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ABSTRACT
We describe and discuss the global propertics of 45 gamma-ray bursts (GRBs) observed by HETE-2 during
the first 3 years of'its mission, focusing on the properties of X-ray flashes ( XRFs) and X-ray—rich GRBs ( XRRs).
We find that the numbers of XRFs, XRRs, and GRBs arc comparable, and that the durations and the sky dis-
tributions of XRFs and XRRs arc similar to those of GRBs. We also find that the spectral properties of XRFs

obs

and XRRs are similar to those of GRBs, except that the values of the peak energy £ peak OF the burst spectrum

in vF,

. the peak encrgy flux /7, and the encrgy fluence Sy of XRFs arc much smaller (and those of XRRs are

smallcr) than those of GRBs. Finally, we find that the distributions of all three kinds of bursts form a continuum in
the [Sp(2 30keV). 5:(30 400) keV [ planc, the [S;(2 400keV), Eyqi | plane, and the [£pear(50- 300 ke V), Epear |
planc. These results provide strong evidence that all three kinds of bursts arise from the same phenomenon.

Subject heading: gamma rays: bursts

I. INTRODUCTION

Gamma-ray bursts (GRBs) whosc cnergy fluences Sy in the
X-ray energy band (2 30 keV) are larger than their encrgy
fluences S. in the gamma-ray energy band (30-400 keV) have
received increasing attention over the last few years. In par-
ticular, the Wide Field Camcra (WFC) on BeppoSAX detected
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cvents that were not detected by the Gamma-Ray Burst Monitor
(GRBM) on the same satellite. These events have been termed
“X-ray flashes™ ( XRFs; Heise ctal. 2001). Throughout this pa-
per, we define *X-ray—rich™ GRBs (XRRs) and XRFs as thosc
events for which log [Sx(2-30 keV )/S.(30-400 keV)| > 0.5
and >0.0, respectively. While arbitrary, these definitions arc
independent of the properties of any instrument (they can there-
fore be used by anyone), and the definition ol XRFs that we
have adopted closcly matches the instrument-dependent criterion
introduced by Hecise ct al. (2001) for this kind of burst. Under-
standing the relationship between XRIs, XRRs. and GRBs may
provide a deeper understanding of the prompt emission of GRBs.

2. OBSERVATIONS

In this paper, we investigate the global propertics of a sample
of the High Energy Transient Explorer 2 (HETE-2) bursts. We
require the bursts in this sample to satisty the following crite-
ria: (1) the burst is detected in the Wide-Field X-Ray Monitor
(WXM), (2) the burst is localizable by the WXM, and (3) the
signal-to-noise ratio of the WXM data is sufficient to carry out
a spectral analysis of the burst. Generally, a joint spectral anal-
ysis is carried out for the WXM and the French Gamma Tele-
scope (FREGATE ) data. Forty-five bursts observed by HETE-2
between the beginning of the HETE-2 mission and 2003 Sep-
tember 13 met these critcria, and this is the sample of bursts that
we study.

An important question to consider is the degree to which this
sample of bursts may be affected by observational selcction ef-
fects. A key feature of GRBs (and XRFs and XRRs) is that their
spectra are adequately fit by the Band spectral model. which con-
sists of a power-law times exponential cutoff model with a cutoff
energy of Ey and a simple power law that smoothly joins at the
so-called “*break energy,” Ly eq (Band et al. 1993). The value of
the low-energy power-law index « is typically in the range of
—0.5to —2, and the value of the high-energy power-law index 3
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TABLE 1
Some: Proper1tes ov 45 HETE-2 GRBs

