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Statistical Properties of the Time Histories of Cosmic Gamma-Ray Bursts
Detected by the BATSE Experiment of the Compton Gamma-Ray Observatory

Final Report

The main scientific objectives of the project were the following activities:
(1)  Calculation of average time history for different subsets of BATSE gamma-ray bursts.

(2)  Comparison of averaged parameters and averaged time history for different BATSE
GRBs sets (by Peak Flux, Hardness Ratio, etc.).

(3)  Comparison of results obtained with BATSE data with those obtained with APEX
experiment at PHOBOS mission.

(4)  Use the results of (1)-(3) to compare current models of gamma-ray bursts sources.

To obtain these results, special statistical studies of 338 cosmic events of the Second BATSE
Catalog have been done. The corresponding conclusions follows:

(1) The new method was developed by averaging time profiles of separate events when they are
aligned around their principal peaks. This method was compared with other methods developed
for similar analysis. An agreement was found in similar datasets used in these tests.

(2) Using the average time histories at different energy channels on 1024 ms time scale, the following
features were found:

— The average time history of GRBs is non-symmetric: from the level of 0.25 of its maximum
height, the rise front of the average curve of emissivity (ACE) lasts about 3 sec and back slop
about 5 sec. The average Hardness Ratio has a broad maximum along the rise front of the

ACE, then decreases along the back slope.

- From the comparison of ACE obtained at different channels, we find that the averaged
peaks of GRBs are broader at soft energies then at hard energies (softness/duration effect).
Using the peak shape of discriminator No.3 as the standard, we find the best stretch
factors K to fit the peaks in discriminators No.1 and No.2, as the following low:
K(E) = (173 {keV}/E)*%.

-- We find no evidence in this analysis for time-dilation in the ACE of weak events relative
to bright events, when those sets of events are selected by the photon peak fluxes, as
presented in the Second Catalog. The ACE at energies 50-300 keV for dataset of 143 bright



events with F>1 ph/cm?s and 179 weak events with F<1 ph/cm’s correspond to similar
curves. In the more conservative case with the gap between peak fluxes of bright and weak
GRBs, the average curves have been shown to be similar as well.

— We find the difference in average curves of Hardness Ratio for the sets of bright and dim
events selected by the photon peak fluxes. Bright events have larger Hardness Ratio then
weak ones not only averaged over time but at each point in the averaged time profile (effect
of the brightness/hardness correlation).

(3) The comparison of results obtained with the BATSE data have been done with those obtained
with the APEX/PHOBOS data. The perfect agreement is found between them.

(4) The following conclusions have been obtained for the theoretical models of GRBs:

- Similarity between all outbursts and of all outbursting objects was found. This fact rules out
all galactic models, which attribute GRBs to different populations of neutron stars. Another
modern galactic model could also be rejected, which attributes all GRBs with the single class
of neutron stars, but which are thought to emit two different types of strong and weak
outbursts. On the other hand, the perfect similarity between average curves for bright and dim
events makes the cosmological paradigm of GRBs quite unprobable also.

— Average evolution of outbursting objects during a burst shows non-symmetrical rises and
decay fronts on the average, the developing phases of GRBs before the maximum are shorter
and harder then decaying phases after the maximum. The picture of outbursts is not
time-reversible. Some sort of physical evolution of the outbursting object does occur during

a burst, which leads to these features.

-- Theoretical models of GRBs agree with the brightness/hardness correlation of
GRBsin two cases. In the first case, the model might explain the difference in brightness
from different distances of sources, assuming that some evolution takes place. There is
another possibility also, when the all range of brightness of GRBs is associated with the
range of intrinsic luminosity of sources, which are at the same distance from the observer.
Further study is necessary to resolve these possibilities, but all models with the standard
candles could be ruled out due to brightness/hardness correlation of GRBs.

The main results of the project were reported in:
- 2nd Huntsville Symposium on Gamma Ray Bursts;
- 30th Scientific Assembly of COSPAR;
- 17th Texas Symposium on Relativistic Astrophysics.

The main results were presented in the following publications:
(1] Mitrofanov et al. 1994, In Proc. of "Gamma-Ray Bursts", AIP 307, p. 187.
[2] Mitrofanov et al. 1995, subm. to Astrophys. J.
[3] Mitrofanov et al. 1994, In Proc. of 30th Scientific Assembly of COSPAR, to be published.
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ABSTRACT

The results of new method of statistical studying of APEX/PHOBOS and BATSE/COMFTON cosmic
gamma-rey bursts (GRBs) are presented, which are based on the averaging of tine profiles of separate
events, Using Ume NMatories at differcnt cnarpy chammels, the general features are found of averaged
Nlux/spectrum evolution of GRBs. The comparison is done between flux/spectrum evolution of bright and
dim cvents: while no differences were found between averaged curves of fluxes variability, the comparison
of averaged evolution of their hardness ratios pointed ot the effect of hardnesa/brighiness correlution. The

of the statistical results are discussed for two principal altermatives: for the cosmological
modcl of GRBs and for the models which associate them with the Galaxy.

