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Fig. 1. The afterglows of Type I and Tvpe II GRBs in the observer frame. All data
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X-ray afterglows

Tagliaferri et al. 2005, Nature, 436,
985 (also see Chincarin1 et al.
2005)

Initial steep decay: tail emission
from relativistic shocked ejecta, e.g.
curvature effect (Kumar &

Panaitescu 2000; Zhang et al. 2006)

Flattening: continuous energy
injection (Da1 & Lu 1998a,b; Dai
2004; Zhang & Meszaros 2001;
Zhang et al. 2006; Nousek et al.
2006; Yu & Dai 2006), implying
long-lasting central engine

Final steepening: forward shock
emission
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Explanation: late internal shocks (Fan & Wei 2005; Zhang et al. 2006;
Wu et al. 2006), implying long-lasting central engine.



Various components in the X-ray lightcurve
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Fig. 2— Examples of the fits to X-ray decay curves. The prompt and afterglow component
functions are plotted in the same way as in Fig. 1. Top panels: the most common type
in which the 2nd, afterglow, component dominates at late times. Middle panel left: a
two component fit in which the afterglow component forms a bump in the decay but the
extrapolation of the prompt component decay dominates at late times. Middle panel right:
a single component fit, requiring no afterglow component. Bottom panels: two examples of
fits which include a late temporal break. Flares are plotted in red and were excluded from
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Abstract

A plateau phase in the X-ray afterglow 1s observed In a significant fraction of gamma-ray bursts (GRBs).
Previously, a correlation among three key parameters concerning the platean phase is found to exist, i.e_, the end
time of the plateau phase in the GRB rest trame (T,), the corresponding X-ray luminosity at the end time (L) and
the isotropic energy of the prompt GRB (E. ;o). In this study, we systematically search through all the Swift GRBs
with a plateau phase that occurred between 2005 May and 2018 August. We collect 174 GRBs, with redshifts
available tor all of them. For the whole sample, the correlation between Ly, T, and E_ ;. is confirmed, with the
best-fit relation being Ly ~ T‘l NE?E‘D Such an updated three-parameter correlation still supports that the central
lettover atter GRBs 1s prcbabl}f a millisecond magnetar. Note that short GRBs with durations less than 2 s in our
sample also follow the same correlation, which hints that the merger production of two neutron stars could be a
high-mass magnetar but not necessarily a black hole. Moreover, GRBs with an “internal” plateau (1.e., with a
following decay index being generally smaller than —3) also obey this correlation. It turther strengthens the idea
that the internal platean 1s due to the delaved collapse of a high-mass neutron star into a black hole. The updated
thiree-paraineter conelaton indicates thal GRBs wilth a plalcau phase may act as a staundard candle [or cosimology
study.

Key words: gamma-ray burst: general — methods: statistical
Supporting material: extended figure

https://arxiv.org/abs/1905.07929 &
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ABSTRACT

Based on the early-year observations from Neil Gehrels Swift Observatory, Liang et al. (2007) per-
formed a systematic analysis for the shallow decay component of gamma-ray bursts (GRBs) X-ray
afterglow, in order to explore its physical origin. Here we revisit the analysis with an updated sample
(with Swift/XRT GRBs between February 2004 and July 2017). We find that with a larger sample,
1) the distributions of the characteristic properties of the shallow decay phase (e.g. t; . Sx. I'x 1,
and ax 1) still accords with normal or lognormal distribution; 2) I'x 1 and I'y still show no correla-
tion, but the tentative correlations of durations, energy fluences, and isotropic energies between the
gamma-ray and X-ray phases still exist; 3) for most GRBs, there is no significant spectral evolution
between the shallow decay segment and its follow-up segment, and the latter is usually consistent with
the external-shock models; 4) assuming that the central engine has a power-law luminosity release
history as L(t) = Lo(;7) "%, we find that the value ¢ is mainly distributed between -0.5 and 0.5, with
an average value of 0.16% 0.12; 5) the tentative correlation between Ei. x and ] disappears, so that
the global 3-parameter correlation (Ej, x — E;, — t;) becomes less significant; 6) the anti-correlation
between Lx and #;, and the three-parameter correlation (Ej ., — Lx — t3) indeed exist with a high
confidence level. Overall, our results are generally consistent with Liang et al. (2007), confirming their
suggestion that the shallow decay segment in most bursts is consistent with an external forward shock
origin, probably due to a continuous energy injection from a long-lived central engine.

1. INTRODUCTION

Gamma-ray bursts (GRBs) are considered as the most extreme explosive events in the universe, which contains two
phenomenological emission phases: prompt phase (with an initial prompt +-ray emission) and afterglow phase (with
a longer-lived broadband emission) (Zhang 2019). Although there are many uncertainties in the detailed physics of
the prompt emission, mainly due to our poorly understanding the degree of magnetization of the GRB jet (Zhang
201 4a Knmar & Zhane 20151 a cgenerie ssnehrotron external shoeck model has heen constrieted for internretine the

Zhao, Litao; Zhang, Binbin; Gao, He; Lan, Lin; Lu, Houjun; Zhang, Bing, 2019, ApJ, 883, 97

20



The shallow decay segment of GRB X-ray afterglow revisited

201 GRBs

Submitted to APJ 2019 March 9; Accepted 2019 June 27

Litao ZHao,! BINBIN ZHANG,” HE Gao,* LiNn Lan,? Housun Lii,* Axp Bing ZHANG®

= £ L
o o (=]

logaofLxierg/s))

S
=

=]
LA
(=]

s e et S ot s @ s ‘

(=]
(=]
(=]

Cook Distance
(=]
[
(V]

) 3 i 5
logiol(ts/(1 + 2)(s))

