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ROSATT survey observations of OB and OBe stars 

Abstract t 

Wee present preliminar y results of the X-ray part of an extensive multi-wavelength 
studyy of bright OB- and OBe-type stars, aimed at finding evidence for  the existence 
off  white-dwarf companions to Be stars. After  analysis of 75 percent of the ROSAT 
AU-Skyy Survey, X-ray emission is detected from 129 out of 1026 OB stars in the 
Brightt  Star  Catalogue, 10 of which are OBe-type stars. However, no indications for 
white-dwarff  companions could yet be found. The detection rate for  OBe stars may 
bee lower  than for  the OB stars without emission (2<r  confidence level).*  The ROSAT 
X-rayy luminosities range from 10~8 to 10~4 times the bolometric luminosities, for 
bothh OB and OBe stars. We notice that fi Gep stars have a softer  X-ray spectrum 
thann normal early-type B stars. The X-ray emission in 0 and early type B stars 
appearss consistent with the generally accepted idea of originating from shocks in 
radiativelyy driven winds. For  later  type B stars the situation is less clear: one 
possibilityy is chromospheric emission from late-type companions. 

8.11 Introductio n 

Evolutionaryy considerations predict that a large fraction (20-60%) of the Be stars are 
inn a post mass-transfer  phase of a close binary system (Pols et al. 1991). The originally 
lesss massive star  received mass from its companion and was spun up to a high rotational 
velocity,, which is generally considered to cause the Be phenomenon. A Be star  formed in 
thiss way should have an evolved companion: a helium star, a white dwarf (initia l primar y 
masss AfJ> < 10 M 0) or  a neutron star  (Jf? > 10 M@). Pols et al. (1991) calculated 
thee expected numbers of such systems on the basis of a model of case B close-binary 
evolution.. For  reasonable values of the model parameters, they expect about 4 Be stars 
withh a neutron-star  companion among the stars in the Bright Star  Catalogue, ~ 20 
Be+whitee dwarf systems and ~ 60 Be+helium star  systems. 

Be+neutronn star  systems have been identified with the well-known Be/X-ray binaries 
(Vann den Heuvel k Rappaport 1987; Waters 1989). Also, the Be+white dwarf binaries 
couldd be X-ray sources, albeit with lower  luminosities; on the basis of a wind accretion 
model,, Waters et al. (1989) estimated their  X-ray luminosities to be between 1029 and 
10333 erg/s. (These binaries and the Be+helium star  systems could also be far-UV or 
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EUVV sources.) A number  of candidate Be+wnite dwarf binaries are listed in Waters et 
al.. (1989) and Waters (1989). 

Sincee the X-ray spectra of accreting white dwarfs may be relatively soft (for  high 
accretionn rates, e.g., Van der  Woerd 1987), the spectral band of ROSAT seems well suited 
too discover  most of the white-dwarf companions of Be stars. The wind accretion model 
predictss a correlation between the X-ray luminosity and the strength of the wind of the Be 
star,, which can be measured by the strength of the Ha emission and the infrared excess 
(Waterss et al. 1988). This led us to undertake a multi-wavelength observing campaign of 
alll  bright OBe stars as well as a number  of 'normal '  B stars (as control sample) coordinated 
withh the ROSAT survey. Because of the intrinsi c variabilit y of OBe stars on many time 
scales,, these observations were made as simultaneously as possible. 

Inn this paper  we present preliminar y ROSAT survey results on OB and OBe stars. In 
§§ 9.2 we describe our  observing campaign in some detail. In § 9.3 we present an overview 
off  the ROSAT data and a first comparison with the optical data. The nature of the 
X-rayy emission from OB-stars is discussed in § 9.4 and the implications for  white-dwarf 
companionss are commented upon in § 9.5. 

8.22 The multi-wavelength observing campaign 

Thee ROSAT-PSPC all-sky survey provides X-ray count rates in three energy bands: 0.1-
0.44 keV, 0.4-1.0 keV and 1.0-2.4 keV. This paper  is based on the X-ray data on bright O 
andd B stars (of which ~ 75% has been collected, so far). Coordinated with the ROSAT 
surveyy we obtained optical and infrared photometric, and optical spectroscopic observa-
tionss for  all Oe, Be and Ae stars in the Bright Star  Catalogue (BSC, Hoffleit &  Jaschek 
1982)) and its Supplement (Hoffleit et al. 1983), as well as an equally large control sample 
off  'normal '  B stars, randomly chosen from the BSC. 

