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Abstract Gamma-ray bursts (GRBs) are brief, intense, gamma-rayeffaghthe universe, lasting from
a few milliseconds to a few thousand seconds. For short garagnaursts (SGRBs) with duration less
than 2 seconds, the isotropic enerdys() function may be more scientifically meaningful and accelsat
measured than the luminosity.{) function. In this work we construct, for the first time, trsoiropic
energy function of sSGRBs and estimate their formation fféitst, we derive the.,, — E, correlation using
22 sGRBs with known redshifts and well-measured spectraatichate the pseduo redshifts of 334 Fermi
sGRBs. Then, we adopt the Lynden-Bell method to study isotropic energy functions and formatide ra
of sGRBs without any assumption. A strong evolution of isptc energyFis,  (1+2)% ™ is found, which

is comparable to that betweén andz. After removing effect of the cosmic evolution, the isotiognergy
function can be reasonably fitted by a broken power law, wisieh{ i, o) o< F .0 for dim sGRBs and

iso,0

¢(Eiso,0) o Eigy " for bright SGRBs, with the break energy2 x 10*” erg. We obtain the local formation

rate of SGRBs is about 17.43 eveiitpc—2 yr—!. If assuming a beaming angle 6§ to 26°, the local
formation rate including off-axis SGRBs is estimatethas) = 155.79 — 3202.35 events Gpc =2 yr—1.

Key words: gamma-ray bursts: general — methods: data analysis

1 INTRODUCTION 2016. With the number of GRBs with known redshifts is
increasing, the IGRB luminosity function and formation
Gamma-ray bursts (GRBs) are the most dramatic explorate have been widely explored (see e¥pnetoku et al.
sions in the universe (see e.@jran 2004 Mészaros 004 Salvaterra etal. 2009Wanderman & Piran 2010
2006 Zhang 200y. These events are so bright that ggvaterra et al. 2012Wang et al. 2013 Yu etal. 2015
they can be observed at higher redshifts than supernovggscalii et al. 20L6Lan etal. 2019 However, only a
(SNe), which are powerful tools for exploring the early smaj| fraction of SGRBs have redshift measurements,
universe (see e.gGhirlandaetal. 2006Zhang 2011  therefore the SGRB formation rate is very difficult to
Wang etal. 201p Traditionally, GRBs can be divided ggiimate. Recently, using the empirical correlations,esom
into two groups, long GRBs (IGRBs) and short GRBS gythors tentatively have estimated the pseudo redshidts an
(SGRBs), based on the well-known bimodal nature of the,aye derived the luminosity function and formation rate of
duration distribution with a separation at abdliy ~  sGRBs.Yonetoku et al(2014 determined the redshifts of
2s (Kouveliotouetal. 1998 It is generally believed 72 BATSE sGRBs without a known redshift using the—
that some IGRBs are associated with the deaths oj;p correlation between the peak luminosity, and the
massive stars (also called collapsars), while some sGRBgst frame peak energ¥,, and found that the formation
are produced by the merging of the binary compactate of SGRBs at — 0 is 0.63 events Gpe—3yr—1. Using
objects (see e.gEichler et al. 1989Narayanetal. 1992  ihe samel, — E, correlationZhang et al(2018 derived
Lipunov et al. 199psuch as neutron star-neutron star (NS-,e pseudo redshifts of 284 Fermi sGRBs and studied the
NS) and neutron star-black hole (NS-BH). The detectionymingsity function and formation rate of SGRBs. They
of gravitational wave event GW 170817 associated Withyq,nd that the formation rate decreases rapidly at 1.0
GRB 170817A, has confirmed that at least a fraction oty the local formation rate is 7.53 evefitpe 3 yr 1.
the observed SGRBs are produced by the merger of binagy g et al.(2020 discovered a universal three parameter
neutron starsAbbott et al. 201y. correlation amond.,,, £, and the “high signal” timescale

