dashed
purple line).

3.2. Upper limits from radio transient survey

In this section, we derive upper limits on the intrinsic GRB rate
(including the off-axis GRB) using ∼1 year timescale radio vari-
ability surveys. There are several radio transient surveys com-
pleted so far. Bower et al. (2007) used 22 years of archival data
from VLA to put an upper limit of ∼6 deg−2 for 1-year variabil-
ity transients above 90 µJy, which is equivalent to !2.4× 105 for
the whole sky. Gal-Yam et al. (2006) used FIRST12 and NVSS13

radio catalogs to place an upper limit of ∼70 radio orphan af-
terglows above 6 mJy in the 1.4 GHz band over the entire sky.
This suggests less than 3×104 sources above 0.3 mJy on the sky,
because the number of sources is expected to be proportional to
flux limit F−3/2

lim (assuming Euclidian space and no source evo-
lution) (Gal-Yam et al. 2006). From Fig. 7, a typical GRB’s ra-
dio afterglow with isotropic kinetic energy Eiso ∼ 1054 erg stays
above 0.3 mJy over ∼102 days.

By combining the results shown in Figs. 5 and 6, we ex-
pect ∼30−3 × 105 sources (102−106 events per year × 102 days)
above ∼0.3 mJy. (We integrate the event rate over redshift.) As
a consequence, the most optimistic case for Pop III.2 should al-
ready be ruled out marginally by the current observations of ra-
dio transient sources, if their luminosity function follows the one
assumed in the present paper. Only more conservative models
are then viable. Radio transient surveys are not yet able to set
upper limits on the Pop III.1 GRB rate. The above conclusion
is model dependent, because the afterglow flux depends on the
still uncertain quantities, such as the isotropic energy Eiso and
the ambient density n. If the circumburst density is higher than
usual, the constraints from the radio transient surveys would be
even stronger. Also the GRB formation efficiency and the beam-
ing factor are not known accurately, which can affect both the
intrinsic and observed rate more than one order of magnitude.

12 http://sundog.stsci.edu/
13 http://www.cv.nrao.edu/nvss/
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Fig. 8. Predicted Pop III.1observed GRB rate. Those observed by Swift,
dashed red line; SVOM, dot-dashed black line; JANUS, dotted blue
line; and EXIST, green line. We adopt a GRB rate model that is con-
sistent with the current upper limits from the radio transients; Gaussian
IMF, vwind = 50 km s−1, f∗ = 0.1, fGRB = 0.1.

Pop III.2
EXIST

JANUSSVOM

Swift

10 15 20 25 30
10!4

0.001

0.01

0.1

1

10

z

O
bs

er
ve

d
G

R
B

ra
te
!yr!1 "

Fig. 9. Predicted Pop III.2 observed GRB rate. Those observed by
Swift, dashed red line; SVOM, dot-dashed black line; JANUS, dotted
blue line; and EXIST, green line; for our model with Salpeter IMF,
vwind = 100 km s−1, f∗ = 0.01, fGRB = 0.01.

In Figs. 8 and 9, we show the predicted observable GRB
rate dNobs

GRB/dz in Eq. (26) for Pop III.1 and III.2 detectable by
the Swift, SVOM, JANUS, and EXIST missions. The results
shown are still within the bounds of available upper limits from
the radio transient surveys. Overall, it is more likely to observe
Pop III.2 GRBs than Pop III.1, but the predicted rate strongly
depends on the IGM metallicity evolution, the star formation ef-
ficiency and GRB formation efficiency. The dependence on the
IMF is relatively small.

Figure 10 shows the GRB rate expected for EXIST obser-
vations. Because the power index of the LF is uncertain at the
bright end, we added two lines to show the resulting uncertainty
in our prediction. We use the maximum rate, which is within the
constraints by the current observations of radio transients. We
expect to observe N ∼ 20 GRBs per year at z > 6 for Pop III.2
and N ∼ 0.08 per year for Pop III.1 at z > 10 with the future
EXIST satellite at a maximum. Our optimist case predicts a near-
future detection of Pop III.2 GRB by Swift, and the nondetection
so far could suggest a further upper limit or difference between
the Pop III and present-day GRB spectrum.
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