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In 2005 February we observed Cygnus X-1 over a period of 10 days quasi-continuously with
the Rossi X-ray Timing Explorer and the Ryle telescope. We present the results of the spectral
and timing analysis on a timescale of 90 min and show that the behavior of Cyg X-1 is similar
to that found during our years long monitoring campaign. As a highlight we present evidence
for a full transition from the hard to the soft state that happened during less than three hours.
The observation provided a more complete picture of a state transition than before, especially
concerning the evolution of the time lags, due to unique transition coverage and analysis with
high time resolution.
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Figure 1: Hardness-intensity-diagram of Cyg X-1
from RXTE -ASM. The gray dots show the long
term behaviour of Cyg X-1 from 1996 January until
2008 July by single 90 min dwells. The hard (right)
and soft (left) states are clearly separated. The den-
sity of dots measures how much time the source
spends in each state. The red (soft-intermediate) and
blue (hard-intermediate) data points were obtained
within a 10 day period and show the transition in
2005 February, which is the topic of this paper.

1. Introduction

The microquasar Cygnus X-1 is usually observed in the low/hard state or in the high/soft (steep
power-law) state � or in an intermediate state [10].

In the low/hard state the 4�250 keV RXTE broadband spectrum can be described by a broken
power-law (with Γ · Γ1 . 2:11 for E < Ebreak …10 keV and Γ · Γ2 < Γ1 for E > Ebreak) with
high-energy cutoff ∝ exp(¡E=Efold) (with 120keV . Efold . 250keV) [10], which is canonically
interpreted as the result of Comptonization by thermal electrons. The variability is large (… 30%
root mean square (rms) amplitude) due to several broad noise components in the power spectrum
(PSD) between 0.01 and 100 Hz, which can be modeled with Lorentzian pro� les [7, 9]. In the hard
state Cyg X-1 emits a �at radio spectrum with a �ux of »15 mJy [4].

In the soft state the soft X-ray spectrum is dominated by thermal emission from the accretion
disk, which is believed to extend close to the innermost stable orbit around the black hole. The
power-law component of the spectrum is steeper, but often extends into the γ-ray regime without
notable cutoff, indicating that Comptonization by non-thermal electrons is much more important in
the soft state than in the hard state [6, 3, see also the contribution of J. Malzac to this volume]. The
radio emission in the soft state is quenched. The timing properties are also very different: the PSD
is a f ¡1 powerlaw with cutoff at … 10Hz, without the broad noise components and thus a much
lower variability [9].

In the intermediate state X-ray and radio �ares can be observed [11]. Cy g X-1 often shows
failed state transitions instead of full transitions [8]. To determine the nature of the transitions it
is helpful to combine spectral and timing properties. The peak frequencies of the Lorentzians in
the power spectra are correlated with the photon index [9, 1]. Time lags between light curves in
different energy bands depend on the photon index as well, the correlations can be explained with
models based on Comptonization in a jet [5]. How some of these correlations change after the
transition is discussed in this work.

2. Observation and Data Analysis

In 2005, we observed Cyg X-1 quasi-continously with the Rossi X-ray Timing Explorer (RXTE )
from Feb 1, 10:48 to Feb 4, 7:11 UTC (MJD 53402.45�53405.3) and from Feb 7, 0:21 to Feb 10,

1 A de�nition of the typical hard state spectrum is given by Γ1 • 2:1 [10]. Note that the transition from the
intermediate hard to the intermediate soft state, which is analyzed in this work, occurs at Γ1 … 2:4.
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