TS ! b Error ! T Too
GRB Burst 1D 0y 0y T (s) EB¢ R.A. Decl. (deg)  (deg) (arcmin) (WXM) (WXM)
GRB 010213 10805 -24 13.6 ... 1031 36 053039 239.6 50.3 30.2 8.6 ~ 1.2 245+ 12
GRB 010225° 1491 23.1 1O G 1.3 S 120 6.2+ 1.3 159 L 3.9
GRB 01032613 ........ 1496 8.0 15.0 G 160 5-120 112424 110957 2712 46.3 36 1.7 4 0.2 52402
GRB 010612, 1546 13.8 1.2 G 160 30-400 1803 18 —=320801 3592 -4.9 36 174 + 0.8 285t 0.2
GRB 010613 ... 1547 - 30.5 252G 1.3 30 400 170040 +14 1605 339 30.9 36 238 = 1.2 518 L 07
GRB 0106298 ........ 1573 =266 83 G 1.3 51200 163238 184324 358.0 19.5 15 9.3 £ 03 162 1 0.2
GRB 010921 ... 1761 -24.0 395 G 1.3 S 120 230153 4441612 1031 14.3 20 % 15
GRB 010928, 1770 -3.0 35.0 G 1.3 30 400 232855 4303911 1029 267 164 x 11*¥ 205 = 3.5 59.0 1.8
GRB 011019 ... 10823 18.3 176 ... 00 42 50 1226 58 1147 75.2 35 122 + 1.3 316 + 1.2
GRB 011103 1829 -03 =109 XG 5.12 03 20 37 17 40 01 166.1 324 8.6 1 1.7 19.7 L 1.2
GRB 011130 1864 13.0 228 XG S.12 030536 1034836 1744 452 10 23.8 = 0.6 39.5 04
GRBOI1212 . 10827 1.6 9.7 ... . 050005 1320739 1718 —06.3 il 332+ 1.2 725 4+ 2.8
GRB 020124.......... 1896 147 =316 G 1.3 30 400 09 3249 1127 35 24409 28.3 12 18.0 + 1.1 502 L 23
GRB 020127........... 1902 -7.5 20.8 G 512 30 400 08 1506 1364431 1847 318 8 6.0 = 0.3 176 = 1.9
GRB 020317........... 1959 17.1 15.2 G 1.3 S 1200 102321 1124438 2281 52.5 18 24-04 147 + 0.5
GRB 0203310 1963 0.9 14.3 G 160 30 400 13 16 34 175229 3113 44.6 10 357 L 18 78.7 4 1.8
GRB 020531 ... 2042 22.9 1.3 G 020 30 400 151445 -1921 35 343.06 32.0 38 1.1 L 02 2503
GRB 020625 ... 2081 5.6 10.1 G 52 30 400 2044 14 407 1012 53.3 211 13.8 135+ 1.2 1192 1 24
GRB 020801 ........... 2177 4.7 354 G 1.3 30 400 2102 14 534613 3439 40.7 13.9 2629 1 42 3489 | 44
GRB 020812........... 2257 ~153 1210 G 1.3 30 400 203848 052334 407 -263 13.8 140 L 06 420 1.0
GRB 020813, 2202 0.0 IRG 1.3 30 400 194638 193516 208 20.7 1(S) -300.0 -89.0
GRB 020819 2278 17.7 25 G 160 30 400 232707 1062150 88S 508 7 115+ 03 469 + 2.0
GRB 020903 ... 2314 4.2 126 XG 512 2249 25 205359 389 615 16.7 48 04 10007