The luminosity function and the formation rat€z) 73 ,. for both long and short GRBs, which can be used a
is crucial to understand the nature of GRBegcalli et al.
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redshift estimator, and they also determined the lumigiositduration Ty, low-energy spectral index, high-energy
function and formation rate of SGRBs using the Swiftspectral index3, peak energy of the/F, spectrum in
sample and found that the local formation rate is 15.3he observer frameEng, peak flux in a certain energy
eventsGpe 3 yr— L. rangery,, energy rangeeyin,max), and peak luminosity
However, the durations of most of sGRBs are veryL,. These sGRB spectra were fitted by the best spectral
short, and even only a few milliseconds. We know thatmodel, and the spectrum is a cut-off power-law (CPL)
the luminosity function was originally used to study long- spectrum if only the low energy photon indexs reported
lasting and relatively stable astrophysical phenomengSakamoto et al. 2008or a band function Band et al.
such as stars and galaxies, the isotropic enefgy,X 1993 if the high energy photon index is also given,
function probably provides an independent or even mor&vhich are as follows:
representative clue to the underlying physics as shown

in Wu etal.(2019. Thus, in this work we focus on the N(E)=A (L> exp’% , (1)
isotropic energy function rather than on the traditional 100 keV
luminosity function. and

In this paper, we study the isotropic energy function
and the formation rate of Fermi sGRBs. This paper is A(lOOEkeV)“exp (—Eﬂo)
organized as follows. In SectioB, we introduce our N(FE) = 5 B[ (ap)E ]
sample and data selection, then we derive the— E,, A(155 1) [ 100 keV } exp (6 —a)
correlation and the pseudo redshifts of sGRBs detected (2)
by the Fermi detector. In Sectid) the isotropic energy In this paper, botlE;,, andL,, are corrected to the rest

function and formation rate of SGRBs are obtained usingrame energy band df — 10* keV. The peak luminosity is
the Lynden-Bell:— method. Finally, we give conclusions estimated to be
and discussion in Sectioh Throughout this paper, we

adopt the standard float cold dark matter cosmology with

the typical cosmological parametéis, = 0.27 andH, =
70 km s~ Mpc~1.

L, = 47D} (2) Fpke (3)

wherek, is the factor of the k-correctiorfy, is the peak
flux in a certain energy range {i,, eémax) and Dy is
luminosity distance. If the peak flu¥}, is in units of
erg cm~2 s~1, the parameter of k-correction is defined as

We concentrate our analysis on the sGRBs detected only 10%keV/(142)
by the Fermi detector to minimize the influence of different jo. — JikeV/(142) EN(E)dE
instruments (with different sensitivities and energy baind ¢ fee"‘_"‘* EN(E)dE
The Fermi GRBs are selected from the Fermi cathionil o
the end of January 2020, in total, there are 2698 eventsf. the peak fluxF;, is in units of photons cm=2 s™1, the
First, according to the traditional SGRB definition methodparameter of k-correction is defined as
(Too < 25), we select the bursts with well-measured 10KV /(142)
spectral parameters and duration less than 2 s, in tota ther 1keV/(142) EN(E)dE
are 367 events. ke = femx N(E)dE J

To obtain a more precise and robust result of the min
isotropic energy function and formation rate for sGRBs, avhereN (E) is the spectral model of GRBs.
large number of SGRBs with known redshifts are needed. e fit theL, — E, correlation with the simple linear
Although the number of the Fermi sGRBs is sufficientform, the best fit to the correlation is given thy, /10%1 =
to make a statistical analysis, the bursts with measuregj(Ep/kev)b, witha = —4.914+0.89,b = 1.9040.31 and
redshift are indeed quite limited, we need to expand thehe correlation coefficient is = 0.81. Figurel shows the
redshift sample. Previous authors have been estimated tII% — B, correlation, and the solid blue line indicates the
pseudo redshifts of SGRBs using thg — E, correlations  pest fit. It is worth noting that GRB 170817A, the first short
(see e.g.yonetoku et al. 201:4Zhang et al. 2018We also  burst associated with a detected gravitational wave signal
use this method to estimate the pseudo redshifts of Fermg a off-axis event Abbott et al. 2017 Goldstein et al.
sGRBs with unknown redshifts. 2017, which significantly deviates from thé, — E,

We collect 23 sGRBs with known redshifts and correlation and is not included in this fitting. We can
measured spectra. In Taldlewe list the properties of these rewrite the equation as
sGRBs, including name, redshift the observer frame

D3(z)  10%69 ( E, )1'90

2 SGRB SAMPLE AND DATA ANALYSIS

(4)

