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Abstract. It is generally considered that most long duration GRB come from 
Cosmological Distances. We show how the effects of a significant cosmological con­
stant and evolution can help provide an explanation to one of the puzzling effects 
of the Hardness vs Duration and intensity of the current BATSE 4B Catalogue. We 
also show that the Universe with f2A = 0.7andf2M = 0.3 behaves like an empty 
Universe for z < 3 and we show that InN vs InS distribution for GRB's is consistent 
with this behaViour if source evolution is included. This could imply f2A is not zero 
in a model of the Galactic Evolution. 

Introduction 

The current understanding of the bulk of the Gamma Ray Burst is that the 
sources are at cosmological distances [1]. Recent observation of counterparts 
with Beppo SAX and other telescopes are fully consistent with this postulate 
[2J. While the GRB are not known as standard candles, as we now understand 
them, the associated frequency distributions can be sensitive to the spatial 
nature of the Universe at the z value of the source. We show in this note that 
the faintest long-soft GRB may indicate that the high z Universe is actually 
spatially flat or Quasi Euclidean and that this could indicate a significant 
cosmological constant in a low density Universe[3J. 

In a solution to the general theory of relativity one finds that the scale 
factor of the Universe is a(t) = (1 + Z)-l. The deceleration of the Universe 
is given by a(t). It can be shown that the Friedman equation can be used 
to relate i = -(1 + z)2a to the matter density of the Universe i = -Ho(l + 
z)JOM(l + z)3 + OR(l + z)2 + OA where OR = 1- OA - OM, OM is the ratio 
of the matter density to the critical density 3Ho2 / 87rG and OA is the density 
associated with the vacuum energy in the Universe. We note that for OM = 
OA = 0 and OM = 0.3, OA = 0.7 the result on i is very similar for z ~ 3. We 
note that this was known before [4],[12J. The Universe is Quasi Euclidean for 
the value of OA, OM was the z ~ 3 range as shown in Table 1. 

Recently there has been growing evidence that OM = 0.3, OA = 0.7 fits 
many data most notably the recent SNIa data from two groups (13],[3](See 
also Table 2). While these are very important results they are not free from 
some question (in Table 2 we suggest some of the possible problems with this 
results). 

There is growing evidence for the cosmological nature of the long-duration 
gamma ray bursts ([8])from time dilation studies, hardness studies and more 



Table 1: 

z=O -1 -1 -1 -1 
z=0.5 -1.84 -1.40 -1.31 -1.5 
z=l -2.83 -1.95 -1.76 -2 
z=2 -5.20 -3.38 -2.97 -3 
z=3 -8.00 -5.12 -4.46 -4 
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Figure 1: The hardness scatter plot 

recently direct evaluation for the distance of GRB970508 and G RB971214 from 
observation of the X-ray and optical counterparts in the associated galaxy 
[10],[6]. 

In this note we focus on the use of the hardness distribution to select a 
relatively bias free high z sample of GRB to study. Fig. 1 shows the hardness 
distribution for all GRB from the BATSE 4B Catalogue. 

Currently the only sample for which there is a clear cosmological evidence 
is for the long duration burst (all Beppo-SAX events are in this sample). We 
therefore choose events with Tduration > Is to study. We divide these events 
into 4 hardness classes Hl,H2,H3,H4 for future study (Fig. 1). 

It is generally considered that the study of the In N - InS distribution or the 
integral distribution of N (> ep) of the number of sources with a peak count 
greater than cp provides valuable information about the spatial distribution 
and luminosity distribution of the source. 

In the case that N(> cp ) <X cp -3/2 ones expects that the simplest Euclidean 
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Table 2: TESTS FOR A COSMOLOGICAL CONSTANT 

• Gravitational Lens Excess.[5],[11] 

- very sensitive to models of galactic halos etc - low statistics 

- however Quasars are at z '" 2-3 giving sensitivity;OA :S0.7 

• SNIa. [13],[3] 

- an open Universe (OM'" O.4)Qo 0.2r-.I 

and dust could fake a OA "# 0 Universe 

- however data (at high z) collection increasing rapidly 

• AGE VS Ho.[14] 

- Need precision measurements 

• CMBR.[7] 

- Data poor - but favour OM < 1 

- MAP + PLANCK IN FUTURE WILL HELP RESOLVE THE IS­
SUE 

space for the source provides the simplest explanation[4],[9]. We have therefore 
studied the InN(> ep)vslnCp distribution for the hardness cuts Hl -H4. The 
hardness of the GRB should decrease as the 'Y of the Galaxy increases. Since 
(1 + z) '" 2'YG (where 'YG = 1/VI - f3b) we expect the hardness to decrease as 
l!Z' The choice of the softest events (or H 4 ) should correspond to the highest 
z data. IT this selection increases the z of the sample we expect these GRB to 
be dimmer - this provides a cross check on the assumption. 

RESULTS 

In Fig.2 we show a comparison of the InN-Incp plot for the hardest (H l ) and 
softest (H4) events. This cuts should correspond generally to the lowest z(Hd 
and highest Z(H4) events. Note that the (H4) distribution is fully consistent 
with a Cp -3/2 distribution. Note ALSOthat the H4 GRB sample is in fact 
MU CHmore faint as would be expected from this hypothesis. 

We note that even through an empty universe and a fiat universe with OA 
= .7, Om = .3 are nearly undistinguished, in itself this does not lead to a InN 
- InS distribution with a slope of -3/2 [4]. However, the observable of a slope 
-3/2 InN - InS distribution will easier to produce for a system with Galactic 
Source evolution and the flat OLa.mbda. = .7, Om = .3 case [4J. 
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Figure 2: A comparison of the InN -lncp plot for the hardest (Hd and softest 
(H4) events. 

3 CONCLUSIONS 

While the results reported here are consistent with a Quasi Euclidean space 
time in the Universe at < z >'" 3; to explain the hard event InN-Incp distribu­
tion could come from a power law luminosity function that gives the [9J .c-{3 
which results in a In N -In cp distribution slope for small cp of C~-{3andj3 '" 2 
would be consisted with the data Fig.2. For the soft or high z data it is 
possible that a strong evolution in the source that goes like (1 + z)6 com­
bined with a cosmological constant can give rise to a Quasi Euclidean cp -3/2 

distribution[4J,[9J. 
A more plausible form of evolution has been proposed by Totani et al 

[15J. They have shown that the value of f2A is a key input to a reasonable 
evolution model and is very sensitive. In essence if f2A '" 0.7 the amount 
of evolution needed fits the experimental data [15J . In turn this constant 
evolution combined with f2A may then explains the Quasi Euclidean nature of 
the InN-InS distribution observed in Fig.2. In this sense the GRB data lead 
to an expectation that f2A '" 0.7 as shown in Fig.2, given the constraints from 
Table2. 
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