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Table 1.Stellar and wind parameters of the model grid stars at solar metallicity.

Model Te�
M�
M�

R�
R�

logg log L�
L�

H� log �M � V� log Q0 log Q1

(K) (cm sŠ2) (10Š4 R� ) (M� /yr) ( km sŠ1) (photons sŠ1)

1 51 230 87.6 13.2 4.139 6.032 7.703 Š5.209 0.8 3450 49.87 49.38

2 48 670 68.9 12.3 4.096 5.882 8.308 Š5.375 0.8 3240 49.69 49.18

3 46 120 56.6 11.4 4.077 5.772 8.375 Š5.599 0.8 3140 49.50 48.95

4 43 560 45.2 10.7 4.034 5.568 8.971 Š5.805 0.8 2950 49.31 48.72

5 41 010 37.7 10.0 4.014 5.404 9.046 Š6.072 0.8 2850 49.08 48.44

6 38 450 30.8 9.3 3.989 5.229 9.314 Š6.369 0.8 2720 48.82 48.05

7 35 900 25.4 8.8 3.954 5.062 9.712 Š6.674 0.8 2570 48.51 47.43

8 33 340 21.2 8.3 3.926 4.883 9.934 Š7.038 0.8 2450 48.06 46.07

type than that obtained from the ionization structure (Morisset
et al. 2002). This seems to be a general problem and may be
related to the metallicity of the region. Indeed, there is a loose
correlation between the ionization structure – as measured by
for example the [Ne���]/[Ne��] 15.5/12.8 µm line ratio – and
the metallicity of H�� regions (see Mart´�n-Hernández et al.
2002b). Such a correlation may re�ect the e� ects of metallicity
on line blanketing or on the characteristics of the stellar wind.

Much theoretical e� ort has been dedicated to best describe
the EUV spectra of massive stars. This is a formidable task be-
cause these stars have strong winds and extended atmospheres.
This leads to strong non-LTE e� ects in the formation of spec-
tral lines. Over the last ten years much progress has been made
and current models include the e� ects of tens of thousands of
lines on the energy balance and temperature structure of the
stellar photosphere and wind. So far relatively modest e� ort
has been investigated in systematic studies of the e� ects of
metallicity on the stellar spectral energy distribution. In par-
ticular, there is no good theoretical understanding of the e� ects
of metallicity on the ionizing �uxes of massive stars or on the
optical and near-IR spectral characteristics used to type these
stars. Here, we study the in�uence of metallicity on the spec-
tral energy distribution of O stars and determine its in�uence
on the resulting ionization structure of H�� regions.

This paper is organized as follows. Section 2 presents a set
of main-sequence (dwarf) starmodels constructed using the
������ code by Hillier & Miller (1998) and compares the
predicted EUV �uxes with those from other codes. Section 3
presents a detailed analysis of the variations of the EUV spec-
tral appareance and ionizing �uxes with e� ective temperature
and metallicity. Section 4 investigates the in�uence of metal-
licity and other stellar parameters on the optical and near-IR
spectral calibration. In Sect. 5, the ionizing structure of single
star H�� regions is studied. Finally, Sect. 6 presents the conclu-
sions of this study.

2. Description of the models

The models presented in this paper are constructed using the
������ program of Hillier & Miller (1998), to which we re-
fer for a full description of techniques. In short:������ iter-
atively solves the equations of radiative transfer subject to the

constraints of statistical and radiative equilibrium, for an atmo-
sphere with an out�owing stellar wind. The ions included in
the non-LTE calculation are H�, He�-��, C�� , N ���-� , O�� -�� ,
Si �� and Fe�� -��� . The cumulative e� ect of the iron lines,
causing a line blanketing e� ect, is self-consistently accounted
for by employing a description of the atomic models in terms
of super levels. All and all, approximately 9000 transitions are
accounted for.

We used this code to calculate a grid consisting of eight
main-sequence (dwarf) star models ranging in e� ective temper-
ature from 33 000 K up to 51 000 K. Basic stellar parameters,
Te� , R� and M� , using masses predicted by evolution theory,
are taken from the Vacca et al. (1996) calibration and are given
in Table 1.