(®)

(6)

1 https://heasarc. gsfc. nasa. gov/ WBBr owse/ f ermi /

fermgbrst.htn (1+2)290  4xF, \keV


https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html
https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html
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Table1l sGRB Sample with Known Redshifts
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GRB z s a B obs, Fp €min  €max Ly
(s) (keV) (10~ %ergem—2s571) (keV) (keV) (1051 ergs—1)
170817A 0.0093 2.050.47 0.147529 - 215.0973422 0.14+0.03 10 1000 0.0002#0.0.00006
170428A 0.454 0.140  —0.47703% —2.467937 982.007322-00 50.00£15.20 20 10000  45.4913.92
160821B 0.16 1.0880.977 —1.4070:35 — 91.97727-87 9.5142.13 10 1000 0.810.18
160624A 0.483 0.3840.405 —0.627521 — 1153.317438-47 2.95+0.48 10 1000 4.850.79
160410A 1.717 1.5880.121 —0.71702° — 1418.007525-50 6.80+1.70 10 10000  142.4435.61
150424A 0.3 0.278£0.015 —0.37100¢ - 916.00742-50 17.85£0.86 10 10000 5.280.25
150101B 0.134 0.0880.928 —1.367(32 - 1251119557 0.37+0.06 10 1000  0.0280.003
131004A 0.717 1.1520.590 —1.367517 — 117.917232 0.84+0.23 10 1000 2.380.63
130603B 0.3564 0.0700.009 —0.6770:19 — 607.001763-00 5.814+0.43 10 10000 2.580.20
111117A 2.211 0.4320.082 —0.507517 — 543.6117102-96 2.98+0.42 10 1000  135.3219.11
101219A 0.718 0.5080.041 —0.0710 1% - 590.001 8550 4.48+0.45 10 10000  10.681.07
100625A 0.452 0.2480.276 —0.5970 1% - 483.19753-%2 5.97+0.79 10 1000 5.170.69
100206A 0.4068 0.1760.072 —0.4070 13 - 531.82773- 71 9.92+0.63 10 1000 6.8£0.43
100117A 0.92 0.2560.834 —0.107] 38 - 325.43%31°09 1.73+0.39 10 1000 7.721.74
090927  1.37 0.5120.231 —0.647033 - 175.8174139 0.54+0.11 10 1000 6.581.31
090510 0.903 0.9680.138 —0.8671503 - 4727.061378-98 18.3Q£0.78 10 1000  474.9820.13
080905 0.1218 0.9680.345 0.207573 - 349.71735-27 2.87+£0.45 10 1000 0.1£0.02
071227 0.383 0.7140.059 —0.9570-33 - 632.007571-00 1.25+0.28 10 10000 0.660.15
070714B  0.92 1.2560.171 0.19%) 1. - 551.00111509 2.30+£0.50 10 10000 10.182.20
061201 0.111 0.5880.013 —0.3670:35 — 872.001288-00 5.6041.30 10 10000 0.180.04
061006 0.4377 0.3260.062 —0.6570 12 — 701.00%126-00 4.54+:0.54 10 10000 3.250.39
051221A 0.5465 0.2140.050 —1.1270:0, - 511.001 31%0° 4.10+0.61 10 10000 5.180.76
050709 0.1606  0.070 —0.537012 —= 97.40111-89 5.10+0.50 2 400 0.3%0.04
— . . . —= Lol . . . . . —
4l @ sGRrB - ]
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Fig.1 L, — E, correlation for sGRBs. Thblue line is
the best fit. Theyreen dotted lines show the 2 prediction
band.

