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Summary.. A model for the X-ray source 3U0352 + 30 
connectedd with the 6lh mag O 9.5 V pe star X Per is 
proposed.. It is suggested that a ~» 1.5 M0 neutron star 
pulsatingg with a 13T9 period is moving in 22?4 around 
aa relatively normal O 9.5 V star (M~2OM0) in an 
inclined,, slightly eccentric orbit {a^\\2R0\ i<53°; 
«« = 0.1) giving rise to a 22*4 modulation in the X-ray 
flux,flux, produced by capture of stellar wind material from 
thee main star, which slightly underfills its critical lobe 
att periastron. The apsidal motion of the elliptic orbit 
mayy explain the 58 ld period observed in the wavelength 
shiftss of the higher Balmer absorption lines. The system 
mightt be very close to tidal instability. Predictions for 
thee X-ray as well as the optical behaviour on the basis 
off  the model are given. 

Keywords::  galactic X-ray sources — accretion — 
binaries s 

1.. Introduction 

Thee identification of the X-ray source 3U0352 + 30 
withh the bright peculiar star X Persei seems to be well 
establishedd (Hawkins et al., 1975; Liller, 1975; Mason 
ett al., 1976 and references quoted therein). 

Hutchingss et al. (1974, 1975) studied X Per in the 
opticall  region and found a 58 ld periodicity in the central 
wavelengthh of the broad H-Balmer absorption lines 
withh an amplitude of some 60km/s. However, the 
otherr absorption or emission tines in the spectrum did 
nott show such a large amplitude (if any). Assuming 
thatt the origin of these shifts is due to orbital motion 
causedd by a second, unseen, companion one derives from 
thee high mass function (/(M)=17M0) an usually 
highh mass (at leastt ~- 30 M0) for that companion which 
thereforee might be a black hole. The origin of the 
continuouss X-ray flux was, however, hardly explained 
(seee Section 6). Especially in view of the subsequent 

SendSend offprint requests to: H. F. Henrichs 

discoveryy of the regular X-ray pulsations, such a model 
seemss at present highly unlikely. 

Whitee et al. (1975, 1976) deduced from the data 
fromm the Copernicus and Ariel V satellites that the 
X-rayy source is pulsating with a 137931 period, which 
practicallyy excludes a black hole model and indicates 
thereforee a model in which the secondary is a white 
dwarff  or a neutron star. This period of 13T9 was also 
seenn in the Hen A 4686 line of X Per by Liller (1975) 
andd therefore definitely confirmed the identification 
off  X Per with the X-ray source. 

Whitee et al. (1976) also found strong evidence for 
aa 22M modulation in the mean X-ray intensity and 
suggestedd a number of possible models. Neither of these 
models,, however, could account for all the observed 
periodicitiess simultaneously. Notably, the 58 ld pe-
riodicityy seems a stumbling block to models involving 
whitee dwarfs or neutron stars. 

Garavogliaa and Treves (1976) proposed an accreting 
whitee dwarf around which in an adiabatic shock the 
X-rayss are produced, assuming the 22*4 period as 
orbital,, but discarding the 5814 period. 

Thee purpose of this paper is first of all to investigate 
whetherr the system can be explained in a "classical" 
way,, i.e. an accreting neutron star moving around the 
primaryy star which produces a stellar wind It turns out 
thatt the 1379, 22M and 58 ld periodicities easily fit  in 
suchh a model as a pulse, orbital and apsidal motion 
period,, respectively, with the main extra condition 
beingg that the orbit is slightly eccentric. Secondly we 
investigatee the stability of the system proposed and 
discusss some aspects of its evolution. Finally we give 
somee predictions about the X-ray as well as the optical 
behaviourr of the system starting from this model. 

2.. Main Optical and X-ray Data 

Firstt of all let us summarize the main observational 
data. . 

Thee optical spectra show a O 9.5 V star with a 
largee variability in the emission features, mainly at 
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Ha,, Hft Hy, Hei AA6678, 5875, 5015. Many other 
liness and also the veiling of the spectrum behave very 
irregularlyy in intensity with no clear mutual correlation. 
Forr details the reader is referred to the works of Wacker-
lingg (1972), Cowley et al. (1972), Moffat et al. (1973), 
Cramptonn and Hutchings (1972) and Hutchings et al. 
(1975). . 

