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Abstract
We use a sample of Swift and Fermi short gamma-ray bursts (SGRBs) to test the validity of the Amati and Yonetoku cor-
relations, which were originally found for long bursts. The first relation is between Ep,i , the intrinsic peak energy of the
GRB prompt emission, and Eiso, the equivalent isotropic energy. The second relationship is between Ep,i and Liso, the peak
isotropic luminosity. The sample is composed of 36 Swift SGRBs and 15 Fermi SGRBs that have measured redshifts and
whose spectral parameters, with their uncertainties, are available online. The uncertainties (error bars) on the values of the
calculated energy flux P, of the energy Eiso, and of the peak isotropic luminosity peak Liso are estimated using a Monte
Carlo approach.

We find that SGRB energy and luminosity quantities (Ep,i , Liso, and Eiso) can be correlated with Amati- and Yonetoku-
like relations reasonably well (Pearson r-values of 0.5 and 0.6, respectively), although the data shows large scatter and hence
large error bars on the slope and the intercept of the fitting line. Our results are consistent with other similar works, though
we here use the largest sample of SGRBs with redshifts so far on this topic. We also find that Eiso and Liso seem to evolve
with redshift as (1 + z)4.9±0.3 and (1 + z)5.5±0.9, respectively, with a moderate goodness of fit. However, we caution that this
is probably due to selection effects rather than being a genuine redshift evolution of Eiso and Liso.

Keywords Gamma-rays: bursts · Methods: statistical

1 Introduction

Gamma-ray bursts (GRBs), in addition to being remark-
able phenomena (the most powerful explosions in the uni-
verse), inviting researchers to combine various physical as-
pects into potent models, provide astrophysicists and cos-

mologists with new tools to explore the universe. Indeed,
while the precise mechanism behind these explosions has
proven at least partially elusive, new opportunities, both ob-
servational (e.g. gravitational waves) and theoretical (e.g.
correlation functions) have provided hopes for new break-
throughs. Moreover, GRBs give cosmologists great promise
as potential probes of the early epochs of the universe,
first because they have been observed up to very high red-
shift (z > 9, with upcoming satellites, particularly SVOM,
promising data from even deeper regions/times), and their
gamma-ray emission crosses billions of light-years without
being affected.

The main problem with the cosmographic utility of
GRBs, however, has been that they are not standard candles
and thus cannot readily be used as cosmological tools (as
Supernovae Ia are, for instance). For this reason, the discov-
ery of correlations between physical parameters of GRBs
(at least long ones) has been a boon. Two such correlations
have been found: the Amati (2006) relation, between Ep,i ,
the intrinsic peak energy of a burst’s prompt emission, and
Eiso, the equivalent isotropic energy of the burst; the Yone-
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toku et al. (2004) relation, between Ep,i (as just defined)
and Liso, the isotropic peak luminosity. These correlations,
and a few other similar ones, have been established (to some
extent) for long bursts (those of duration longer than 2.0
seconds). Our work consists in investigating the (statistical)
extent to which these relations also hold for short GRBs.

There are important implications to these investigations.
First, as mentioned above, if established, such relations
would be very valuable for cosmological studies, as they
would provide constraints on, if not direct access to, physi-
cal characteristics of extremely distant cosmic objects. They
would also help constrain the physical mechanisms and
models for those powerful explosions: the hypernova col-
lapses of the biggest stars in the universe, and the merger
between compact objects (a neutron star with another one or
with a black hole). And in the latter case, which then gives
a short gamma-ray burst, this would tie in with gravitational
waves (GW), such as the historic GW170817, with its GRB
and kilonova counterparts, GRB170817A and AT2017gfo,
respectively (Abbott et al. 2017a,b).

Studies of the Amati and Yonetoku relations focusing on
short GRBs have been few and with small samples: Zhang
and Mészàros (2004), Tsutsui et al. (2013b), Shahmoradi
and Nemiroff (2015), Azzam et al. (2020). The reason for
this limited amount of work is that energy and luminos-
ity quantities, to be inferred from fluxes, require knowledge
of distances, which means measurements of redshifts. Short
GRBs only account for 9% to 25% of all bursts (9% of the
Swift bursts, 16% of Fermi’s, and 25% of BATSE’s, as per
the data available on these satellites’ official websites), and
of those an even smaller fraction gets a reliable redshift mea-
surement. This situation has started to improve, and we now
have a few dozen such cases, thus allowing for an improved
statistical investigation, which is what we are undertaking
in this work, especially with the multiple avenues that such
knowledge promises to open for astrophysicists.

Following this introduction, Sect. 2 provides a full pre-
sentation of our sample selection; Sect. 3 then lays out our
spectral analysis; Sect. 4 presents our results and findings;
Sect. 5 provides a discussion and a comparison with previ-
ous works; and Sect. 6 gives our conclusions.

