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LOG N-LOG S IS INCONCLUSIVE

(Expurgated Version of Title)

R. W. Klebesadel, E. E. Fenimore, and J. G. Laros
University of California, Los Alamos Nctional Laboratory,

Los Alamos, NM87545

ABSTRACT

1%~ log N-log S data acquired by the Pioneer Venus Orbiter Gammn
Burst Detector (PVO) are prssented and compared to similar data from
the Soviet KONUSexperiment. Although the PVO data are consistent
with and suggestive of a -3/2 power law distribution, the results are
not adequate at this state of obeervationa to differentiate between a
-3/2 and a -1 power law elope.

INTRODUCTION

In an attempt to reeo ve the apparent Inconmiatencieo between
the PVO (and earlier IMP/Vela i

i
cosmic gamma-ray burst log N-1og S

data and the Soviet KONUSdata we have more critically evaluated the
response of both the PVC) and Vela instruments.

i
Initia ly (as

reported at the 157th meeting of the MS, January 1981 ) there
appeared to be general agreement between PVO ●nd KONUS data.
Further, a careful reanalysis of in-flight calibration data from both
PVO and ISEE-3, more extensive Monte Carlo ●nalyees of instrument
renponae functions, aad ●dditional intercomparisona of data
(particularly for solar-flare X-ray burete whose softer spectra
enhance the ability to discern the thresholds of the meacureme. “s)
verified that the PVO instrument is operating ●t ●lmost exactly the
intended sensitivity. We have also considered the methods of
presentation of these data, and their ●ffecte on the comparieona of
results from different experiments.

DISCUSSICN

The latest ●naly~ia of the PVO data resulted in only minor
variutione from the oriainal analyoia. The IWO 10U N-1og S data ● re
shown graphically in Figure 1. The convention we ●mploy is to plot ●

histoaram of the Intearal event frequency with ●teps ●t the level of
fluence obeerved for ●ach event. A -3/2 p wer-law f nction ia shown
fit to the data ●t ● level of fluence > 10‘$ ‘! ,e~ow th,a●r~ cm .
level of fluence it i~ clear that the date divorae from ● -3/2 power-
law fur,ction, but it ie also clear that instrumental thr~ohold
effecto contribute heavily to tht~ deviation, AIDo ●hewn la the -3/2
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Figure 1. IAg N-Log S for PVO
data acquired through 1979.
Power law functions with a
slope of -3/2 as fit to these
data and a

1
have been fit to

KONUS data are included.
(Xotu the impreaaion that the
XONUSdata show ● higher level
of fluence ~han do tha PVO
data.)

power law which has been presented
apparent that the KONUS -3/2

e

1

“2

Figure 2. Two preaentationn of
the KONUSdata2 for events with

lhta taken fro~l~;~
quoted 1 vele of fluence
erg

C!+;re plotted ●a thetables
lighter, irregular curve using
the same convention ●s in
Figure 10 fisO shown as tha
bold histogram ●re ● portion of
the binned data with the -3/2
power-law slo e

!
transcribed

from Fi8ure 168 .

with the KONUS data2. It 10

power-law mpprnzkstics :s uu i

==~~:;2SiIL wit-k c-he PVO data~ Notti, howeve-, that Mazets et ●l. do
not preoent this function ● , a good fit to the data but, rather,
claim that the slope 10 l~ao than unity2,

We have taken the Liberty of presenting the portion of the KONUS
data ●t fluences > 105 ●rs cm-2, as derived from the tabular limtings
of Mazete ●t ●l,2, ●nd using the convention employed in presenting
the PVO data. l’hia ie ohown as Figure 2. Note that ● dead-time
correction la required iii order to proparly determine the effective
event fr quency.

1
W@have used the observing time ● . quoted by Mazetc

at 01. T% ohapc of the curva wili be lndependmnt of this
correction;, ●nd will be only a function of the f?.uences listed in the
tablw. Thin ●a.umes that tha fluences listed in the table ●re fully
corrected for geometric and opectral ●ffects, ●nd that no furthur
manipulation of the tiata 10 nacessary before presentation in ●

graphical form.

