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Abstract Thanks to more and more gamma-ray bursts with measurediftedst extended emission
detected by the recent space telescopes, it is urgent asleo® check whether those previous energy
correlations still satisfy the particular sample involyionly the bursts accompanied by tail radiations. Using
20 long and 22 short bursts with extended emission, we findthigapopulary-ray energy correlations of
the intrinsic peak energy versus the isotropic energy (Anetdtion) and the intrinsic peak energy versus
the peak luminosity (Yonetoku relation) do exist in bothglamd long bursts. However, it is much better
if these gamma-ray bursts with extended emissions aresséfital into two subgroups of E-1 and E-II that
make the above energy correlations more tight. As propogédhlng et al., the energy correlations can be
utilized to distinguish these kinds of gamma-ray bursteé@ylane of bolometric fluence versus peak energy
as well. Interestingly, the peculiar short GRB 170817A bgto the E-I group in the fluence versus peak
energy plane, but it is an outlier of both the Amati and YoReteelations even though the off-axis effect
has been corrected. Furthermore, we compare the radiatiures between the extended emissions and the
prompt gamma-rays in order to search for their possible ections. Taking into account all these factors,
we conclude that gamma-ray bursts with extended emissirstdl required to model with dichotomic
groups, namely E-1 and E-Il classes, which hint that theyhhiigave different origins.
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1 INTRODUCTION 2016 Zitounietal. 2015 2018 Tarnopolski 2019&)

o while some other authors insisted that the number of
The fascinating phenomenon of gamma-ray bursts (GRB@ubgroups in GRBs should be threghattopadhyay et al.
manifests the fastest and most dynamic astronomicalogz Horvath & Toth 201§ or five (Tothetal. 2019
events in the universeK{ebesadeletal. 1973 GRB  cpattopadhyay & Maitra 2038However, a special kind
dqratlons Ts0) ranging from milliseconds to tens_of of GRB with an extended emission (EE) component
mmutes Zhang et al. 201)4.usually express the_ lasting \yas reported subsequently in many papers or catalogs
time of prompty-rays (Norris etal. 1995 According 1o (\jazets et al. 2004Norris & Bonnell 2006 Kaneko et al.
the Tyg, GRBs have traditionally been classified into two 2015 Svinkin et al. 201§ which was found to confuse the
types, namely long GRBs (LGRBs) withyy > 2s and  ¢|5gsification scheme of long and short GRBs (SGRBS)

short ones withilyy < 2s (Kouveliotou et al. 1998in the according to onlyTy, (Zhang etal. 2016 The EE had
observer frame, and the bimodal distribution also existsﬁ)een thought to be produced by a relativistic wind

in the rest frame4hang & Choi 2008 This classification extracting rotational energy from a protomagnetar on
criterion has been confirmed by a number of observationg timescale of 10-100 Metzger et al. 2008 magnetar
(Gehrels etal. 2004 Paciesas etal. 1999Zhang et al. spin-down Zhang & Mészaros 2002Fan & Xu 2006
Bucciantini et al. 201p the process of fall-back accre-
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tion onto a newborn magnetaGémpertz etal. 2014 satellite owing to its lower energy ranges. Therefore, the
Gibson et al. 201)7 or a delayed energy injection causing primary task of the paper is to test the existent possiegiti

the continued brightening of the early X-ray emissions agnd the consistency of the Amati and Yonetoku relations of
exhibited by GW170817/GRB 170817Ai(et al. 201§. the EE bursts with those previously obtained with normal

Many authors argued that LGRBs are formed from the®RBs. Additionally, we shall check how to reclassify

collapse of massive stars associated with hypernovae (e.§1€5€ EE bursts in a more appropriate way according
Kinugawa et al. 2019 Galama etal. 1998Hjorth et al. to their diverse energy correlations. It is noticeable that

2003 Melandri et al. 2014Fruchter et al. 2006 SGRBs GRB 170817A as the first gravitational-wave-associated
are produced by the merger of either two neutron stars opCRB With EE will be paid more attention in terms
a neutron star with a black hol&pmpertz et al. 2020 of its classification. Sample selection and data reduction
Li & Paczyhski 1998 Fryeretal. 1999 Popham et al. methods are described in Sectiéh Our results are
1999 Bulik et al. 1999 Troja et al. 2008 Wiggins et al. presented in SectioB. We will end with conclusions in
2018. There are a number of empirical energy correlations>€Ctom-

for long bursts such as the — L, relation (Norris et al.
2000, the V — L, relation Fenimore & Ramirez-Ruiz