2 Sample selection

Our sample consists of 51 short gamma ray bursts (SGRBs)
with measured redshifts, as shown in Table 1: 36 of those
were detected by the Swift satellite and 15 by the Fermi
satellite. The Swift website1 gives 52 SGRBs with redshifts;
however, we eliminated one of them (100628A) because of

1https://swift.gsfc.nasa.gov/archive/grb_table/.

the lack of spectral parameters for it. The spectral param-
eters of the 36 Swift SGRBs were obtained from the of-
ficial Swift website,2 while those of the 15 Fermi SGRBs
were collected from the official Fermi data website.3 Some
data entries were checked against those of Minaev and Poza-
nenko (2019) and Iyyani and Sharma (2021).

Swift burst spectra are represented by a broken power law
characterized by a single index, denoted here by α, and the
peak energy denoted by Ep . The spectra of the Fermi bursts
are represented by a Band function characterized by two in-
dices, denoted here by α and β , and the energy at the peak,
Ep .

For each burst we considered two types of spectra: the
spectrum observed at the peak of the flux for a duration of
one second (called resolved spectrum) and the spectrum av-
eraged over the entire duration of the burst (called integrated
spectrum). The difference between the two is due, on the
one hand, to the calculation of the total isotropic energy, de-
noted Eiso, from the fluence and the average spectrum, and
on the other hand, to the calculation of the isotropic lumi-
nosity relative to the peak of the flux for a duration of one
second.

All the data used here are provided with their average
values and their errors, with the exception of a few bursts
that we mention below. The missing values concern the er-
rors �Ep on the peak energy for the given type of spec-
trum. There are bursts which have �Ep = 0, e.g. 051221A,
070809, 080905A, 090515, 140622A, 150120A, 161104A,
and 170428A. In this case we assumed that the error is one
tenth the average value instead of being set to zero. Other
bursts have infinitely large �Ep , e.g. 050509B, 060801,
070729B, 090426, 120804A and 150120A. In this case we
have assumed that the error is equal to the given mean
value.

Figure 1(a) shows the distribution of the 51 SGRBs as a
function of the redshift z. This distribution shows that the
bursts that are most frequently observed are those that are
closest to us. This may be due to the lack of sensitivity of
the detectors to very low fluxes and to the very short dura-
tions of the bursts. We note that the Swift and Fermi bursts
are similarly distributed in redshifts as well as in intrinsic
duration, although the limited number of Fermi bursts pro-
duce some slight incongruities.

In Fig. 1(b), we show the distribution of the bursts in our
sample according to the intrinsic duration T obs

90 /(1+z). This
distribution strongly resembles that of the first population of
short bursts found by Zitouni et al. (2015) on CGRO/BATSE
and Swift/BAT samples, thus giving credence to the sample
used here.

2https://swift.gsfc.nasa.gov/results/batgrbcat/.
3https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html.

https://swift.gsfc.nasa.gov/archive/grb_table/
https://swift.gsfc.nasa.gov/results/batgrbcat/
https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html


Testing the Amati and Yonetoku correlations for short gamma-ray bursts Page 3 of 10 74

Fig. 1 (a): Distribution of 51
SGRBs with redshift z, with a
bin of 0.5, (b): Distribution of
51 SGRBs versus intrinsic
duration T obs

90 /(1 + z), with a
bin of 0.2

3 Spectral analysis

For the Swift bursts, the peak 1-sec photon flux, fluence,
and spectral parameters are given for the energy band be-
tween Emin = 15 keV and Emax = 350 keV. As we previ-
ously mentioned, the spectral function is widely modeled as
a broken power law, with a single index, noted α, and a pa-
rameter E0:

N(E) = N0

[
E

100 keV

]α

e−E/E0; (1)

the spectral parameters E0 (E0 = Eobs
p

2+α
), α, and Eobs

p are
given by the Swift data website.

GRB data from the Fermi telescope is given in the en-
ergy band from Emin = 10 keV to Emax = 1000 keV. The
spectrum is often modeled by the Band function, which is
characterized by a low energy index, noted α, and a high
energy index, noted β:

N(E)

N0
=

⎧⎪⎪⎨
⎪⎪⎩

[
E

100 keV

]α

e
E
E0 , E

E0
≤ (α − β),

A

[
E

100 keV

]β

, E
E0

≥ (α − β),

(2)

with A =
[

(α−β)E0
100 keV

]α−β

eβ−α and E0 = Eobs
p

2+α
. The spectral

parameters α, β and Eobs
p are given by the Fermi data web-

site.
The peak energy flux, denoted by Fγ and calculated in

erg cm−2 s−1, is determined numerically using the following
equation (Zitouni et al. (2014)):

Fγ = R Pph

∫ Emax
Emin

EN(E)dE∫ Emax
Emin

N(E)dE
. (3)

A factor R = 1.6 × 10−9 is introduced to make the keV-
erg conversion. Pph is the flux (in photons cm−2 s−1) tabu-
lated in Table 1, column 7.

