INTEGRAL /IRXTE Observations of Cygnus X-1
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Abstract. We present results from simultaneous observations of Cygwith INTEGRAL and RXTE in 2002 November
and December, employing the né®XTE calibration fromHEASOFT5.3. The broad-band X-rayfay spectrum is well
described by Comptonization spectra with an additiona¢egittn component. The temperature of the Comptonizingydas
is kTe ~ 60-80 keV and its optical depth s~ 0.8—1.2. The covering factor of the reflecto€ig2r ~ 0.1. There is a possible
soft excess below 10 keV, interpreted as emission from tbeetion disk. The spectral parameters are slightly diffefeom
those obtained by us earlier due to the differ@XTE-PCA calibration.

INTRODUCTION tons from another source, and 3. X-rays produced from a
jet. The relative contribution of these three components
One of the major advances in observational X-ray andbviously depends on the spectral state of the source,
gamma-ray astronomy of the past decade has been thwith Comptonization and jet dominating in the “hard
availability of broad band, 2-200keV studies of X-ray state”, and with the soft accretion disk photons dominat-
sources through the instruments on board the Rossi X-raing during the “soft state” [see,e.g., 1, 2, 3].
Timing Explorer RXTE) and theBeppoSAXsatellites. With the launch of Europe’s newest X-ray and
Such broad band studies are of special importance foray satellite, thénternational Gamma-Ray Astrophysics
the understanding of the physical processes at work irLaboratory(INTEGRAL), another opportunity to mea-
galactic and extragalactic black holes (BHs), which emitsure spectra above5keV has become available. Si-
an appreciable fraction of their overall luminosity in this multaneousRXTE andINTEGRAL measurements will
energy regime. help in determining the above spectral components in
As has been outlined by Mike Nowak elsewhere in thisgreater detail than what was possible WRXTE alone:
volume, current belief is that the 2—200keV spectrumSimultaneousRXTE and INTEGRAL observations ap-
of BHs is caused by three major physical componentsproximately double the available collecting area above
1. soft photons from an accretion disk withi /4 tem-  20keV, which is important for constraining the param-
perature profile and typical inner disk temperatures ofeters of the Comptonizing medium, of the jet, and also
a few 100eV, 2. a hard power-law continuum with anthe strength of the reflection hump. The SPI instrument
exponential cutoff above 100 keV, probably caused by on INTEGRAL also adds very high spectral resolution
Comptonization of accretion disk photons or soft pho-capabilities that are not available wilXTE’s HEXTE



instrument. At the same timélNTEGRAL alone lacks that is consistent with other instruments. We have con-
RXTE's capability of performing high time resolution firmed these claims by modeling RXTE observations of
studies, especially below 20keV, where the collectingthe Crab nebula and thus normalize all fluxes mentioned
area ofINTEGRAL-JEM-X is only a small fraction of in this contribution to that measured by the RXTE by in-
what is available with the Proportional Counter Array cluding a multiplicative constant in the spectral models
(PCA) onRXTE. that is set to unity for both, the PCA and the HEXTE, and
In this contribution we describe the results of model-is allowed to vary freely for theNTEGRAL measure-
ing simultaneouRXTE and INTEGRAL observations ments. Since fitting the PCA data from the Crab show the
of the black hole Cygnus X-1 performed during the presence of further systematic deviations from a power
performance verification (PV) and calibration phase oflaw, we add an energy independent uncertainty of 0.5%
INTEGRAL in the fall of 2002. We update the ear- to all PCA spectra. In future work, energy dependent sys-
lier results presented by Pottschmidt et al. [4] by in-tematic errors will have to be assumed, especially in the
cluding the newelRXTE PCA calibration available in regime around 6 keV where the residuals still show devi-
the newest release of tHRXTE data analysis software, ations larger than 0.5%. As a result thvalues quoted
HEASOFT 5.3which is described by Keith Jahoda else- below are generall)(rzed > 1 and we will not quote formal
where in this volume. uncertainties for the best fit parameters, despite the fact
that the residuals show that the continuum is rather well
described by the spectral model. We are currently work-
DATA ANALYSISAND OBSERVATIONS ing on improving these issues, by including energy de-
pendent systematics and updating N EGRAL spec-
There are a total of five observations duriyTE-  trawith those extracted using more recent software.
GRAL's PV phase for which we were able to secure
strictly simultaneous RXTE observations. These obser-
vations happened during the fall of 2002, shortly af- MODELING THE RXTE/INTEGRAL
ter the end of the 2002 soft state of Cyg X-1. See SPECTRUM OF CYGNUS X-1
Pottschmidt et al. [4] for a detailed description of the
data. In summary, our observations consist of roughly 5-we model the joint data with two kinds of Comptoniza-
10 ksec |0ng?XTE observations Simultaneously to sim- tion models. This approach allows us to gauge the in-
ilarly long observations with the Imager on-boald-  fluence of the implicit assumptions entering these mod-
TEGRAL [IBIS, 40-250keV, 5]. During three obser- els on the possible variation of physical parameters be-
vations, one of the two cameras of the Joint Europeamyeen the observations [8]. The models used are the
X-ray Monitor [JEM-X, 10-40keV; 6] was switched on Comptonization model of Hua and TitarchukonpTT;
for a similar time, while for the other two observations 9] which is partly reflected off a cold accretion disk
we were able to also use data from the Spectrometen o], The second Comptonization model is that of Coppi
on-boardNTEGRAL [SPI, 50-200keV; 7]. TRéNTE-  [eqpai r; 11], which includes reflection off a possible
GRAL data were extracted with tHiTEGRAL off-line  jonized disk [12]. For both models, a disk black body