2009 Reichartetal. 200} the Nycar, — Ly relation  pggyy we collect the GRBs with EE and redshift
(Schaefer 2008the7...; — Ly, relation €hang etal. 2006 yeported in literatures between July 2005 and August
2008, therrr — Ly, relation Schaefer 2007 the By — 2017 Norris & Bonnell 2006 Gompertzetal. 2013
Trr — Lp relation Qi&Lu 2012), the L — T — E oy pytten etal. 2014Kaneko etal. 2015 Zhang et al.
relation Xu & Huang 2013, the Liang-Zhang relation 7014 Gibson etal. 2017 Kisaka etal. 2017 Yu etal.
(Liang & Zhang 200% etc, in which the intrinsic peak 2020. In order to reduce the sampling selection effect,
energyE,; = (1 + z)Ep,, versus the isotropic energy \ye chose not only short GRBs but also long bursts
Eiso (hereafter Amati relationimati et al. 2002 and the ¢4 constitute our complete GRB sample, including only
E,; .versus the peak luminosity,, (hereafter Yoneto.ku EE bursts in this papeKisaka et al.(2017 proposed a
relation, Yonetoku et al. 2004are two frequently-studied phenomenological formula consisting of two functions
ones. With the increasing number of SGRBs with knowny, identify the EE components and identified 65 GRBs
redshift, people ascertained that at least parts of thesgi Eg, of which less than half had measured redshifts.
above energy relations also hold for SGRBs. For examplef-lowever, some of them could not show obvious EE seg-
Zhang et al(201§ (hereafter paper |) analyzed SWit/BAT o in their multi-energy bands light curves, especially
and Ferm/GBM GRB data and found that the poweri, oyer energy channels. To ensure reliability in sampling
law indexes of both the Amati and Yonetoku relations, e have double-checked the light curves with a criterion
for SGRBs are correspondingly consistent with those fog¢ signal-to-noise (S/N) larger than 2 to judge the EE
long ones. This is however different from some earlygegments for the EE candidates taken from literatures. In
conclusions drawn by the limited data points of SGRBS{otaI, 42 EE GRBs with known redshift are chosen to
(e.g9., Amati 2006 2012. Despite decades of studying compose our sample. Of the 42 EE bursts, 20 long and
these sorts of energy relations, the underlying emissioBs <hort pursts are included, and 28 and 14 GRBs are
mechanisms still remain controversi@dinotti & Amati  regpeciively detected by Swift/BAT and other satellites.
2018 Ahligren et al. 2013 It happens that the EE GRB sample also consists of 20
On the other hand, whether these kinds of energ¥-l and 22 E-Il bursts. Note that the E-I and E-Il GRBs
relations also exist for the special EE bursts is an opeare not equal to the short and long ones, correspondingly
guestion. In practice, the EE components following main(see the definition in Sec8.2 for details). The physical
peaks of a small fraction of GRBs have been identifiedparameters are listed in Table where Column (1) gives
not only in short burstsi¢ka et al. 2005Barthelmy etal. the GRB name, Column (2) lists the duratifsy, Column
2005 Norris & Bonnell 2006 Li et al. 2020&b) but also  (3) expresses the cosmological redshift, Columns (4)—
in long ones Connaughton 20Q02Bostanci etal. 2093  (6) respectively represent the observed peak engéigy,
Moreover, Yu et al. (2020 found that SGRBs with and and two spectral indexesy(and 3) of the GRB v F,
without EEs are diversely distributed in the plot of peakspectrum, Columns (7) and (8) provide the observed
flux versus fluence, which may indicate they are triggereanergy fluences., in units of ergcnt? and peak photon
by different binary coalescence mechanisms. Similarlyflux P, in units of phcnt? s=!, and Columns (9) and (10)
some long bursts also have softer gamma-ray emissiorshow the energy bands fro,,;, to ... of detectors
with very long timescale. In recent years, more and mor@and their correspondind(-correction factorsK. from
GRBs with softer EE tails have been detected by the Swifthe observer frame to the source frame in energy band
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1-10000keV, individually. The relevant references arehat the redshifts of E-I and E-Il bursts are drawn from

provided in Column (11). Finally, E-l and E-Il in Column different parent distributions.