The maximum energy emitted per unit time over all
space is the peak isotropic bolometric luminosity (over 1
second), designated as Liso. The E.N(E) function is inte-
grated in the energy band corresponding to the measured
gamma radiation band in the source’s frame, i.e. E1 = 1 keV
to E2 = 104 keV. The equivalent measured energy band is
E1/(1 + z) to E2/(1 + z), considering the cosmological rel-
ativistic effect.

Thus the k-corrected Liso is calculated via:

Liso = 4πd2
L

∫ E2/(1+z)

E1/(1+z)

EN(E)dE, (4)

= 4πd2
LFγ kc. (5)

Here Liso is k-corrected with the method developed by
Bloom et al. (2001) and given by:

kc =
∫ E2/(1+z)

E1/(1+z) EN(E)dE∫ Emax
Emin

EN(E)dE
, (6)

where kc is the proper k-correction factor [Yonetoku et al.
(2004), Rossi et al. (2008), Elliott et al. (2012b)].

These integrals are performed numerically using the
time-resolved spectral parameters given by the Swift and
Fermi data websites. The cosmological distance dL is given
by the following equation:

dL = (1 + z)c

H0

∫ z

0

dz′√
�M(1 + z′)3 + �L

. (7)

We adopt the following cosmological parameters: �M =
0.27, �L = 0.73, and H0 = 70 km/s/Mpc (e.g. Komatsu
et al. (2009)).

The total isotropic energy, denoted as Eiso, which is emit-
ted by a gamma-ray burst over all space, is calculated using
the fluences (erg/cm2) given by the detectors in the energy
band [15–350] keV for Swift and [10–1000] keV for Fermi.
To calculate this, we use time-averaged spectral parameters
(αm, Epm) obtained for the CPL spectrum from the Swift
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Table 1 Data of 51 Short gamma ray bursts

Name z T90 Fluence Flux EObs
pk EObs

pm Exp log(Eiso) log(Liso)

(s) (erg cm−2)
(×10−7)

(pho cm−2 s−1) (keV) (keV) (erg) (erg s−1)

211023B 0.862 1.3 1.9 ±0.731 2.24± 0.373 52.3 ± 1.3 47.0 ±1.3 Swift 50.66 ± 0.25 50.82 ± 0.11

201221D 1.046 0.16 4.7 ±1.17 5.89± 0.769 95.9 ± 33.1 87.6 ±79.1 Swift 53.32 ± 0.15 51.57 ± 0.09

200522A 0.4 0.62 1.2 ±0.379 1.52± 0.227 84.1 ± 113.7 77.8 ±52.6 Swift 49.83 ± 0.15 50.00 ± 0.16

190627A 1.942 1.6 0.914 ±0.39 1.08± 0.262 25.8 ± 17.9 24 ±17.9 Swift 50.96 ± 0.20 50.39 ± 0.15

160624A 0.483 0.2 1.54 ±1.72 0.933± 0.52 9999.4 ± 999.9 10000 ±1000 Swift 52.38 ± 0.58 51.98 ± 0.58

150424A 1.00 0.273 31.7 ±5.37 18.0± 1.30 9998.7 ± 999.8 9999.4 ±999.9 Swift 52.08 ± 0.51 52.43 ± 0.001

150423A 1.394 0.22 0.866 ±0.594 0.935± 0.324 125.8 ± 39.7 123.5 ±39.7 Swift 50.96 ± 0.23 51.23 ± 0.18

150120A 0.46 1.2 2.13 ±0.536 1.93± 0.168 357.3 ± 35.73 311.3 ±31.13 Swift 50.495 ± 0.14 50.50 ± 0.08

141212A 0.596 0.3 0.923 ±0.325 1.24± 0.265 74.7 ± 27.2 94.3 ±28.3 Swift 50.08 ± 0.16 50.22 ± 0.13

140903A 0.351 0.3 1.39 ±0.248 2.5 ± 0.228 40.4 ± 13.9 44.3 ±13.9 Swift 49.70 ± 0.11 49.98 ± 0.10

140622A 0.959 0.132 0.27 ±0.04 0.65± 0.255 46.4 ± 4.64 44.2 ±7.4 Swift 49.81 ± 0.12 50.38 ± 0.15

131004A 0.717 1.54 2.99 ±0.623 3.35± 0.246 63.4 ± 15.3 60.6 ±38.1 Swift 50.73 ± 0.13 50.86 ± 0.06

130603B 0.356 0.18 16.5 ±2.96 9.27± 0.736 9998.1 ± 999.8 999.8 ±99.98 Swift 51.68 ± 0.11 52.25 ± 0.19

120804A 1.30 0.808 17.2 ±1.49 13.1± 0.64 156.0 ± 156.0 156.1 ±156.0 Swift 52.31 ± 0.20 52.47 ± 0.20