High-resolutionn coudé spectra of the Ha region were taken with the 1.4 m CAT at 
ESOO (resolving power  60000,) and with the 2.2 m telescope at Calar  Alt o (resolving 
powerr  25000) for  almost all stars in the sample. Also for  nearly all stars in the sample 
Genevaa photometry was obtained with the Swiss telescopes at ESO and Jungfraujoch. 
Doughertyy et al. (1991) determined infrared HJKL(M ) photometry for  all BSC stars in 
thee sample with declinations north of -30°. Due to bad weather, infrared photometry 
withh the 1 m telescope at ESO yielded results only for  a rather  incomplete set of southern 
starss in our  sample. All observations were made as closely to the ROSAT observing epoch 
ass possible (the difference is typically two weeks, but always less than a month). In order 
too measure reliable values of rotational velocities, high-resolution spectra were also taken 
off  the He I A4471 and Mg II  A4481 lines for  all Be stars with V< 6m. Further , spectra 
off  H7 are available for  an incomplete subsample. Not all of these spectra were taken 
simultaneouslyy with the ROSAT survey, but in some cases several months later. 

AA few stars in the sample, considered the best candidates for  being Be stars with a 
white-dwarff  companion, have been observed in the ultraviolet with IUE. 

8.33 The ROSAT data 

Heree we report on a preliminar y inventory of all OB and OBe stars from the BSC that 
weree detected during the all-sky survey. At this stage about 75 percent of thee survey data 
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Tablee 8.1: ROSAT detections of OB and OBe start 

objectss det. non-det. det. rate 

OBB stars (BSC; excl OBe) 119 783 % 

OBee stars (BSC) 10 114 8.lt?:S% 

Haa absorption 20 103 16.0^;o% 

Haa emission 9 139

Tablee 8.2: ROSAT X-ray data for  OBe stars 

name e 

233 Tan 
HRR 3858 
ftft  Lup 
ifOr i i 
88 Lac 
HRR 2030 
irr  Aqr 
HRR 2170 
HRR 3356 
XPer r 

sp.. type 

B6IVe e 
B6Ve e 
B8Ve e 

BlV+B2e e 
B2Ve e 

B8III+G2IH e e 
BlV e e 
B4IVc c 
B2Ven n 
OBe e 

countt  rate 

(<-' ) ) 
0.0244  0.008 
0.0366  0.010 
0.133  0.02 
0.0600  0.015 
0.0344  0.014 
0.233  0.03 
0.111  0.02 
0.144  0.03 
1.099  0.03 
2.366  0.08 

logix x 
(«g/») ) 

29.66  0.6 
29.88  0.3 
30.00  0.4 
30.22  0.3 
31.00  0.7 
31.11  0.4 
31.33  0.2 
31.55  0.3 
32.88  0.6 
33.44  0.7 

aree included. A more detailed analysis of the results of our  multi-wavelength campaign 
iss in preparation. In this paper  we will consider  only stars of luminosity classes II I  to V, 
wheree the Be-phenomenon occurs. For  the B stars we use the spectral classification as 
givenn in the BSC. For  the O stars we use classifications by Walborn (1972, 1973) and by 
Contii  &  Leep (1974), because many 0 stars classified as Oe in the BSC do, in fact, not 
havee the Be characteristics. 

AA total of 10 OBe stars has been identified as X-ray sources on the basis of positional 
coincidence.. The numbers of detections and non-detections for  the sample of OB stars 
(excludingg OBe) and for  the sample of OBe stars are listed in Table 9.1. There is no 
significantt  difference in detection rate between 'normal '  and emission-line stars. 

However,, the characterising emission lines in Be star  spectra are not always present. 
Inn order  to find out whether  the X-ray detection rate depends on the presence of emission 
liness we relate it to simultaneous Ha spectra. In Table 9.1 we have listed the numbers 
off  detections and non-detections for  the stars for  which Ha spectra were taken (also 
includingg some stars from the BSC Supplement). The detection rate seems to be lower 
(moree than 2<r  confidence) for  stars with Ha actually in emission than for  those with Ha 
onlyy in absorption. 

Inn Table 9.2 we list the ROSAT count rates and the X-ray luminosities for  the 10 
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F iguree 8.1: log(ix /-^bol ) as a fimction of spectral type. Typical uncertainties are 0.4 dex. 
Crossess indicate emission line stars, diamonds indicate 'normal' stars, dots indicate upper limits 
forr stars of either category. 

detectedd BSC Oe- and Be-type stars. The distances used to calculate the luminosities were 
derivedd from parallaxes (when available; 4 stars), or estimated from absolute magnitudes 
(66 stars). Of the previously known X-ray emitting OBe stars in the BSC (9), only two 
havee been detected in the ROSAT survey: X Per (which has a neutron-star companion) 
andd 7T Aqr. 7 Cas and HR 4830 are not included in the 75% of the survey data analysed 
here.. Waters (1989) suggested that T Aqr, 7 Cas and HR 4009 (all with spectral types 
earlierr than B2) have a neutron-star companion in a wide orbit (because of the low 
X-rayy luminosities), and that 48 Per, K, Dra, HR 4804, HR 4830, and u2 Cru (spectral type 
B22 and later) have a white-dwarf companion. Not one of these white-dwarf candidates 
hass been detected (yet). 