We have opted to describe the photospheric density struc-
ture using a constant scaleheight

H =
kTe�

µmamuge�
, (1)

whereµ is the mean molecular weight in atomic mass units,
ge� is the e� ective gravity at the stellar surface corrected for
radiation pressure by electron scattering and all other param-
eters have their usual meaning. Near and beyond the sonic
point, the density is set by the velocity law through the equa-
tion of mass-continuity. The connection between photosphere
and wind is smooth. The wind velocity structure is given by a
standard� -law adopting� = 0.8, which is representative for
dwarf O stars (Groenewegen & Lamers 1989). The terminal
�ow velocity v� follows from a scaling with the escape velocity
(Lamers et al. 1995) and is also listed in Table 1. The mass-loss
rates are from predictions by Vink et al. (2000, 2001). These
authors show that for O-type stars the mass loss scales with the
metal contentZ as

�M � Z0.85. (2)

Leitherer et al. (1992) showed that the �nal wind velocity also
depends on metallicity asv� � Z0.13. We do not incorporate
this dependence in the models. The microturbulent velocity
was set to 20 km sŠ1 for the atmospheric structure calculations.
For the calculation of the emergent spectrum we assumed mi-
croturbulent velocities of 20, 10 and 5 km sŠ1.
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Table 2.Chemical composition adopted for the models withZ = Z� .

Element Mass fraction

H 0.7023

He 0.2820

C 3.050× 10Š3

N 1.100× 10Š3

O 9.540× 10Š3

Si 6.990× 10Š4

Fe 1.360× 10Š3

Table 3.Variation of the scaleheight and the mass loss rate with metal-
licity for models #2 and #5.

Model #2 Model #5

H� log �M H� log �M

Z/Z� (10Š4 R� ) (M� /yr) (10Š4 R� ) (M� /yr)

2 7.817 Š5.120 8.511 Š5.815

1/2 8.554 Š5.631 9.314 Š6.328

1/5 8.702 Š5.971 9.474 Š6.665

1/10 8.751 Š6.225 9.528 Š6.921

In order to investigate the spectral appearance as a function
of metallicity, we have calculated an additional set of models
for our models #2 and #5, in which we set the metal content
to Z = 2, 1/2, 1/5 and 1/10 Z� . In conjunction withZ, we ad-
justed the helium abundanceY according to

Y = Yp +
�
� Y
� Z

�
Z, (3)

whereYp = 0.24 is the primordial helium abundance (Audouze
1987) and (� Y/ � Z) = 3 is an observed constant (Pagel 1992).
To arrive at the appropriate metal abundances, we simply scaled
the solar values (Cox 2000), which we give in Table 2 for ref-
erence. The mass-loss rates and scaleheights, which also de-
pend onZ through the mean molecular weight, of the additional
models are given in Table 3.

2.1. The assumption of a constant scaleheight

The assumption of a constant scaleheight could lead to an over-
estimation of the e� ective gravity as derived from density sen-
sitive lines. To test the validityof this assumption we recalcu-
lated model #6 using an atmospheric structure calculated with
the �	
 -���� code of de Koter et al. (1993, 1997). This pro-
vides a more realistic density strati�cation as it accounts for
the e� ects of continuum radiation pressure on the atmosphere
(see Sect. 2.2). For the comparison we focused on the spectral
signatures investigated in this paper, i.e. the EUV, the optical
He� � 4471 and He�� � 4542 lines and the photospheric lines in
the near-IRK-band.

Close inspection of the predicted EUV spectra shows that
the number of ionizing photons below a certain wavelength, as
well as the total amount of ionizing photons in the hydrogen

and helium continua, agree within a few percent. The changes
in the optical He� and He�� lines are also negligible. A decrease
of at most 3% in equivalent width is observed compared to the
constant scaleheight model.