GRB 021004 ........... 2380 3.9 12.4 G 5.2 30 400 002657 1185544 1149 --43.06 2(S) 26,6 5. 1.0 77.1 + 2.6
GRB 021021 ... 10623 15.2 119 .. . 001723 —013700 1038 —0632 20 220 12 56540 1.2
GRB 021104 ... 2434 22.0 229 G 1.3 5120 035348 4375712 1581 122 20 10.2 4. 0.5 18,1+ 0.2
GRB 021112 244% 12.2 27.1 G 1.3 5120 023652 1485056 1402 -10.5 20 6.8 1 1.2 147 + 1.1
GRB 021211 ... 2493 -12.6 0.0 G 160 30 400 08 09 00 +06 44 20 2157 20.3 2(S) 3.0 0000 13.3 L 0.3
GRB 030115 ... 2533 13.0 3.1 G i3 30 400 111830 1150217 2374 65.2 2(5) 9.2 4 0.5 49.6 1+ 43
GRB 030226........... 10893 —13.0 16,3 ... 113300 1255356 2125 72.4 2S) 66.4 039 1377 L 49
GRB 030323 ... 2640 4.1 5.0 XG 320 110654 215100 273.0 349 18 139-+1.6 326+27
GRB 030324 ........... 2041 20.4 0.0 G i3 30 400 1337 11 001922 3206.6 60.4 7 89 0.3 258 £ 08
GRB 030328 ... 2650 S 7.1 G 1.3 5120 121051 09 21 05 286.4 522 1(S) 1069« 1.2 3158 1 3.0
GRB 030329 2652 207 =29.0 G 1.3 5120 104449 +212844  217.1 060.7 2(8) 12.1 + 0.2 331 + 0.5
GRB 030416 10897 -2.0 —11.3 ... 11 06 51  -025258 2588 S0.8 7 197 + 1.7 ol5 + 1.2
GRB 030418 .......... 2686 7.5 —97 XG  13.280 10 54 53 065922 2591 45.7 9 387 + 09 117.6 1 0.7
GRB 030429........... 2695 8.9 1.8 XG 6.72 12 13 06 20 56 00 291.0 411 S) 384 L 1.5 774 1L 1.2
GRB 030519........... 2716 41.0 16.2 G 600 30 400 14 58 18 32 56 57 3315 228 30 6.1 L 0.6 13.8 L 0.7
GRB 030528.......... 2724 20.7 6.1 G 1.3 30 400 170402 223859 0.0 11.3 2(S) 208 = 1.2 492 =12
GRB 030723 ... 2777 1.6 109 XG 672 WXM 214930 -274206 212 499 2(S) 9.9+ 0.3 202+ 05
GRB 030725 ... 2779 18.4 331G 160 5 120 203347 —504549 3482 366 14.4 68.3 + 34 200.0 + 2.5
GRB 030821 .......... 2814 12.1 325 G 1.3 30-400 214233 —451212 3543 485 120 % 10 117 1.5 229 205
GRB 030823 .......... 2818 11.7 327 G 5.2 S 120 213047 421 5946 732 =210 5.4 302+ 1.4 664+ 19
GRB 030824 ........... 2821 --29.8 314G 1.3 5120 000502 +195537 1083 —41.6 1.2 13.1 = 1.8 364 1 04
GRB 030913 ... 2849 =21 46 G 1.3 30-400 205802 —021232 465 -29.0 30 29403 6.7 £ 03
Noti.—Units of right ascension are hours, minutes. and seconds, and units off declination are degrees, areminutes, and arcseconds.