Inn Fig. 9.1 we show for all OB/OBe stars the ratio between the X-ray luminosity Lx 
andd the bolometric luminosity £boi as a function of spectral type. Uncertainties are 
typicallyy 0.4 dex. Also shown are the available upper limit s (dots). The lack of stars in 
thee lower right part of Fig. 9.1 reflects the detection limi t of ROSAT (typically 10~12-
10~1 3ergs_ 1cm~2,, depending on local X-ray background and exposure time). The ratio 
LxLx /Lbol ranges from 10- 8 to 10~4. 

A nn interesting group of objects are the ft Cep stars in the BSC. These objects (of 
spectrall  type B0.5-B2) are known radial pulsators, and a large body of data in the 
opticall  and UV demonstrates that the pulsations generate shocks in the outer atmosphere, 
eventuallyy causing some material to be ejected (De Jager & Van den Oord 1984). We 
findfind that 8 (out of 21) /? Cep stars in the BSC have been detected with ROSAT, with 
typicallyy Lx = 1031erg s_ 1. Interestingly, the /? Cep stars have an X-ray spectrum that is 
veryy soft. We show this in Fig. 9.2, where we plot an X-ray colour-colour diagram of the 
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CU-2.44 keV 0.1-8,4 keV 

Figuree 8.2: ROSAT colour-colour diagram of 0 and B stars detected with the PSPC. Only 
starss with high enough countrates are indicated (uncertainties less than 0.1, except for ir Aqr 
forr which the error-bars are shown). Soft X-ray sources are located in the lower left part of the 
diagram.. Indicated are the positions of three /9 Cep stars (diamonds), of the neutron-star system 
XX Per and the Be/X-ray source ir Aqr (squares) and of two stars with a late-type companion, 
withh possibly chromospheric emission (circles). Stars with spectral type earlier than B3 are 
indicatedd with a '+'-sign, stars with later spectral type with a 'x'-sign 

PSPCC data for all O, Oe, B and Be stars with sufficient count rates in all bands to allow 
ann accurate determination of these colours. The softness of the X-ray spectrum places 
thee /3 Cep stars apart from the other early-type B stars with X-ray emission. 

Alsoo indicated in Fig. 9.2 are the positions of X Per and w Aqr, which have (resp. may 
have)) a neutron-star companion. Their spectra are relatively hard; the origin of their 
X-rayy emission (probably wind accretion onto the neutron star) may be different from 
thatt of most other 0 and B stars in Fig. 9.2. 

8.44 The nature of the X-ray emission from OB stars 

Wee have found no evidence that the OBe stars are a special class of X-ray sources. This 
conclusionn is based on two statistical arguments. First: the detection rates of stars with 
andd without emission lines are not significantly different (Table 9.1), and second: the 
observedd average log(Lx / ibol ) for both types of stars is the same ( -6 .2 , Fig. 9.1). 
Also,, not one of the white-dwarf candidates has been detected with ROSAT. We wil l 
discusss this lack of evidence for white-dwarf companions in § 9.5. 

Wee find a mean l og ( I x / ibol ) of - 6 .8  0.5 for 43 03 to B2.5 stars with V < 5™0. 
Forr comparison, Einstein observations (over the energyband 0.15-4.0 keV gave a value of 
- 7 .00  0.5 for 23 stars in the same spectral range (Pallavicini et al. 1981). 

Thee X-ray emission observed from 0 and early-type B stars is generally assumed to 
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Figuree 8.3: The fraction of (BSC-) OB stars detected in the ROSAT survey as a function of 
spectrall  type. Notice the peak at early spectral types, and the flat distribution near zero for 
late-typee B 

originatee from a radiatively driven wind, heated by shocks. The resulting X-ray luminosities 
aree expected to scale with the bolometric luminosity (Lucy 1982). The theory of radia-
tivelyy driven winds in hot stars predicts that stellar winds become very weak towards 
laterr spectral types, and that stars with Mboi > —6.0 (later than approximately B l ) 
cannott initiate such a wind (Abbott 1979). This is consistent with observations of the 
UVV resonance lines of C IV and Si IV (Prinja 1989). Therefore, if we assume that the 
X-rayy emission in OB stars originates from shocks in a wind, it would be expected that 
thee ROSAT detection rate decreases with spectral type and wil l be close to zero for spec-
trall  types later than B3. In Fig. 9.3 we show the fraction of all OB stars (including OBe, 
excludingg supergiants) in the BSC detected in the ROSAT survey as a function of spectral 
type.. Indeed the detection rate decreases rapidly toward spectral type B3, faster than 
couldd be explained by the decrease in bolometric luminosity for later spectral types. 