(12) list the detailed types of the EE GRBs based on the Figure2 displays the distributions of the low-energy

different energy correlations they exhibit. spectral index ofv with mean values of —-0.69, -1.41,-0.70
Subsequenﬂy’ we will re|y on the selected Samp|e oﬁnd —1.31 and scatters of 0.58, 0.41 and 0.55 0.37 for the

EE bursts to study their potential energy correlations thaghort, long, E-l and E-Il GRBs, respectively. The K-S tests
can be applied to classify them into different subgroupsyield D = 0.58 andp = 8.5x 10~ between shortand long
The methods and steps are completely the same as in o@RBs, andD = 0.61 andp = 3.7 x 10~* between E-l and
previous paper |. In addition, we Comparative|y invesﬁgat E-Il GRBs, which demonstrate that they all are diﬂ:erently
the radiation properties of the EE components and the maidistributed. In Figure, we compare thé, , distributions
peak emissions of the promptrays for distinct classes and getDq/(ni,m2) = 0.26 with p = 0.41 between

of GRBs with EE. Hopefully, we shall find some possible short and long bursts anB,(n1,n2) = 0.66 with p =
connections of the EE segments with their corresponding-8 x 10~° between E-I and E-Il bursts which affirm
main peaks in order to explore the EE origins. Forthat the observed peak energies of E-I and E-Il GRBs
this purpose, the times and photon fluxes when the ERave significantly diverse distributions. However, ffig,
parts (. and F, gi) and the main bursts( ., and  distributions of short and long GRBs are statistically the
F, main) Peak separately are measured and compare§a@me as what some previous authors found for BATSE
Note that two peak times are recorded from the triggefnd Swift bursts@hirlanda et al. 2004Zhang et al. 2020
time of a detector and the peak fluxes are measured fdrhe meank, , values of short, long, E-I and E-Il GRBs
the mask-weighted light curves. Especially, two variablesare respectively281.8%32-5, 14797583, 422.77{53 and
tpre and F, pp, have been estimated from the lower 97.77 15 keV. The Ey, ; distributions in Figuret are very
energy channel where the EE components are usual§imilar to those in Figur& and also show that short and
identified and are relatively softer than the main burstslong bursts are taken from the same parent distribution
To ensure the EE segments can be reliably measured, tM&iile E-1 and E-Il GRBs are distributed differently. We
selection criterion of S/N 3 has been adopted. In this notice that the averagé€, ; value of type E-I GRBs is
way, we pick out 10 short and 19 long GRBs to studystill larger than that of type E-Il GRBs in the rest frame.
the relationships of timescales, intensities togetheh wit Nevertheless, the meah, ; values are380.2"3¢ and
energy correlations of the EE portions. We need to poin846.7*55 ] for short and long GRBs respectively and a K-
out that 10 E-I1 and 19 E-Il bursts are also involved inS test giveD, (n1, n2) = 0.22 with p = 0.61, signifying
this comparative study. It is however a coincidence thathat theirE, ; distributions are uniform.

the numbers of different kinds of bursts are unexpectedly

equal. 3.2 Spectrum-energy Relations
Following our paper |, we use the data in Talleto
3 RESULT calculate the isotropic energyts, = 47 D?Spo1o(1+2) !
and the peak luminosity., = 47 D7 P10, WhereD; is
3.1 Parameter Distributions the cosmological distanc&,.i, = K.S, and Pl =