INTRODUCTION

GRBs are known to have very random ilme histerics [1]. Even assuming that sources are ‘standarnd
candles’, one should suppose that some randomizing factors are acting during emission, providing very
large changing between different events. The comnparison of individual cvents hardly might resolve such
systemalic effects, as differences between averaged flux/spoctrum variability,

On the other hand, the averaged flux/spectruin variably has the physical sense, which represents the
general propertes of culbursting sources ana basic features of hucsls mechanisms. The future theory of
GRB8, a5 the singlc phenomenon, hss 10 cxplain the averaged flux/spectrum variabilily. Moreover, at the
present level of knowledge of GRBs, some differences might be expecied in the flun/specruim vardability of
taight and disn evenis. There are Yot of new Or revisiled models of GRBs, which deal with suome of these
effects: ¢.g. the model of two types of outbursis from close galactic neutron stars {2], or the muxle! with
two ontbursting populations [3], or the cosmological model with necessary predictions of time stretch and
frequency shify (4],

Those genceral observational feamres hardly can be found in the study of particular GRBs, bul they might
be found in the special averaging of the data available. And, provided some of them wouwld be found, the



wrigin of ORBs could hecome clear, because particular effects ars associated with specific models.
Thesesore, speclal staustical analyss of the total set of available GRBs is now very actual.

Together with ncw raodels, new methods of statistical analysis huve been proposed to regolve the arigin of
ORBDs. 1a particular, the mcthods of averaging of tme himories have been devetoped [5-9). Another known
methods were based on the wavelet analysis of GRBs, which provide the averaged activity curves for
different scts of sciccicd evenis [10 - 121, The scparation of GRBs into two different classas of varisbility
has becss proposed [13]. This studying Interfercs with the method of estimation of time duration of GRREs
(14}, which peanits to resolve two possible classcs of ORBs with different averaged duration, nancly
smaller and larger of 2 seconds [15]. One might concludc that some ‘new statistics' of GRBs arc appcarning
now, which represeat the general featurcs of flux/spectrom variabillty.

This paper presents the resuits of the particular method of ‘new statistics' of GRBs, which is based on the
averaging of events aligned around their principal peaks. The studying focuses on the general featurcs of
flux/spectrum variability and gives the way of simpic comparison between bright and dim events.

THE AVERAGING OF FLUX/SPECTRUM VARIABILITY OF GRBS

To resolve real general features of flux/spectrum variability of different GRBs, one needs (o develop
method, which exctudes as much as possible the influence of their different brightness and their individual
time histories. The methods have been developed [5-9), which respond to this demands. They include the

following procedures:

1) For averaging of all selected GRBs, a spectral range should be selected, where thelr ime histories will
be averaged. It is possible, that different spectral ranges could be used for alignment of time histories, and

for sveraging of aligned events.

2) A unique time scale should be selected with Umc bins, which ensures acceplable signal 10 noise ratio at
principal peaks of all tme histories, even for dimmest evests, Bins at sclected time scale have 1o
correspand (o the actual cxposurcs of cach eveats in the selected energy range.

3) Along time history of cach burst, rise front, back slope and the unique Gme Nn Iyygy Of primary peak
should be scloctod. At the primary peak the maximal number of couvnts Cpoy should be determined. After
that, normalization of tme history should be done, when actual counts Cj at a8l time bins t; are replaced by

4) The first method of averaging of time histories
(Averaging I) pcovides the joint siatistical study of ime
intervals with increasing and decreasing countng rate at
time intervals of particular events, which have the similar
dimensionless fluxes. For selected intervalg of relative
flux F, the averaged durations trg BS(F) of alt ime bins
arc oblained with corresponding fluxes for
rise fronts (RF) and back slopes (BS). sepasatcly, for

3 < s all contributing GRBs (Fig. 1). 'The vatues of tpp(F;)

Ll . and tpg(F) represent the averaged curve of flux

Figure 1. Two kinds of averaging of variations for selected set of GRBs. The corors of
flux/spectrum variability of GRBs: estimations of those time jatervals represents
() and (1Y) - Averaging  and I/, the errors of used relative fluxes of particular events,

cowmre-ace

5) For another procedure of the averaging, all normalized time histories should be aligned around the same
tme hin, placing their peaks Ly, at the single bin to. For time bins {; of common ime scale betore and
aftee t, Uwe values of normalized fluxes f; are averaged over the selected set of bursts, The sccond
procedure of averaging (Averaging if) builds the dimensioaless value Fy along (he time scale, equals 10 the
sum of fj of cach contributing events, divided by their number for this dme bin (Fig. 1). The values F;
along time scale y, represent the averaged curve of emissivity (ACE) for seleciod set of GRBs. The eeror of



each volue F) is assoclated with statistical ecrors of measured numbers of counts C;. These arrors represent
the unconaimy of ACE, which ls rosulted from the uncertainties of particular measurcments, which is
much smallor for bright bursts then for dim events.

6) Estimation of the hardness ratio (HR) of detacted counts is the most simple way 10 study the evoluuion
of cncrgy spectra along time histories of GRBs. For the Averaging 1, the mean valucs of hariness ratio
could be cstimated for oach soparate Umo intervals (Ry g5(Fy). They reprssent the avaraged HR for
selected interval of relative fluxes at risc (ronia and back siopes, respectively. The averaged cirve of HR
(ACHR) could be created along thc ime scalc of the Averaging /i, as the ratio of corresponding hard and
soft ACE, averaged around aligned peaks at the integral speciral muge.