Thee nature of the X-ray emission in later type B stars is not so clear. Except for a 
feww individual cases with some indication about the origin of the X-ray emission, we can 
onlyy speculate about that for most of the late-type B stars. 

Onee possibility is that the emission is related to shocks in a weak wind, enhanced 
byy rotation (e.g., Marlborough 1987). However, we find that the X-ray emission is not 
correlatedd with i is in i . It would be of interest to obtain high-resolution UV spectra of 
thesee stars to search for evidence of weak winds. 

Anotherr possibility is that we are dealing with binaries in which the companion is 
aa late-type star with a corona. The X-ray luminosities of chromospherically active F, 
GG and K stars detected with ROSAT are compatible with those derived for late-type B 
starss (see, e.g., Chapter 3). Two of the detected B stars are known to have a late-type 
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companion::  HR 2030 (B9V + G2IIIe ) and HR 1471 (B8V + K). The X-ray emission from 
thesee systems is probably due to the presence of a corona around the companion, and has 
littl ee to do with the B star  in the system. 

AA thir d possibility is that the X-ray emission is related to the existence of magnetic 
fieldsfields and coronae in the atmospheres of late B stars. 

8.55 The apparent lack of white-dwarf companions 

Polss et al. (1991) predicted that 12% of the Be stars in the BSC should have either  a 
neutronn star  (2%) or  a white-dwarf companion (10%). In our  sample of 122 Be stars we 
thuss expect 2 NS- and 12 WD-companions. We can not exclude that the X-rays of the 9 
Bee stars detected with ROSAT (Table 9.2) are originating from an accreting companion. 
However,, statistically there is no difference in behaviour  between Be stars and 'normal '  B 
starss (§ 9.3 and 9.4). It seems inevitable that Be+white dwarf systems exist, unless one 
iss prepared to assume that binaries with initia l primary-mass below ~10 Af0 evolve in a 
wayy entirely different from those above this mass (Pols et al. 1991). Why then are there 
noo clear  indications for  these systems? 

Thee predicted X-ray luminosities (between 1029 and 1033 erg/s) are based on a simple 
windd accretion model (Waters et al. 1989) but some of the assumptions in this model may 
nott  be correct. A basic assumption in these estimates is that the discs in later-type Be 
starss (where white dwarf systems are expected to occur  most frequently) are similar  to 
thosee in earlier  type Be stars (with most of the neutron-star  systems). This is supported 
byy analyses of the IR energy distributio n of Be stars (Gehrz et al. 1974; Waters et al. 
1987),, indicating that the density structure of the discs does not vary significantly with 
spectrall  type. However, much less is known about the outflow velocities in discs around 
laterr  type Be stars. 

Evenn if the model assumptions are justified, the X-ray spectrum of an accreting white 
dwarff  might not be as suited for  the ROSAT passbands as had been anticipated. Some 
supportt  for  this idea comes from the non-magnetic cataclysmic variables (CVs) observed 
withh EXOSAT and Einstein, which have either  a hard (10-30 keV) or  a very soft (.01-
.033 keV) X-ray spectrum (Van der  Woerd 1987). This is explained in the theory of 
X-rayy generation in the boundary layer  of an accreting white dwarf (Pringle k Savonije 
1979),, in which a high accretion rate results in a very soft X-ray spectrum produced by 
ann optically thick boundary layer, and a low accretion rate results in a hard spectrum. 

UU a comparison with accreting white dwarfs in CVs is legitimate, then the low ac-
cretionn rates for  Be+white dwarf systems following from the wind accretion model imply 
thatt  most of them should be hard X-ray sources. In this case ROSAT could have missed 
thesee objects. On the other  hand, Be+white dwarf systems may be very soft if they have 
accretionn rates in excess of > 1016g/s; this could be the case if some of the assumptions 
inn the wind accretion model are not correct: the density in the disc may be much higher 
and/orr  the wind velocity much lower  than assumed. In this case they should be lumi-
nouss (Lx > lO^erg/s) but soft sources, while the X-rays may not be observed due to 
absorptionn and reprocessing in the disc, as suggested by Apparao (1991). 
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