A fair comparison for the near-IR lines is more di� cult,
as many of these lines are partly formed in the transition zone
where the photosphere connects to the stellar wind. In both the
�	
 -���� as in the constant scaleheight model this connection
is made in an ad hoc fashion. Keeping this in mind, we �nd that
the di� erences in equivalent width between the two models is
at most 4% for the He� lines and at most 12% for the C�� lines.

2.2. Comparison with other model atmosphere codes

Before comparing ionizing �uxes predicted by our models with
those from other codes, we �rst brie�y discuss the basic physics
treated in the model atmospheres used for this comparison.

We focus on a comparison of main sequence (dwarf)
O star models computed using the������ code (this study),
the WM-

	�� code of Pauldrach et al. (2001) and the
C� S�
� models of Schaerer & de Koter (1997). The latter
make use of the�	
 -���� code of de Koter et al. (1993, 1997)
to predict the stellar spectrum.A schematic comparison of as-
sumptions made in these three codes is given in Table 4. Note
that a comparison of codes does not address the question con-
cerning the level of realism of the spectra produced. Assessing
this issue requires empirical testing by analyzing H�� regions
containing single hot stars of whichideally the basic param-
eters have been determined from detailed quantitative spec-
troscopy using the same models as those applied to predict the
ionizing �uxes. This approach has been followed by Crowther
et al. (1999), who tested the������ and�	
 -���� models for
a nebula containing a cool WN star and found similar results
except for the ionizing �ux distributions below the He� edge
at 504 Å, which were quite di� erent. The next best thing is
to study H�� regions containing single stars with well de�ned
spectral types and e� ective temperatures. Schaerer (2000) re-
views the success of non-LTE model atmospheres in reproduc-
ing diagnostic line ratios of nebula irradiated by O-type stars.
The metallicity dependence of the ionizing �ux may be stud-
ied by modelling extra-galactic H�� regions (e.g. Bresolin et al.
1999; Oey et al. 2000; Bresolin & Kennicutt 2002).

A comparison of ionizing �uxes from di� erent codes is
straightforward, however, interpreting the di� erences is – un-
fortunately – not. Modest discrepancies are expected to origi-
nate from small di� erences in the adopted abundances and pho-
tosphere and wind parameters of the models one is comparing.
For instance, a di� erence in e� ective temperature of 1000 K
yields a �ux di� erence in the Wien part of the spectrum
of 10Š15%. This may seem a needless “mistake” and one that
is easily �xed. However, these complex models are di� cult to
compute and it turns out to be less straightforward than one
may think to tune all parameters. Having said this, the main
sources of di� erences between codes likely is in the way in
which essential physical processes are treated. Notablyi) the
treatment of the equation of motion,ii) the exact treatment of
the non-LTE rate equations,iii) the number of lines included
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Table 4.Schematic comparison of assumptions made in the codes used for the EUV comparion. CMF implies a co-moving frame treatment of
line transfer; SE denotes that the state of the gas is derived from statistical equilibrium (i.e. non-LTE). See text for a discussion.

Treatment ������ WM-

	�� C� S�
�
Temperature structure Consistent Consistent Grey-LTE with blanketing feedback

Density structure

Photosphere Constant H Consistent Grey-LTE+ pR-cont

Wind � -law Consistent � -law

Non-LTE treatment Consistent Consistent Consistent (except Fe)

Line Transfer CMF CMF Sobolev

Iron-group SE SE Modi�ed Nebular

Number of transitions/lines

In SE � 9000 � 30 000 � 1000

In spectrum � 17 000 � 4 000 000 � 100 000

Blanketing Consistent Consistent Blanketing factors

(a� ecting the amount of line blocking), andiv) the way line
blanketing e� ects are taken into account.