AVERAGED FLUX/SPECTRUM VARIABILITY OF GRBS

Study of APEX/PHOBOS dala

The Russian-French experiment APEX on the inicrplanciary spacecraft PHOBQS-2 detected 62 GRBs
during 8 months of flight from July 1988 till March 1889. The instrument used a 10 x 10 am CsK(T)
scintiiiator to measure time profiles in the broad energy interval 120-1420 keV and encrgy spectra in 108
channels from 65 to 9000 keV. The totality of 48 APEX/GRBs with good teiemetried data have been
Joaded to the APEX data base for further statistical study [5-7). For the averaging, the APEX/GRBs are
divided into subsets corresponding to the 2 sub-sets of 19 bright and 29 dim cvents with V/Vipgy al sub
ranges of (0.0 < V/Vpax < 0.3) and (0.3 < V/Vppax < 1 [0), respectively.

The Table 1 {6] represents the comparison between the mean durations 1Rp,gs for the interval of relalive
fluxes [0.35 - 1.0} at risc fronts and back slopes, respectively (1/2 of the duration of peak intervals fmyy=1
1/2 are included imo RF and BS). For relative fluxcs greater then 0.35 one could be sure that Al the evens
considered, the total mumber of counts contained in the broad channel 300-1000 keV would exceexd the
level of 3 sigma od background fluctustions. The Table | also gives the averaged valus of HR, defined as
HR=F(300-1000 keV)}/F(100-300 keV) correspondlag 1o the intervals of relative fluxes [0.35 - 0.70) a RF
and BS. To estimate HR, summation has becn doac of all contributing particular energy spectra, which
have been normalized to ensure the equal contributions of all selecied cvents.

TABLE 1 Averaging ! {6] for intervals of similar relative fluxes af rise fronls and back slopes

of APEX/PHOBOS GRB:s.

Selected get of GRBs Rise front, (RF) Back slope, (BS)
Ser of bright events trF (0.35-10} = 6.240.8 5 tgs (0.35-1.0) = 3.620.9s
0.0 < V/Vax < 0.3

HRR (0.35-0.70)=0.40+0.01 HRpBg(0.35-0.70)=0.31+0.01
Set of dim events IRE (0.35-1.0) = 3.12098 tps (0.35-1.0) = 3.6x1.0s
03< V/Vpax < LO

HRg (0.35-0.70)=0.2520.03 HRpg(0.35-0.70)=0.240.2

From the Table 1 onc might conclude the difference between averaged RFPs and B3s of bright GRBs and
their symmetry for dim eveats, and the difference between Igp and HRpp of bright and dim cvents.

Another studying of flux/spectrum variability of APEX/PHOBOS GRBs using (he procedure of the
Averaging If permits to see the general properties of the evolution along the bursts. The averaged curves
of thix/spectrum evolution for bright and dim sub-sets of GRBs are presented at the Figure 2. Both ACE
curves have one peak shape with smooth back stopes. Those back slopes are very similar for beight and
dim events. Applicd statistical criteda do not show any significant differences between them [5.6). ‘The
difference at the riaing parts of ACEs, with curve for bright sub-sct going Higher then one for dim events,
is probably caused by the selection eftect: For weak evenls the triggering happens carlicr for steep rise
fronts then for genlly sloping ones, therefore dim events might be In a deficit before the muximum,
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Figure 2. Averaging H [7): ACE (thin ines) and ACHR (thick lines) for bright sot
0.0<V/¥max<0.3 (sotid line, 19 cvets) and dim set 0.3<V/Vmax<1.0 (dolted line, 20 cvents) for
APEX/PHOBOS GRBs..

On the other hand, after the maximum, there Is no influence of the triggering at all, and shapos of ACE
curves represent the real cases. At the Table 2 the cesults of (he Averaging I/ are presented for sets of
bright and dim APEX/GRBs, which compare the averaged fluxcs and HR along the ACE curve.

TABLE 2 Averaging ! (7) along Uime curves of APEX/PHOBOS GRBs

Selected set of GRBg 1 8 before tpax Bin at tyay 1 safter tyayx
Sct of bright evenis P=0.53+0.01 F=1.0 by definition F=0.53+0.02
0.0 < V/Vpay <0.3

HR=0,37+0,02 HR=0.4520.01 HR=0.29+0.02
Dim events with F=0.4940.03 Fu1.0 by definition F=0.4620.02

03 < V/Vjpax < 1.0
HR=0.2740.03 HR=025:0.03 . HR=0.3020.02

‘While no difTerence I3 seen between ACE curves for bright and dim evenls, the hardness at fronts and
peaks of bright GRBs is much higher. However, the APEX/PROBOS experiment have provided very
limited gets of GRBs, and much beiler statistics of BATSBACOMPTON Is necessary for slatistical
studying of averaged flux/spectrum varlability with higher significance.

Study of BATSE/COMPTON data

For statistical analysis of flux/spectrum varlability of BATSE/COMPTON GRBs, 260 events have been
used [8,9] of the First BATSE Catalog {14]. The cvenls have been excluded with short e duralion

o<1 s¢c, and other ones with missed data; the tolal number of excluded events was 52. The used set of
208 BA'LSE GRBs corresponds to data recorded from April 19, 1991 dll March 5, 1992. Por each event
of 260 GRBs from [14]}, the data file has been used of measurements of Large Arca Delectors (LAD) with
time regolution of 1.024 s In four discriminator channels No.1( 25-50 keV), No.2{50-100 keV), No.3{100-
300 keV) and No.4(>300 keV), To create the time history of an event, data has been taken from 1LAD,
which had (he largest counting rate. Promn the time profile of the continues measurements, those tiine biny
have been selected for ime history of an cvent, which correspond (o Intervals of tmax(tgq, 20 s) around
the moment of burst triggering g0, Measurcnicnts outside those intorvals have been used W interpolate
and substract backgrouni during an event.

