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Table 1 Observational data and the initial Lorentz factor of Fermi/GBM bursts of

the GRBs in our sample

GRB o B z Ep/keV  Liso/(10°% erg-s™%) Ty
080810  —0.91+0.12 3.35 313.5+73.6 1.45+0.11 113.88
080916A  —0.940.1 0.689  109+9 0.07 +0.02 65.34
080916C  —0.91+0.02 —2.08+0.06 4.35  424+24 31.44 +0.00 376.57
081007 ~1.440.4 0.5295 40+ 10 0.028 4 0.002 69.84
081109  —1.28 4 0.09 0.9787 240 =+ 60 0.020 + 0.001 24.79
081221  —0.42+0.03 —2.914+0.08 2.26 TT+1 4.794+0.13 408.22
081222  —0.55+0.07 —2.14+0.06 2.77 13449 4.79+0.28 302.26
090323  —0.89 + 0.03 3.57 697 +51 10.57 + 0.11 197.12
090328  —0.9340.02 —22+0.1 0.736 653 +£45 0.44 +0.01 71.11
090423  —0.77 £ 0.35 8.26 82+ 15 10.11 + 2.76 357.84
090424  —0.94+0.02 -29+01 0544  177+3 0.150 + 0.003 80.01
090510s  —0.8+0.03 —2.6+0.3 0.903 4400 + 400 24.87 + 1.66 192.81
090516 ~ —1.51+0.11 4.109  185.6795% 2.29 4 0.50 164.14
090618 —1.267006  —25%02% 054 1555105 0.36 +0.01 126.8
090902B  —0.7+0.01 —3.85%521 1.822 775+11 43.314+0.35 443.29
090926A —0.75+0.01 —2.59700%  2.1062 314+ 4 30.49 4+ 0.84 533.8
090926B  —0.13 +0.06 1.24 91+2 0.076 + 0.003 66.47
091003A —1.13+0.01 —2.64+0.24 0.8969 486.2 + 23.6 1.00 £ 0.01 113.61
091020 —02+04 —1.74£0.02 1.71 479+7.1 1.01 4 0.20 264.77
091127  —1.2740.06 —2.2+0.02 0.49 3642 0.357 4 0.004 240.11
091208B  —1.4873:%° 1.063  144.2%1% 0.29 4 0.01 104.85
100117As  —0.141933 0.92 28718 0.64 4 0.08 115.38
100206As  —0.097012  —2.357021  0.4068 439775 0.70 +0.03 114.74
100414A  —0.58 +0.01 1.368  627.6712° 7.23+0.11 229.74
100615A  —1.24709%  —2.27%01)  1.398  85.7317 52 0.36 & 0.01 135.57
100625As  —0.641912 0452 50927778 0.35+ 0.01 77.23
100728A  —0.75+0.01 —3.04792%  1.567  344.3721 1.26 +0.01 128.6
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Table 1 Continued

