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Chandra observes and

- more capable to detect jet-breaks in GRB afterglows

A

flux

We only see 1/l portion of the GRB jet. {
As the jet decelerating, we see more and more portion of the jet (aslongas 1/l < Bjet ).
A jet-break occurs when the relativistic GRB jet decelerate to 1/I' > 0,




Chandra observes and

a sample of 7/ GRBs with fate-time Chandra observations
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What are in the Chandra GRB Zoo?

* Jet-Breaks:
— shown in of the whole sample (13/27)

— For comparison, jet-breaks shown in 12% of Swift sample
(e.g, Liang et al. 2008, Racusin et al. 2009)

e Later Jet-breaks

- Chandra jet-breaks occur much later (10 times later)
than Swift jet-breaks

* Non-Breaks :
— Some bursts show no sign for break up to 1.6x10’s



Does No Jet-break mean No Jet?

Why do some jet-breaks are hidden?



[\\Gjet




Large Viewing Angle Jet ?
(but not directly off- axis jet)

e More “realistic”
* Jet-breaks can be smeared out

with large angles

scale factor x F(m]y)

van Eerten & MacFadyen 2012




Large Viewing Angle Jet ?
(but not directly off- axis jet)
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Fit

* Thanks to the scaling relations for the full
blast wave evolution (van Eerten &
MacFadyen,2011, 2012), we do not need to

re-run the numerical simulations for every
parameter configurations

e 7 free parameters
9jet, eobs, Ejet! P, N, Ee, €p




Oict, Oobs, Ejerr P> N, €, € + Numerical table

> flux @ X-ray

* Degeneracy between parameters

(e.g, nand E;)

space
* |nsensitive parameters

)

)



Our Codes

An observation data handler
(for both Swift and Chandra)

Zhang, B.-B. et al 2007, 2008, 2009

A numerical-simulation based “TABLE”
van Eerten et al 2010,2011,2012

A flux calculator based on the scaling relations
van Eerten and MacFadyen 2012
An improved fast MCMC sampler

multi-walker affine-invariant ensemble sampler;
Foreman-Mackey et al. 2013
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One Example

6010*

020 025

6010*

5410

Flux Denstity @ 1keV (mly)

4010

310

2410

1+10*

030 035 0.40 045
0.50 055 0.60 0.65 0.70

025 030 035 040 045 050
6,




One Example

Flux Dénstity @ 1keV (mly)

\

broken-PL fit numerical fit




GRB on-axis
Ojet p log Es3
rad +0.10 +0.10 e +0.12
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000102 | 0.437007 o5gt0:05 o 4e+0.04'"
000113 | 0447008 9437015 o3 018
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100816A | 0.5070:00 9047008 ) gg 080
101219B | 0.5070:00 2007300 (g +0:08
1104024 | 0.207018  9.697038 g 7605
1104227 | 0.07F0:08 59370038 ) 4o+0.05"
110503A | 0.14F0:01 5337006 (' 40+0:05
1107098 | 0067001  9.0070:00 o 76004
1107314 | 0.387018 9957005 47003
110915A | 0071008 5017083 6,004
1110084 | 0.107002 5.1170:06 | ¥0:51
190804A | 0.507000 9037006 ¢ gg 086
1210274 | 0.207004 5737000 1 g3t01a
29 _0.09 “419_0.14 199 .22