The Averaing I stody of the BATSE/COMPTON GRBs corresponds 10 much better statistics, then n the
case of the APEX data. The first results of this analysis (8,9] are presented below.



The averaged curve of emissivisy ACE(2+3) curve for the full sct of BATSE GRBs [14] Is shown al
Figure 3 for discriminator channels No.(2+3) at {lx: energy range of 50-300 kcV. The curve has onc-peak
siructure with aon-symmetricul froni (F) and decay (D), which have widths above the level of 0.1 equal to

Tep={(1 + > £FD)). 1.0245 M
for £{(F.D):0,1

The otal width of peak above the lovel of 0.1 cquala to Tp= Tp + TD.. Corresponding values of widths are
presented In the Table 3. Tt i3 cvident from this dota that averaged front of ACE is much shorter then
decay. To ilustrate non-symmetry of the poak, (he Ume-reversal dacay 1s shown wt the front side (Fig.3).

TABLE 3. Averaging If [9i: Widths of fromts, decays and total peak of ABC above the level of 0.1
for full set of BATSE GRBs [14] (sum of discriminators No.(2+3) at enexrgies 50-300) keV)

Selected set of GRBs T (5) Tp (8) Tp ®
Full sct of 208 events 2.3610.02 3.83£0.02 6.19£0.03
81 bright cvents 2.65+0.01 3.8240.01 6.47£0.01
with flux >1ph/cmzs

127 dim events 2.1120.02 3.7820.03 5.89+0.04
with flux <1pi/cm?s

Figure 3. The ACE(2+3) curve for full set of BATSE GRBs [14] for discriminators MNo.(2+3) at
range 50-300 keV [8,9]. The Ume-reversal decay of the main peak is shown with dash linc.

Time histories at discriminations No.1-No.3 could be used scparately to build corresponding ACE's. The
estimations of widths of fronts, decays and tota) widths of ACE's peaks at discriminators No.1-No.3 arc
presented in the Table 4. From the comparison of ACE curves obtained at diffcrent channels, onc maght
conclude that averaged peaks of GRBs are broader at soft cvergies then at hard cacrgies. Using the peak
shape at the discriminator No.1, as the fitting model, one might find fis best streiches to (it two othcr peaks
at discriminatoe No.2 and discriminator No.3. The corresponding stretch cocfficients K(2,3) are prescated
in Table 4. Using those values of K, one might intcrpolate the stretch/encrgy dependence within the range
from 25 up to 300 keV, us the foliowing:

with the best fitting values of parameter g equals to 0.24:0.03 for reduced chiZ=0)5.



TABLE 4 Averaging I [S]: Widths of froots, decays and total peaks of AEC above m:{ level of

0.1 for discriminators No.1, Nc.2 and No.J for full set of BATSE GRBs [14]
Discr. No.1 Discr. No.2 Discr. Ne.3
TR 3.0710.03 2.5240.02 2.02+0.02
T 4,76£0.04 4.01+0.02 3.10:0.02
Tp(s) 7.830.05 6.53£003 5.12:0.03
K 1.430.08 1.27+0.05 1.0 by definjtion_

The ACE curves for BATSE GRBs could be compared with similar averaged curves previ y obtained
ranRBsdeeacdbyAPEXarpuimmt.Dmd“AﬁXGRBsuuwrmseofl -1000 keV
could be compared with ACE for 205 BATSE events for the discriminator No.(2+3) (Fig. 3). Good
WmmammofmmnAmEmmmmmw physical

evolution of emissivity GRBs and faintly depend on type of instruments used.

Mfmmatmmmonmmagywmmamhxnofspemumeﬁomimm 1ake place
along the averaged light curve. This evolution could be resolved from the comparison of averaged
values of Hardness Ratio (HR) for different bins along ACE. To estimate averaged HR, discriminator
cmnnelsNo.(2+3)couldbeusedtoalignmeptimalypuks,andavuagingmndbedom d on this
alignment of time histories at channels No.2 and No.3. The ratio of corresponding curves for #3 and #2
provides the averaged curve of hardness ratio variability (ACHR) (Fig. 4).

nn:ﬁmepmﬂleotACHRshowsmebmadmaximumamcﬁontofACEamemnngabout 0 seconds
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Hgure 4. The averaged curve of hardness ratio (ACHR) {8,9] for full set of BATSE qSRBs [14),
with hardness ratio defined as (100-300 keV)/(50-100 keV) [8.9].

To compare bright and dim BATSE GRBs, two sub-sets have been formed from the First Catalog
database; As bright and dim GRBs, those sub-sets of evenis have beea selected, which have B> 1 pvem?2s
and F<iphvemZs, respectively. Taking inko account that the tme scale for averaging has resolution of
1.024 s, only those GRBs have been used for comparison, which have duratios tgo>1 8. There were two
sub-sets of 81 bright and 127 dim BATSE GRBs, which have been used to compare fhe averageo

flux/spectrum variability.




For the setz of bright and dim GRBg, (he ACEas curves for discriminator chanuels No,(2+3) arc presenied
in Figure 5. Both curves have one-peak profiles, and oo significan dffcrence 15 evident batween them. T
widkth of tise fronts of ACE peak of bright cvents is sUghsly loager then the simifar wkith of dim events, pul
both back slopes have very siodlar duration (Table 3).