Thee projected equatorial rotational velocity derived 
fromm Fe /. 4272 and Mg / 4481 lines is ve sin i~ 150 km/s 
(Treanor,, 1960) which is consistent with measurements 
off  He i, He n, N in and Si iv lines made by Hutchings et al. 
(1975),, which give i^sini' values of less than 200 km/s. 
Thee Balmer absorption lines, however, indicate i?,sini 
i :400km/ss (Brucato and Kristian, 1972; Hutchings 
ett al., 1975). The broad Balmer absorption lines H9, 
100 and 11 show cf. Hutchings et al. (1975) evidence for 
aa 58ld periodicity in their shift with an amplitude of 
approximatelyy 60 km/s. However, such a periodicity 
couldd not be detected with certainty from the behaviour 
off  other spectral lines (see also discussion in Section 6c). 
Notably,, it is very puzzling that neither the He, N or Si 
absorptionn lines show this periodicity, whereas these 
liness are expected to be formed in deeper layers i.e. 
too be more closely connected with the star itself. 

Thee mean X-ray luminosity (Giacconi et al., 1972) 
LLxx = 5 1033 erg/s and two periodicities in the intensity 
variationss are detected. White et al. (1976) found a 
13™99 period with an amplitude of ~40%, while the data 
alsoo show a periodicity of 22*4 with a 20% intensity 
variation.. (Some evidence seemed to indicate that the 
latterr period might be 11*2 instead of 22h4, with an 
irregularr amplitude, but it seems unlikely that this 
representss the fundamental period.) Note that no 
eclipsess have been observed. 

3.. Estimation of Parameters 
andd Expected X-ray Behaviour 

Wee shall assume throughout this paper that the 13T9 
X-rayy pulses originate from the spin period of a magnetic 
neutronn star. 

Wee assume that 22h4 is the orbital period. Rea-
sonablee values for the masses of the O 9.5 V primary 
andd the neutron star are M J t=20Mo and Mx = 1.5 M 0 

respectively.. Kepler's law then leads to a value of 
a=a= 11.2 RQ for the semi-major axis of the relative orbit. 

Wee assume that the orbit lies in the equatorial plane 
off  the rotating primary for which we adopt the typical 
main-sequencee radius of an O 9.5 star (Underhill, 1966, 
p.. 143) of around 6 RQ. An important additional 
assumptionn is that the orbit is elliptic with a small 
eccentricityy of for instance 0.1. 

Thee fact that there are no eclipses at periastron 
providess an upper limit for the inclination of the 
orbitall  plane: 

i~~i~~ arccos(Rp/o( l -e)) -530 (1) 

wheree R is the radius of the primary. 

Thee projected equatorial velocity of rotation is 
thereforee expected to be 

iVV sin J' < 320 km/s (2) 

(assumingg vt-a400km/s, see below) in agreement with 
thee observed value. 

Lett us now calculate the expected X-ray luminosity 
andd variability. We suppose that mass loss from the 
primaryy takes place in the form of a stellar wind, which 
iss reasonable as long as the radius of the primary is 
lesss than the critical Roche lobe radius. In the case of a 
synchronous,, circular orbit we obtain RK„ ctkt = 0.598a 
== 6.68 R0. 

Wee are dealing, however, with an elliptical orbit 
wheree no Roche lobe radius is defined. If we approximate 
thee critical radius in that case by R,^**—0.598 a(l -e) 
??6.011 R0 at periastron, we conclude that no critical 
lobee overflow will occur as long as Rp<6.0l Re. 
Synchronism—thee rotational angular velocity of the 
primaryy wp is equal to 2n/P, where P is the orbital 
period—iss not probable in the case of an elliptical 
orbit.. Swings (1936) concluded from observations of the 
broadeningg of spectral lines for stars in close pairs that 
o)o)pp is usually close to the orbital angular velocity of 
thee secondary at periastron, i.e. 

l+e2n l+e2n 
(3) ) 

''  \~e P 
whichh yields the value for ve used in (2). These two 
approximationss imply that at periastron the radius of 
thee primary is close to its critical radius, while at other 
orbitall  phases the latter will be larger. Thus we adopt 
thatt stellar wind is the principal mechanism for mass 
transferr for the proposed model. For simplicity we 
considerr a radial outflow of the wind with velocity 
vvww(R),(R), R being the distance from the stellar center. 