Fig.2 The cumulative distributions of the pseudo redshifts
for Fermi sGRBs and the measured redshifts of SGRBs
with well measured spectreolid red line and solid
green linerepresent the pseudo redshifts and the measured

We use Equationg) to derive pseudo redshifts of 368 redshifts, respectively.
Fermi sGRBs. The sGRBs with > 3 are removed from
our sample, because the maximum redshift observed fdhe redshift cumulative distributions of observed sGRBs
SGRBs is 2.67 so far. Hereafter we use 334 sGRBs tand 334 Fermi sGRBs as shown in Fig@ewhere the
make the further analysis. The results are shown in Table solid green line represents the cumulative distribution of
To confirm whether or not our determined redshift isthe measured redshifts of SGRBs and the solid red line
consistent with one of the measured redshifts, we comparepresents that of the pseudo redshifts of Fermi sGRBs. We
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Fig.3 Isotropic energy distribution of 334 Fermi sGRBs. Fig.4 The statisticT as a function of the evolution
The blue dots represent sGRBs and tlyeeen line is the  parameterk. The best fittingr = 0 as well as & error
fluence limit of 7 x 10~8 erg cm 2. (i.e., 7 = +1) correspondg = 5.797531. Thus,gs.(2) =

(1 + 2)>7™ is the best function to describe the isotropic
can see from Figur2 that two distributions are similar. In energy evolution of SGRBs.
order to further give a quantitative result, we perform the
Kolmogorov-Smirnov test between the measured redshiftenergy at redshift = 0is Eis.0 = Fiso/ gk (%), andEiso 0
and the pseudo redshifts and obtain the p valu® is=  isindependentof. The goal of our analysis is to obtain the
0.313. This further confirms that our estimated redshiftlocal isotropic energy function( Eis,0) and the formation

distribution is consistent with the observed one. ratep(z).
Firstly, we need to remove the effect of the isotropic
3 ISOTROPIC ENERGY EUNCTION AND energy evolution and determine the valué dify assuming
FORMATION RATE an evolution functional form ofy.(z) = (1 + 2)* as
done by many previous workklpyd-Ronning et al. 2002
3.1 Lynden-Bell ¢~ Method Yonetoku et al. 2014Yu et al. 2015 Zhang et al. 2018

B ) ) . Guo et al. 202) Following Efron & Petrosian(1992, we
The Lynden-Belt™ method is an effective non-parametric use the non-parametric test method ofrastatistical
method for conducting the truncated data, which has beel'?lethod to derive the value &f

extensively used to analyze the luminosity/istropic eperg
and redshift distribution of the astronomical objects,hsuc
as quasars (see e.gynden-Bell 1971 Efron & Petrosian
1992 Petrosian 1993 galaxies (see e.gKirshner et al.
1978 Loh & Spillar 1986 Petersonetal. 1986 = (G S max
and GRBs (see e.g.,Lloyd-Ronningetal. 2002 = UlBios 2 Bros 3 < 2, )
Yonetoku etal. 2004 2014 Wuetal. 2012 Yuetal. where Ei,; is the isotropic energy ofth sGRB and
2015 Pescalli et al. 20L&hang et al. 2018In thiswork,  ;m2x js the maximum redshift at which the sGRBs with
we also use this method to study the isotropic energyhe isotropic energy,; can be detected by the Fermi
function and formation rate of Fermi sGRBs. detector. This range as a red rectangle region is shown in
The isotropic energy can be easily calculated withFigure 3. We define the number of SGRBs contained in
Eiww = 4mwD3(z)Syke/(1 + z), where S, represents this region asN;. In addition, we set a fluence limit of
the observed fluence, ankl. is the factor of the k- S ;. = 7 x 1078 erg cm ™2 to obtain as many data as
correction. If the isotropic energy and redshift of SGRBspossible as done byonetoku et al(2014, Therefore, the
are independent, the distribution of sGRBs can besotropic energy limit at redshift is given asEiso jim =

In the (Eis,z) plane as shown in Figur8, for
a random point ofith (Fis,2i), we can consider an
associated sef as

simply written as ®(Eiw,2) = p(2)¢(Eiso), Where  47D2(2)S. 1im/(1 + 2). In Figure3, there are 324 Fermi
o(Eiso) Is isotropic energy functionp(z) is the sGRB  sGRBs above the fluence limit.

formation rate atz. However, the isotropic energy If £, andz are independent of each other, one would
exists a significant redshift evolution. Therefore, we nee@xpect the numbeR;, R; = Number {j € Ji|z < z}, is
rewrite the isotropic energy function aB(Eis,,2) =  uniformly distributed between 1 anti;. The test statistic
P(2)0(Eiso/91(2)) 9k (), Where ¢(Eio/gi(2)) is the 7 is

local (atz = 0) isotropic energy function, angy.(z) L > (R — Ey) ®)

accounts for the evolution oFi,,. Then, the isotropic N
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Table2 Fermi sGRB Sample