-

i + i
Figure 5. ACE curves (8,9] for sets of bright and dim BATSE GRBs [ 14) for discrininators
No.(2+3) at encry range 50-300 keV,

The ACE curves of bright and dim sub-sets could be comparad more accurately by the using of ceutral
peak for ACE of bright sub-sct, as a stretching fitting model for central peak for ACE of dim events.
Taking into account only those time bing of main peaks, where ACE curve lies above the level of Fs 0.1,
he zl:.w fit of ACE(@M) comesponds to the aarowing fuctor K=0.97 = 0,05 of ACB®AZND with coguced
chi+=2,80.

Thus, from the comparison of bright and dim sub-sets of BATSE GRBs, the conclusion should be drawn
hat there {s no statistically significant diffierence between them in the averaged cmissivity curves. All
proposed methods of comparison Jo ot show that ACE for dim set is broader then ACE for bright sct.
Moreover, there is even some evidenee that It 18 narrower then ACE for bright events.

Another comparison couk! be done betwsen sub-sets of bright and dim BATSE GRBs, which is associated

with their mean hardness ratios. Two ACHR curves were calculated for two sclected sub-scts of bright and
dim events (Figuse 6). Those two curves have similar shapes with broad maxima at froots mnd peaks

R : .

A
=1 }
=¥ | dim
e R (s

Figure 6. Two ACHR curves [8,9] for sub-scts of bright and dim BATSE GRBs [14], with
hardness ratio defined as (100-300 ke V)/(50-100 ke V) [(8,9].

of ACE. The most important finding of this comparison is the difference of the levels of those two curves:
along the full all time scale the curve ACHRMABAD goes well abave the curve ACHR(GD) The
difference between ACHRs curves for bright and dim events could be nterpreted, as the evidence for the
effect of brightness/hardness comrelation of BATSE GRBs.
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CONCLUSIONS
The main results of the statistical studying of flux/spectrum varisbility arc the following:

i) Bright events have longer and harder uversged rise fronts then back siopea. Dim ovents huve
more gymmelrical averaged rise fronis and back alopes, both in the averaged duration and in the
havdnces ratio (Averaging I of ARGX/PHOBOS GRBs [5,6]).

1f) Aveeagad rise fronis are longer and harder for beight events than for dim cvents. Averaged back
stopos of bright and dim events have similar time duration and hardness ratio (Averaging 1 of
APEX/PHOBOS GRBa [5,61). )

1i1) Averaged curves of cmissivity for both bright and dim cvents are very similar, 2specially
at their decays. Averaged curve for HR of bright events goes higher then for dim events (Averaging //
of APEX/PHOBOS GRBs (7] and BATSE/COMPTON GRBs [8,9)).

The first evidence of the effect of brighiness/hardness corrclation (sec () and (ii1)) has been found using
the APEX cxperiment data, when two averaged encrgy distributions have been compared, which
summarized particular energy spectra measured at peaks of strong and weak detected events (17]. Later,
when the method of averaging with peaks alignmemt has besn developed, the presence of
brightncss/hardness comelation has been demonstraied for APEX evemts more clearly [$-7). Independently.
the effect of brightaess/hardness correiation has been resolved in the limited sct of the flrst 126 BATSE
GRBs [18]. Finally, the smdying of the et of 205 GRBs from the First Catalog of BATSE had shown e
presence Of hardness/righiness corelation [8,9]. Using another sei of bright and dim BATSE GRBs,
larper spectral hardness was found for bright events in comparison wilh dim bursts [191.

Cosmotogy Model

Developed method of statistical studying of time/energy evolution of GRBs permits to compare bright and
dim svents according to the predictions of cosmological model. To explain observed value of averaged
<VIVnax> for the first 118 BATSE ¢vents, the cosmological model has beent developed [20], which works
with sources of GRBs, as standard candles. For the best fit of the obscrvational data, the model
coresponds 10 a red shift about unity for 2 most distant objects, but the facloe of 2 Is possible for other
marginally acceptable fits.

Assuming the validity of this model, the following testing procedure could be used bascd on the method
proposed. The sub-sct of brighiest events is sclected, which coresponds to the most close sources with the
smallest red-shif, one might take thosc 38 evenis, which have O<V/V,,,<0.05. According w0 the
cosmological model (20), their mean red-shifts could be estimated, as 24=0.11, 0.29 and 0.50 for low
fil, best z fit and high 2 i1, respectively. On the other hand, (0 select the most distant observable sources
with the larpest red-shift, one might use the comparablc number of 42 dim events with V/Vy, ., from the
interval 0.6<V/Vqax<1.0. According to the cosmological model, for those dim evemts one cstimates
tagm=1.24, 1.36 and 1.70 for low z fit, best z fit and high 2 fit, respectively.

Accarding to the cosmological model [20) and the width/enezgy dependence (2) (sec Table 4), the
theoretical cvaluations have been gone of the total stretch factor, which provides the best fit of ACE of
dimmest events at discriminator No.2 by the ACE for brightest events at discriminator No.3. Thosc factors
were estimated, as 1.42 for low z fit, 1.53 for hest z fit and 1,83 for high z fit [S]. On the other hand, (he
best fitting value of the streich factor [9) equals to 1.0420.1, which §s far away from the theorctical
predictions. So, the averaged AEC curve for brightest events does not differ so significantly from the AEC
curve for dimmest events [8,91, as it could be expected according to the cosmological model [20].