“ Triggered type: G: FREGATE triggered. XG: FREGATE triggered by XDSP.

b o .
" Trigger timescale.
“ Trigger energy band in keV.

4 Location error radius (90% confidence). **S™ indicates localization by the SXC.

¢ Since the attitude control camera was not operational, the celestial coordinates arc not available.
[ : (e !
Error is 207 x 15",

¢ Error is 16/4 x 117,
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TABLE 3

Sercrral ParamiiTirs o 45 HETE-2 GRBs

Epeak INTS

GRB Class” Model” O 1 (keV) (10 * photons em *s ' keV ) \C dot
GRB 010213 oo XRF Band -1.0 (fixed) -3.0'03 3.4 104 455 41.4 44
GRB 010225.... XRF PLE 13+£03 3207 73 36.1 39
GRB 0103268 cocvven. XRR PLE (BN 5200 1373 95.0 11
GRB 010612, GRB PLE lLL+02 24013 29 104 57.5 65
GRB 010613 oo, XRR Band ~1.0 = 03 20741 165 157 105.2 134
GRB 0106298 .....cooocene. XRR PLE L1 =01 4673 2042 89.9 110
GRB 0109214 i, XRR PLE 1.6 + 0.1 8973 42142 1315 140
GRB 010928} oo GRB PLE ~0.7 + 0.1 410750 634 0.6 103.1 125
GRB 011019 XRF PLE - 1.4 (fixed) 19118 2.500% 58.1 68
GRB 0111037 .. XRR rL 1703 2.7 509 48.1 38
GRB 011130 XRY PL. 2.7 =03 <397 0.7 = 03 40.7 40
GRB 011212, XRF PL 2.0 402 0.7 = 0.2 42.9 54
GRB 020124........... XRR PLE ~0.8°97 8713 9+ 1 67.5 93
GRB 020127 e XRR PLE -1.0 L 0.1 10073 4508 2.1 110
GRB 020317 o XRF PLE —-0.6'9¢ RER 7% 489 53
GRB 020331 o, GRB PLL 0.8 = 0.1 9211 4.0°03 81.3 11
GRB 020531 o, GRB PLE ~0.8 = 0.1 2304 21 L2 117.2 141
GRB 020625 oo, XRE PLE 1.1 (fixed) 8.5°3) 280 43.0 55
GRB 0208014 ..o GRB Band 0.3104 2007 530 67 89.3 140
GRB 020812 XRR PLI 1.1 403 884 2308 45.2 08
GRB 020813 oo GRB Band 0.94" 447 15740 140" 13 20.7 = 0.5 162.4 140
GRB 020819 o XRR Band 0907 20102 5005 e 102.1 108
GRB 020903 . XRF PL 2,603 <5.002.6' 14 0.4 1 0.3 220 26
GRB 021004 oo XRR PLI 1O+ 0.2 803 2.8 48 64.5 08
GRI3 021021 o XRF PLE -~ 1.3 (fixed) 151 12703 36.0 41
GRB 021104% oo, XRF PLE ~1.L 105 28 &3 28.3 38
GRB 021112 XRR PLI: 0903 7% 73 68.7 ol
GRB 021211 s XRR Band 0.9 - 0.1 220 ETON 331 160.9 140
GRIB 030115 e, XRR PLI 1.3 101 833 35405 54.4 67
GRB 030226 GRB PLE 0.9 102 97'%3 35404 1242 139
GRB 030323 o XRR PL. —1.6'03 . 22706 27.6 33
GRIB 030324 ... XRR PLE 1.5+ 0.1 . 15063 495/ 67.1 76
GRB 030328 GRB Band L1450 2107 13013 6.6 1 0.2 1375 140
GRB 030329 XRR Band 1261000 228008 68 2 146 + 2 213.7 39
GRB 030416 XRF rL e 30 <38(2.6'05) 0.9 + 0.2 47.0 54
GRB 030418, XRR PLE 1S £ 0 407 24707 03.2 08
GRB 030429.... XRF PLE ~11p3 35017 414 49.0 08
GRB 030519% GRB Band 0.8 L 0.1 1.7 4+ 0.1 138°1% 7312 92.0 124
GRB 0305284 XRF Band 13102 270 245 1442 882 109
GRB 030723 ....... XRE PL ~1.9 102 <89t 1.0+ 02 135.2 142
GRB 030725....... XRR PLE LS 1021 157 = 0.5 150.7 141
GRB 030821 oo XRR PLE 0.9 + 0.1 84" 8.7°03 95.1 98
GRB 030823 oo, XRF PLE 1.3 £02 27°% 8 =2 77.9 110
GRB 030824 .....oocovv. XRF PL. 2.1 = 0.1 <87(6.11 ) 53108 43.1 53
GRB 030913 v, GRB PLE ~0.803 12040 35708 39.2 53

Nore.—Daggers denote that the constant factor is multiplied by the spectral model.

* GRB classification—XRF: X-ray-flash; XRR: X-ray -rich GRB; GRB: GRB.
" Spectral model- ~PL: power-law: PLE: power-law times exponential cutoff; Band: Band function.

Y Normalization at 15 keV.

9°99,7% upper limit and 90% confidence interval (in parentheses) derived by the constrained Band function.
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Prak (1 ) Puorox Numser Frox or 45 JIETE-2 GRBs

TABLE §

oY
Flhcak2 30 kev)