GRB o B z E, /keV Liso/(l()52 erg - s_l) To
100728B —0.9+0.1 2.106  131+15 0.72 +0.03 138.89
100802A  —1.1715% 4 149155 0.08 +0.01 39.57
100814A —0.647015 —2.027099 144  106.47575 0.22 +0.01 97
100816As  —0.31+0.05 —2.77+0.17 0.8049 136.7+4.7 0.47 +0.02 141.84
100906A —1.347908 —1.98T008  1.727 1067505 0.73 4+ 0.01 161.27
101219B  0.3340.36 —2.12+0.12  0.55 70+8 0.028 + 0.002 55.25
101224As  —0.8370:38 0.718 33011% 0.34 £ 0.07 85.62
110213A  —1.4440.05 1.46 98.4183 0.37 £0.01 128.14
110731A  —0.8+0.03 —298+0.30 2.83 304413 4.60 +0.01 207.33
110818A  —1.33+0.08 3.36  256.3+55.3 0.98 £ 0.07 103.5
111107A  —1.38+0.21 2.893 108+ 32 0.47 +0.07 112.91
1112284 —1.9+0.1 —2.7+0.3 0.714 34+3 0.07 £ 0.00 112.15
120119A  —0.98+0.03 —2.36+0.09 1.728 189.2+8.3 0.407 4 0.001 96.35
120326A  —0.98+0.14 —253+0.15 1.798 46.45+ 3.67 0.15+0.01 109.61
120624B  —0.85+0.01 —2.36+0.08 2.1974 566 + 20 3.803 + 0.004 157.06
120711A  —0.94+0.01 —24+0.04 1405 973435 9.61 +0.01 215.43
120712A° —0.6+0.2  —1.8+0.02 4.1745 124426 7.07 4 0.80 326.25
120716A  —0.48+0.22 —219+0.17 2486 115419 0.403 4 0.003 106.92
120907A  —0.75+0.25 0.97 154.5+32.90  0.024 +0.003 33.19
120909A  —-1.3+0.1 3.93 3704140 3.42 4 0.33 149.08
120922A  —1.6+0.7 -234+01 3.1 37.7+35 0.37 +0.02 155.48
1211284 —0.8+0.12 —241+0.10 2.2 62.2 + 4.6 2.06 4 0.08 305.8
121211A  —0.3+0.34 1.023  95.96+12.60  0.002 % 0.000 11.34
130215A°  —1.0+0.2  —1.60+0.03 0.597 155463 0.113 +0.003 73.32
130420A  —1.00+0.13 1.297 56 + 3 0.121 + 0.004 100.06
130427A  —0.789+0.003 —3.04£0.02 0.3399  830+5 0.778 + 0.001 93.32
130518A  —0.86+0.01 —2.27+0.04 2.488 396 + 9 13.38 4 0.09 314.72
130610A  —1.0+0.1 2.092  294.9 +42.9 0.48 +0.03 81.38
130612A  —1.3+0.3 2.006  61.9+10.5 0.56 + 0.06 172.51
130925A  —1.5+0.05 0.347 107+3 0.0001 +0.0000  2.96
131011A  —0.79+0.08 —-2.0+0.1 1874  220+30 3.21 4 0.01 228.48
131106A -1.2+0.1 ~1.84+0.1 1.686 203.9+31.1 0.85 +0.03 131.61
131108A  —0.91+0.02 —26+01 2.4 373+ 14 11.29 4 0.12 301.86
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Table 1 Continued

GRB @ Jé] z Ep/keV  Liso/(10°% erg-s7') Ty
1312314  —1.10+£0.01 —2.144+0.01 0.642  146+3 0.0212 +0.0001  34.41
140206A —0.2+0.1 —244+01  1.98 120 + 6 0.55 & 0.01 129.62
140213A  —1.01+0.03 —2.4140.04 1.2076 8042 0.37 4 0.01 146.1
140304A  —1.1+0.1 5.3 185 + 35 5.70 + 0.44 228.58
140423A  —0.25+0.11 —1.974+0.06 3.26 125+ 9 2.72 +0.14 227.79
140506A  —0.9+0.2 —2.04+0.1 0.889 141436 0.020 + 0.001 31.82
1405084  —1.07+£0.02 —2.38+0.09 1.027 256.2+11.8 1.08 +0.01 150.88
140512A°  —1.33 +0.03 0.725 588 + 84 8.93 +0.21 298.3
140606B  —1.22 + 0.04 0.384 473+ 82.6 0.025 + 0.001 23.94
140620A  —1.1+0.1 2.04 7T+5 0.43 £ 0.02 138.5
140623A  —1.46 +0.1 1.92 3507320 0.21 +0.02 53.04
140703A  —1.10 £ 0.06 314 177+ 14 0.11 £ 0.01 45.14
140801A  —0.44+0.04 —3.6+04  1.32 12243 1.98 +0.02 258.44
140808A  —0.4+0.1 —29+03 329 1152+7.7 7.45 +0.47 373.91
140907A  —0.97 £ 0.08 1.21 113+7 0.066 4 0.002 57.08
141004A  —1.3+0.1 0.573 147 +28 0.09 £ 0.01 67.38
141028A  —0.71+£0.03 —1.93+0.03 2.33 2499+ 126 7.13 £ 0.02 292.9
141220A  —0.8+0.05 1.3195  180+9 0.81 = 0.02 145.2
141221A  —1.07+0.13 1.452 152.4428.3 0.14 =+ 0.02 66.77
141225A  —0.35+0.17 —2.04+0.1 0915 187429 0.11 £ 0.01 62.37
150301B  —1.1+0.1  —2.04+0.2 15169 180+ 38 0.80 = 0.04 139.02
150314A  —0.60+£0.01 —2.324+0.04 1.758 31145 17.02 £ 0.08 431.39
150403A —0.72+0.02 —1.85+0.03 2.06 311414 7.30 £ 0.06 279.42
150514A —1.34+0.07 —2.51+0.17 0.807 73+6 0.19 £ 0.01 122.75
150727TA  —0.7+0.1 0.313 149+ 10 0.0031 +0.0001  15.42
150821A —1.21+0.01 —2.27+0.10 0.755 322418 0.155 4 0.002 59.53
151027A  —1.41 +0.04 0.81 340463 0.058 & 0.003 36.51
151111A  0.040.2 3.5 107+ 8 0.321 4 0.020 88.99
160509A —0.89 +0.01 —2.114+0.02 1.17 370+ 7 0.502 + 0.003 87.73
160624As  —0.4 +0.28 0.483 841 + 358 0.35 =+ 0.03 61.35
160625B —0.74+£0.0 —2.36+0.01 1.406  657+5 2.143 £ 0.004 127.87
160629A —1.05+0.03 3.332  295.5+19.3 3.2440.17 169.38
160804A  —1.1+0.1 0.736 74+3 0.03 £ 0.01 53.49
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Table 1 Continued
GRB « 38 z E,/keV Liso/(1052 erg-s~ 1) Ty
160821Bs —1.37 4+ 0.22 0.16 84 +19 0.031 £ 0.003 60.07
161014A —0.74 4+ 0.09 2.823 167 £ 15 2.16 £0.12 189.34
161017A —1.04 £ 0.09 2.013 298.5 +45 0.10 +0.01 40.52
161117A —0.43+0.07 —2.274+0.04 1.549 68.04 + 2.66 0.62 £0.01 187.01
161129A —1.13 +0.06 0.645 197 £ 21 0.047 £ 0.002 43.68
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Fig.1 The distribution of the initial Lorentz factor I'y of GRBs (solid line), and a Gaussian fitting to the
data (dashed line).
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Fig.2 The distribution of the peak energies in the co-moving frame (left) and the observer’s frame