FifjII~e 2 ●lao includes the curve transcribed from ltaz~ta ●t ●l,2
in which the ●ame data ●re binned into quartet-decade intervalo ●nd



fit with the -3/2 power law that was shown in figure 1. The binned
presentation tends to eugaest a higher ●verage level becauee the data
ere actually represented by the lower left-hand corner of each ~tep
rather than the mid-point. We are not sble to explain why the binned
histogram doee not conform to the curve which we have plotted from
the tabulated data. We have prevloualy (fram the preliminary version
of the KONUScatalog) been successful in reproducing the binned form
of the KONUS‘Log N-L08 S curve from the tabular data, supporting our
assumption that no further corrections are required. Note that we
performed no editing in preeentin8 the KONUSdata, but have included
eve ry event with fluence quoted at e level >10-5 erg cm-2. It in
also particularly tntereetlng that there is no event liate

t
in th

KONUS catalog with a -!fluence in the range 5.6-lCX 10- erg cm
althou8h preliminary versions of :he catalo8 did include one event in
this range,

In fact, KONUSand PVO reeulte are in reasonable a8r*ement when
compared in a consistent manner. The data ehowm in Fi8ure3 1 ●nd 2
have been combined and are ehown in Figure 3. It was found that the
effect of two events (GB791115 and CB791116, which were not recorded
by the KONUSexperiment) crsated a major impact in the comparison of
the two curvee. ‘fherefora, ●nether comparison wam performed,
includin8 PVO data only for thoee events ●lso obcerved by the KONUS
experiment. This comparison is shown In Figure 4, and the ●greement
between KONUSand PVO ie ●een to be rmarlcably good. ThiQ is true in
spite of the fact that the KONUScatalo8 contalna ● number of weak
but lon8 duration evente (euch ●s GB7911OI and CB791230), for .I’ch

m)

-1 — a a I

-% -4 -s .!

m= ms
F:gure 3. PVO (bold line) ●nd Figure 4. The subset of PVO
KONUS(llght lina) date (from data r~preoanting only theme
Fksure@ 1 ●nd 2, respectively) ●vents ●loo oboerv~d by the
compared directly. Note tho KONUS ●xperiment compared
impression that the KONUSdata directly to the KONUSdata from
define ● smaller slope. Flgura 2.



are ted rather high levels of fluence but which were”not recorded
or rec. ded at only a very low level by the PVO instrument. It iS

also n. eworthy that there is not general agreement in the levels of
fluence ~uoted from the two data acts for individual events but,
rather, variations over a range of ● factor of --40 are nbaerved.

Thus , the impression created by the log N-log P is very
cenaitlve to the effects of only a few large events if one is allowed
to be misled by the upper end of the curve, which is poorly defined,
statistically. Since these eventa are expected to occur in a
stochastic fashion, we have attempted to model such ObBerVatiOnS and
characterize the statistical significance of the data through Monte
Carlo simulations. The results of a family of such simulations, for
an input distribution conforming to a -3/2 power law, Is shown in
Figure 5. This was intended to represent the present (145 events)
state of observations. The uncertainty of tO.15 in fitting the slopQ
implies that there can be expected to be observed only a marginally
significant (3u) difference between a -1 and a -3/2 power-law slope,
even ~f the obeervatione ●ro unperturbed by thresholdln~ effects.
Further, the threehold effects are likely to create an impact over a
large range of the data’ since a number of instantaneously weak but
long duration evente (particularly in the KONUS data) contribute
toward the distribution at high fluences. Similar evente only
●lightly weaker may be below the threchol of detection,

t
creating a

deficiency ●t moderate and lower fluences .

Several miscellaneous pointe ●hould be mentioned. First,
presenting the log N-log S data in differential form would be lt!se
likely to be misleading; however, the number of ●vente available for
analysis is yet so emall that a problem exiets in subdividing the
data into more than a few intervals. Actually, this problem is only

Figure 5. A family of Monte
Carlo simulations representing
145 ●ven

Y
per year drawn from

●nNuS- 2 distribution. The
●verage slope of the simulated
observatona wae found to be
-1.48 tO.15.



masked by using the integral form. In any case, the low frequency of
event6i observed at the sensitivity of present long-duration
(satellite borne) game burst monitors precludes resolution of the
shape of the Log N-Log S curve in the near future. Second, the
frequency of events ae a function of maximum inteneity (L < N-108 P)
is much leae sensitive to distortions caueed by the instrument
threshold effects. Both PVO and KONUSLog N-Log P curves much more
nearly conform to a -3/2 power law. Third, measurements made by
balloon-borne instruments, ostensibly having much greater meneitivtty
than present satellite-borne experiments, imply an upper limit for
event frequency at very low fluencee which ie well below an
extrapolation downward at a elope of -3/2. Although there in some
uncertainty in relating the balloon and satellite data, the balloon
data seem internall

3
to deny a -3/2 power-law distribution at very

low levele of fluence .

CONCLUSIONS

In summary, we feel that PVO and KONUSlog N-1og S data are in
reasonable agreement. The impression of disagreement hae been
created in part by the differing methods of data presentation and in
part by the statistics of the observations (instrumental duty cycle
and statistics of occurrence). The datn appear to be consistent with
a -3/2 power-law distribution, however, the present state of the
observations has not produced sufficient data ZO ●now the slope or
shape of the curve to be clearly defined.
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