GRB Class® Modecl” (photons ¢m 7 s ) [*'I”‘\C“W“ 00 kev) Fv\r:ﬂ\(l 00 kev ) ’L'p\mmn 00 ke )
GRB 010213 oo, XRF Band 63108 (3.0 £ 0.6) x 10 7 63108 (1.1 £ 02y x 10
GRB 010225 ... XR¥F PLE 51124 03 +02 55424 (9.6 194y 10
GRE 01032068 .. XRR PLE 1.3 1.5 + 04 1243 0.7 102
GRB 010612 GRB PLE 43 12 44 05 87 + 1.4 30— 04
GRB 010613 XRR Band 25 112 2.7 £ 09 27 + 11 121 04
GRB 010629 oo, XRR PLE 39 L7 42 +04 43+ 7 19 103
GRB 010921 oo XRR PLIE 34 +4 57+ 05 40 1 4 32403
GRB 010928 oo GRB PLE 3808 6.9 : 05 (R 50 =03
GRB 011019 ... XRF PL 36 - 1.4 0.2 + 0.1 38414 (74 = 73y % 10
GRB 011103 XRR PL 44 11 0.1 0.1 4.6 — 1.1 (6.5 +43) % 10 °
GRB OHTT30 XRF Pl 53413 (R2+6.3) % [0 ¢ 54113 (3.6 L 32)x 107
GRBOTI212 XRF PL 1L <77 %10 2 L= 1.0 <4410 7
GRB 020124 o XRR PLI 6.9 4 1.6 25+ 04 94 L 1.8 14403
GRB 020127 XRR PLL 6.0 : 1.2 22 104 8.1+ 1.5 13 +03
GRB 020317 o XRF PLE 46 L 1.0 0.0 = 0.3 53+ 1.1 0.2 £ 0.
GREB 020331 o GRB PLE 1.9 1 04 1.7 102 3.7 05 121002
GRB 020531 v, GRB PLE 17 15 56107 23.0 + 4.7 36405
GRB 020025 o, XRF Pl 294 1.0 03402 32 11 0.2 F 0.t
GRB 020801 GRB Band 6.4 - 1.1 14 03 7.7 + 2.1 0.8 L02
GRB 020812 XRR PLE 2508 08 - 0.3 331 1.0 0.5+ 02
GRB 020813 ... GRB Band 20+ | 13 01 32002 8.3 0.6
GRI3 020819 . XRR Band 12 11 5.6 £04 18 11 34103
GRB 020903 XRF PL 28 107 32007 <10 0 28+ 0.7 14 w10 2
GRB 021004 ..o XRR PLI 1.8+ 04 0.9 102 2.7 £ 0.5 0.4+ 0.2
GRB 021020 oo XRF PI. 204+ 11 03 102 25112 0.2+02
GRB 021104 XRF PLI 42 - 18 0.7 +02 49 118 0.3 4 0.1
GRBO21T12 e XRR PLE 35+12 1.0~ 0.4 45113 0.6 = 0.3
GRB 021211 XRR Band 22 4 | 84+ 0.6 30 -2 41 03
GRBO30TIS o XRR PLE 7.0 413 1.2 + 0.2 8.1 4 1.4 1.2 102
GRB 030220 i GRB PLE 1.7 405 1.0 102 2.7 L 0.6 0.6 + 0.1
GRB 0303230 XRR PL 34421 0.5 +02 39 121 03402
GRB 030324 ..o XRR PLE 6.6 = 1.0 1.6 203 83412 1.0 2 02
GRB 030328 . GRB Band 6.7 +0.5 49+ 03 1.6 109 33 +02
GRB 030329 0o, XRR Band 379 1 21 7244 451 1 25 3842
GRB 030416 XRY PL. 451409 0.3+ 0.1 48 109 (1.4 £ 06)x 10 *
GRB 030418 XRR PLE 3.7 209 03202 40+ 09 0.1 £ 0.1
GRB 030429 o XRF PLE 30107 0.7 02 38 208 0.3 = 0.1
GRB 030519 coiiv GRB Band 7.5+ 34 12+5 19+ 8 & =3
GRB 030528 v, XRF Band 173+ 1.5 0.6 £ 0.1 179 4 1.6 (L5 £0.6) % 10!
GRB 030723 .o XRF PLE 20 £ 04 0.1 + 0.1 20 104 30l
GRB 030725 v XRR PLE 2522 9.1 = 0.6 3442 57 =04
GRB 030821 v XRR PLE 38+ 0.7 1.9 =03 58 + 09 1.2 =02
GRB 030823 ......... XRF PLL 7.0 £ 1.6 0.6 +03 7.6 £ 1.7 0.2+ 0.1
GRB 030824 ......... XRF PL 12+4 03 £ 0.1 127 £ 38 (1.3 £0.7) < 107!
GRB 030913 v GRB PLE 22: 05 14 =03 3.6 4 0.6 0.9 =02

* GRB classification -

XRF: X-ray-flash; XRR: X-ray-rich GRB: GRB: GRB.

