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Observed afterglowsg

Kann et al. arXiv:0804.1959



X-ray afterglows

Tagliaferri et al. 2005, Nature, 436, 
985 (also see Chincarini et al985 (also see Chincarini et al. 
2005)

Initial steep decay: tail emissionInitial steep decay: tail emission 
from relativistic shocked ejecta, e.g. 
curvature effect (Kumar & 
Panaitescu 2000; Zhang et al 2006)Panaitescu 2000; Zhang et al. 2006)

Flattening: continuous energy 
injection (Dai & Lu 1998a,b; Dai j ( , ;
2004; Zhang & Meszaros 2001; 
Zhang et al. 2006; Nousek et al. 
2006; Yu & Dai 2006) implying2006; Yu & Dai 2006), implying 
long-lasting central engine

Final steepening: forward shock 
emission



X flX-ray flares

Burrows et al. 2005, Science, 309, 1833

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

V 后期中 能源能量间歇性暴发 50% b t

I 伽玛暴残余辐射

V 后期中心能源能量间歇性暴发
—— 滞后的内激波辐射

~50% bursts

I 伽玛暴残余辐射

III 恢复正常的球状余辉辐射

II 能量连续注入的
余辉辐射余辉辐射

IV 喷流状余辉辐射

Zhang, Fan, Dyks et al. 2006, ApJ, 642, 354
Zhang et al. 2006; Nousek et al. 2006
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现象学描述

Willingale et al. 2007



LT CORRELATION

L * T * 1 06LX
*∝Ta

*-1.06

Ta
*=Ta/(1+z)

10

Dainotti et al. 2010



L-T-E

55 GRBs（47个长暴8个中间类型暴）
具有红移及明显平台相具有红移及明显平台相

MCMC
D’Agostini 2005

11
Xu & Huang 2011



LTE l tiLTE correlation
L T 0 87E 0 88LX∝Ta

-0.87Eγ,iso
0.88

12Xu & Huang 2011



H=69.7, ΩM=0.291LT vs LTE

LT:           Log[L/1047erg/s]=0.78[±0.14] -1.16 [±0.16] Log[T/103s]

r=-0.73,         P=5.6×10-8

0 85±0 10σint=0.85±0.10

LTELTE关系比关系比LTLT关系更紧密关系更紧密

LTE: Log[L/ 47 ]=1 17 ± 0 87 ± Log[T/ 3 ]

LTELTE关系比关系比LTLT关系更紧密关系更紧密

LTE:        Log[L/1047erg/s]=1.17[±0.09] -0.87 [±0.09] Log[T/103s]
+0.88[±0.08] Log[Eiso/1053erg]

r=0.92,        P=1.05×10-20

σ =0 43±0 05σint=0.43±0.05
13



14https://arxiv.org/abs/1905.07929



Sample selectoinSample selectoin

S ift GRB ith l t h• Swift GRBs with a plateau phase 
• Plateau phase well defined by datap y
• between 2005 May and 2018 August

h l i d• the power-law index -1 ---- +1
• no flares during the plateau phaseno flares during the plateau phase
• redshift available

• 174 GRBs174 GRBs
15



174 GRBs in: Tang, Huang, Geng, 
Zhang 2019 ApJS 245 1

16

Zhang, 2019, ApJS, 245, 1



17

Tang, Huang, Geng, Zhang, 2019, ApJS, 245, 1



18Tang, Huang, Geng, Zhang, 2019, ApJS, 245, 1



LX∝Ta
-0.87Eγ,iso

0.88

19

Tang, Huang, Geng, Zhang, 2019, ApJS, 245, 1



20

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



201 GRBs

LX∝Ta
-0.97Eγ iso

0.79 LX∝Ta
-0.87Eγ iso

0.88LX Ta Eγ,iso X a γ,iso

21

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



204 GRBs204 GRBs

22



23



Support: Energy injection from a magnetar

e+e-

EI

24
Fireball

Dai 2004



Einjection  < EFireball

Einjection  EFireball

Yu & Dai, 2007



理论解释：支持磁星能量注入模型

Einjection

~ ELX T
Dai 2004

~ Eγ,isoLX Ta

=>   LX-Ta-Eγ,iso correlation:
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28
Xu, Tang, Geng, Wang, Wang, Kuerban, Huang, 2021, ApJ



LTE关系不能直接用作标准烛光

29
Xu, Tang, Geng, Wang, Wang, Kuerban, Huang, 2021, ApJ



A new L-T-Ep correlation: 44.096.0
paX ETL 

30

Xu, Tang, Geng, Wang, Wang, Kuerban, Huang, 2021, ApJ



Cosmology by using GRBs alone 44.096.0
paX ETL 

31
Xu, Tang, Geng, Wang, Wang, Kuerban, Huang, 2021, ApJ



Cosmology by combining currently available tools

32
Xu, Tang, Geng, Wang, Wang, Kuerban, Huang, 2021, ApJ



ConclusionsConclusions
X-ray afterglows with a plateau phase：X-ray afterglows with a plateau phase：
 A three parameter relation: LTE

84.0
,

01.1 isoaX ETL 


 Another 3 parameter relation: LTEp
44.096.0 paX ETL 

Th k !Thank you!