GRB 2 g Epbey o s, Fy Fico Ly

(s) (keV) 10~ %ergem™2) (10 %ergem=2s7?) (10°%erg) (10%! ergs™1)
GRB180715755 1.03 0.7 0.29 902.28+ 149.53 -0.14 0.19 16.42+ 1.10 3.34+ 0.64 72.641 4.88 29.97+ 5.75
GRB180715741 0.576 1.66 1.42 560.80t 89.15 -0.32+0.14 20.82+1.91 3.53+ 0.68 21.34+1.96 5.70+ 1.10
GRB180703949 0.06 1.540.09 136.88+3.03 -0.774+0.03 86.00+ 1.21 18.27+ 0.68 0.73+ 0.01 0.17+0.01
GRB180626392 0.454 0.96 0.41 431.24:81.89 —0.63+0.20 5.61+ 0.70 3.27+ 0.60 3.28+ 0.41 2.78+ 0.51
GRB180625941 0.687 0.78 0.68 576.02+ 107.00 -0.17 0.31 5.21+ 0.61 2.74+ 0.49 7.72+ 0.90 6.84+ 1.21
GRB180617872 0.301 1.920.78 158.32£17.95 -0.37 0.20 3.30+ 0.35 1.04+0.19 0.76+ 0.08 0.31+ 0.06
GRB180602938 0.343 0.0t 0.74 384.51t 74.89 -0.60+ 0.21 3.03+ 0.38 4.41+ 0.50 0.96+ 0.12 1.88+0.21
GRB180525151 1.311 0.5#0.69 1011.93t 266.03 -0.49+ 0.19 3.66+ 0.36 2.91+ 0.38 28.13+ 2.76 51.54+ 6.82
GRB180523782 2.395 1.98 1.35 1434.52f 443.27 -0.35+ 0.23 5.87+ 0.66 2.63+ 0.49 189.71+ 21.39 288.52+ 53.36
GRB180511437 0.213 1.98 0.97 107.53t11.92 -0.92+0.15 6.124+ 0.44 0.97+ 0.25 0.73+ 0.05 0.14+ 0.04
GRB180511364 0.91 0.13 1.21 744.00+ 279.15 -0.83t 0.21 2.28+0.32 2.81+ 0.41 7.00+ 0.98 16.43+ 2.41
GRB180404848 0.098 0.5#0.84  58.06+6.25 -0.72+0.34 1.88+ 0.17 1.36+0.18 0.05+ 0.00 0.04+ 0.01
GRB180402481 0.367 0.26 0.18 335.38:55.98 -0.13+ 0.32 4.53+ 0.60 2.99+ 0.53 1.59+ 0.21 1.43+0.26
GRB180402406 0.808 0.450.33 1326.79t 152.34 -0.37 0.09 18.19+ 0.80 10.21£ 0.72 68.304 2.99 69.30+ 4.88
GRB180313978 0.277 0.08 0.41 299.73f 40.45 -0.02+0.24 2.624+0.28 4.12+ 0.44 0.50+ 0.05 1.014+0.11

The full table is available dit t p: / / www. r aa- j our nal . or g/ docs/ Supp/ ms4930Tabl e2. pdf .
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Fig.5 Non-evolving isotropic energ¥is, 0 = Eiso/(1 + Fig.6 Cumulative isotropic energy function @f Eis o),
z)>7™ of 324 Fermi sGRBs above the truncation line. Thewhich is normalized to unity at the first point. Tiéack
green line represents the fluence limit. line is the best fit with a broken power-law model. The
isotropic energy function can be expresse@@Bis,,0) x
whereE; = (N; +1)/2 andV; = (N2 — 1)/12 are the B> for dim sGRBs andh( Eio,0) o Eiyy "
expected mean and the varianceldf respectively. If;  for bright SGRBs, with a break energy &f,, , = 4.92 x
follows an ideal uniform distribution, then the samples of10*° erg.
R; > E; andR; < FE; should be equal, and the value
of 7 should be equal to zero. Howeveft;,, and z are  Figure6 shows the cumulative isotropic energy function.
not independent of each other. We change the value of The shape of isotropic energy function roughly follows a
until the test statistie is zero. Figuret shows the value of broken power-law, and the best fitting is given by

the test statistie as a function of. we find that the best 0455001 o pb
fitting is k = 5.7975:31. The distribution of non-evolving $(Fiso,0) { 500 po.01” o L 0.0 (10)
' ' Eioo ™ Eiso,0 2 Eilg o

isotropic energyis, o andz is shown in Figureb.

