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The microquasar GRS 1915+105 was observed several times by BeppoSAX. Here we present an

extensive timing analysis of the longest observation, performed on October 2000. During this

10-day long observation the source was mainly observed in its ρ class, characterized by series of

pulses, with recurrence times varying between 40 and 90 seconds. The time pro�le of the pulses is

characterized by a rather smooth rising branch followed by one or more peaks with a fast decline.

We apply different methods to study the time structure of the X-ray light curve, and describe the

statistical properties of the observed variability.
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Timing analysis of GRS 1915+105 in its ρ class with BeppoSAX

1. Introduction

GRS 1915+105 was observed by the Narrow Field Instruments onboard the BeppoSAX satel-
lite on several occasions. The amount of data collected in these pointings is very large and requires
a long and complex analysis.

In this contribution we present preliminary results on some particular aspects of the time be-
haviour of GRS 1915+105 observed in the course of last and long pointing in October 2000. The
source was for several days in the ρ class described by Belloni et al. (2000) [1], characterised by
series of �ares, with a variable recurrence time between 40 a nd 90 seconds.

2. Light curves, Fourier periodograms and wavelet spectra

Light curves were obtained in the energy bands of two detectors: MECS (1.6�10 keV) and
PDS (15�100 keV). We obtained 108 well sampled time series sp anning over a time interval of
about 600,000 seconds; 87 of which, with durations ranging from �1,000 to more than 3,000
seconds, were used in our analysis. Fig. 1 (left panel) shows three segments of MECS light curves
that in the following are used as examples to describe the behaviour of GRS 1915+105. The source
showed the rather regular behaviour characteristic of the ρ class of [1]; the mid segment, however,
reveals an intermediate behaviour between this class and the κ one. The Fourier periodgrams of
the same series are shown in the central panel, and the wavelet spectra obtained using a Morlet 12
wavelet [2] are plotted in the right panel.

We found that some Fourier periodgrams show a single dominant peak indicating a stable
recurrence time, Trec, between subsequent �ares, whereas other spectra have two o r more dominant
features (excluding the harmonics of the main peak). We introduced thus a �rst classi�cation of
the time series based on the dominance of the highest peak: ‘S’ type either when a single peak is
largely prominent over the background or when the ratio between the powers of the highest peak
to the second one is greater than 3; ‘D’ type when two peaks are apparent and their power ratio is
lower than 3; ‘M’ type when the power is distributed among three or more peaks. S series are the
most frequent, occurring in 47% of cases; the 34% of series are of M type, and the 14% are of D
type.

A more complete description of the source behaviour can be obtained from wavelet spectra
(see Fig. 1, right panel). S and D series are generally characterised by an uninterrupted and nearly
constant strip, centred at the Trec value. The poor resolution of wavelet compared to periodgrams
does not allow to distinguish clearly the peak separation in the D series that is typically of a few
seconds. Changes of Trec are present in the wavelet spectra of these series, but their duration is
limited to a few cycles. M series shows typically much more irregular patterns also over short
time intervals. Power is distributed in a rather broad strip that shows meanderings, bifurcations
and interruptions corresponding to the simultaneous occurrence of short and long recurrence time
intervals between subsequent bursts.

We improved the above classi�cation by adding three new subc lass types based on the wavelet
spectra: �s� (low case) type when the power is distributed al ong a single continuous linear belt,
�o� type when this belt has small amplitude oscillating beha viour, and �i� type when it appears
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