® Spectral model—PL.: powcr-law; PLE: power-law times exponential cutoft; Band: Band function.
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Fic. 4 —Comparison between (a) Tsg and (h) Tyy measurcs of burst duration in the 2-25 keV energy band for the three kinds of bursts seen by HETFE-2. and in the
50 300 keV energy band for BATSE GRBs. The panels in (a) and (b) show (from top to bottom) the distribution of the durations of XRFs, XRRs. GRBs., and
BATSE GRBs. The duration of the BATSE sample includes not only the long GRBs but also the short GRBs. There is no statistically significant cvidence for any
differences between the Tsg and 7Ty durations of XRFs, XRRs. and GRBs, or between XRFs and long BATSE bursts (scc the text for details).
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Fic. 8 Distribution of the high-energy power-law index 3 for all of the
bursts for which .4 could be determined. XRF 030723 is the burst with .5 - 2:
in the case of this burst, we can say that 4 2 with high confidence. but the
actual valuc of 3 1s uncertain ( Butler et al. 2005). We do not include two bursts
(GRBs 020813 and 030519) with .4 2 in the sample, because the 1’ ohs . found
by fitting to the /7ETE-2 WXM and FREGATT data Ties near or above Hk upper
limit of the FREGATT energy band and is not the actual encrgy of the peak of
the burst spectrum in #F7,. Theretore the high-energy power faw in the Band
model that we fit to the //ETE-2 data is not the actual S in the Band-model
spectrum.,

The distribution of 3-values is shown in Figure 8. Because
ol the small number of GRBs with well-determined -values,
only the distribution for all of the GRB classes taken together
is plotted. This distribution 1s similar to that for long BATSE
bursts ( Preece et al. 2000).

7. CORRELATIONS BETWEEN £y
AND OTHER BURST PROPERTIES

Figure 9 shows the distribution of observed peak cnergy f;;'s:,\
versus the fluence ratio S;(2-30 keV )/S(30-400 keV). Since
the fluence ratio is independent of the normalization paramecter
of the model spectrum, it 1s p()sslblu to calculate the relationship
between the fluence ratio and £, ',k o The overlaid curves in Fig-
ure 9 arc the calculated relationships, assuming the Band [unction,
forav = —land 3 = —=2.5(red), --3.0 (blue), and —20.0 ( green).
The dependence ol the fluence ratio on 4 is weak when [:,‘t“lk is
greater than 30 keV, and understandably becomes strong when
F“"l] is less than 30 keV. This implies that the choice of the proper
spu‘ua] modcl is important for determining the fluence ratio, and
for determining which bursts are XRFs and XRRs. Fortunately.
the importance of choosing the correct spectral model for the lat-
ter is modest because a range in i3 of —2 to —20 producces a
range in the fluence ratio of only 40% at £ = 30 keV, which
corresponds to the boundary between XRFs and XRRs.

Figure 10 shows the dlsmbutmn of «-values (/eft panel) and

i-values (right panel ) versus E;,:jk The values of «vand /3 show

no statistically significant correlation with ;;E’jk and therefore
none with the kind of burst. Kippen et al. (2003) also found no
statistically significant correlation between o and L‘l,’:;,\ in the
BeppoSAX WFC/CGRO BATSE sample of XRFs and GRBs.

Figure 11 shows the distribution of the bursts in this study in
the [S;(2-400 keV), ;;E:k] plane. This figurc shows that there
is a strong correlation between Sip(2-400 keV) and Egcf,k The
best-fit power-law slope between E;h‘k and S£(2-400 keV) is
0.279 = 0.053. The values of the slope and the uncertainty in it
that we find imply a significance for the correlation of ~15 .

XRFs beta = -2.5 {

beta = -3.0

S 2-30 keV /s 30-400 keV

1 10 100 1000
Epeuk (keV)

Fic. 9. Distribution of bursts in the [Fpan. S22 30 keV)iS(30
400 keV) plane. Overtaid are curves corresponding to the X-ray o ~-ray
ﬂuuug ratio as a function of /2 “"\\4 assuming the Band function with o -~ 1,
and 2.5 ed). 3.0 (blue), and  20.0 (qgreen).