Stellarr wind matter will be captured by the neutron 
starr with an accretion rate S„  which can be calculated 
withh the formulae given by Davidson and Ostriker 
(1973).. A mean X-ray luminosity of £ , ^5 1033 erg/s 
demandss Sa^3 10" '3 MQ/year. 

Onn the other hand Sa can be expressed as (cf. Lamers 
ett al, 1976): 

Sfl=M '{(l+«Xl-A/ a
2)22 + arta)( (4) 

wheree Mp is the total mass loss rate from the primary 
inn the same units as Sa; q = MJMp; ct=r/Rp, r being 
thee distance from the neutron star to the center of the 
primary;; X is the ratio of the rotational period of the 
primaryy to the orbital period. The function q>(a) is 
relatedd to the wind velocity as follows: 

<p{%)<p{%) = HvJVtJ2 (5) 

wheree u„ ( denotes the escape velocity from the stellar 
surface. . 

Att this point we can proceed in two different 
ways.. Firstly we may estimate the mass loss, calculate 
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Tablee I. Adopted 
parameters s 

p p 
M, M, 
M, , 
a a 
e e 
i i 

* , , 
r. . 
LLx x 

== 22>4 
== 20Mo 

== 1.5 Af  0 

== U.2 R0 

== 0.1 
<< 53 
== 6R0 

=4000 km/s 
== 5 10" erg/s 

Tablee 2. Calculated mass loss rate and expected X-ray variation as 
aa function of stellar wind parameters for the system parameters from 
tablee 1 

ƒƒ », 
(km/s) ) 

1130 0 
2260 0 

Castorr profile Barloww profile 

2.410'10 0 

2.88 1 0" 

LLmmJL, JL, 

50% % 
44% % 

(M0/yr) ) 

1 .410" " 
3.00 10"" 

79% % 
52% % 

<p(a)) in Equation (4) and compare the obtained wind 
velocityy with theoretical models. Alternatively we may 
estimatee the function <p(a.) and compare the required 
masss loss rate calculated from Equation (4) with ob-
servedd rates for early-type stars. We are inclined to 
preferr the second manner, because there is more in-
formationn available on wind profiles in general than 
theree is on the mass loss rate of X Per. Let us therefore 
continuee in the second way mentioned. 

Wee consider two different wind velocity profiles. 
Accordingg to Castor et al. (1975) q>(a) is described by: 

^c(a)) = 2 /2 ( l - l / a ) 

where e 

ƒƒ = 

(6) ) 

(7) ) 

"muu being the terminal wind velocity. 
AA quite different profile has been derived by Barlow 

andd Cohen (1976) 

<p^a)<p^a) = 2f1a -(l/a)1/2)2/310"2, l /«)O 7. (8) ) 

Nearr the stellar surface a Castor profile is much steeper 
thann a Barlow profile. For instance at one stellar radius 
fromm the surface the wind velocity reaches 70% and 
15%% of its terminal value, respectively. 

Thee next step is to obtain an estimation for ƒ, since 
theree is no observed value available. From the compila-
tionn made by Lamers et al. (1976) we note f ^2.6 for 
TT Sco (B0V) and f  ̂ 1.9 for C Oph (O 9.5 V), while Snow 
andd Marlborough (1976) derived / ~ 0.7-1 for a number 
off  early Be stars. Therefore we consider two different 
values,, f— 1 and f =2, which seem representative, rather 
thann fix this important quantity. 

Noww we are ready to apply formula (4) in order to 
calculatee the mass loss rate from the primary and to 
comparee the resulting Mp (required for producing the 
observedd X-ray luminosity) with observations. Table 2 
containss results for the adopted parameters which are 
collectedd in Table 1. Table 2 also gives the ratio of the 
expectedd X-ray luminosity at apastron (Lmin) to that 
att periastron (L^. 