L ocT -0. 97E

y,lso

Cook Distance
(=] o
=T

S
-2

- - - " - - .
Vel et ity

49 50 51 52 53

IGng(EiSD.\r(Erg”

9%

=]
[ 1]

Cook Distance
(=] o
o R

.
- - " _ e
R o S R ok

3 4 5
logio(th(s))

L oc:T -0. 87E

LXoc

y,lso
1.01 10.84
T E'y,1so
21

Zhao, Litao; Zhang, Binbin; Gao, He; Lan, Lin; Lu, Houjun; Zhang, Bing, 2019, ApJ, 883, 97



Astrophysics and Space Science (2022) 367:58
https://doi.org/10.1007/510509-022-04088-9

ORIGINAL ARTICLE ,
@
Statistical properties of the X-ray afterglow shallow decay phase and
their relationships with the prompt gamma-ray emission of

gamma-ray bursts

Xiao-Kang Ding’ - Yong-Rui Shi - Si-Yuan Zhu' - Wan-Peng Sun' - Fu-Wen Zhang'

58 Page240of27 X.-K. Ding et al.

204 GRBs

o] g

“1581(T, /10%1 + DAL, w107 erg)

(a) (b) (c)

—0.950651T,. 110%8) + D.ILieGIE, 10 erg)

—1.58+0.11 ~0.8340.05
Lx X Tb Z Ey,iso

T~ 1.69+0. 16L§)?.49:|:O.O6

LxpocT,

123TIogiTy, J10%5) + 0.86I0G(E S, ul 10" erg) L1440@IT, Jf10%5] + 0.7 SloglEx, wul 10* 6rg) 0.6HogiT,, o10"5) + 1.O0IIES /10 0rg)

(8) (h) 0 22

Fig.8 Three-parameter relationship between the shallow decay phase ) Eyiso — Epi — Tz (8) Lxp — Taz — Exisa. (h) Ly g — Taz —
and the prompt emission. (a) Ly o =T : = Ey iso. (D) Ly o =Ty : = L. Ex iso and (i) Ly m — Ty ; — Ex iso. The other symbols are the same
Chlxp=To:=Ep o () Ly p=Th:=Lp () Ex o= Epi = Ta . as Fig. 4



THE ASTROPHYSICAL JOURNAL, 863:50 (Ilppl, 2018 August 10

© 2018, The American Astronomical Society. All rights reserved.

htips:/ /doi.org /10.3847 /1538-4357 /aad08a

CrossMark

The Three-parameter Correlations About the Optical Plateaus of Gamma-Ray Bursts

Shu-Kun Si', Yan- Qing Qi]. Fcng-Xia Xue', Ya-Jie Liu',

Qing-Wen T‘m“ Yuan-Chuan Zou® @, Fei-Fei Wanﬂ

"'School of Physics and Physical Ennnm:mw Shandong Prov ItlLI.l| Key thor.uon of Laser Polarization and [nionmlmn Technology.

s Qufu Normal University, Qufu "Tﬂ{n People’s Republic of China; yisx2015@qfnu.edu.cn
Department of Physics, Nanchang University, Nanchang 330031, People’s Republic of China; gwtang @ncu.edu.cn

¥ School of Physics, Huazhong University of Science and Technology, Wuhan 430074, People’s Republic of China: zouyc @hust.edu.cn
GXU-NAOC Center for Astrophysics and Space Sciences, Department of Physics, Guangxi University.

Nanning 530004, People’s Republic of China; wangxg@ gxu.edu.cn

Received 2018 January 24; revised 2018 June 26; accepred 2018 June 28; published 2018 August 9

Abstract

. 1
Xiao Wu ',
, and Xiang-Gao den

Shuang-Xi Yil

Well-sampled optical light curves of 50 gamma-ray bursts (GRBs) with plateau features are compiled from the
literature. By empirical fitting, we obtained the parameters of the optical plateaus, such as the decay slopes («; and
a3), the break times (7}), and the corresponding optical fluxes (F}) at the break times. The break time of optical
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Abstract
For gamma-ray bursts (GRBs) with a plateau phase in the X-ray afterglow, a so-called L-7T-F correlation that
tightly connects the isotropic energy of the prompt GRB (E. ;) with the end time of the X-ray plateau (7,,) and the
corresponding X-ray luminosity at the end time (Ly) has been found. Here we show that there is a clear redshift
evolution in the correlation. Furthermore, because the power-law indices of Ly and E. j, in the correlation function
are almost identical, the L-7T-E correlation is insensitive to cosmological parameters and cannot be used as a
satisfactory standard candle. On the other hand, based on a sample including 121 long GRBs, we establish a new
three-parameter correlation that connects Ly, T,,, and the spectral peak energy E,,, i.e., the L-T-E,, correlation. This
correlation strongly supports the so-called Combo-relation established by Izzo et al. After correcting for the
redshift evolution, we show that the de-evolved L-T-E|, correlation can be used as a standard candle. By using this
correlation alone, we are able to constrain the cosmological parameters as €2, = 0.389'02%7 (1) for the flat
ACDM model, or 2, = 0369707 and w = —0.96679213 (10) for the flat wCDM model. Combining with other
cosmological probes, more accurate constraints on the cosmology models are presented.
Unified Astronomy Thesaurus concepts: Cosmology (343); Cosmological parameters (339); Dark energy (351);
Dark matter (353); Gamma-ray bursts (629); Neutron stars (1108)
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A new L-T-Ep correlation: L, o«Ta
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Cosmology by using GRBs alone Lx T a—0-96 E 0.44
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Cosmology by combining currently available tools
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Conclusions
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X-ray afterglows with a plateau phase:
» A three parameter relation: LTE
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