K P, are bolometric fluence and flux transferred from the
The redshift distributions of different EE bursts in our observed fluencé, and fluxP, with aK-correction factor
sample are displayed in Figurg where the median of K, respectively (paper I). Figurg features the Amati
redshifts arez=0.71, 1.1, 0.52 and 1.29 for short, long, relations ofE,,; ~ C;E/!. for the above four EE GRB
E-l and E-ll GRBs, respectively. It is noticeable thatgroups in the rest frame. They can be individually written
the redshift differences between E-l and E-ll GRBs areas
comparably larger than those between short and long bursts I 0.43-40.06
on the whole. Applying a Kolmogorov-Smirnov (K-S) test  E,; = 1783.611“23;:2 ( 52180 > (keV) (1)
to the redshift distributions of short and long bursts nesur 10°erg
the statisticD = 0.31 less than the critical value of for 21 SGRBs and
D,/ (n1,n2) = 0.42 and the-value of 0.2 at a significance
levelo/ = 0.05 for n; = 20 andn, = 22, signifying that ~ E,; = 212.827527 (
short and long GRBs share the same redshift distribution;
while a K-S test on the redshift distributions of E-l and E-for 20 LGRBs. However, short and long GRBs are
Il bursts returns the statistid = 0.43 > D,/(n1,n2) =  moderately overlapped and dispersedly distributed in the
0.42 and thep-value of 0.03 for’ = 0.05, which indicates plane of E, ; vs. Eis,. If redividing these EE bursts into

o 0.37+0.06
> ) (keV) (2)
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Table 1 Physical Parameters of GRBs with EE

GRB Too z Ep a B S, P, Emin — Bmax Ke Ref  Type
(s) (keV) (ergenm?)  (phem2s™1) (keV)
(1) (2 (3) (4) (5) (6) (8) 9) (10) (11) (12)
050724 96 0.257 78.918.0 -2.02 - 8.9« 107 3.35 15-150 5.37 [1,12] E-ll
0510168 4 0.9364 20.425.34 -1.588 - 1.6% 107 0.685 15-350 2.26 [1,13] E-ll
051221A 1.4 0.547 43293 -1.08 - 3.20< 106 12.1 20-2000 1.07 [4,10] E-l
051227 114.6 0.8 332.0£211.02 -1.41 - 7.0 107 0.95 15-350 1.77 [1,3] E-
060306 60.94 1.559 69.3813.67 -1.254 - 2.45% 106 6.41 15-350 1.35 [1,13] E-ll
060313 0.74 1.7 837.40438.12 -0.61 - 1.14 106 10.85 15-350 3.68 [1,3] E-l
060614 108.7 0.125 393.02250.96 -2.23 - 1.8& 10> 11.39 15-350 7.84 [1,3] E-l
060801 0.49 1.13 620.22342.95 0.28 - 7.84 108 0.75 15-350 3.47 [1,3] E-l
060814 145.3 0.84 302.3%127.18 -1.412 - 2.3910°° 8.38 15-350 1.72 [1,13] E-ll
061006 129.9 0.4377 664227 -0.62 - 3.5% 106 5.3 20-10000 1.01 [5,12] E-l
061201 0.76 0.111 843458 -0.36 - 5.3% 10~6 3.55 20-3000 1.02 [6,12] E-l
061210 85.3 0.41 544.04309.56 -1.56 - 1.16 106 2.78 15-350 220 [1,12] E-I
070223 100 1.6295 54.4414.45 -1.48 - 1.9& 10~6 0.491 15-350 1.57 [1,13] E-ll
070506 4.3 2.31 55.1211.29 -0.768 - 2.2% 1077 0.948 15-350 1.24 [1,13] E-ll
0707148 64 0.92 164.8#73.13 -1.15 - 7.2%10°7 2.75 15-350 1.31 [1,3] E-l
070724A 0.4 0.457 825 -1.15 - 3.00¢< 10~8 0.94 15-150 156 [7,12] E-l
071227 1.8 0.383 1006:100 -0.7 - 1.60< 10~6 1.68 20-1000 1.64 [8,12] E-l
080123 115 0.495 44.934.49 -1.99 - 5.5% 107 1.43 15-350 2.63 [1,12] E-ll
080603B 60 2.69 74.9410.86 -1.21 - 2.9& 106 4.72 15-350 1.32 [1,13] E-ll
080905A 1 0.128 311.22100 0.12 -2.35 8.5%10°7 6.32 10-1000 151 [1,12] E-l
0809058 128 2.374 256.1465.06 -1.579 -2.29 2.7610°° 1.03 15-350 1.80 [1,13] E-ll
090426 1.2 2.609 55.08-27 -1.11 - 1.76< 107 2 15-150 1.49 [1,9] E-l
090510 0.3 0.903 4302483.2 -0.86 -2.58 3.3710°6 40.95 10-1000 3.94 [2,11] E-I
090530 40.46 1.266 92.1430.56 -1.078 - 1.3%10°6 3.68 15-350 1.23 [1,13] E-ll
090927% 2.2 1.37 61.9519.12 -1.301 - 2.9% 1077 1.85 15-350 1.4 [1,13] E-ll
100117A 0.3 0.915 327.2252.91 -0.1 -6.3 9.2610°8 0.96 10-1000 1.02 [1,2] E-
100625A 0.33 0.452 482.13%61.93 -0.59 -12.24 2.3210°7 2.54 10-1000 112 [1,2] E-
100704A& 197.5 3.6 381.76580.77 -1.655 -2 8.9% 10~ ¢ 5.1 15-350 2.05 [1,13] E-l
100724A 1.4 1.288 42:515.18 -0.51 - 1.4% 107 1.56 15-150 1.29 [1,12] E-ll
100814/ 174.5 1.44 312.96188.9 -1.331 -2.44 1471075 3.05 15-350 1.7 [1,13] E-l
100906A& 114.4 1.727 138.3#36.45 -1.722 -1.86 1.8910°° 11.1 15-350 1.84 [1,13] E-ll
101219A 0.6 0.718 499103 -0.22 - 3.6k 106 4.2 20-10000 1.01 [9,10] E-I
111117A 0.47 2.211 3837 -0.69 - 6.70< 107 2.8 15-150 3.84 [1,10] E-I
120804 0.81 1.3 116.1839.82 -0.97 - 8.6& 107 10.64 15-350 1.19 [1,3] E-l
131004 1.54 0.71 118.1£29.7 -1.36 -22.09 509107 9.82 10-1000 117 [1,2] E-l
150120A 1.2 0.46 13650 -143 -1.65 4.1%10°7 4.94 10-1000 231 [1,2] E-l
150423A 0.22 1.39 12635 0.43 - 6.30¢< 10~ 8 2.6 15-150 1.42 [1,12] E-l
150424A 91 0.3 47.066.64 -0.49 -2.19 15R10°¢ 12 10-1000 112 [1,2] E-l
1604104 8.2 1.717 495.3232.9 -1.11 - 1.15% 10°6 0.34 15-350 2.07 [1,3] E-l
160624A 0.2 0.483 1168546.5 -0.63 -365 1284107 6.39 10-1000 1.84 [1,2] E-
1608218 0.48 0.16 46.325.38 -0.12 - 1.0% 1077 1.68 15-150 119 [1,2] E-
170817 2.05 0.009783 214:156.6 -0.60 - 2.7% 1077 3.73 10-1000 1.00 [2,12] E-l