Wee now return to the observational material. 
Snoww and Marlborough (1976) estimated the mass loss 

ratee for one of the most active Be stars, 59Cygni 
(BB 1.5 Ve 2nn), as 10"I 0 - 1 0 " ' M©/year. Rogerson and 
Lamerss (1975) derived a stellar wind mass loss rate 
off  10"8 M0/year for the BOV star T Sco. For a Castor 
windd velocity profile the expected mass loss rate quoted 
fromm Table 1 seems therefore not unreasonable. Also 
thee expected X-ray variation might well represent the 
observedd one. However, a Barlow profile cannot be 
excluded. . 

4.. ApsidaJ Motion 

Thee system described above will exhibit a rotation of 
thee line of apsides due to the mutual tidal and rotational 
distortionss of the two stars. The period of apsidal motion 
cann be calculated according to the well known formula 
(Sterne,, 1939): 

"or bb _ i ' " ' Mi Mi I5fI5f22(e)-(e)-o>Jo>J (1-e2)2 (9) ) 

wheree we omitted the term involving (RJa)5 and terms 
off  higher order which in this case together contribute 
lesss than 2%. The apsidal motion constant kp has been 
calculatedd at kp = 0.017 for a 20 M 0 ZAMS model with 
compositionn X=0.70 and Z=0.03 (Sutantyo, 1974). 
However,, in all cases (Martynov, 1973) the observed 
valuess of kp are up to 50% smaller than the theoretical 
ones.. For this reason we calculated the apsidal motion 
period,, using kp=0.010 and /cp=0.017. 

Insertingg the parameters from Table 1 (yielding 
/2=1.07)) we obtain Ptps = 430-735 days respectively. 
Thiss is practically independent of the values of the 
variouss other parameters; for instance, a change of 
MMxx by % hardly affects these results. The observed 
periodicityy of 58 ld of the broad Balmer absorption 
liness fits remarkably well within the calculated range 
off  apsidal periods. 

Conversely,, adopting the 58 ld as the apsidal period, 
onee may proceed with Equation (9) to derive the 
radiuss of the primary. Results for various combinations 
off  kp and e are given in Table 3. This table shows that 
forr &,S0.015 and for any reasonable value of e the 
stellarr radius, which is required for producing a 58 ld 

apsidall  period, is well within the critical Roche lobe 
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Tablee 3. Radius of the primary in solar units as a function of ec-
centricityy e and apsidal motion constant k  ̂ calculated under the 
assumptionn that /*,„ . = 58 ld 

*, , 
0.010 0 
0.015 5 
0.020 0 

e e 

0.05 5 

6.47 7 
5.97 7 
5.63 3 

0.10 0 

6.29 9 
5.80 0 
5.48 8 

0.15 5 

6.08 8 
5.61 1 
5.29 9 

Tablee 4. Rai, as a function of the masses of the components. The values 
betweenn brackets denote J?Kocht evaluated at periastron, assuming 
ee = 0.1. If Rr should exceed Rcrl, the secondary will spiral down onto 
thee primary. If Rr should exceed Rtocl„  the system will undergo a 
neww stage of mass transfer. For comparison the zero-age radius of 
thee primary is also given. All radii are in solar units 

radiuss at periastron. This agrees remarkably well 
withh the radius of a main sequence O 9.5 star, which 
iss about 5.9 RG (cf. Underhill, 1966). We notice that 
iff  we adopt Mp = 15 MQ or 25 Af0 the figures in Table 3 
reducee or increase, respectively, by about 12%. On the 
otherr hand, at the same evolutionary stage the radius 
off  stars of such masses are expected to differ in the same 
orderr of magnitude. As the critical Roche lobe radius 
wil !!  also be smaller or larger, respectively, by the same 
amount,, all above conclusions will remain valid. 

Suggestionss why the apsidal motion might be 
reflectedd in periodic shifts of the Balmer lines are 
discussedd in Section 6. 