with the break energyz!,, , = 4.92 x 10* erg. Itis worth
noting that the isotropic energy function here corresponds
toz = 0, the isotropic energy function of sGRBs at redshift
S Qb(Eiso,O)(l + 2)5'79.

3.2 Isotropic Energy Function

After remove the effect of the isotropic energy evolution,
Fiso.0 = Eiso /(14 k)3, we can use the non-parametric
method to derive the cumulative isotropic energy function )
(¢(Fiso,0)) from the following equation 3:3 The Formation Rate

?(Eiso0,i) = H

j<i

( 1 In order to get the formation rate of SGRBs, we defitie
).

) ,
Nj ‘]1/ = {j|EiSO-,07j Z Eilslc:?o,iv Zj S Zi} ’ (11)


http://www.raa-journal.org/docs/Supp/ms4930Table2.pdf
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redshiftz with 1o errors, which is normalized to unity at
the first point
where z; is the redshift ofith sGRB, andE["; is
the minimum isotropic energy, which can be observec
at redshiftz;. This range is the black rectangle region
of Figure 3. The number of sGRBs in this region is 10°
M;. Similar to deriving the cumulative isotropic energy

function, we can give the cumulative formation raté:)

as
d(z) =[] (1 + Mij) : (12)

Jj<i

10—1 L

1072

Formation Rate of sGRBs p(z)

and the result is shown in Figure

The differential (not the cumulative) form of the
sGRB formation rate is more useful for the purpose of
comparison with the star formation rate. So we derive the 10700 2x10° 3x10°  4x10
differential formation rate of SGRBs with the following 1z
equation:

Fig.9 Comoving formation rate of sGRBs, which is

dip(z) av(z)\ " normalized to unity at the first point.
o z
P =g ) (—dz ) . @y

Yonetoku et al(2014) is similar to that in Figure8. They
might ignore the differential comoving voluna®’ (z)/dz
term as discussed iMu et al. (2015. We use a broken
power-law form to fit the formation rate, the best fitting

where the factor(1 + z) represents the cosmological

time dilation Zhang et al. 2013 d‘;iz) is the differential

comoving volume, which can be expressed as

is given by
2
dv(z) c\* / dz { (14 2)~%02E134 - <4
=47 | — z) _ . 15
7 u (Ho) ; \/1 B S S G p(z) (14 2)=493£030 » > 04 (15)
y 1 According to Equation 15), we estimate the local
VI= O+ (14 2)3 SGRB formation rate i$7.43 4 0.12 events Gpc ™2 yr—1.

(14)  The previous resltus ofong et al.(2015 that the local
Figure 8 shows (1 + z)diy(z)/dz as a function of event rate is10 events Gpc™3 yr—!, and p(0) =

redshift . From this figure, we can find thatl +  7.53 events Gpc=2 yr~! in Zhangetal.(2018, and
z)d(z)/dz increases at < 0.3, remains constantfar<  p(0) = 15.5 events Gpc— yr~! in Guo et al.(2020 are
0.3 < 0.7, and then decrease at> 0.7. Figure9 shows consistent with our result.
the formation rate of SGRBs. From this figure one can see In addition, using theL, — =z sample, we also
that the formation ratg(z) decreases at all redshift range, analyze the luminosity function and the formation rate
which is consistent with the result obtainedzhang etal. in the same way. We find that the best value of
(2019 and Guo et al.(2020, but it is different with the index k is k& = 6.4370:32, where the flux limit5 x
result ofYonetoku et al(2014. We note that the result of 10~7 erg cm~2 s~! is adopted. After removing the effect



Z.-Y. Liu, F-W. Zhang & S-Y. Zhu: The Isotropic Energy Function and Formation Rate of Sham@&a-ray Bursts  254-7