Galactlc Models

The averaged emlssivity curves AEC are very similar for sub-sets of bright and dim cvents. This fact does
not agree with models, which aitribute GRBs to different populations of galactic neutron stars (e.g. {3,
21]). These classes are thought o belong to the close viclnity of galactic disk and 1o the exiended galactic
halo, Close sources might be responsible for dim events only, because more distant outbursts from those



population, which would dominale at low gaiactic latinades, are not cbservabie. On the contrary, distani
ncutron stars in the halo might be atuibuted to bright GRBs, Talking into account the ratio of beight and
dim events ~102 - 10, and U differcace in thair distances ~103, 0oe might deducc the diffcrence of
imernal racdiated energy by thosc Lwo classes 108 - 109, Such a large differcnoc in the radiated coergy
points oul, that outbursting activities of those two classcs have very different physical nature. '

Angther modern galactic modc! attributcs all GRBa with the single cluss of neutron slars in galactic disk.
but which arc thought to emit two different types of strong and weak outbursts [2), Close moembexs of this
population are thought to be vigible either through cvents of the strong class, observed as bright GKEs, or
through events of weak class, observed as dim GRBs. Morc distant part of the population is thought (o be
detectable through cvents of the strong class only, observed as medinm GRBs. Therefore, for the modcl
[2], performed statistical comparison of bright and dim cvents comresponds W the comparison of Lwo
different classes of outbursts from the closc stars, i.c. classes of strong and weak events.

Therefore, taking mto account he similarity of ACE's for bright and dim sets, the model with different
populstions of GRB$ sources does not seem 1o be very probable, as well as Lhe mode! of single population
of sources with differeat classes of outbursts.

While the perfect similarity has been found between the avcraged emissivity curves of bright and dim sub-
se1s of GRBs, as the evidence foc the homogeneity of radiating objects, the difference in the averaged
hardnesses has also been seen hetween those two sub-sets, which points out on some intrinsic difference
between emilters of bright and dim events.

The mode! of extended galactic halo population (e.g. see [22]) agrees with the brighincss/hardness
conclﬂionofGRBsmtwomes.lnuwﬂm.mc.ﬂcumddexplmﬂwdlﬁuuminbdglmx:ssby
different distances of sources within the halo, assuming some evolution of non-standard sources along he
mnawaypamﬁmnuroentutcglouwunpu'iphay(e.g.mlzﬁ.ubforumcm!da. the main
difference between brightness of GRBs in ~10% times is atiributed mainly 10 the broad spread of theie
distances 3-300 kpc. The change of sources could be resulied from some sort of evolution of oulgoing
peutron stars dusing ~300 (vo/1000 km/s) Myrs. In this case the effect of brightacss/hardness comelation
might correspoad (o some physical correlation between inverse distance and hardness of gamma-rays.

Therc §s another way (o implement the idea of ron-standard sources {nto the model of cxicnded galactic
halo, when the all range of brightness of GRBs is associaed with the range of intrinsic luninosily of
sources about ~10% imes, which all are at the comparable distances ~30-300 kpc from the obscrver. The
ceason i unknown for the absence of GRBs from the inner regions of the halo, and neutron stars have to
preserve the ability 1o radiate GRBs during all maximal age of ~10% Myrs. In this casc the cffect of
brightness/arduess correlation might be assoclated with some intrinsic correlation of radiated power with
hardness.
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ABSTRACT

Firsl resulls wre presented from the analysis of 260 BATSE gamma ray
bursts (GltBs)' using & method?® whereby all cventa nre synchromized and
averaged around the bins which are the brightest time intervals of ench of them.
For the averaged time history, o difference ix found between the rise front and the
back slope, and good cvidence is found for the presence of hard-to-soft spectral
evolution. We compare sub-sets of “strong” aud “wecak™ cvents and find no
cvidenec for time digﬁon in wenk GRBs, as would be expected in cosmalogical
GRB models. On the otber hand, for the strong events the avernged hardoees
ratio is found Lo be larger than for the weak GRDs.

1. INTRODUCTION

As discussed in many contributions to this Workshop, our present knowl-
edge of GRiBs is full of spparent contradictions. One of these is the contradiction
between the perfect isotropy of G1Lis ou the sky'-®, which corresponds to a very
homogenicous angular distribution, and the value of (V/Vyae 8 03298 whick
iclicates that GRBs have & non-homogeneous radial distribution i Buclidean
space. To resolve this contradiction une might suppose, for Instance, that GRBs
arc generated in the Extended Galuctic Corons®, or that they belong to a cosmo
logical population with redshift 5 & 17. A definite decixion betwean cosmological
;:{ndc r&(gl:omnologiu\l models would he a crucial atep in understanding the origin

The method of » ing timc histories of conmic GRBa around the bright-
est time interval wus oped for analysis of events detected in the APEX

iment of the PHOBOS Mission?. A set of 43 cventr was divided into two
sugsets of “strong” and “weak” cvents, and their averaged time histories were
directly compared. While differences were found in the rising parts, the back
slopes were ideuticul within statistics. The differences in the rising parts could
result froin a systematic difference in triggering moments for and wenk
GRBx. On the other hand, the sinilarity of back slopes indicated that there is
o costnological stretch of weak cvents with reapect to strong GQBs.