5.. Stability and Evolutionary Aspects 

Inn a binary system the condition for tidal stability 
againstt spiralling down of the secondary is determined 
byy the ratio of the orbital angular momentum Horb 

too the rational angular momentum of the primary Hrot. 
Thiss ratio should be higher than 3 (e.g. Alexander, 1973). 
Strictlyy this stability criterion is only valid for a synchro-
nouss circular orbit, but from the estimated rotation 
parameterss of X Per it seems that one is not far from 
thesee conditions. Demanding Horb/Hrol > 3 we can solve 
forr Rp. Stability then requires Rp<R„ ip with 

aa \3rj(Mx + Mp)j
 (W) 

wheree r% is the radius of gyration of the primary. In 
orderr to examine the influence of the two masses and 
gyrationn radius of the primary on the value of R„ it 

wee constructed Table 4, which gives Rcril for various 
combinationss of these quantities. 

Thee corresponding value of /?Roihe calculated at 
periastronn and the zero-age radius of the primary 
aree also given. 

Inn the lower left corner of the table one finds the 
tidallyy unstable group with mass ratios q —1/20, 1/25, 
1.5/255 and probably 2/25, which means that the neutron 
starr will spiral down onto the primary on a time scale 
off  ~ 104 year (de Greve et al., 1975). On the other 
handd the requirement of stability against critical Roche 
lobee overflow at periastron excludes all systems with 
M x ;>2M00 (otherwise the X-ray source will soon be 

MJMMJMQ Q 

15 5 

20 0 

25 5 

t t 
0.069' ' 
0.079" " 
" t o ee he 

0.073' ' 
0.0831* * 
"Koch t t 

0.076* * 
0.086b b 

KROCI H H 

MJMQ MJMQ 

1 1 

K*ri . . 

5.57 7 
5.20 0 

(5.53) ) 

5.17 7 
4.88 8 
(6.26) ) 

4.89 9 
4.60 0 
(6.88) ) 

1.5 5 

«cri l l 

6.78 8 
6.34 4 
(5.39) ) 

6.30 0 
5.91 1 

(6.01) ) 

5.97 7 
5.61 1 

(6.62) ) 

2 2 

^ c r ü ü 

7.79 9 
7.28 8 

(5.15) ) 

7.24 4 
6.80 0 

(5.84) ) 

6.87 7 
6.46 6 

(6.43) ) 

/f,zero-age* * 

5.2 2 

5.9 9 

6.6 6 

'' de Greve et al. (1975) 
bb Savonije (1976, unpublished) 
cc Sutantyo (1974) 
"Underhilll  (1966) 

extinguished).. The combinations with q=l/l5 and 
1.5/155 are found to be stable in both ways. From other 
considerationss given in this paper we are inclined to 
favourr a system with Mp = 20Afo and M x=1.5Af0; 
thiss system is probably marginally stable against the 
twoo mechanisms. 

Concerningg the formation of a system of the type 
describedd here: although the 22*4 seems very short for a 
postt supernova binary, a configuration of this type can 
probablyy have been formed in the same way as the other 
massivee X-ray binaries (cf. van den Heuvel, 1976), 
especiallyy if one allows for possible slight asymmetries 
inn the supernova mass ejection, and takes the subsequent 
tidall  evolution into account. These two points will 
bee further elaborated in a separate paper, but we 
brieflyy consider here some aspects of the tidal evolution 
off  the system. 

Inn order to change the eccentricity by order unity 
aa time scale of tc j r c~4 1018<*;>_1 yr is required, where 
r\r\  is the mean dynamic viscosity in units of g c m '' s"1 

(Alexander,, 1973; Press et al., 1975), which is somewhat 
largerr than the time scale to change the angular velocity 
tupp by order unity, which is Tsynch~l 1018<tj>_1 yr. 
Iff  we assume that the origin of the viscosity is shear 
turbulencee induced by the non-synchronous rotation 
ass described by Press et al. (1975), we obtain > ~4 10l 3 

gg cm ~ * s "*  which gives rcirc a 10s yr and T,yBCh =*  2 10*yr-
Thiss implies that the supernova explosion must have 
takenn place within the last few hundred thousand 
years.. A supernova remant of this age could easily 
havee escaped attention since the distance to X Per 
iss only ~350pc; comparison with the Gum nebula 
(distancee — 460 pc) which has a radius of 70 pc (produced 
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byy the Vela supernova about 10*  yr ago) shows that 
inn a few times 10s yr, a supernova remnant will have 
longg since passed the solar system and will probably 
havee been diluted beyond detectability. 