[1] https://sw ft.gsfc.nasa.gov/results/batgrbcat/; [2] https://heasarc. gsfc. nasa. gov/ WBBrowse/ferm /
fermgtrig.htm ;[3] http://butler.lab.asu. edu; [4] Golenetskii et al. (2005); [5] Golenetskii et al. (2G)6 [6] Golenetskii et
al. (2006b); [7] Golenetskii et al. (2006c¢); [8] Golenetsid al. (2007); [9] Goldstein et al. (2010); [10] Fong et &015); [11] Razzaque (2010);
[12] Goldstein et al. (2017); Zhang et al. (2018); [13] Zhat@l. (2016). Star symbols indicate those GRBs with brighte components at a level

of SIN> 3.

E-I and E-Il subgroups as featured in the lower panel othat GRB 170817A has not been utilized during the above
Figure5, one can obtain two more tight Amati relations fits. All the fitting parameters are listed in Tal#fevhere

with smaller standard deviations to be

E 0.45+0.05
E,; = 2062.7675520 (H)Terg> (keV)
for 19 E-I GRBs and
E. 0.36+0.04
E,; =207.607%"2 (m) (keV)

I/l classification could be more physical. It is noteworthy

3)

(4)

one can find that the power-law indexes are marginally
consistent with each other and the energy correlations of
short and long bursts are much closer to those of E-I and
Il GRBs. In addition, the fitted); values are surprisingly
coincident with those obtained by paper | for 31 short
and 252 long GRBs with loweE,, , mainly observed by
Swift/BAT, but slightly smaller than the previous value of
m ~ 0.5 (e.g.Amati et al. 2002 Amati 2006 Amati et al.

for 22 E-Il GRBs, which conversely verifies that the E- 2019. This hints that the Amati relation might evolve with

the peak energy. In particular, we find that the peculiar
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Fig.2 Left panel Distributions of low-energy spectral index afin Band function for shortdreen and long ¢ray)
GRBs.Right panelDistributions of low-energy spectral index @fin Band function for E-1ljght orangg and E-Il dark
yellow) GRBs. The different lines are the best fits to the histognaittsa Gaussian function.