The correlation coceflicient of +0.511 that we find between the
two quantitics also implics a high significance for the correla-
tion. The probability of such a correlation occurring by chance
for the sample size of 40 bursts is 3.0 < 10 *. Thus, while the
scatter in the correlation is large, the significance of the corre-
lation 1s also large.

I"i"ums 12 and 13 show the distribution of //ETE-2 bursts in
the [[ (2--400 keV), E “"]k| planc and the /“”(5() 300 keV),
["“"Ik | pldm respectiv cly There is no evidence for a correlation
bLlWLLH f“"‘” and the peak photon flux / ’)(7 400 keV), but a
strong corrClation exists between £ “"‘l and the peak photon lux

P(S() 300 keV). The correlation u)dﬁuull of +0.802 that we
find between the two quantities implies a high significance for
the correlation. The probability of such a correlation occurring
by chance for the sample size of 40 bursts is 3.9 x 10 7. Thus.
whilc the scatter in the correlation is large, the significance of the
correlation 1s also large. Kippen ct al. (2003) suggested a similar
correlation for the BeppoSAX WEC/CGRO BATSE sample of
XRFs and GRBs.

However, the correlation between £ ],k wand FU(50 300 keV)
1s an artifact ol the choice of 50-300 keV for the energy band
in which the peak flux is measured. The reason is that for GRBs,
FL(50 300 keV) is roughly the holometric peak photon num-
ber flux, whereas for XRRs. and especially for XRFs, F1(50
300keV)is clulrly not the bolometric peak photon number flux.
This is because Em W« lics near or below the lower limit of this
energy band for XRRs, and far below the lower limit of the
energy band for XRFs. The result is that the peak photon number
fluxes for these bursts are greatly reduced from their bolometric
values, as can be clearly scen by comparing Figures 12 and 13.
The correlation coeflicient for the distribution of bursts in the
latter plane is only 0.297. Consequently, the significance of the
correlation is only 94% for the sample size of 40 bursts.

Figures 14 and 15 compare the distributions of HETE-2
bursts and Beppo SAX XRRs and GRBs, but not XRFs (Amati
ct al. 2002), in the [Sp(2—400 keV), E;:f}k] plane and the
[F{(2-400 keV), F"h‘k] plane, respectively. The distributions
are similar, except that the XRFs arc missing from the BeppoSAX
distributions.

Figures 16 and 17 compare the distribution of HETE-2 bursts
in the [F{(50-300 keV), £°% ] plane with the distribution of

pe
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2. The plohdhlllly of such a cor-
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XRRs and GRBs, but not XREs (Amati ct al. 2002), in the [l

Comparison of the distributions of //ETF-2 bursts and BeppoSAN

(2400 keV),

I “"‘Ikl planc. The distributions are similar, except that the XRI S are missing

Imm the BeppoSAX distribution.
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(2005) have emphasized, XRFs may provide unique insights
into the nature of GRB jets, the rate of GRBs, and the relation-
ship between GRBs and Type Ic supernovae.

9. CONCLUSIONS

We have studied the global propertics of 45 GRBs observed
by HETE-2 during the first 3 years of its mission, focusing on

the properties of XRFs and XRRs. We find that the numbers of

XRFs, XRRs, and GRBs are comparable. We find that the dura-
tions and the sky distributions of XRFs and XRRs arc similar

to those of GRBs. We also find that the spectral properties of

XRFs and XRRs are similar to those of GRBs, cxcept that the
values of the peak energy bl(;l::k of the burst spectrum in vF,,, the
peak flux F,.y, and the fluence S of XRFs are much smaller—
and those of XRRs arc smaller—than those of GRBs. Finally,
we find that the distributions of all three kinds of bursts form a
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continuum in the [S(2-30 keV), S(30-400 keV)] plane, the
[S(2-400 keV), Epeak ] plane, and the [ £, (50-300 ke V), E;i’:k]
plane. These results provide strong evidence that all three kinds
of bursts arise from the same phenomenon. They also provide
constraints on theorctical models of XRFs.
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nology grant-in-aid 12440063 and in France by CNES contract
793-01-8479. K. Hurley is grateful for HETE support under
contract MIT-SC-R-293291.
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