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Abstract. Several claims have been put forward that an essential fraction of long-duration
BATSE gamma-ray bursts should lie at redshifts larger than 5. This point-of-view follows from
the natural assumption that fainter objects should, on average, lie at larger redshifts. However,
redshifts larger than 5 are rare for bursts observed by Swift. The purpose of this article is to show
that the most distant bursts in general need not be the faintest ones. We derive the cosmological
relationships between the observed and emitted quantities, and arrive at a prediction that is
tested on the ensembles of BATSE, Swift and Fermi bursts. This analysis is independent on the
assumed cosmology, on the observational biases, as well as on any gamma-ray burst model. We
arrive to the conclusion that apparently fainter bursts need not, in general, lie at large redshifts.
Such a behaviour is possible, when the luminosities (or emitted energies) in a sample of bursts
increase more than the dimming of the observed values with redshift. In such a case dP(z)/dz > 0
can hold, where P(z) is either the peak-flux or the fluence. This also means that the hundreds of
faint, long-duration BATSE bursts need not lie at high redshifts, and that the observed redshift
distribution of long Swift bursts might actually represent the actual distribution.
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1. Introduction
This article briefly summarizes works published by Mészáros et al. (2011a) and

Mészáros et al. (2011b). It can be shown that for the observed peak-flux or fluence
P (z) of gamma-ray bursts (GRBs) it holds: P (z) = (1+z )N L̃(z )

4πd2
l (z ) , z is the redshift; dl(z) is

the luminosity distance; L̃(z) is isotropic peak-luminosity or emitted energy. N = 0; 1; 2
depending on the units of the observables: N = 0 if P (z) is peak-flux in units erg/(cm2s)
and then L̃(z) in units erg/s; N = 1 if P (z) is fluence in units erg/cm2 and then L̃(z)
in ergs or N = 1 if P (z) is peak-flux in units ph/(cm2s) and then L̃(z) in units ph/s;
N = 2 if P (z) is fluence in units ph/cm2 and then L̃(z) is in photons. P (z) is given by
photons with energies E1 � E � E2 , where E1,2 is the detector range. L̃ph(z) is from
energy range E1(1 + z) � E � E2(1 + z).

It is a standard cosmology that for small redshifts (z � 0.1) dl(z) ∝ z, and for high
redshifts limz→∞

d l (z )
1+z = finite and positive number for any Ho , ΩM , ΩΛ. If we assume

that L̃(z) ∝ (1 + z)q ;N + q > 2 for z → ∞ then dP (z )
dz > 0, for z → ∞. If L̃(z) increases

with z faster than ∝ (1 + z)2−N for high redshifts, then inverse behaviour can happen,
and the apparently brighter GRBs can be at higher redshifts; dP (z)/dz > 0 can occur.
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Figure 1. Distributions of fluences (left panel) and peak-fluxes (right panel) Swift long GRBs.
On the left panel the curves denote the values of fluences for Ẽiso = Ẽo (1 + z)q (constants Ẽo

are in 1051 erg: I. 0.1; II. 1.0; III. 10.0). On the right panel the curves denote the values of
peak-fluxes for L̃iso = L̃o (1 + z)q (constants L̃o are in 1058 ph/s: I. 0.01; II. 0.1; III. 1.0). Here
N = 1 thus value q = 1 is the limiting case.

For small redshifts z, P (z) decreases as z−2 , but if L̃(z) ∝ (1+ z)q and N + q > 2 then
P (z) starts to increase as zN +q−2 for high z. To answer the question where the zturn is, i.e.
where dP (z)/dz = 0, one can simply search for the minimum of Q(z) = (1+z)N +q /dl(z)2 ,
i.e., when dQ(z)/dz = 0.

2. Samples of long GRBs
We studied 134 long Swift GRBs with know redshifts. The distribution of observed

flunces/peak fluxes together with the curves of constant Ẽiso and L̃iso are shown in
Fig. 1. We also studied 6 Fermi GRBs, 9 BATSE GRBs with measured redshifts and 13
BATSE GRBs with calculated pseudo-redshifts. These samples also demonstrate that
fainter bursts can well have smaller redshifts (for details see Mészáros et al. (2011a)).

3. Conclusion
The theoretical study of the z-dependence of the observed fluences and peak-fluxes

of GRBs have shown that fainter bursts could well have smaller redshifts. This is really
fulfilled for the four different samples of long GRBs. These results do not depend on the
cosmological parameters and on GRB models.
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Mészáros, A., Řı́pa, J., & Ryde, F. 2011a, Astronomy & Astrophysics, 529, A55
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