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are published due to BAT data analysis. Now Swift/BAT catalogue
contains ~ 1100 bursts. Duration distributions for GRB from BAT
catalogue without (1) and with (2) correction to cosmological
dilation presented at fig.2a. Bursts possible associated with
intermediate type are marked by green (~1 s < t90 < ~20 s) and red
(~1 s < t90 < ~10 s) ellipses on histograms (1) and (2)
correspondingly.

b)

Fig. 1. Intermediate GRBs subgroup appearance on
BATSE data: (a) in duration distributions for 1B, 3B and
4Brevised catalogues and its absence in non-triggered event
catalogue; (b) in duration distributions obtained after using
additional criteria defined due hardness analysis.

3. Swift/BAT GRBs redshift and durations
distributions.
The Burst Alert Telescope (BAT) [10] is a highly sensitive coded
aperture imaging instrument designed to provide GRBs
observations with large field of view (1.4 steradian half coded) and
4-arcmin positions definition – see table 1. The energy range of
registered photons is 15-150 keV for imaging mode and up to
500keV with a non-coded response. It was installed onboard Swift
satellite launched November 20, 2004 [13]. Three GRBs catalogues
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Fig. 2. Results of analysis of
GRB from BAT catalogue:
a) duration distribution
without (1) and with (2)
correction to cosmological
dilation; b) distribution on
redshift and duration;
c) redshift distribution.
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correspond to this separator point for Swift/BAT GRBs subset
duration distributions without correction on redshift. However real
cosmological sources time properties should investigated only
taking into account its redshift. The figure 2a indicates value ~ 0.6 s
more likely as separator point between short and long GRBs after its
duration correction on redshift for Swift/BAT catalogue events.
GRBs distributions on redshift and duration for BAT/Swift current
catalogue [14] is presented at fig.2b. Intermediate bursts marked by
ellipses. Redshift distribution for these bursts is shown at fig. 2c. It
remain at least bimodal with characteristic parameters z1=0.9 ± 0.1
and z2=2.7 ± 0.2. as was mentioned in [15] but its structure not
connect with group of intermediate GRBs.

GBM (Gamma-ray Burst Monitor – see, for example, [16]) installed
onboard the Fermi Gamma-Ray Space Telescope [17], formerly GLAST
was launched on June 11, 2008 and operates up to now. GBM includes
12 NaI based low-energy detectors for burst temporal profile
registration and two high-energy ones made on BGO provide event
spectra accumulation. Characteristics of NaI and BGO detectors of
GBM instrument are similar to ones of BATSE LAD and SD combination
but cover a wider energy range despite of they have smaller collection
area. Four GRB catalogues are published based on GBM data analysis,
current catalogue listed in [18]. Duration distributions for GRBs from
GBM catalogue without (a) and with (b) correction to cosmological
dilation are presented at fig. 3. Also this figure present GRBs
distribution on redshift and duration. Bursts possible associated with
intermediate type are marked by green ellipses.
LAT (Large Area Telescope – see, for instance, [19]) installed
onboard the Fermi Gamma-Ray Space Telescope too. LAT is a wide
field of view (FOV), imaging telescope for high-energy -quanta,
designed to cover an energy range from 20 MeV up to more than
300 GeV. The instrument consists of a precision tracker with silicon
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Fig. 3. Results of analysis of GRB from BAT
catalogue: duration distribution without (a) and
with (b) correction to cosmological dilation; c)
distribution on redshift and duration; d) redshift
distribution. Panel (a) also presents errors limits.
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Fig. 4. Duration
distributions
for GRBs from
LAT catalogue.
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2. Intermediate GRBs on CGRO/BATSE data.

The subgroup of intermediate GRBs was first found in 1997 [8]
during 4B current BATSE catalogue [9] analysis at 99% confidence
level in duration interval of 0.8 s ≤ t90≤ 50 s with <t90>  3 s taking
into account duration and duration-hardness distributions.
Additional criterion of burst spectrum description was hardness
H32, introduced using BATSE data analysis results. It was defined as
the ratio of fluence in third and second energy channels. Taking into
account duration-hardness distributions analysis the following
criteria were obtained for short (t90 <3 s, <t90>  0.5 s, H32 > 6.00) and
long (t90 > 5 s, <t90>  30 s, H32 < 1.85) GRBs. Also this type bursts
presents in all BATSE catalogues (for example, 1B [5] and 3B [10])
in spite of it’s subsets volumes. Intermediate GRBs are more
intensive than short and long events (such bursts were absent in
catalogue of faint events separated by ground analysis [11, 12]). Fig.
1 presents this subgroup appearance in BATSE data. However GRBs
sources’ origins nature is cosmological – see redshift corresponding
columns in catalogues. Therefore correction to cosmological dilation
of GRBs duration should be consider because of real cosmological
sources time properties should be investigated only taking into
account its redshift.
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GRB amount