100F

1071 L

10—2 L

Formation Rate of sGRBs p(2)

Cumulative luminosity function ¢ (Lp, o)

1049 1050 1051 10° 100 2 x 100 3 x 10° 4x10°
Lp,o [erg s71] 1+z

Fig.10 Cumulative luminosity function ap(Ly o), which  Fig.11 Comoving sGRB formation rate af,, sample,
is normalized to unity at the first point. The luminosity which is normalized to unity at the first point.
function can be expressed &L, o) o L 50! for

Lpo < LY g ande(Ly, o) oc Ly 0% for Lo > LY 5, break energy i, o = 4.92 x 10% erg (see Fig. 6).
whereLi;,0 =1.43 x 10% erg=1 s7L. The shape of the isotropic energy function is similar to
that of the luminosity function (see Fig. 9). Moreover, our
of the luminosity evolution, the corresponding cumulativePower-law indices are comparable to those reported by
luminosity function and the formation rate are reported inZhang et al(2018 andGuo et al(2020.
Figures10 and 11. The luminosity function can also be We find the sGRB formation rate is decreasing quickly,
well fitted with a broken power law. We obtaif{ L, o) o  the best fit isp(z) o (1 4 z)~318£102 for 2 < 0.4 and
L0300 for Lo < LY g andg(Lyo) oc Ly g™ 000 p(z2) oc (1 + 2)~*95+023 for 2 > 0.4, Zhang et al(201§
for Lo > LY, whereLl , = 1.43 x 10% erg=! s~!.  and Guo etal.(2020 also obtained the similar results.
Our results are well consistent witthang et al.(201§  We obtain the local formation rate of sGRBs is about
and Guo et al.(2020. Nevertheless, our results are not 17.43=0.12events Gpc—? yr~!. Itis believed that GRBs

sensitive to the limit of fluence and/or flux. are originated from relativistic jets since breaks in the
afterglow light curves are seen for many bursts. Although
4 CONCLUSIONSAND DI SCUSSION the jet breaks are rarely detected for sGRBen(g et al.

2015 Jinetal. 2018 we still need to account for the
Gamma-ray bursts are brief, intense, gamma-ray f|ashé§t effect. Therefore, the observed sGRB formation rate
in the universe, lasting from a few milliseconds to Can be corrected by the beam facfyy = 1 — cos(6)),
a few thousand seconds. For short gamma-ray bursihered; is the half-opening angle of the jefong et al.
with duration less than 2 s, the isotropic enerdy,,, (2013 reported the range of jet half-opening angles are
can be reliably measured than the luminosity, and thdrom 6° to 26°. If we take this value and set the beaming

number density of bursts pét;, interval may provide factor as f}g_l_ = 9 — 185, the local event rate of
an independent or even more representative clue to tH&SRBs including the off-axis ones j& . = 155.79 —
underlying physics of SGRBs. 3202.35 events Gpe™? yr~ ™.

In this work, we firstly use 22 sGRBs with known
redshifts and well measured spectra to fit the — £, = Acknowledgements We acknowledge the use of public
correlation. Using this correlation, we derive the pseudalata from the Fermi catalogue. This work was supported
redshifts of 334 sGRBs observed by the Fermi detectoin part by the National Natural Foundation of China (Grant
Then we for the first time construct the isotropic energyNo. 11763003), and by the Guangxi Natural Science
function and adopt it to estimate the sGRB formation rateFoundation (No. 2017GXNSFAA198094).
The fluence-truncation effect has been properly addressed
by adopting ar statistical method. We find that there
exists a significant evolution ofs,, which is removed
by Eico0 = Eiso/(1+ 2)%, wherek = 5797051, After  apbott, B. P., Abbott, R., Abbott, T. D., et al. 2017,
removing the redshift dependence, the isotropic energy Phys. Rev. Lett., 119, 161101
function can be reasonably fitted by a broken power lawgand, p., Matteson, J., Ford, L., et al. 1993, ApJ, 413, 281
We obtaing(Eis,0) o Eoy®* %" for dim segment, and  Efron, B., & Petrosian, V. 1992, ApJ, 399, 345
¢(Eiso0) < By 00" for bright segment, where the Eichler, D., Livio, M., Piran, T., et al. 1989, Nature, 34@61
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