! also University of Alabamn in Runtsville
4 also Universities Space Research Association

© 1884 Amserican Institutn of Physics 187



i{. AVERAGE TIME HISTORY AND HARDNESS RATIO

The data froin the BATSE instrucent on the Compton Gamma Ray Ol
servatory provide an excellent opporiunity to study the avcraged time historics
of GRBs, in particular to compare subwets of strong and weak cvenks, with much
better stolistion. Wo pressnt Berela prelbuinacy rouilta of this comparison.

A total of 260 GRBo from the firat BATSE Catalog® have been studied vo
far. For cach event we used the DISCLA count rate timc histories (four broad
uncrgy channels with a time resolution of 1 3) framn the large area detectir which
bad the highest peak count rate. Those are independent of the instrument
Lrigger, 30 that o has for every event a continuous time history coataining
both pre-hurst and post-burst background. We defhued each burst interval as
extending from Ty — AT w Ty + At, where 7) is the burst trigger thoe and
AT = max(Thg, 20 1), where Ty, ia 2 measure of burst duratioa!, Background
during thu burel interval was interpolated using the measurements before and
after ihis interval, and the differcnca belwesn the measured actual counts and
the iuterpolatod background eirve constituted the burst time hivtocy.

‘The rerults we report aze derived from two browd discriminstor channels
#2 (50-100 keV) and #3 (100-300 keV). Fur cach GRB ticie history we deter-
mined the brighteat time bin whees the maximal aumber of counts was rreordod
in the sum of chanuels #2 and #3. The time histories (With statistical uncer-
taiutics) in the separaic chaanels were then normalized to the count rate jn the
brightest bin. The result it & standardised sot of GRB time histories, with time
resolution of 1.024 s und maximum mwagnitude equal to 1.

With this data typo, all events with duration shorter than 1 3 are unre-
solved, their time histarics falling within one or two bins, depending on their
plias with eapect to the instrumend clock. At this atage, all eveats with The < 1
a were therefore encludod from the wnalysis, In the uext analysis phuse, we plan
to usc data with a time resolution of 84 ms, allowing e of the shocter cvents.

The avera time history in the sum of diseriminator chaunels #2 and
#3 (50-300 keV) is prescnted in Figure 1 far 205 CRBs with The > 1 s from the
hrat 8A1?E‘ cnsaloR’. Bevtddes tlus slivas Wiasis, O wlliva e pts fen dlac. Clndnalog
cuuld 1t be ysed duu to dove . 'The onvoson of Lwew evialu vlebULE 18P RIgR
the final resalt: the sot of 205 G fully represent the continuous observaticn
gcriod of BATSE from 19 April 1991 to 5 March 1992'. The time scale of all

gures corresponds to numbers of 1.024 s bins before wnd afler the brightest
one, which we defincd wo pero. Within the time intexvul from hin 14 to bia 20,
the total number of conkributing events (i.e., with significant count rate above
backgraund) is more that 90% of the total number m the avernged sct. The
mean doracion of the svauyeal tiue piulilc as the level of 0,38 of itn maximun
height is about 7-9 s, which corresponds to 2-3 s of rise front and 4-5 5 of back
sope (with nocertainties of about 1 3). The difference between the averaged rise
frout and bark alope is illustrated by the dashed curve in Fig. 1, which shows
the time-reversal of the averaged light curve. .

GRBe are known to bave bronder ponka of time histories at low energies
relatine (v Ligh cunagion. L [ig, 2 wc comporo tho oaveraged tine hietary nf
the full st of BATSE GRDs in discriminator channel #2.aligned around the
hrighvtnat Bim i cheeanl #9 mith tho avaraged bime history in ¢ 1 #g aligned
wovnsmd the brightest time bin in chaonel #3. It is mﬂy saen that the softer
vucrgy chaanel indsed has a broader peak in ks averaged tinie history.

Tho averaged Lisu Listory of BATSE GRDs auy be comparad with that
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for APEX GRBs, which was obtained previously by the same method?. The
dots in Fig. 2 represent the aver time history of 48 APEX GRBs iu the
bruad encrgy channel 100-1000 keV. The two data sets agree quita well in spite
of the insteumental diffcrences hetween APEX and BA’I%E-

A comparison of “color” of GRBs along the averaged time histary has been
done by separate averaging of their profiles for discriminator channels #2 and
#3, aligned with respeet to the brightest bina for the sum of those two channels.
The average tiane profile of the b a rutio (HR), defined as the matio of counts
in 100-300 keV to the counts in 50-100 keV, is shown in Fig. 3. The HR has a
waxitmum around 0.9 during the time interval from 9 to 0, during which the
aveeaged time Ristory rises to ita maximum from the level of 0.1, Before the rise
froat, i.e., within timc interval from 18 to -10, the averaged HR is about .7.
Afice the maximn, HR decreases with the averaged flux to the valne at the
b;ginniufg of the rise [roat. Thus, we copclude that HR is a maximum during
the risc fromt.

L COMPARISON BETWEEN STRONG AND WEAK EVENTS

The total set of GRBa may be wub.divided into “strong” and “weak”
events. We firat conaider a simple separation, where strong and weak cvents
are ussociated with V/Veu < 0.34 and > 0.34, respectively (for the set of
DATSE GRBs {V/Vieax) = 0.34 £ 0.02'). The avcraged time histories of 112
stromg and 79 wesk avents thus defined are abowa in Fig. 4 by bold and tkin
liuea respectively. No statistically significant difference ia seen between the two
profiles.

