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Abstract

We present the results of a systematic study of 345 gamma-ray bursts (GRBs) with known redshifts
(0.04 ≤ z ≤ 9.4), detected by Konus-Wind (KW) in 1997–2019. About a half of the bursts were detected
in the KW triggered mode covering 20 keV–10 MeV energy band. The remaining, weaker bursts were
detected in the KW 3-channel waiting mode (∼20–1500 keV), for them a joint analysis of the KW and
Swift/BAT (15–150 keV) data was performed. For all bursts from the sample we were able to derive
rest-frame peak energies (Ep,z), isotropic-equivalent energies (Eiso) and peak luminosities (Liso); also,
for 48 GRBs with reasonably-constrained jet breaks the collimation-corrected energetics were estimated.
We consider the behavior of the rest-frame parameters in the hardness-intensity planes and confirm the
“Amati” and “Yonetoku” relations for long GRBs. Accounting for the KW instrumental bias, we report on
the estimated GRB luminosity and isotropic-energy functions (LF and EF), the LF and EF cosmological
evolutions, and the evolution of the GRB formation rate (GRBFR); all derived from the largest set of
cosmological GRBs studied to date over a broad energy band.
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1. The KW catalog of GRBs with known redshifts

The Konus-Wind experiment (KW) has been operating
since 1994 November and plays an important role in
GRB studies thanks to its unique set of characteristics:
the spacecraft orbit in interplanetary space that provides
a stable background and continuous coverage of the full
sky by two omnidirectional NaI detectors; high tempo-
ral resolution; and wide energy range of the detectors
(∼20 keV–20 MeV).

The Konus-Wind catalog of GRBs with known red-
shifts consists of two parts: (I) the bursts detected in
the triggered mode (Tsvetkova 2017; hereafter T17) and,
(II) the bursts detected in the waiting mode (Tsvetkova
et al., in prep.).

The sample analyzed in T17 includes 150 triggered
GRBs with reliable redshift estimates detected by KW in
1997-2016, and represents the largest set of cosmological
GRBs studied to date over a broad energy band. Among
these GRBs, twelve bursts (or 8%) belong to the Type
I (merger origin, short/hard) GRB population and the
others are Type II (collapsar origin, long/soft) bursts
(see Svinkin 2016 for the KWGRB classification details).
In this work, the triggered sample was updated to 172
events detected by the end of 2019.

The KW waiting-mode sample comprises 173 weaker
GRBs, with simultaneous detections by Swift/BAT,

from 2005 January to the end of 2018. This sample in-
cludes five short GRBs. For the waiting-mode bursts,
we derived spectral parameters and energy fluxes from
joint KW+BAT spectral fits with CPL and Band (GRB)
functions.

For each burst, the catalog provides the spectral
parameters for time-integrated and peak spectra, the
10 keV–10 MeV energy fluences, and peak energy fluxes
measured on three time scales: 1024 ms, 64 ms, and
(1+z)64 ms (the GRB rest-frame 64 ms scale). Based on
the GRB redshifts, which span the range 0.04 ≤ z ≤ 9.4,
we derived the burst rest-frame peak energies (Ep,i,z and
Ep,p,z), isotropic-equivalent energies (Eiso), and peak lu-
minosities (Liso); also, for 48 GRBs with reasonably-
constrained jet breaks the collimation-corrected energet-
ics were estimated.

2. GRB Luminosity and Isotropic-energy functions, GRB

Formation Rate

For 320 long GRBs from the KW sample, we estimated
the GRB luminosity function (LF), GRB isotropic en-
ergy release function (EF), and the cosmic GRB forma-
tion rate (GRBFR) with the help of the non-parametric
Lynden-Bell C− method (Lynden-Bell 1971) further ad-
vanced by Efron (1992) (the LBEP method); the de-
tails of our calculations are described in T17. Applying



the LBEP method to the sample in z-Liso plane and
assuming a monolithic sample-truncating flux Flim =
1.55 × 10−7 erg cm−2 s−1, we found that the indepen-
dence of the variables is rejected at ∼ 2.2σ, and the best
Liso evolution index is δL = 1.4+0.6

−0.6. Applying the same
method to the z-Eiso plane, with the monolithic truncat-
ing fluence Slim = 1.6 × 10−6 erg cm−2, we found that
the independence of the variables is rejected at ∼ 1.6σ,
and the best Eiso evolution index is δE = 0.95+1.0