101219A 0.718 0.6 14.2 ±1.65 6.43± 0.454 9999.4 ± 999.9 9999.4 ±999.9 Swift 53.23 ± 0.13 53.05 ± 0.13

100724A 1.288 1.4 1.43 ±0.341 1.81± 0.259 45.1 ± 9.4 42.4 ±11.7 Swift 50.77 ± 0.12 51.13 ± 0.09

090426 2.609 1.2 1.85 ±0.724 2.43± 0.389 60.8 ± 60.8 49.3 ±49.3 Swift 52.12 ± 0.35 52.54 ± 0.19

080905A 0.1218 1.0 3.46 ±1.69 1.83± 0.3 855.8 ± 85.5 499.3 ±49.9 Swift 49.72 ± 0.23 49.71 ± 0.25

071227 0.383 1.8 7.83 ±4.76 2.08± 0.301 9999.3 ± 5000 57.5 ±5.75 Swift 50.65 ± 0.21 52.32 ± 0.02

070809 0.2187 1.21 1.34 ±0.55 1.38± 0.221 279.0 ± 27.9 262.8 ±5000.0 Swift 51.80 ± 0.31 51.96 ± 0.11

070714A 0.90 2.00 10.6 ±6.08 3.93± 0.265 129.6 ± 12.96 9998.8 ±5000.0 Swift 52.50 ± 0.61 51.30 ± 0.04

070729 0.80 0.980 1.88 ±1.21 1.20± 0.38 248.1 ± 248.1 202.2 ±202.2 Swift 51.21 ± 0.55 51.15 ± 0.40

070724A 0.457 0.4 0.471 ±0.165 0.792± 0.152 41.2 ± 4.12 41.2 ±4.12 Swift 49.50 ± 0.13 49.78 ± 0.08

070429B 0.904 0.47 0.665 ±0.338 1.78± 0.303 65.1 ± 65.1 66.7 ±65.1 Swift 50.38 ± 0.19 50.90 ± 0.14

061217 0.827 0.21 0.792 ±0.424 2.42± 0.458 9997.2 ± 5000 9997.2 ±5000 Swift 51.82 ± 0.37 52.48 ± 0.42

061201 0.111 0.76 4.29 ±1.49 5.76± 0.508 873.0 ± 458 873 ±458 Swift 49.94 ± 0.25 50.06 ± 0.20

060801 1.130 0.504 1.38 ±0.138 2.27± 0.364 210.4 ± 210.4 196.3 ±196.3 Swift 52.24 ± 0.80 52.69 ± 0.52

060502B 0.287 0.131 0.458 ±0.287 3.09± 0.596 102 ± 101.8 97.5 ±77.3 Swift 49.18 ± 0.26 50.07 ± 0.22

051221A 0.547 1.4 13.6 ±0.349 14.5± 0.831 524.9 ± 52.49 840.9 ±84.0 Swift 51.66 ± 0.06 51.70 ± 0.06

050813 1.8 0.45 0.404 ±0.212 0.874± 0.236 60.4 ± 32.4 65.9 ±48.8 Swift 50.65 ± 0.24 51.26 ± 0.20

050509B 0.225 0.073 0.0891 ±0.0404 1.88± 0.478 69.4 ± 69.4 69.7 ±69.7 Swift 48.28 ± 0.31 49.66 ± 0.23

170428A 0.454 0.200 6.14 ±2.34 3.83 ±0.577 409.7 ±40.97 298.5 ±29.85 Swift 50.98±0.15 50.98± 0.124

161104A 0.788 0.100 0.328 ±0.0733 0.704 ±0.188 9999.0 ±999.9 65.7 ±21.1 Swift 49.79±0.15 51.25±0.42

090417A 0.088 0.068 0.189 ±0.0502 4.28 ±1.14 41.0 ±12.4 40.3 ±12.8 Swift 47.47±0.18 48.75±0.15

070923 0.076 0.040 1.1 ±0.0862 3.31 ±0.58 9991.8 ±5000.0 9999.0 ±5000.0 Swift 49.72±0.02 50.15±0.41

090515 0.403 0.036 0.253 ±0.0889 0.329 ±0.193 138.8 ±13.88 79.8 ±56.6 Swift 49.13±0.26 49.48±0.21

160821B 0.16 1.088 1.95 ±0.202 8.554± 1.17 125.19 ± 75.88 38.17 ±27.48 Fermi 49.06 ± 0.0012 50.13 ± 0.08

160624A 0.483 0.384 3.92 ±0.085 6.004± 0.83 677.74 ± 257. 1168.4 ±546. Fermi 51.47 ± 0.31 51.50 ± 0.08

150101A 0.093 0.080 2.38 ±0.151 9.82± 1.39 22.70 ± 3.73 28.67 ±6.74 Fermi 48.72 ± 0.05 50.46 ± 0.34

