
 

  

A. Abstract— We show the locations of the SWIFT short 
hard bursts (SHB) with afterglows on the Galactic map and 
compare with the very short bursts (VSB) BATSE events. As 
we have pointed out before, there is an excess of events in the 
Galactic map of BATSE VSB events. We note that none of VSB 
SWIFT era events fall into this cluster. More SWIFT events are 
needed to check this claim. We also report a new study with 
KONUS data of the VSB sample with an average energy above 
90 keV showing a clear excess of events below 100 ms duration 
(T90) that have large mean energy photons. We suggest that 
VSB themselves consists of two subclasses: a fraction of events 
have peculiar distribution properties and have no detectable 
counter parts, as might be expected for exotic sources such 
as Primordial Black Holes. 

 
 

II. INTRODUCTION 
amma Ray Bursts were early recognized as consisting of 
two separate populations: Long Bursts and Short Burst 

[1]. Long bursts (T90 > 2 s) are known to originate at 
cosmological distances with many identified counterparts, and 
they are widely believed to be related to the collapse of 
massive stars [2-4]. Short Gamma Ray bursts properties were 
also extensively studied  [5-9] but their nature is less clear. 
Over the years there have been many concepts put forward for 
the origin of SHB, including the mechanism of primordial 
black holes (PBH) evaporation [10-15]. Recent SWIFT 
observations were used to argue that short bursts originate 
from binary mergers, as suggested by [16] but the case is 
based only on a few putative identifications of burst locations 
with the outskirts of galaxies [17-19]. This is not enough to 
prove that all SHB originate from mergers since some 
properties of SHB indicate that this group of events is not a 
homogeneous sample. The most spectacular short burst came 
actually from a Soft Gamma Repeater type source [20, 21]. 
SHB discovered by SWIFT and HETE-2 have on average 
 
 

softer spectra than the BATSE SHB, although still harder than 
the long BATSE events [22, 23]. SHB distribution across the 
sky show certain level of position correlations [24], with 
particularly strong departures from uniformity seen in the case 
of a subclass of SHB with T90 < 100 ms (very short gamma 
ray bursts – VSB) [see  25-27]. One of the recent SHB (GRB 
060313) shows rather peculiar time behavior, difficult to 
reconcile with expectations from a binary merger [28].  

In this article we discuss properties of very short bursts 
(VSB; T90 ≤ 100 ms) from BATSE, KONUS and SWIFT. In 
earlier publications [25-27, 29-31] we have found some 
unusual properties of VSB events, including very hard photon 
spectra compared to longer duration GRBs, a significant 
angular asymmetry on the Galactic plane and a ‹V/Vmax› value 
consistent with 0.5. These properties, and the new results 
presented in this paper suggest that a part of VSB events can 
originate from PBH decay [11, 26, 29, 31-35].  

 

III. COMPARISON WITH CURRENT AND FUTURE SWIFT DATA 
The angular distribution in Galactic coordinates is shown in 

Fig. 1 for all, 51, VSBs events (T90 ≤ 100 ms) from BATSE  – 
full circles. We divided the sky into eight equal regions. In 
one of the regions (roughly in the direction of the Galactic 
anticenter) we observe 20 events, which is much more than 
the expected average of 51/8. The probability of finding 20 or 
more events (from the total number of 51) in the region of ⅛ 
of the whole sky is 0.00007. This result argues for an 
explanation other than the statistical fluctuation. The 
background in the direction of the Galactic center is 12,500 ± 
1000 counts s-1,  while the mean level of the background 
outside the excess region is 13,800 ± 1300 counts s-1, and the 
total number of short bursts (SB) (100 ms < T90 < 2 s) in this 
region is slightly lower than the expected average (but within 
the expected error). Therefore, the background anisotropy 
cannot be responsible for the observed angular distribution of 
the VSBs across the sky. 

