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Apparently fainter gamma-ray bursts at smaller
redshifts: an absurdity or a reality?
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Abstract. Naturally, it is expected that the apparently fainter objects should, on average,
lie at larger redshifts. It is shown - by theoretical and observational studies of different
satellite data samples - that this need not be the case for the long gamma-ray bursts (GRBs).
Therefore, bursts at redshifts larger than 5 should be really rare due to this inverse behaviour.
The apparently fainter objects can, on average, be at smaller redshifts indeed.
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1. Introduction

Several claims (Paczyński 1992; Mészáros &
Mészáros 1995, 1996; Horváth et al. 1996;
Reichart & Mészáros 1997) have been put for-
ward that an essential fraction of long-duration
BATSE gamma-ray bursts should lie at red-
shifts larger than 5. In addition, Lin et al.
(2004) claims that even the majority of bursts
should be at these high redshifts. 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 (Bagoly et al.
2006), seemingly contradicting the BATSE es-
timates.

The controversy can be explained by the
remarkable and curious fact that apparently
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fainter bursts need not, in general, lie at large
redshifts. In such a case dP(z)/dz > 0 can
hold in statistical sense, where P(z) is either
the peak-flux or the fluence, and z is the red-
shift. Hence, the bursts at high redshifts need
not form a large fraction.

Four different samples are studied to show
that this can happen: 8 BATSE bursts with red-
shifts, 13 bursts with derived pseudo-redshifts,
134 Swift bursts with redshifts, and 6 Fermi
bursts with redshifts. The analysis is indepen-
dent on the assumed cosmology, on the obser-
vational biases, as well as on any gamma-ray
burst model. For the details of these considera-
tions see Mészáros et al. (2011).
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2. Formulas

For the observed peak-flux or fluence P(z) of a
GRB it holds (Mészáros & Mészáros 1995):

P(z) =
(1 + z)N L̃(z)

4πdl(z)2 .

In this formula N = 0; 1; 2 can be, z is the red-
shift, dl(z) is the luminosity distance and L̃(z)
means either isotropic peak-luminosity (if P(z)
is the peak-flux) or emitted energy (if P(z) is
the fluence).

Four possibilities can happen:

– P(z) - is the fluence in units ”photons/cm2”;
then N = 2 holds, and L̃(z) is in units ”pho-
tons”

– P(z) - is the fluence in units ”erg/cm2”; then
N = 1 holds, L̃(z) is in units ”erg”

– P(z) - is the peak-flux in units
”photons/(cm2s)”; then N = 1 holds,
and L̃(z) is in units ”photons/s”

– P(z) - is the peak-flux in units
”erg/(cm2s)”; then N = 0 holds, and
L̃(z) is in units ”erg/s”.

P(z) is given by photons with energies E1 ≤
E ≤ E2, where E1,2 is the detector range. Then
L̃(z) is from energy range E1(1 + z) ≤ E ≤
E2(1 + z).

It is a standard cosmology that for small
z’s (z � 0.1) dl(z) ∝ z, but for large redshifts
limz→∞ dl(z)/(1 + z) = f inite positive number
for any Ho, ΩM , ΩΛ.

Assume now that L̃(z) ∝ (1 + z)q; N + q >
2 f or z→ ∞. Then one obtains

dP(z)
dz

> 0 f or z→ ∞.

Hence, if L̃(z) increases faster with z than
∝ (1 + z)2−N for high redshifts, then an in-
verse behaviour can happen, and the appar-
ently brighter GRBs can be at higher redshifts:
dP(z)/dz > 0 can occur.

Where is zturn, where dP(z)/dz = 0? This
question is equivalent to the mathematical
problem, which searches for the minimum of
Q(z) = (1 + z)N+q/dl(z)2, i.e. one has to find
where dQ(z)/dz = 0 holds.

The values of zturn can be seen on Fig. 1.

3. Inverse behaviour of the long
GRBs

On Fig. 2 the 134 long GRBs - detected by
Swift- are shown. The objects at the right up-
per quandrant are not less populated than that
of the objects at the right bottom quadrant.
Simply, there is no decrease of the number of
GRBs with high redshifts.

On Fig. 3 the 134 long GRBs - detected
by Swift - are shown again. On the left panel
the curves denote the values of fluences for
Ẽiso = Ẽo(1 + z)q (the three constant Ẽo are
in units 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 (the three con-
stant L̃o are in units 1058 ph/s: I. 0.01; II. 0.1;
III. 1.0). Because here N = 1, the value q = 1
is the limiting case.

On Fig. 4 the situation is opposite: Ẽiso
and L̃iso are shown for constant fluences and
peak-fluxes. Left panel: Ẽiso vs. (1 + z) (dots).
Dashed contours denote constant fluences (in
units 10−7 erg/cm2): I. the maximal fluence, i.e.
1050; II. 105; III. 10.5; IV. the minimal flu-
ence, i.e. 0.68; right panel: L̃iso vs. (1 + z)
(dots); dashed contours denote constant peak-
fluxes (in units ph cm−2s−1): I. the maximal
peak-flux, i.e. 71; II. 7.1; III. 0.71; IV. the min-
imal peak-flux, i.e. 0.04. The objects below a
curve at smaller redshifts together with those at
higher redshifts and above the curve illustrate
the inverse behaviour.

On Fig. 5 the distribution of the fluences
(left panel) and peak-fluxes (right panel) of the
GRBs from other satellites with known red-
shifts are shown: 6 Fermi GRBs are denoted by
asterisk, BATSE GRBs with determined red-
shifts [9 GRBs] (pseudo-redshifts [13 GRBs])
are denoted by dots (circles). The medians se-
parate the area into four quadrants. The ob-
jects in the upper right quadrant are brighter
and have larger redshifts than the that of GRBs
in the lower left quadrant.

Both the Swift sample and also the objects
from other satellites support the occurence of
the inverse behaviour.
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Fig. 1. Left panel: Function Q(z) for ΩM = 0.27 and ΩΛ = 0.73. Right panel: Dependence of zturn
on N + q for ΩM = 0.27 and ΩΛ = 0.73.

Fig. 2. 134 long Swift GRBs with know redshifts are shown. Distribution of the fluences (left
panel) and peak-fluxes (right panel) of these Swift GRBs are shown on the figure. The medians
separate the area into four quadrants. The objects in the upper right quadrant are brighter and
have larger redshifts than that of GRBs in the lower left quadrant.

Fig. 3. 134 long Swift GRBs are shown again, but here the constant Ẽiso and L̃o are shown, too.
For more explanation see the text.
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Fig. 4. 134 long Swift GRBs are shown again, but here the calculated Ẽiso and L̃o are shown with
constant fluences and peak-fluxes - see also the text for more details.

Fig. 5. GRBs from other satellites with known redshifts - for more details see the text.

4. Conclusions

The results of this study may be summarized
as follows:

– The theoretical study of the z-dependence
of the observed fluences and peak-fluxes of
GRBs shows that fainter bursts could well
have smaller redshifts.

– This is fulfilled for different samples of
long GRBs.

– These results do not depend on the cosmo-
logical parameters and on the GRB models.
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