150120A 0.460 3.328 3.35 ±0.217 4.664± 4.664 10.43 ± 10.43 15.56 ±15.56 Fermi 51.59 ± 0.04 53.24 ± 0.05

140619B 2.67 0.448 2.10 ±0.438 11.77± 2.09 307.90 ± 77.4 243.93 ±52.11 Fermi 51.59 ± 0.04 53.24 ± 0.05

111117 2.21 0.432 5.64 ±0.128 9.774± 9.68 287.51 ± 49.88 502.85 ±111.18 Fermi 52.17 ± 0.04 53.06 ± 0.19

100625 0.452 0.240 5.63 ±0.245 17.04± 2.26 364.84 ± 214.01 482.13 ±61.94 Fermi 50.75 ± 0.02 51.64 ± 0.09

100206 0.408 0.176 7.57 ±0.105 24.73± 1.35 566.48 ± 115.56 454.0 ±63.63 Fermi 50.44 ± 0.02 50.41 ± 0.04

100117A 0.915 0.256 4.23 ±0.693 8.125± 1.22 253.03 ± 71.0 327.22 ±52.92 Fermi 51.20 ± 0.04 51.90 ± 0.05
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Table 1 (Continued)

Name z T90 Fluence Flux EObs
pk EObs

pm Exp log(Eiso) log(Liso)

(s) (erg cm−2)
(×10−7)

(pho cm−2 s−1) (keV) (keV) (erg) (erg s−1)

090510 0.903 0.960 33.73 ±0.406 42.4± 1.764 2632.9 ± 306. 4248.1 ±440. Fermi 52.86 ± 0.01 53.42 ± 0.02

090227 1.61 0.304 1.11 ±0.119 126.8± 2.75 2021.9 ± 90.75 2095.2 ±99.82 Fermi 52.86 ± 0.01 53.42 ± 0.02

090426 2.609 7.488 35.38 ±0.882 6.124± 0.28 295.1 ± 87.5 292.2 ±71. Fermi 52.73 ± 0.02 52.73 ± 0.02

081024 3.05 0.640 3.55 ±0.286 5.714± 0.87 1446.4 ± 661.44 1757.4 ±1011.5 Fermi 52.40 ± 0.06 53.59 ± 0.07

170817A 0.009 2.048 2.79 ±0.174 2.94 ±0.76 176.96 ±98.8 214.7 ±56.60 Fermi 50.64±1.33 47±0.13

090927 1.37 0.512 3.026 ±0.183 5.06 ±1.017 97.37 ±15.14 195.22 ±69.05 Fermi 51.85±0.39 52.65±0.39

data and (αm, βm, Epm) obtained for the Band spectrum
from the Fermi data. The fluence Sobs is given in Table 1,
column 4. Thus,

Eiso = 4πd2
L

1 + z

∫ E2/(1+z)

E1/(1+z)

E N(E)dE,

= 4πd2
L

1 + z
Sobsk

′
c. (8)

k′
c is the cosmological k-correction as defined in Bloom et al.

(2001) and (1+z) is introduced to account for cosmological
time dilation: T s

90 = T obs
90 /(1 + z) as defined in (Amati et al.

(2002a), Hakkila et al. (2003), Gehrels et al. (2006), Elliott
et al. (2012a), Atteia et al. (2018), Tu (2018), Dainotti and
Amati (2018)). Similarly, E1/(1 + z) to E2/(1 + z) is the
energy band in the source frame, with E1 = 1 keV and E2 =
104 keV.

It is important to note that we have accounted for all the
uncertainties of the data as given in the Swift and Fermi
databases. To evaluate the errors on the calculated quanti-
ties (Liso and Eiso), we have used the Monte Carlo method
assuming that each data value obeys the normal distribution,
N (μ,σ 2), with μ and σ are, respectively, the mean value
and its uncertainty, both given in the data Table 2. For the
fitting of the data and determination of the slopes and the
intercepts in the relations between Ep and Eiso or Liso, we
used York’s method (York 1966, 1968; York et al. 2004),
which takes into account the errors (X-error and Y-error).

4 Results

4.1 The Amati Eiso − Ep,i relation

The relation between the energies Ep,i and Eiso, discovered
by Amati et al. (2002b) has been the subject of numerous
publications. This relation requires redshift measurements
in order to determine the intrinsic properties of the source,
as the intrinsic peak energy is given by the relation:

Ep,i = Eobs
p × (1 + z), (9)

Table 2 Eiso − Ep,i correlation. Ref1: Amati et al. (2002b), Ref2: Zi-
touni et al. (2014), Ref3: Shahmoradi (2013a,b), Ref4: Minaev and
Pozanenko (2019)

LGRBs SGRBs

Ref1 Ref2 Ref3 Ref4 This work

K 95 141+18
−15 – 2042 ± 47 1380+134

−121

m 0.5 0.45 ± 0.10 0.25 ± 0.05 0.45 ± 0.03 0.47 ± 0.12

36 Swift SGRBs 15 Fermi SGRBs

K 1325+611
−418 1413+609

−426

m 0.35 ± 0.13 0.56 ± 0.24

where Eobs
p is the peak energy measured by a given detector.