In cnsinolagical models the time dilation stretch factor between the stro
und weak event profiles should he ~ (1 + (24))/(1 + {7)), where {2} and (s,
are the average redshifts of the weak and strong events, respectively. Strictly
ageaking, the above cumparisons are compromised in a cosmological model by
the rcrdshift of photons from higher to lower energics. Because of the redshift,
the profile of weak bursts in the observed energy chaimel corrcspouds to higher
rest energies than the profile of strong bursts. Since the bursts are inteinsically
nazrower at higher energics (Fig. 2), tiia cffect could wipe out any time dilation
which inight be present.

In order to compensate for this cffect, we compared the averaged time
Listory of 38 “very strong” cvents (VlV,u < 0.06) in 100-300 keV and the
averagu! time history of 42 “very weak” events (V/Vau > 0.602 in 50-100 keV.
The mﬂu { F‘:ﬁ 5) again show no cvidence for sysicmatic stretching of the
vary w vveuls wclodivd 18 YBY vuep sl coiine Far yrpresismm, we alun
show in Fig. 5 the stretched profile cxpected from cosmological models whieh
acceplably fit the BATSE aumbor/intensity distribution’. Hore we assumed
{V/ Vinax) 22 .026 for tho very strong eveuta and (V/Vinaa) 21 .8 for the very wrak
cvonty, from which Fig. 2 of Rel 7 licts stretch foctocs of 22-67%. Wig. 3
reprevents a conservative test since the rest energies of the weak cvents are on
the average lower than those of the strong cvents for these values of (z). ‘Thus,
the redshift in mergi,of hotons cannot account for the ahsence of Lime dilation.

Cin the otber uuf, the averaged HR tima profiles show a difference be-
twoen strong and weak subsets (Fig. 6). Both profiles have ruther similar shagws
with a flat maximum along the rising part of the averaged time histories and
a deercase just after the brightest time hin, but the aVert:&ed values of HR for
strong cventy are larger than the auresponding averaged values for weak cveuts.
A aimilor correlation etween intenaity and hecdnesa was found previously for
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APEX GRBs?. This result also confiems and extends tha cocrelation fouud
previously for BATSE GRBad.

Tv. CONCLUSIONS

1) The averaged time history of GRBs is non-symmetric: from the level of
0.25 of its maximum height the cise front lasts about 2-3 s and back slope
about 4-5 3. The a <| HR profilc has a broad maximum the
rise front of the avcmg«ﬁ tinw history, and deercaecs along its back siope.

2) We find no evidener in this analysis for time-dilation iu the averaged timnc
histories of “weak” GRBs relative ¢n “strang”’ avemtn. If we ameme n
conmologicwl sovawrio, the redvhift of nurrower temporal structure from
higher to lower cnergics is insufficicnt to account for the absence of a time
dilation effect,

3) We find evidence foc differences between strong and weak CRBs iu the
averaged hardneas ratio: strong events have larger HR then weak ones
not only averaged over time but also at ench point in the avoraged time
profile. In the abeence of a cosmological interpretation, we must thean
consider the similarities of the HR profiles tu indicate their association
with the samae uniqua class of radisting objects, but with some important
difference between them which leads tu a hasdacse/intensity correlation.

Further annlysia is essential to compare the sensitivity of this method
with that of other analyses which have been shown to support a cosmnological
interpeatation®. We will continue to investigate these issues further with various
reflnements to our analysis, including  lnrger sample of burats, use of data with
finer time resolution, and use of dats in uther encrgy ranges.

ACKNOWLEDGEMENTS

The Russiun co-authors express their appreciation for acoess to BATSE
data and the fruitful coopaation and warm hospitality of the BATSE tenn.

REFERENCES

1. G. J, Fishinan ot ah, ApJS, in prous (1994).

2. . G. Mitrofnnov et al, in Compton Gamma Ray Observatory: St. Louis,
%83)1992,7«! M. Friedlander, N. Gehrels & D. J. Macomb (New York: AIP,

, p. 7681,

3. LG Nﬂtrofnwv et al., in Gammmlhgﬂuntaz Obaervations, Analyses and
Theories, ed. C. Ho, R L Epstein & BE. Fenimore (Cambridge: Canbridgo
U. Press, 1892), p. 203.

4. C. A. Meegon et al., Nature 385, 143 (1092).

5. C. A. Meogan et al., theso pr ings.

§. D. H. Hastmaann, B, V. Linder & L.-S. The, in Compton Gamma Ray Qbwer
vatory: St. Louis, MO 1902, od. M. Fricdlander, N. Geheels & D. J. Macorb

e York: AIP, 1993), p. 1003.

7. W. A, D, T. Wickrmuaoinghv ot ol., ApJd 4111, L35 (1003). :

R. W. §. Pacleaan at al._ in Camma-Nay Burata: Huntaville, AL 1991, od. W. S,
Pocivses & 2. 1. Kaheman (Maw Yosks AID, 1009), p. 100,

9. J. P. Noxtis et al., Apd, submitted (1993).



Pig. 1 --Flux versus sime.

on

wm

i v —

Fig. 3 -Hardnesw rotio venina time.

Fig. i—Fhix versus time. Bold lige
cornapond to “very atroug” events
with intur cnde mérciched by 22%
and wuter euds strictched by 6T%.
Thin line cornawpunds to “very
weuk” events.

I. G. Mitrofanav et al. 191

1

Fig. 2- Flux versus time. Bold line:
650-100 keV. Thin line: 100—300
keV. Dota represent APEX data.
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line coeresponds tu “weak” eventa.

viet g b
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