GRB 170817A always violates the newly built Amati their corresponding formulas are written as
relations even though the off-axis effect has been cordecte

) I 0.4240.05

according to the m_ethod adgpted Bgu et al.(2018. To By = 464.131529 ( - P 1) (keV),

perform the off-axis corrections for GRB 170817A, we 10> ergs

adopt the viewing angle of,= 0.53 radians, the half- 0.3740.07 ®)
LI - ” : I . .

opening jet an_gl_e% = 0.1 radians fromHaJeI_a etal. E,;= 138.111?2:5 (1517?1) (keV),

(2019 and the initial Lorentz factol’ = 8 (Salafia et al. 0°tergs

2018. Its on-axis energies aré’,; ., = 27134 + 0.4440.05 ©6)

715.3keV andEs,0n = (9.23 £0.56) x 10%® erg that are E. . =516.00786-2 e (keV)

; ( ; P U39\ 1051 ergs—1 ’
correspondingly about one order of magnitude larger than g 7
the those estimated Bou et al.(201§, wherel’ = 13.4 I 0.3740.05 (7)
and#, = 0.175 radians had been assumed. E,; =128.051157 (Wigs*) (keV) (8)

for short, long, E-1 and E-lIl EE GRBs, respectively. We
Similarly, we try to fit the Yonetoku relations,; ~  are aware that the power-law indexes of the four kinds
C, L} of the above four kinds of EE GRBs in Figus@and  of bursts are approximately consistent with each other as
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SGRBs 10 F type E-| i
I LGRBs I type E-Il

Count
Count

logE, , (keV) logE, , (keV)

Fig.3 Left panel Distributions of £, , in Band function for shortdreer and long @ray) GRBs. Right panel
Distributions of E/;, , in Band function for E-I ljght orangg and E-IlI dark yellowy GRBs. The distinct lines are the
best fits to the histograms with a lognormal function.
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Fig.4 Left panei Distributions of the intrinsic peak energy &4, ; for short @reer) and long ¢ray) GRBs.Right panel

Distributions of the intrinsic peak energy éf, ; for E-I (light orangg and E-Il @dark yellowy GRBs. The distinct lines
are the best fits to the histograms with a lognormal function.

shown in Table and they are slightly less than 0.5 which 3.3 Classifying GRBs with Energy Correlations
demonstrates the synchrotron radiation to be dominant for
the GRBs with EE (.See alsthang et.al. 20]’22018'. Our We now apply our new energy correlations expressed
resqlts are roughly in agreement with some previous ones Equations 1)-(8) to verify if they can distinguish
(Wei & Gao 2003 Yonetoku et al. 2004Vang et al. 2011 different kinds of GRBs in the plane OF, . versus
Zhang et al. 201,22018. No matter whether the off-axis Spoto. If SUDSHItUtiNG Fre — 47 D2Spo10(1 J:)’Z«)—l (or
viewing effect is corrected, GRB 170817A is undoubtedly’ " 4nD? o) in'lcino B lC ‘(’]; 1052erg)m
a violator of the Yonetoku relation as illustrated in Figure(opr B le&o /1051erg§_1)"2 )langocarryingg out
. . -~ . p,i — 2 P
6. After taking !nto account t.he same off ?Xls.parameters\’/ariable separations, one can arrive at the energy ratios
one can obtain the on-axis peak luminosity of GRBC El/ﬂj/S Ai(2)( 1,2) evolving with
170817A to beL, o, = (1.68 + 0.36) x 104 ergst > = -Fpo/2bolo X A2 = 4,2) .
dimmer than mospfoGRBs( ) g redshift as displayed in Figuré, in which A4;(z) will
' reach its maximum values at a certain redshifepf(see
also paper | for details). Tabl2 lists the values of:,
and A(z,) constrained with the fitted parameters and
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Fig.5 The energy relations df, ; versusEi, on a logarithmic scale for shoffilled squareyand long émpty squargs
GRBs in thdeft paneland for E-I filled circleg and E-1l mpty circles GRBs in theright panel The straight lines stand
for the best fits to data. For the peculiar SGRB 170817A, theglfiarge circle represents the off-axis measurementsewhi
the on-axis parameters given by Zou et al. (2018) and thi& wa signified by the filled and the empty stars, respectively