Gamma-ray bursts (GRBs) were first registered by
Vela series satellites launched in middle of 1960th [1].
The first GRB with duration ~1s was observed on July
2, 1967 by detectors onboard Vela-4А in energy range
0.1 - 1 MeV [2]. GRBs characteristics vary in very
large intervals. For example, bursts duration lies in
the interval 10-2 –103 s, registered near the Earth
fluence varies in the range 108 103 erg/(cm2s).
Several thousand GRBs were detected up to now
(see, for example, [3]) by more than 30 instruments
onboard various satellites in both hear-Earth and
interplanetary space.
GRBs duration distribution was firstly analyzed using
data of BATSE [4] (Burst and Transient Source
Experiment ) onboard the Compton Gamma Ray
Observatory (CGRO). CGRO [5] was launched on April 5,
1991 and finished its functioning on June 4, 2000. BATSE
registered events time profiles in four energy bands: 25 - 50 keV, 50 100 keV, 100 – 300 keV and > 300 keV. Two detector types were used
for -emission registration - large area detectors (LAD) provide event
temporal profile registration and spectroscopy detectors SD supply
spectral analysis. Accordingly to BATSE data analysis, gamma-ray
burst duration characterised by two parameters [4, 6]: t90 and t50 are
the times of accumulation for 90% and 50% of burst statistics (i.e.
duration of intervals where the integrated counts from the GRB raise
from 5% to 95% and for 25% to 75% correspondingly).
The GRBs duration distribution analysis had shown the existence
of two bursts classes: long and short separated by t90  2 s. But
results of similar distributions for bursts observed by other
detectors have shown shifting of boundary between short and
long events from value of 2 s. For example, durations of 1 s more
likely correspond to this separator point for Swift/BAT GRBs
subset distribution [ 7].

GRB amount

1. Introduction: short and long GRBs.

The results of redshift distribution analysis for -ray bursts
registered by instruments onboard Fermi are discussed.
Previously redshifts distributions of Swift/BAT and Fermi/GBM
GRBs subsets were analyzed. At the middle of 2017 the volumes
of Swift/BAT and Fermi/GBM GRBs subsets with known redshift
consisted of approximately 350 and 130 bursts correspondingly.
The results of preliminary analysis show non-uniformity of
redshifts distributions of events from each subsets. At least two
GRBs subgroups separated: two-peaks fit gives characteristics
redshifts z=0.9 ± 0.1 and z=2.7 ± 0.2. Now volume of gamma-ray
bursts registered by Fermi/LAT is approximately 130 GRBs but
unfortunately redshifts defined only for 15 events and its
distribution differ from ones of Swift/BAT and Fermi/GBM bursts
accordingly to preliminary estimations. In duration distributions
both of Fermi/LAT and FERMI/GBM events several features
correspond to appearance of intermediate GRBs subgroup
observed.

strip detectors above a calorimeter based on CsI. Both are
enclosed in the plastic scintillators of the anticoincidence
detector (ACD). Unfortunately thickness of calorimeter is only
8 radiation lengths and some difficulties occurred with
particle energy definition in range more than 100 GeV. Also
using only one scintillator layer in ACD leads to problems
with backsplash rejection - see, for example, [20]. Duration
distributions for GRBs from LAT catalogue is shown at fig.4.
Bursts possible associated with intermediate type are marked
by green ellipse too. Total amount of LAT GRBs with known
redshift is 15 events but only 9 of its were register by GBM
(shown by red squares at fig. 3c). 3 GRBs registered by LAT
should be associated with events of intermediate subgroup.
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The first detailed GRB catalogue was obtained as a result of
BATSE experiment [4] onboard the Compton Gamma-Ray
Observatory (CGRO) [5]. Data analysis of this catalogue has
shown two GRBs subgroups presence on duration distribution:
short and long [4]. The value of t90 ∼ 2s is used as boundary
between short and long events [6]. However in 1997 third burst
subgroup [8] (intermediate GRBs) was found due GRBs
duration and duration-hardness distributions analysis of 4B
current BATSE catalogue (recently available as 5B one) [12, 13]
in duration interval of 0.8 s ≤ t90≤ 50 s with <t90>  3 s. Taking
into account duration-hardness distributions analysis the
following criteria were obtained for short (t90 <3 s, <t90>  0.5 s,
H32 > 6.00) and long (t90 > 5 s, <t90>  30 s, H32 < 1.85) GRBs.
Later intermediate GRBs subgroup was widely discussed - see,
for example, [23, 24].
After end of CGRO operation, two satellite experiments GRBs
catalogues Swift/BAT and Fermi/GBM contain amount of bursts
comparable with 4B current BATSE catalogue one (~1140 and ~2080
events correspondingly) and it is sufficient for duration and redshifts
distributions precision investigation. At the middle of 2017 the
volumes of Swift/BAT and Fermi/GBM GRBs subsets with known
redshift consisted of approximately 350 bursts and 130 bursts
correspondingly. The results of preliminary analysis show nonuniformity of redshifts distributions of events from each subsets. At
least two GRBs subgroups separated: two-peaks fit gives
characteristics redshifts z=0.9 ± 0.1 and z=2.7 ± 0.2. Now volume of
-ray bursts subset registered by Fermi/LAT is approximately 130
GRBs but unfortunately redshifts defined only for 15 events and its
distribution differ from ones of Swift/BAT and Fermi/GBM bursts
accordingly to preliminary estimations. Also in duration distribution
of Fermi/LAT events several features correspond to appearance of
intermediate GRBs subgroup observed.
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