The (fitting) Amati relation is then found to be of the form:

Ep,i

keV
= K ×

(
Eiso

1052 erg

)m

(10)

where K and m are fitting constants.
For the original Amati relation (Amati et al. (2002b)),

which was for long GRBs, K ≈ 95 and m ≈ 0.5. The most
important parameter in this correlation function is the slope
m. We are here mainly interested in this parameter. In Ta-
ble 2, a comparison is made between the Amati parameters
obtained for long and short bursts with those from this work,
that is for short bursts. We show the values we obtain for our
Swift and Fermi bursts separately and combined, as indeed
we find no difference between the two sub-samples in ei-
ther K or m to within 1σ . We also graphically represent,
in Fig. 2, the variation of the intrinsic peak energy Ep as a
function of Eiso for the 51 short bursts studied here.

4.2 The Yonetoku Ep,i − Liso relation

The relation between the intrinsic peak energy Ep,i and
the isotropic luminosity at peak time, for bursts with well-
determined redshifts, was found by Yonetoku et al. (2004).
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Fig. 2 The Eiso − Ep,i correlation using 36 Swift + 15 Fermi SGRBs
with well-determined redshifts and sufficient spectral data

Fig. 3 The Ep,i − Liso correlation using 36 Swift + 15 Fermi SGRBs
with well-determined redshifts and sufficient spectral data

It was expressed as:

Ep,i

1 keV
= A

(
Liso

1052 ergs

)p

(11)

In Fig. 3 we plot Ep,i vs. Liso in log-log scale for 36
Swift bursts and 15 Fermi bursts with well determined red-
shifts and sufficient spectral data. In Table 3 we give the
slope or power p in the Yonetoku relation (Eq. (11)) that
we have obtained and compare it to both the results of Tsut-
sui et al. (2013a) for SGRBs and those of Yonetoku et al.
(2004) and Zitouni et al. (2014) for LGRBs. Here again our
combined-sample results are consistent with the previous
works to within 1σ , and the two sub-samples are consistent
with each other to within 1.5σ .

Table 3 Ep,i − Liso correlation. Ref1: Yonetoku et al. (2004), Ref2:
Zitouni et al. (2014), Ref3: Shahmoradi (2013a), Osborne et al. (2020),
Ref4: Tsutsui et al. (2013a), Ref5: Shahmoradi and Nemiroff (2015)

LGRBs

Ref1 Ref2 Ref3,5

logA −3.30+0.34
−0.36 −3.08+1.22

−1.73 –

p 0.51 ± 0.05 0.49+0.10
−0.07 0.27

SGRBs

Ref4 Ref5 Our full
sample

36 Swift
bursts

15 Fermi
bursts

logA 8.2 ± 1.2 – 3.00+0.46
−0.22 3.47 ± 0.40 2.58 ± 0.01

p 0.63 ± 0.04 0.8 0.56 ± 0.04 0.67 ± 0.20 0.47 ± 0.12

4.3 Selection effect on Eiso and Liso at high z

Gamma-ray bursts are not immune to selection effects since
the observational sample may not reflect the underlying
“true” population correctly enough. As detailed in Dainotti
and Amati (2018), these selection effects may involve the
peak energy, the isotropic energy, the peak luminosity, or
the isotropic luminosity. This is one of the main reasons
that these (and other) correlation relations are controver-
sial; indeed, their validity is questioned, due to the influence
of several types of selection effects introduced by detector
characteristics, sample incompleteness, and other such ef-
fects. Another selection effect, called “redshift desert” and
introduced by Palmerio and Daigne (2021), is due to the
fact that the most common emission and absorption lines
are shifted out of the window of optical spectrographs at
around z ∼ 2. These selection effects have been exten-
sively discussed: Band and Preece (2005), Ghirlanda et al.
(2005), Nakar and Piran (2005), Butler et al. (2007), Bosn-
jak et al. (2008), Ghirlanda et al. (2008, 2012), Nava et al.
(2008), Amati et al. (2009), Kocevski (2012), Butler et al.
(2009), Krimm et al. (2009), Shahmoradi and Nemiroff
(2009, 2010, 2011a,b), Shahmoradi (2013a), Shahmoradi
and Nemiroff (2015), Heussaff et al. (2013), Mochkovitch
and Nava (2015), Dainotti et al. (2016), Dainotti and Amati
(2018), Osborne et al. (2020), Palmerio and Daigne (2021).