    We have now put in Fig. 1 also the short hard bursts 
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(SHB) from Swift,  with afterglows (triangles). References for 
the Swift–era events plotted in Figure 1 are [36-41]. There are 
four newly detected VSB among all recent SB, two with 
detected afterglows and two without an afterglow. In Table 1 
we give the ratio of VSB to SHB in the BATSE KONUS data 
and Swift data. 

 
Fig. 1. The map of the sky in Galactic coordinates. Black dots mark the VSB 
from BATSE, triangles mark new SWIFT/HETE events with afterglows. One 
event on the plot has a T90 of 3 sec. 

 
   The two VSB events with afterglows from SWIFT are not 

in the excess region of events from BATSE (Fig. 1). This may 
imply that these events come from different source type. The 
third one, without an afterglow, is located not far from the 
Galactic center,  and  one is actually quite close to the 
Anticenter region, although not quite within it. Among all 12  
SHB from SWIFT, none is located exactly within the 
Anticenter region. Such a distribution is still consistent with 
random distribution across the sky. On the other hand, 
BATSE statistics would suggest that 1 out of 3 VSB should be 
located in the Anticenter region. Since there is none, we 
suggest that SWIFT instrument is likely to be detecting other, 
more soft bursts, so the relative  increase in the fraction of 
SHB with respect to the whole population, and in fraction of 
VSB with respect to SHB, does not translate into an increase 
in the number of bursts in the anticenter region, and  there is 
no contradiction between the current Swift SHB data and the 
VSB data from BATSE. 

    The KONUS data also contains a number of SHB events 
with extended X ray emission – one of those events was in the 
VSB category. For now it is possible that the excess events in 
Fig. 1 form a different population than most of the newly 
discovered  SWIFT events: they are possibly less likely to 
develop strong X-ray afterglows and their emission is likely to 
extend to higher energies. The lack of extension of the SWIFT 
detectors toward high energies, the small number of these 
events and no localization information for the KONUS events  
prevent us from testing the hypothesis directly. However, we 
provide some additional arguments in favor of the existence of 
two separate classes of VSB in the next sections. 

 

IV. EXCESS OF VSB EVENTS IN THE KONUS  
DATA FOR HIGH ‹Eγ› 

The KONUS detector has a significantly larger energy 
acceptance out to tens of MeV. The BATSE detector has a 
smaller NaI absorber and is not sensitive to 1-10 MeV 
photons, but measures event coordinates, which KONUS not 
measures. 

We have recently published a paper [31] comparing the 
BATSE and KONUS data. This clearly shows that the 
KONUS events with T90 < 100 ms have a higher energy 
photon component. All VSBs show an appreciable number of 
photons above 1 MeV energy. All events also show gamma 
rays above 5 MeV. This follows the trend observed in the 
BATSE data that the VSB events have hard energy spectrum.  
In the paper [31] we compared the mean energy of SBs and 
VSBs for KONUS events. We observe there, that in the MeV 
region, the spectra of VSBs are significantly harder than the 
spectra of SBs. The spectra start to be flatter above 3 MeV, 
and the effect in the case of VSBs is again stronger. 

 

 
Fig. 2. KONUS burst statistics for different ranges of the average photon 
energy ‹Eγ›. 
 

 
 
 
 
 



 

To follow up we now study all  SHB events in KONUS 
data and select burst with the mean energy ‹Eγ› > 90  keV. We 
construct a histogram of burst numbers as a function of their 
duration (see Fig. 2). For comparison, we show similar 
histogram made for SHB with mean energies ‹Eγ› < 90  keV, 
and scale it down to the distribution of harder bursts. 
Comparing these two distributions we see very strong 
clumping of hard bursts at very short durations. In the 
histogram time interval of 0-0.1 for T90 we expect one event 
from softer bursts distribution and found ten hard events, 
which is extremely unlikely - indication again of some new 
physics origin of the bulk of the VSB data. 

