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SHORT-TERM RADIO-X-RAY CORRELATIONS OF CYGNUS X-1

T. Gleissner,^ J. W i l m s , G .  G. Pooley,'^ M. A. Nowak,^ K. Pottschmidt,^’® S. Markoff,^
M. Klein-Wolt,^ R. P. Fender,^ and R. Staubert^

W e analyze sim u ltan eou s rad io -X -ray  d ata  o f  
C ygnus X -1 from  th e  R yle  te le sco p e  (R T) and  
R X T E  over m ore than  4 a. W e show  th a t ap­
parent correlations on short tim e scales in th e  
lightcurves o f C yg X -1 are probably th e  coin ­
cidental ou tcom e o f w h ite  noise s ta tistics .

As a measure of correlation between radio and 
X-ray emission, we calculate the maximum cross­
correlation coefficient, ccf, of simultaneous radio and 
X-ray lightcurves, which are rebinned to a resolution 
of 32 s and smoothed. Every single X-ray lightcurve 
segment is cross-correlated with the corresponding 
radio lightcurve, up to a maximum shift A t  =  ±10 h.

GRS 1915±105 does show radio-X-ray correla­
tions (Mirabel et, al. 1998; Klein-Wolt et al. 2002), 
qualifying it as a source to l.c'st- the used ccf proce­
dure. We us(' a s('t of 120 simultaneous radio-X-ray 
lightcurves, taken with the RT and RXTE.

In Fig. la  the histogram of the maximum ccf for 
the observed data of GRS 1915±105 is drawn as solid 
line. The dotted line gives the histogram of ccf from 
random white noise (wn) lightcurves which are sim­
ulated with the saiiK' properties (/̂ , cr, sampling) 
and cross-correlal.('d the sanu' way as the observed 
lightcurves. For each observation we run the simu­
lation 1000 times to achieve statistical significance.

Fig. la  shows that the ccf distribution of the ob­
served data of GRS 1915±105 is significantly differ­
ent from the wn distribution. As expected, the ('xis- 
tent radio-X-ray correlations in GRS 1915±105 are 
reflected by the fraction of ccf's with values close to 
± 1. This means that the applied procedure is able 
to find radio X-ray correlations in a data set.

Applying the procedure to C\vg X-1, we find that 
the ccf distribution of 301 observations is similar 
to the wn distribution (Fig. lb). This suggests 
that similar patterns detected on short time scales 
in the X-ray and radio lightcurves of Cyg X-1 are 
random events which are a natural outcome in wn 
lightcurves. Taking into account existent loose cor-
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Fig. 1. Histograms of the distribution of maximum ccf for 
observed data (solid line) and simulated wn data (dotted 
line) for GRS 1915±105 (top) and Cyg X- 1  (bottom).

relations on a time scale of days (Pooley et al. 1999), 
this indicates a break-down of these correlations on 
shorter time scales. One explanation is a sufficiently 
wide distance between X-ray and radio emission re­
gions so that small mass ejection variations at the 
base of the jet are levelled out in the jet stream be­
fore they reach the radio emission region. A detailed 
description will be given in Gleissner et al. (2004).
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