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d [ Abstract ]

The X-ray light curves of the high mass X-ray binary (HMXB) our line of sight. Determining the bulk motion of these clumps by Spectrometer (ECS) and the Lawrence Livermore National Labora-
Cygnus X-1 are shaped by strong, relatively short, absorption dips. measuring the Doppler shifts of these lines as a function of dipping tory electron beam ion trap EBIT-I. We then directly apply these
While spectra extracted from the dip free phases are dominated by strength and ionization state can confirm this theory. Unfortunately, new line centers to calculate the Doppler shifts of the lines observed
absorption lines of the Rydberg series of H- and He-like ions, 1s—2p the predicted uncertainty for theoretical calculations — if available in Cygnus X-1. With this approach, we find shifts consistent with
transitions of lower ionized Si and S appear in the dip spectra. This at all —is of the order of the expected shifts in the system. To over- constant velocity of the absorber throughout all ionization states
shift in charge balance suggests that we probe “clumps” of cold come this lack of reliable reference wavelentghs, we measured the and, hence, provide evidence for an onion-like ion structure of the
material embedded in the companion’s stellar wind as they cross Ka spectra of H- through F-like Si and S with the EBIT Calorimeter  clumps.
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Deriving Doppler shifts requires accurate reference line energies. Calculations are usually only accu- e Doppler shift is independent of dip- phase of the observation
rate within 1-2 eV-, or a few hundrefi km_s_l, l.e., what is expected in_ Cyg X-1 (Miller et al., 2005). Hence, we ping stage e average shifts roughly follow the pro-
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