(see text for details).
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Fig.6 The energy relations df,, ; versusL,, on a logarithmic scale for short and long GRBs in I paneland for E-|
and E-ll GRBs in theight panel All symbols are the same as in Flg.The straight lines stand for the best fits to data.

Table 2 Parameters of Energy Correlations for the EE GRBs

Type Correlation C (keV) n Rb 2p Az
SGRB (N=2T) Epi — Eiso 1783.61 15272 0.43 £ 0.06 0.73 2.7 2.98 x 1012
SGRB (N=2T) Eyi— Ly 464137553 0.42 % 0.05 0.74 2.6 1.61 x 1012
LGRB (N=20) Epi — Biso 212.827577 0.37 £ 0.06 0.66 2.0 1.19 x 1011
LGRB (N=20) Epi— Lp 138.11725¢ 0.37 4 0.07 0.62 2.0 3.00 x 10!

E-I (N=19%) Epi — Eiso 2062.76 75520 0.45 £ 0.05 0.80 3.0 2.18 x 1012
E-1 (N=19%) Eyi— Ly 516.00755°2 0.44 % 0.05 0.80 2.9 1.29 x 1012
E-Il (N=22) Epi — Eiso 207607257 0.36 + 0.04 0.75 1.9 1.31 x 1011
E-Il (N=22) Eys— Ly 128.057 157 0.37 £ 0.05 0.73 2.0 2.58 x 1011

@ The short and off-axis GRB 170817A/GW 170817 has not bedimadiduring our fits. ® Rindex is the linear correlation coefficient

of these energy relations on a logarithmic scale.
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Fig.8 The Syl is plotted against thé,, , for different types of bursts. The lower limits on tBg.1,-Ey,  relationship
from the Amati/Yonetoku relations of shoth{ck/thin black dashed linesersus longthick/thin red solid ling GRBs and
those of E-I thick/thin blue dashed linesersus E-II thick/thin dark yellow solid lingbursts are individually presented in
theleft andright panels respectively. All symbols are the same as in%ig.

n; from Equation {) to Equation 8). This in turn puts a short vs. long but also E-I vs. E-Il GRBs. By contrast,
lower limit on the logarithmic relationships &dgSyo1o >  the E-I/Il classification scheme is more reasonable since
logE, o/n; — logA(z,) as displayed in Figur8, where the two kinds of bursts are less overlapped. Although
we find that both the Amati and Yonetoku relations canGRB 170817A matches neither the Amati nor Yonetoku
be utilized to classify these EE GRBs themselves, whichielations, we need to emphasize that GRB 170817A is
is very similar to the findings for all the GRB samples in always located near to the region of either the short or
paper |. To draw the lower limit lines from the Yonetoku E-1 GRBs as seen from Figurés 6 and 8, regardless of
relations, Pooio = Sbolo(Py/Sy) =~ Shoo/Too With @ whether the off-axis effect is considered or not.

typical durationTy, = 2 s has been applied. Previously,

Qin & Chen (2013 also proposed that GRBs are better3.4 Spectral Hardness

to be sorted into Amati and non-Amati classes. Note ) o

that the non-Amati bursts i@in & Chen (2013 actually ~AS depicted in Figured, the £, , and Ty, are weakly
correspond to the SGRBs. Interestingly, these empiricaqmn-correlated with a Pearson correlation coefficient of

energy correlations are available to identify not only? = —0-16 and a chance probability of 0.4. Interestingly,
the E-Il bursts tend to have long&h, but smaller, ,
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Fig. 10 Correlations between the peak time of main burgfs.(i,) and that of the EE components, gg) on a
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in contrast with the E-1 GRBs and both of them exhibit aXu & Huang 2019%. In this section, we will focus on the

wider Ty span from 0.1 to 200 s. On the contrary, g,
does not show an obvious dependence onTthefrom

of BATSE and Swift normal GRBs (e.@shirlanda et al.