Applicationn of the theory developed by Alexander 
ett al. (1976) in order to calculate the effects of atmo-
sphericc drag on the orbital elements shows such effects 
too be unimportant on this time scale. 

Finallyy we consider some aspects of the 13T9 pulse 
period.. A neutron star is believed to be bom with a high 
spinn rate (Kundt, 1976a). 

AA torque exerted by the stellar wind of the companion 
impingingg on the magnetosphere of the neutron star 
willl  spin down the latter on a time scale of - 10M0* 
yearss (Kundt, 1976b). Accretion of infalling plasma 
withh angular momentum might later spin up the neutron 
star.. Calculation of the ratio of the spindown to the 
spinupp torque shows that in the proposed model for 
thee X Per system this ratio is at present of order 10 for a 
Castorr profile and of order 10"' for a Barlow profile. 
Givingg the former a small favour we expect a (slow) 
spindown.. It is interesting to note that over two and 
aa half years the pulse period has remained constant to at 
leastt 1Ï4 (White et al, 1976), from which we derive 
\P~\P~ll{dP/dt)\£\0~{dP/dt)\£\0~33/year./year. This gives a lower limit on 
thee time scale for spinup or spindown of 103 yr, which 
iss not in contradiction with the theory. 

6.. Discanten 

a)a) Apsidal Motion 

Wee give here a very simplified picture by which the 
apsidall  motion could be reflected in the shift of the H 
absorptionn lines. 

Forr that purpose we need the assumption that at 
periastronn phase the deformation from spherical sym-
metryy of the primary is largest, while at other orbital 
phasess the deformation is much smaller. This as-
sumptionn is supported by the fact that the critical 
Rochee radius, as approximated in Section 3, will be 
6.011 R© at periastron and 7.35 RQ at apastron, compared 
withh R,=6/ t0 (assuming parameters from Table 1). 
[Iff  there is a small phase lag between the "tidal bulge" 
andd the secondary the reasoning will not change very 
much.]]  If the contribution to the absorption line 
profiless from the bulge (which will be cooler) is greater 
thann that from the opposite part of the star, then the 
centerr of the line profile will be shifted in wavelength 
towardss the direction which corresponds to the motion 
off  the distorted part. This part is always co-moving with 
thee secondary. Suppose that at periastron the secondary 
movess towards the observer. At apastron the secondary 
willl  then be travelling away from the observer and, 
becausee now the primary is much less distorted, the 
centerr of the absorption profile will correspond simply 
too the true orbital velocity of the primary, which is also 

directedd towards the observer. Thus, in this particular 
phasee of the apsidal period, the effects of variable 
tidall  distortion will cause the observed radial velocity 
off  the primary, averaged over the 22 4̂ cycle, to be 
negative.. Obviously, if the apsidal line has turned over 
180°° (290 days later) the resulting effect will cause the 
meann observed radial velocity to be positive (averaged 
overr the 22*4 orbital cycle). Thus we expect 22*4 radial 
velocityy variations to be superimposed on the 581" 
variations. . 

Inn principle this asymmetric rotational broadening 
effectt is expected to be present in all spectral lines which 
aree stronger in the bulge than in the undistorted part. 
Thiss may partially explain why it is observed most 
inn the hydrogen lines, as these are formed in the outer-
mostt layers of the star, and moreover—do indeed 
increasee in strength with decreasing effective tempera-
ture.. The lines of He (and of other ions) are formed in 
deeperr layers and are therefore expected to be less 
affected.. It is, however, difficult to give a quantitative 
estimationn of all these effects. This is due to the uncer-
taintyy in the parameters involved and also to large 
scalee gas motions which are present in and around the 
system,, which can easily distort the absorption line 
profiless due to partially filling  in by emission (as observed 
inn the lower Balmer lines). The explanation suggested 
heree might also account for the very large irregular 
variabilityy in radial velocities of X Per (Cowley et al, 
1972),, as these rotationally induced "radial velocity" 
variationss are expected to be present over only about 
onee third of the 22h4 period. 