Some researchers argue that the Amati, Yonetoku, and
other such correlations are caused by selection effects (Band
and Preece (2005), Nakar and Piran (2005), Butler et al.
(2007), Shahmoradi and Nemiroff (2010, 2011b), Heussaff
et al. (2013)), while others argue that selection effects are
insufficient to explain the observed correlation (Nava et al.
(2008), Ghirlanda et al. (2008, 2012)).

A non-parametric statistical technique was developed
early on by Efron and Petrosian (1992) to account for selec-
tion biases caused by GRB data truncation due to the detec-
tion threshold limit, which may affect the flux, the fluence,
or the peak energy. This technique was further developed by
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Fig. 4 Apparent redshift evolution of Eiso for the 51 SGRBs in our
sample

Lloyd and Petrosian (1999) and then utilized by Lloyd et al.
(2000) to provide convincing evidence that there is an in-
trinsic correlation between the peak energy and the isotropic
energy. It is worth noting that these studies preceded the of-
ficial “discovery” of the Amati relation in 2002. Moreover,
the fact that various instruments with different detection sen-
sitivities and limits show a similar correlation is, to first or-
der, a reassuring indicator that instrumental selection effects
are not dominant. A similar argument can be made for the
Yonetoku correlation.

We believe that this debate can only be resolved by the
development of very sensitive detectors capable of covering
a wide band of photon energies, as well as extensive obser-
vations that will produce a large sample of bursts with well
determined redshifts.

In the sample of 51 SGRBs, we find an interesting se-
lection effect of the isotropic energy Eiso in terms of the
redshift z. We plot the data in Fig. 4, showing a trend be-
tween Eiso and 1 + z. This can be explained by considering
the selection effect of the GRBs found at high z and low lu-
minosity, because the threshold of the fluence of the Swift
and Fermi detectors is of the order of 10−8 erg cm−2.

We also find a similar trend between Liso and z (Fig. 5), a
trend that may be due to the selection effect because the flux
threshold of the Swift and Fermi detectors is of the order of
0.5 photons cm−2 s−1.

For the sample of SGRBs considered in this study, our
results can be summed up in the following points:

1. We obtain a good best-fit for the Eiso–Ep,i correla-
tion with a Pearson r-value of 0.58 and a reduced chi-
square of 0.40. We obtain (Table 2) a best-fit slope m =
0.47 ± 0.12, which is very close to and consistent (at the
1σ level) with the slope obtained by Minaev and Poza-
nenko (2019) for SGRBs, as well as with the slope for

Fig. 5 Apparent redshift evolution of Liso for the 51 SGRBs in our
sample

LGRBs obtained in both Amati’s original study (Amati
et al. (2002b)) and in our earlier study (Zitouni et al.
(2014)). We also find no difference between Swift and
Fermi bursts fitting parameters within 1 σ .

2. We obtain a moderate best-fit for the Ep,i - Liso cor-
relation with a Pearson r-value of 0.51 and a reduced
chi-square of 8.0. We obtain (Table 3) a best-fit slope
p = 0.56 ± 0.04, which is very close to and consis-
tent (at the 1σ level) with the slope obtained by Tsut-
sui et al. (2013a) for SGRBs, and also with the slope
for LGRBs obtained both in Yonetoku’s original study
(Yonetoku et al. (2004)) and in our earlier study (Zitouni
et al. (2014)). Again we find the fitting values obtained
with Swift and Fermi bursts to be consistent with one an-
other within 1.5σ .

3. We find that Eiso evolves with the redshift, but this must
be a selection effect due to the reduced detection of bursts
at high redshift. Indeed, the low Eiso of GRBs com-
ing from a source located at high redshift have a flu-
ence below the detection limit of the detectors (Flimit ∼
10−8 erg cm−2 for Swift/BAT and ∼ 2.5×10−8 erg cm−2

for Fermi/GBM).
4. We also find that Liso seems to evolve with the red-

shift. However, this is not for the same reason as Eiso.
A selection effect due to detection limits filters out
GRBs from places with high redshift, thus weak fluxes
at the peak, making them undetectable (Swift: Pph <

0.6 photons cm−2 s−1; Fermi: < 0.5 photons cm−2 s−1).

5 Discussion

Until recently, studies involving GRB energy and luminos-
ity correlations have mostly been limited to LGRBs. This
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is because these correlations require knowledge of the red-
shift, and the number of SGRBs with known redshift has
been small. However, as more SGRBs with measured red-
shifts have become known in recent years, more attention
has been given to the question of whether these correlations
apply to SGRBs as well.