The KONUS data also included a number of SHB events 
with extended X ray emission (see results at the web site 
http://www.physics.ucla.edu/hep/grb/table2.jpg). It is thus 
possible that the excess events in Fig. 1 do not have a strong 
X ray afterglow unlike the detector SWIFT events. 
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Note – More VSB in SWIFT than expected but none in the 

excess region – this is improbable if all VSB have 
counterparts. 

In the previous analysis of BATSE data using the TTE 
sample [25] we showed that the composite of the VSB time 
profile made of 12 bursts has a different time profile than 
other SB. We now construct the new composite profile of the 
VSB from the whole BATSE sample (see Fig. 3). We fit the 
profile as an exponential rise and a decay law of (1 – t/td)n, as 
in [9]. The best fit value of the index n equal to 1.00 is lower 
than the median value of 1.30 for the distribution of SB [9]. 
This results supports the view that VSB profiles are 
systematically different from SB profiles. 

 

 
Fig. 3. Composite profile made out of background-subtracted and normalized  
BATSE VSB bursts together with analytical fit to the profile (exponential rise 
with tr=0.041 s, decay with td=0.032 s, and power law index n = 1.00). 

 

V. CONCLUSION 
In this note we have documented two new aspects of the 

VSBs: 
 
(a) The two VSB Swift/HETE events are not located in the 

excess region observed in the BATSE data. It is not possible 
to measure the high energy part of the energy spectrum so we 
cannot test whether these events are in the same class of the 
BATSE VSB or not. 

(b) A new study of KONUS data indicates that VSB events 
are much harder than the rest of the SHB events, strongly 
suggesting a new physics origin of these events. The results of 
our enhancement below T90 of 100 ms is confirmed by other 
types of analysis of BATSE data discussed here. This likely 
indicates some new source of these events such as primordial 
black hole evaporation in the Galaxy, not far from the Solar 
System. 

 

REFERENCES 
[1] C. Kouvalietou  et al., 1993, ApJ, 413,  p. L101.  
[2] J. van Paradijs et al, “Transient optical emission from the error box of 

the γ-ray burst of 28 February 1997,” 1997, Nature, 386, p. 686. 
[3] M.R. Metzger et al, “Spectral constraints on the redshift of the optical 

counterpart to the γ-ray burst of 8 May 1997,” 1997, Nature, 387, p. 878. 
[4] G.J. Fishman et al, “The First BATSE Gamma-Ray Bursts Catalog,” 

1994a, ApJS 92, p. 229. 
[5] E. Ramirez-Ruiz, E.E. Fenimore, 2000, ApJ, 539, p. 712. 
[6] E. Nakar,  T. Piran, 2002, MNRAS, 330, p. 920. 
[7]  M. Magliocchi , G. Ghirlanda, A. Celotti. 2003, MNRAS, 343, p. 255. 
[8] D.D. Frederiks et al. 2003, talk presented at Rome 2002 GRB 

Conference, astro-ph/0301318. 
[9] A. Janiuk, B. Czerny, R. Moderski, D.B. Cline, C. Matthey, S. 

Otwinowski, “On the origin of the bimodal duration of the distribution 
of gamma-ray bursts and the subjet model”, MNRAS, 365, p. 874. 

[10] B. Zeldovich and I.D. Novikov, “The hipotethesis of cores related 
during expansion and the hot cosmological model,” 1966,  Sov Astro AJ 
10, p. 602. 



 

[11]  S.W. Hawking, “Black hole explosions?,” 1974, Nature 248, p. 30. 
[12] D.N. Page and S.W. Hawking, “Gamma ray from Primordial Black 

Holes,” 1976, ApJ, 206, p. 1. 
[13] B. Carr and S.W. Hawking, “Black Holes in the Early Univers,” 1974, 

MNRAS, 168, p. 399. 
[14] E.V. Derishov and A.A. Belyanin, “Prospects for detection of primordial 

black holes captured in cold dark matter haloes around massive objects,” 
1999, Astron. Astrophys.,  343, p. 1. 