Furthermoree the pulsation time of a O 9.5 V star 
iss around 4h. Consequently, the tidally forced pulsations 
off  the star due to the variable orbital motion of its 
companionn may cause irregular beats, which may 
explainn the irregular optical behaviour of X Per. A 
simplee double-wave ellipsoidal light curve is therefore 
nott to be expected. 

b)b) Alternatives for the 58 ld Periodicity 

Wee first consider the possibility that the secondary 
iss a pulsating neutron star, orbiting around the primary 
inn 58 ld. In that case the large velocity amplitude of 
thee hydrogen lines cannot be induced by the mass of the 
secondary,, but possibly by mass-streaming effects in 
thee system (cf. Milgrom, 1976). Calculation (cf. Section 3) 
showss that the observed X-ray luminosity then requires 
aa spherical mass loss rate of the order of 10"5 to 
10_6Af o/yearr for/ = l and ƒ = 2, respectively. Such 
aa large mass loss rate seems difficult to understand for a 
main-sequencee O 9.55 star. Also, the strange spectral 
changess of X Per is then difficult to explain because 
duee to the large distances there will be no close inter-
actionn between the two stars—contrary to what is 
expectedd in the model presented here. 

Anotherr explanation of the 58 ld period could be 
givenn by assuming a precession of the primary star 
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withh respect to the plane of the orbit (with P = 22*4) 
off  the pulsating neutron star. In this case, however, 
onee would have expected a period of the order of 
onee month (cf. Roberts, 1974), unless the internal 
structuree of the primary is very special. 

AA third possibility is the presence of a third, unseen, 
companionn moving in a 58 ld orbit around the binary 
sketchedd above. This can, of course, not be definitely 
excludedd but seems highly unlikely as—due to its large 
masss and undetectable luminosity—this third star 
shouldd also be a compact star in that case. 

Stilll  other alternatives are investigated by Milgrom 
(1976). . 

c)c) The Balmer Emission Lines 

Thee preliminary result (Hutchings et al., 1974) that the 
violett emission peak of the Balmer lines would also 
showw this periodicity of 58 ld (in anti-phase to that 
observedd in the absorption lines) is not confirmed by 
thee data published later by Hutchings et al. (1975). 
AA search in these data for circular orbits with periods 
betweenn 100 and 700 days yielded a few statistically 
significantt solutions (Takens, private communication). 
Thee highest significance was found for the highest 
period,, which is about 368d. This period can be con-
sideredd as a numerical quirk, since it bears no relation 
too the period of 58 ld from the Balmer absorption lines. 
Thesee lines are incompatible with any period below 
510111 (which deviates by 3<x from 58 ld). 

d)d) Predictions 

i)) X-rays 

Thee proposed model predicts a 22M periodic phase 
shiftt in the arrival times of the 13T931 X-ray pulses. The 
meann maximum delay is calculated at 1*56 sin i, which 
givess in a 6h observation run about 30*  delay around 
apastronn phase as an upperlimit, using the constraint 
onn i derived in Section 3. In the near future this will 
bee within the capabilities of the X-ray instrumentation. 
Ann accurate analysis will provide a useful test for the 
modell  presented, in particular concerning the in-
clination,, eccentricity and apsidal motion. 

ii)) Optical — X-ray Variability 

Thee ratio of X-ray to optical flux is about 10"2 (Margon 
ett al., 1976). In the adopted geometry ~ 1/15 of the total 
X-rayy flux is incident on the main star. Under the 
assumptionn that the efficiency of the physical process 
responsiblee for X-ray to optical reprocessing is 60% 
(Milgrom,, private communication) we estimate that 
(thee observed) X-ray fluctuations of a factor two on 
shortt time scales (minutes) should give rise to optical 
variationss of about 0.0004 mag. Such variations are 

comparablee in magnitude with the observational upper 
limitt of 0.0004 mag for O'W pulsations in the Stromgren 
uu filter (Robinson and Africano, 1975). 
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