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Figure 1 (Color online) Illustration of a two-Gaussian jet structure.
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Figure 2 (Color online) The fitting results of the multi-wavelength af-

terglow of GRB 170817A, the thick lines correspond to the best fitting

result.
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Table 1 The prior range of parameters and the posterior probability
distribution given by MCMC sampling

Parameter Value Bestfit Range
p 2131000 2.13 (2,2.3)
log,, &b —-2.59%03% -2.98 (-3,-0.1)
log,,n (cm™) -3.19749 -2.88 (—4,0)
Ton 456238 371 (100, 800)
Cr 0.49*0% 091 0, 1)
log,o Exon (erg) 51.04034 51.51 (48, 53)
log,, Ce -1.33*701° -1.40 (-5,0)
G (0) 1.48%04) 1.08 (1, 10)
Bout (0) 4.16*0% 3.48 2, 15)
Bops (0) 19.37+32 18.53 (17, 35)

129511-5



MITE.

ThERLE: W i ROCH

20224E HS52%F HB12 M

52

-=-- Single-Gaussian
—— Two-Gaussian

logioE (erg)

46 . . } : -
0 5 10 15 20 25 30
0()
3 (00 R JR) R et 40T WA 14 BE R EBE A FZORA 3 A1,
2 W R LA 45 2R, REZ M N A i &
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Figure 4 (Color online) Lateral profiles of Lorentz factor I" as a func-
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The two-Gaussian jet structure and its formation process:
Constraints from the afterglows of GRB 170817A

WEI Fang, ZHANG Zhen-Dong, YU Yun-Wei" & LIU Liang-Duan

Institute of Astrophysics, Central China Normal University, Wuhan 430079, China

The short gamma-ray burst (SGRB) GRB 170817A was the first observed GRB associated with a gravitational-wave event,
providing a valuable opportunity to further study the producing mechanism of SGRBs. Its multi-wavelength afterglow
emissions probably reveal the angular structure of the jet to us. And, if the jet structure is described phenomenologically
by a Gaussian function, large sample statistical studies on SGRBs show that we probably need to introduce two-Gaussian
functions to unify the emissions from GRB 170817A with other normal SGRBs. In other words, GRB 170817A’s prompt
emission is likely from an additional component of a jet with a larger angle. Therefore, in order to test the compatibility
between this two-Gaussian jet structure and the afterglow data of GRB 170817A, we calculate the multi-wavelength after-
glow light curves from such an off-axis jet structure, and find that the introduction of the outer Gaussian component can
well explain the early uptrend of the GRB 170817A afterglow data. On this basis, we also calculate the propagation and
breakout processes of the jet in the merger ejecta, which shows that these processes can naturally lead to the two-Gaussian
jet structure obtained by the observational constraint, thus showing the overall self-consistency of the model. Furthermore,
the observational constraint on the jet propagation process also provides a new clue for understanding the properties of
merger ejecta.

gamma-ray burst, GRB jet, gravitational wave
PACS: 98.70.Rz, 95.85.Sz, 97.60.Jd
doi: 10.1360/SSPMA-2022-0120
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