GRB on-axis off-axis

Ojet P log Es3 x?2/dof Ojet %;%‘j p log Es3 x?/dof

rad erg rad rad erg
051221 | 0.40700s 2.2470 00 —1.2170 0% 46.7/43 [ 0277005 0.60T013 2.02705; —0.70705°  42.3/42
060729 | 0.3979:0% 2461903 0.831007  520.9/434 | 0.4075 58 0.977003 246709 0.837015  520.7/433
061121 | 0.3379:05  2.631903  0.801903  157.4/137 | 0.21795%  0.67T9 0T 2417007 0.65700%  121.0/136
070125 | 0.0570:02 2.041003 1.161035  175.4/21 | 0.057902 0.2070°55 2.047009 1.157035  185.3/20
071020 | 0.1319:09  2.03T027 051733 23.8/2 0.0979-9% 0791990 219709 05070l 20.4/1
080207 | 0.33170:92 2927011 061759  27.9/33 | 0.3110% 0.88709%2 2707593 0.471093  26.9/32
080319B | 0.2710:0% 2.33103%0  0.157097  134.9/49 | 0.327093 0.35105: 2337022 0167037  96.1/48
081007 | 0.5079:99 2251021 0871932 32.8/19 | 049709 0.86703% 2.057920 —0.65705% 22.7/18
090102 | 0.4370-97 258409 0487004 108.6/91 | 0.327018  0.79F010 2.45+0-98 40139 95.6/90
09T _| Qgua 290 24370 —031102%0 hia.4/8 £ 103310 7 012708 Fo5TOAT .517 8 0.8/1
oglogoagg r%a H).r}xji 1%/1 9a.v ﬁssg .ﬁ*ai 1).%3832@{.@18
090423 | 0.1279°02 2427015 0.637500 © 3U0/42 T 0.081005 0.68T97 2197005 0.6870%4  39.2/71
091020 | 0.17+9:02  2.36700% 0.18755%  185.0/131 | 0.167992 0.657097 2247598 0151002 176.8/130
091127 | 0.1310:03  2.1370-0%  0.14755%  724.7/370 | 0.501009 0.82%0 52 2.40751% 0.201055  82.0/56
100413A | 0.1779:3%3 237403 —0.3010:53  32.7/8 0.1470-3¢  0.471053  2.0810-89  —0.3210-32 34.5/7
100615A | 0.16755% 2.3210-28  0.327095  128.5/26 | 0.14793% 0.4610:52 2.09702% 0.34709%  107.3/25
100816A | 0.50799%  2.04%002  —0.8810:3) 37.8/22 | 0507592 0.031953 2.047007 —0.89709% 38.1/21
101219B | 0.50799%  2.0079:5%  0.62799¢  43.7/17 | 0.501099 0.0110:27  2.0010-00 0.62109%  43.8/16
110402A | 0.207513  2.69703%  —0.76703%  6.0/6 0.167031 0.617039 25375992 —0.9075%2  6.9/5
110422A | 0.077902 2237003  0.491005  443.2/259 | 0.0610 05 0.65700% 2.09T0508 0.741025  416.7/258
110503A | 0.147557 2337006 0.4070-07  181.5/122 | 0.18%0¢s 0.677035 2257092 0.371020  154.6/121
110709B | 0.0675-50  2.0075:90  2.76759%  634.9/330 | 0.06700% 0.4970-0%  2.0070-00 279709 656.8/329
110731A | 0.3870:02  2.25700° 0.48%00%  61.3/45 | 0431007 0287032 2267005 0.49100%  59.1/44
110915A | 0.077553 2.011023  0.647037  127.8/49 | 0.0670 05 0.43105% 2.007005 1.2470.2  143.0/48
111008A | 0.107962  2.11%0:0%  1.13703%  175.0/113 | 0.097555 0.7119:9)  2.087007 1.2270%  187.9/112
120804A | 0.50799%  2.03%00%  —0.367055 29.5/16 | 0.50799% 0.0210:02  2.037007 —0.3570%% 29.5/15
121027A | 0.29755¢ 2737099 1.337927  51.9/46 | 0.20%050 0.7110-27 2381075 0.94103%  62.5/45
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Summary

More jet-breaks (50% vs 12%) in Chandra GRBs
Late breaks (10°vs 10° s )

The hidden jet-break problem can be naturally
and physically explained by off-axis jets by
fitting numerical results to observational data

We are more likely not staring at the jet
direction, but about 2/3 off —axis.