scientific anaIySiS software, version 1.1, with fixes avail-[13] is used to describe the soft excess and a Gaussian
able up to 2003 June 15 and are the same that we hayinction models the Fe & emission line. The absorbing
already used before [4]. Due to calibration issues, Wezolumn to the black hole is fixed & = 6 x 1071cm—2
used the energy ranges given above for the spectral angh 4], Examples for our spectral fits are shown in Fig. 1.
ysis and add a 10% systematic uncertainty to the IBIS Both models describe the data equally well. For the
data (Ubertini, priv. comm.). Preliminary studies using aconpTT model, the Comptonization parameters are in
newer version of theNTEGRAL software show that it principle consistent with earlier observations during the
will be possible to extend the SPI spectrum out to at leashard state [15, 16]. The electron temperati®, is be-
500keV, however, these studies were not yet finished a{yeen 60 and 80 keV, and the optical depth of the corona,
the time of writing. Te, is between 0.8 and 1.2. The covering factor of the
As mentioned above, we use the newest PCA responsgflecting slab is measured to bed8< Q/2m < 0.12.
from HEASOFT 5.2Compared to earlier releases of the Compared to our earlier results [4], the corona is hot-
PCA Callbratlon, this matrix has been adjusted to g|Veter, Te is S||ght|y |ower, an(f)/ZT[ Changed from around
a flux level from the Crab that is consistent with mea—Q/ZnN 0.18 tOQ/ZT[N 0.1. These Changes are a conse-
surements by other instruments, including the HEXTEquence of the now better agreement between the spectral
(Arnaud, these proceedings). As a result, PCA fluxes arg|opes of the PCA and HEXTE. When modeling the PCA
now found at about 85% of the values reported previ-and HEXTE separately with power laws, the difference
ously. The matrix has also been adjusted to give a slop, the power law slopes measured with these two instru-
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Figure 1. Typical fits of a Comptonization plus reflection model to tbenf RXTE and INTEGRAL data fromINTEGRAL
revolutions 11 and 16. Top: Count rate spectrum. For SPIhoesshe spectrum as provided by the SPI spectral extrad®ddRSS,
for the other instruments the measured count rate is nazathby the detector effective area. Middle: Unfolded speetrDue
to the uncertainty of the flux calibration ®NTEGRAL's instruments, the measured fluxes have been renormaliztite tflux
determined withRXTE. Bottom: residuals in terms of the contribution}8. We urge readers of the book version of this paper to
print this figure in color, using the files available on the A¥Eb page.



ments was~0.05, with HEXTE being harder than the ACKNOWLEDGMENTS

PCA. This small systematic difference could be compen-

sated by increasing the strength of the reflecting mediumThis work is based in part on observations WiNTE-
since the Compton reflection hump peaks~&80keV  GRAL, an ESA project with instruments and science
and becomes important right around in the overlap of thalata centre funded by ESA member states (especially
PCA and the high energy instruments. In the new datathe PI countries: Denmark, France, Germany, Italy,
such a compensation is not necessary anymore and asSavitzerland, Spain), Czech Republic, and Poland, and
consequence a larger fraction of th@0keV spectrum  with the participation of Russia and the USA. Our data
can be attributed to the Comptonization continuum. Inanalysis has been partly financed by the DFG (grant
agreement with our earlier fits, tlegpai r model again  Sta 173/25-3), DLR (grants 50 OG 95030, 50 OG 9601),
gives qualitatively similar results. Compared to the bestNSF (grant INT-0233441), NASA (grant NAS8-01129),
fit conpTT models, the reflection fractions found in the KBN (grants 5P03D00821, 2P03C00619p1,2, and PBZ-
eqpai r fits is larger by a factor of2, with typical val-  054/P03/2001), theChandraguest observer program
uesofQ/2m~ 0.2. This trend of a generally larg&/2rmr (grant GO-4050B), the DAAD (grant D/0247203),
in theegpai r fits is consistent with our earlier results CNES, the Foundation for Polish Science, and the

[2].

At the soft end of the spectrum we see clear influence
from the accretion disk. Our new fits confirm our earlier
conclusions that the strength of the disk decreases with
time, an effect attributed to the final stages of the soft
state to hard state transition of Cyg X-1 in the fall of 1.
2002 [2]. Again in agreement with the earlier results,
the inner disk temperature is found to be higher in the
compTT models kT, ~ 700eV) than in theegpai r
models kT, ~ 200 eV; almost too small to be detectable
with the PCA). The residuals shown in Fig. 1 show
definitive structure that is not fully consistent with the 4,
systematic uncertainty of the PCA. Furthermore, the Fe
Ka line found in the fits is broad, with a width exceeding 5
500eV.

One possible explanation for the spectral parameterg'
of the line and the accretion disk, and for the residuals;
seen in the PCA is that the seed photon spectra assumed
in the conpTT and theeqgpai r models are different: 8.
while compTT assumes a Wien spectruegpai r uses
an accretion disk spectrum. Since the latter is probably &
better description of the real continuum, the broad lee K

line found in theconpTT fits is likely to be an attemptto ;7

compensate for the difference in the spectral continuum.
See Maccarone et al. [17] for a discussion of these issues.
Finally, we comment on the comparison between the
INTEGRAL and theRXTE data. As shown in Fig. 1,
there is overall agreement between the spectral shap%
determined with the two satellites. The remaining dif-

ferences are mainly in the flux calibration, while the 14.

spectral redistribution seems to be well understood. This

agreement shows that in the near future, as the calibrak5.

tion of INTEGRAL'’s calibration improves over the next

months, it will be possible to test more advanced Comp—le'

tonization and jet models with our measurements, an
to further constrain the parameters of the medium re-
sponsible for generating the X-ray ameray spectrum

of Galactic black holes.

12.
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