(right). The dashed lines correspond to the Gaussian fitting.
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Fig.3 The two dimensional distribution between El; and L. . in the GRB co-moving frame. The solid

iso

line corresponds to the linear fitting of the Li/S and E; relation.
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The Peak Energy Distribution of the GRBs in the
Co-moving Frame and Its Relation with Luminosity

LIN Yi-ging'?  CHENG Zai-jun'?

(1 School of Opto-electronic and Communication Engineering, Xiamen University of Technology,
Xiamen 361024)
(2 Fujian Provincial Key Laboratory of Optoelectronic Technology, Xiamen 361024)

Asstract Gamma-ray bursts (GRBs) are one of the most violent events in the uni-
verse. The observations of GRBs can be all-time and in all electromagnetic wavelength
bands after over fourty-years development. The Fermi Gamma-Ray Space Telescope
(Fermi) was launched into orbit by NASA (National Aeronautics and Space Adminis-
tration) from the Cape Canaveral on 2008 June 11, which can measure the spectra in a
very wide energy band (from 8 keV to more than 300 GeV), and can be used to prompt-
ly record the radiations of GRBs. The observations with the Fermi/GBM (Gamma-Ray
Burst Monitor) have dramatically deepened our knowledge of the broad-band spectra of
GRBs. The peak energy E,, in the v f, spectrum of GRBs is an important observational
quantity, which distributes widely among GRBs. In this paper, we have analyzed the
E, distribution for a sample of the redshifts-known GRBs observed with Fermi/GBM
from June 2008 to December 2016. The catalog contains 98 GRBs. We estimate the
value of the initial Lorentz factor I'g based on the multi-variable correlation among
the isotropic gamma-ray luminosity Lis,, the cosmological rest-frame peak energy E, .,
and the initial Lorentz factor I'y. Then both E|, and Lis, are corrected to the GRB
co-moving frame. We find that the EI; distribution of GRBs is broad too, which means
that the wide distribution of the peak energy E, in the observer’s frame might be an
intrinsic property of GRBs, and in the co-moving frame the isotropic gamma-ray en-
ergy and the peak energy are still correlated. We also constrain the possible radiation
mechanisms of GRBs, and suggest that the broad E, distribution may result from the
broad distribution of the Lorentz factor 7, of the electrons among different sources.

Key words gamma-ray bursts, peak energy, methods: statistical
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