[15] See Phys. Reports 307, 1998 (D. Cline editor) for a review of many of 
the issues about PBH:  (a) D.B. Cline “Primordial Black-Hole 
Evaporation and the Quark-Gluon Phase Transition,” p. 500 (b) A.A. 
Belyanin, V.V. Kocharowsky and Vl.V. Kocharovsky, “Gamma-ray 
bursts from the final stage of primordial black hole evaporation,” p. 626. 

[16] B. Paczynski, “Gamma-ray bursters at cosmological distances”, 1986, 
ApJ, 308, p. L43.  

[17]  Berger et al. 2005,  astro-ph/0508115. 
[18] K. Hurley et al., 2002, ApJ, 567, p. 447.  
[19] B. Schaefer, 2006, ApJ, 642, p. L22. 
[20]  D.M. Palmer et al., “A giant gamma-ray flare from the magnetar SGR 

1806-20”, 2005, Nature, 434, p. 1107. 
[21]  K. Hurley et al., “An exceptionally bright flare from SGR 1806-20 and 

the origins of short-duration gamma-ray bursts”, 2005, Nature, 434, p. 
1098.  

[22] Levan, A. J., et al. 2006, ApJ, submitted (astro-ph/0603282). 
[23] Sakamoto, T., et al. 2006, AIP Conference Proceedings, in press. 
[24] M. Magliocchetti, G. Ghirlanda, A. Celotti, “Evidence for anisotropy in 

the distribution of short-lived gamma ray bursts”, 2003, MNRAS, 343, 
p. 255.  

[25] D.B. Cline, C. Matthey and S. Otwinowski, 1999, ApJ 527, p. 827. 
[26]  D.B. Cline and W. Hong, “Possibility of unique detection of primordial 

black hole gamma-ray bursts,” 1992, ApJ 401, p. L57. 
[27]  D.B. Cline,  Nuclear Phys. A, 1996, 610, p. 500c. 
[28]  A.P.W. Roming et al., “GRB 060313: A New Paradigm for Short-Hard 

Bursts?”  astro-ph/0605005. 
[29] D.B. Cline, “A Gamma-Ray Halo ‘Glow’ from Primordial Black Hole 

Evaporation,” 1998, ApJ 501, p. L1. 
[30]  D.B. Cline, D.A. Sanders, and W.P. Hong, “Further Evidence for some 

Gamma-Ray Bursts Consistent with Primordial Black Hole 
Evaporation,” 1997, ApJ. 486, p. 169.  

[31] D.B. Cline at al, “Study of Very Short Gamma-Ray Bursts: New Results 
from BATSE and KONUS,”  2005, ApJ. 633, p. L. 

[32]  A.A. Belyanin, V. Kocharovsky and VI. V. Kocharowsky, 1996, 
MNRAS 283, p. 626. 

[33] J.H. MacGibbon and B.J. Carr, “Cosmic Rays from Primordial Black 
Holes,” 1991, ApJ 371, p. 447. 

[34] F. Halzen et al, “Gamma rays and energetic particles from primordial 
black holes,” 1991, Nature, 353, p. 807. 

[35] R.J. Nemiroff, at al, 1998, ApJ. 494, L1 p. 37.  
[36]  Gehrels, N. et al.,  2005, Nature, 438, p. 8994. 
[37] Vaughan, S. et al., 2006, ApJ, 639,  p. 323. 
[38]  Berger, E. et al., 2005, Nature, 438, p. 988. 
[39]  Holland et al., 2005, GCN, 4034, p. 4037. 
[40]  Hjorth, J. et al., 2005, Nature, 437, p. 859. 
[41] Tueller, J. et al., 2005, GCN, 3005; Sakamoto, T. et al., 2005, GCN, p. 

3010. 