In this section, we provide a brief review of recent studies
that have explored the degree to which the Amati and Yone-
toku relations apply to SGRBs in order to put our study in
proper context. One of the earliest studies to explore this is-
sue is that by Zhang and Mészàros (2004). These authors
used a sample of 17 SGRBs and 148 LGRBs to investigate
the Yonetoku relation (only). They found that both SGRBs
and LGRBs follow the Yonetoku relation with a best-fit
given by: Ep,i ∝ L0.59

iso , which is consistent to within 1σ

with what we find for the power index, p = 0.56 ± 0.04.
The study by Tsutsui et al. (2013b) is especially relevant

to our current paper because it explored both the Amati and
Yonetoku correlations for SGRBs only. The study started by
clarifying the occasionally ambiguous issue of when a GRB
is to be considered short. The authors distinguished between
what they called “secure” and “misguided” short bursts. (In
two previous works we had explored the issue of GRB dura-
tions, observed and intrinsic, and the classification of bursts
as ‘short’ or ‘long’, or possibly ‘intermediate’: Zitouni et al.
(2015) and Zitouni et al. (2018).) Starting with a sample of
13 bursts, Tsutsui et al. (2013b) found that only 8 were “se-
cure”. They used these 8 bursts to obtain good fits for both
the Amati and Yonetoku relations. However, they noted that
for a given peak energy, Liso is dimmer by a factor of about
5, and Eiso is dimmer by a factor of about 100, compared to
the values of the same quantities for LGRBs.

A similar study, conducted by Shahmoradi and Nemiroff
(2015), use the entire catalog of 600 CGRO/BATSE SGRBs
to quantify the SGRB gamma-ray emission correlations, in-
cluding the Amati and Yonetoku relations. Notably, they
used Bayesian marginalization to circumvent the lack of
knowledge of the redshifts of the entire BATSE catalog
SGRBs and validated their results using a sample of 8
Swift/Fermi SGRBs. They obtained good fits for both cor-
relations with a Peason correlation r-value of 0.60 ± 0.06
for the Amati relation and of 0.51 ± 0.10 for the Yonetoku
relation (same as we obtained with our larger sample).

The recent study by Azzam et al. (2020) used a sample
of 18 SGRBs and 49 LGRBs to explore the Amati corre-
lation (only). These authors applied a log fit of the form:
log (

Eiso
erg ) = A + B × log (

Ep,i

<Ep,i>
) where < Ep,i > is the

mean intrinsic peak energy of the sample, and A (normal-
ization) and B (slope) are fitting parameters. The authors
obtained good fits for both samples of short and long bursts
with a linear regression coefficient, r, of 0.86 and 0.67, for
SGRBs and LGRBs, respectively. The authors also found
that the slope B for the short and long bursts are consistent

with one another to within 1σ , but that the normalization A
for SGRBs is about two orders of magnitude lower than that
of LGRBs, which is not surprising since the total energy of
SGRBs is considerably less than that of LGRBs.

Our current investigation agrees with the above studies in
that it confirms the conformity of the short bursts to both the
Amati and Yonetoku correlations. Moreover, our study, as
far as we are aware, uses the largest available (and relevant)
sample of SGRBs to concurrently investigate the Amati and
Yonetoku correlations while incorporating the observational
uncertainties in the data, unlike the recent study by Azzam
et al. (2020), which although it used a sample of 18 SGRBs
(compared to 51 here), did not incorporate these observa-
tional uncertainties.

Our most interesting result is the fact that the slopes (or
power indices) of both the Amati and the Yonetoku relations
found in this work are not only very close and consistent
with the works on short bursts that have preceded us, but
furthermore to within 1-sigma are also consistent with the
slopes obtained for long bursts (where the samples are much
larger). However, our intercepts (or normalization factors)
differ from others’ by 4 or 5 sigmas, and this we believe is
due to the large scatter in the data; hopefully, future mea-
surements will have smaller uncertainties and more accurate
values, and should bring all results within 1 or 2 sigma of
each other.

6 Conclusion

The availability of more extensive data on short GRBs, par-
ticularly redshift measurements but also spectra parameters,
is now allowing us to test relations such as Amati’s and Yo-
netoku’s, as well as dependence/evolution of physical pa-
rameters such as the isotropic energy and luminosity of a
burst on/with redshift. This helps explore issues of detection
limits and their impact on data and inferred parameters, as
well as spectral and physical models of bursts. The data is
still somewhat plagued by large uncertainties, which trans-
lates into high variation in some of the fitting parameters,
particularly the intercepts.

With a sample of 51 bursts, we have not only confirmed
others’ results, which had been obtained with much smaller
samples, but also found interesting similarity and consis-
tency of the fitting parameters with those of long bursts.

Finally, we stress again the importance of focusing on
short bursts, as they tie in with GW detections in the era of
multi-messenger astronomy. Indeed, there has so far been
only one case of a short burst associated with a GW detec-
tion (that of Aug. 17, 2017), where two neutron stars merged
and produced signals across the entire electromagnetic spec-
trum (thus observable from the ground and from space) as
well as gravitational waves. Many more are expected in the
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next few years, as the GW facilities are being upgraded, thus
multi-pronged analyses and characterizations of short bursts
will be highly valuable. This work is a step in that direction.
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