comparative studies of the time delay, peak brightness
and peak luminosity of the EE segments for 10 short and
short to long bursts, which is consistent with some resultd9 long GRBs (see those bursts marked with a star in
Tablel) with well-determined EEs at a higher confidence
2004 Zhang et al. 2020 It happens that GRB 170817A level of S/IN> 3. Coincidentally, there are 10 E-l and

just lies on the boundaries between short/E-l and long/E-I119 E-Il bursts in the selected sub-sample. In addition,

GRBs, which makes it more mysterious in the aspects othe energy correlations of the EE parts will be also

classification. investigated to explore the possible connections with the
GRB counterparts.

3.5 Properties of the EE Components
Figure 10 indicates that there are no correlations

In case of the EE component, it also contains many useflletween the peak time of main burstg (.in) and the
parameters that can be utilized to unveil the associationgeak time of the EE components, gr). Except for
of the central engine with the EE formation mechanismsGRB 170817A with an extremely early EE, the majority
including the energy injection effecyi§ & Huang 2013 of GRBs have EE profiles peaking at a delay time of
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best weighted fits to E-I and E-Il GRBs in each with a power{lamn (see text for details).

45.7750-0 s after the trigger. We examine the associationselation exists during the EE phase. To do this, the EE
of the peak fluxes of the EE componenfs, gg) with  peak luminosity is estimated by, gr = 47D?F, kE.
those of the main burst$y, 1,.in) in Figurell, fromwhich  The averagd., gk values are~ 1.1 x 10* erg §1 with

one gains the logarithmic correlation coefficiepts-0.48, a spread of 2.28 dex ang 3.1 x 10%* ergs! with a
0.82, 0.81 and 0.72 witlp-values of 0.192.1 x 1075,  spread of 1.76 dex for short and long GRBs respectively;
7.3 x 1073 and 5.7 x 10~* for short, long, E-l and E- while the averagd , pr values are~ 7.6 x 10% ergs!

Il GRBs, correspondingly. These correlations imply thatwith a spread of 2.58 dex and 3.7 x 10*° ergs™! with

the EE energy outputs should depend on the amount & spread of 1.58 dex for E-l and E-Il GRBSs, respectively.
energy in their own main bursts. There are three burstsVe can find that the, gr is positively correlated with
(GRB 060614, 070223 and 100814A) with stronger EEshe E,, ; for all kinds of EE bursts, especially for the E-I/Il
comparable to their main peaks. It also can be seen frofursts. Interestingly, the Yonetoku relations of E-l and E-
Figure11 that a large fraction of the EE GRBs have peakGRBs can be individually described Wy, ; oc L) 3%

flux ratios of F}, pg/Fp main ranging from 1/10 to 1/2. andE,; oc L)% which are good in agreement with
Figure12is plotted to test whether the popular YonetokuEquations 7) and @) respectively. This confirms again that
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the EE components should be physically associated with ~ Surprisingly, we find that the?, ; of GRBs and the
the prompt GRBs (see altdet al. 2020). EE peak luminosity of E-I/Il bursts are also tightly

connected with the coincident power-law indexes like

4 CONCLUSIONS those fitted by only the normal GRBs.

We have selected a complete sample of GRBs with  On the basis of these comparative studies, we conclude
EE to study their parameter properties and the possiblthat it is much better to reclassify the bursts with EE
connections between the softer EE components and thisto two subgroups, which are type E-I and type E-Il,
harder GRBs. Simultaneously, we checked whether somespectively. Therefore, we hope that the most important
previous energy correlations still hold for these particul role of our results could reveal new insights into the
bursts and how to use the newly built energy correlationphysics of the EE GRBs together with their mysterious
to classify this kind of EE burst. Our major findings of this progenitors, especially on how to classify or find more
work are summarized below: EE GRBs resembling the attractive but challenging GRB

*

*

*

*

*

*

170817A.
Unlike short and long GRBs, the redshift distributions
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