−0.6. Thus,
the estimated Eiso and Liso evolutions are comparable.
Then, using the C− method, we obtained the cumula-

tive LF and EF, ψ(L) and ψ(E) (Left two panels in Fig-
ure 1), and fitted the distributions with a broken power-
law (BPL) function and with the exponentially-cutoff
PL (CPL). Using the bootstrap approach, we found that
BPL better fits to ψ(L) for 99% of 1000 datasets boot-
strapped from the sample. It yields the low- and high-
Liso PL slopes of ∼ 0.32 and ∼ 1.02, respectively, and
Lbreak ∼ 6.3× 1052 erg s−1. Contrary, the CPL function
provides the best fit to ψ(E), with the PL slope of ∼ 0.38
and Ecut ∼ 2× 1054 erg; and this model is preferred for
71% of the bootstrapped datasets. A BPL fit to ψ(E)
results in the PL slopes ∼ 0.39 and ∼ 1.22, very simi-
lar to that of ψ(L). Previously, the existence of a sharp
cutoff in the Eiso distribution around ∼ 1− 3× 1054 erg
was suggested by Atteia 2017 for the sample of 69 KW
and 52 Fermi/GBM long GRBs, and confirmed by T17
for the wider KW sample (132 GRBs).

Further, we estimated the cumulative GRB number
distribution ψ(z) and the derived GRBFR per unit time
per unit comoving volume ρ(z) using the LBEP method.
We obtained GRBFR from z-Liso and z-Eiso distribu-
tions, both corrected and not corrected for the cosmo-
logical evolution of energetics. In each of the four cases
examined, the derived GRBFR shows an excess over the
star-formation rate (SFR) at z < 1 and nearly traces
the SFR at higher redshifts (up to z ∼ 9). This con-
firms, with the more representative sample, the low-z
GRBFR excess over SFR suggested in Yu (2015), Pet-
rosian (2015), and T17.

3. Hardness-intensity correlations

With the addition of 173 waiting-mode bursts the KW
sample of GRBs with known z nearly doubled in size as
compared to T17. Using the extended sample, we tested
the rest-frame Amati (Ep,i,z–Eiso; Amati 2002) and Yo-
netoku (Ep,p,z–Liso; Yonetoku 2004) correlations, along
with their ‘collimated’ versions (Ep,i,z–Eγ and Ep,p,z–Lγ ;
Ghirlanda 2004).
The derived slopes of the Amati and Yonetoku rela-

tions are very close to each other, 0.431 (ρS=0.69, 319
GRBs) and 0.439 (ρS=0.69, 319 GRBs), respectively.
When accounting for the intrinsic scatter, these slopes
change to a more gentle ∼0.31 (with σint ∼0.23). The

slopes of both correlations for the extended sample are
shallower than those for the sample from T17, while the
Spearman’s correlation coefficients ρS did not change,
and the significance of the correlations increased notably.

The fraction of long GRBs with reliable tjet estimates
in the KW sample now comprises 43 bursts. Using
this subsample, we compared the collimated and non-
collimated Amati and Yonetoku relations for the same
subset of GRBs. As in T17, we found that accounting for
the jet collimation for the extended KW sample neither
improves the significance of the correlations nor reduces
the dispersion of the points around the best-fit relations;
also, the slopes of the collimated Amati and Yonetoku re-
lations are still steeper than those of the non-collimated
versions.

4. Conclusion

We extended the first part of the KW catalog of GRBs
with reliably measured redshifts (T17) with 173 bursts
detected by KW in the waiting mode and simultane-
ously observed by Swift/BAT. With the sample doubled
in size, we tested the rest-frame properties of GRB popu-
lation and confirm, at a higher confidence, main findings
of T17 and some previous studies.

We hope that the updated KW catalog will encourage
further investigations of GRB physical properties and
will contribute to other related studies. Plots of the GRB
light curves and spectral fits can be found at the Ioffe
Web site1.

This work was supported by RSF (grant 17-12-01378).
We acknowledge the use of the public data from the Swift
data archive2 and the Gamma-Ray Burst Online Index
(“GRBOX”)3.
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Fig. 1. Left two panels: Cumulative GRB isotropic-luminosity and isotropic-energy functions (stepped graphs); the red and green dashed lines

show the best BPL and CPL fits, respectively. The distributions are normalized to unity at the dimmest points. Right panel: Comparison

of the derived GRBFR and the SFR data from the literature. The gray points show the SFR data from Hopkins (2004), Bouwens (2011),

Hanish (2006), and Thompson (2006). The black solid line denotes the SFR approximation from Li (2008). The GRBFR normalization

is common among the results derived using the four datasets and the GRBFR points have been shifted arbitrarily to match the SFR at

(1 + z) ∼ 3.5. The GRBFR was calculated using four datasets: z-Liso (no luminosity evolution, red open circles), z-L′ (δL = 1.4, red

filled circles), z-Eiso (no energy evolution, green open squares), and z-E′ (δE = 0.95, green filled squares).
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