In the������ models we present here, we have described
the photospheric density structure in a relatively simplistic
way (see above). The C� S�
� models, using an atmospheric
structure calculated with the�	
 -���� code, have a more so-
phisticated density strati�cation. Here a grey LTE temperature
structure and an Euler equation taking into account continuum
radiation pressure are iterated until convergence, accounting
for the feedback of metal line blanketing on the Rosseland opti-
cal depth (see below). The wind is described in a similar way as
for the������ models. The WM-

	�� models have the most
self-consistent description of the density structure, as a �nal it-
eration is done, based on the non-LTE temperature structure,
in which both the continuum and line force is included in the
equation of motion. This yields the density structure through-
out the photosphere and wind, i.e. no ad hoc wind velocity law
is required.

The ������ and WM-

	�� models compute the
non-LTE state of the gas in a self-consistent way, using a
super-level formalism. In total these codes treat� 9000 and
� 30 000 transitions, respectively. In this respect, the C� S�
�
models are relatively simple as the statistical equilibrium equa-
tions are solved explicitly for H, He, CNO and Si only,
yielding � 1000 transitions, while the iron group elements,
adding� 100 000 lines, are treated in a modi�ed nebular ap-
proximation. Moreover, the Sobolev approximation is applied
to describe line transfer. Note that������ treats� 17 000 in-
dividual lines in the emergent spectrum, while WM-

	��
accounts for more than 4 000 000 lines in the line-force and
blocking calculations.

Line blanketing – i.e. redistribution of �ux due to line opac-
ity and the feedback of this opacity on the temperature struc-
ture as a result of the backwarming e� ect – is self-consistently
treated in������ and WM-

	�� , but is only accounted for
in an approximate way in the C� S�
� code. To describe this in
some detail: in C� S�
� , a Monte-Carlo formalism describes
the line transfer problem of the metals. On the one hand, this
allows to describe the feedback of blocking on the atmospheric

structure using wavelength averaged blocking factors. On the
other hand, this neglects photon conversion. This “branching
of photons” is relevant for redistributing �ux, as it tends to
“soften” the (EUV) radiation �eld.

The predicted EUV �uxes (especially in the He� con-
tinuum) are sensitive to line blanketing. In this respect, the
������ and WM-

	�� models include a more consistent
treatment and may in principle be expected to yield more re-
liable results. For the ionizing �ux, the prescription of the wind
structure is relatively unimportant for main sequence stars, as
these have modest winds. The treatment of blanketing and the
speci�cation of the photospheric density structure a� ect the
strengths of lines, and therefore may have an e� ect on He�
and He��. As these lines are used to de�ne spectral type,
this may cause a modest uncertainty (up to one sub-type) in
the spectral types assigned to the models. In this respect the
WM-

	�� models are expected to behave best.

3. The spectral energy distribution

3.1. Comparison of predicted EUV ßuxes

Figure 1 shows a comparison between the spectral energy dis-
tribution of comparable models computed with the three codes
discussed above. The top left panel shows the emergent ion-
izing spectrum for our CMFGEN model forTe� = 48 670 K
(model #2). In the middle left panel, this������ model is
shown together with WM-

	�� model D-50 (Te� = 50 000 K,
Pauldrach et al. 2001) and C� S�
� model C2 (Te� = 48 529 K,
Schaerer & de Koter 1997). The bottom left panel shows par-
tially integratedq values of these three models. The spectra
shown in the middel left panel are binned in wavelength to bet-
ter bring out the overall �ux behaviour, which is why they ap-
pear smooth. However, a forest of metal lines does contribute
to all of them. The Lyman jump is modest due to the high de-
gree of ionization. From 912 Å down to the He� jump at 504 Å
(which is essentially absent), the most prominent features are
strong resonance lines of N�� � 765, O�� � 789,� 609,� 554
and O� � 629. In this interval, the WM-

	�� model shows
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CMFGEN #2 CMFGEN #7

Fig. 1. Top panel: emergent SED for models #2 (Te� = 48 670 K) and #7 (Te� = 35 900 K). The continuum is plotted by a dashed line.Middle
panel: comparison of the emergent SED for models #2 (left panel) and #7 (right panel) with C� S�
� and WM-

	�� dwarf models at simi-
lar Te� . Bottom panel: the number of photons in cmŠ2 sŠ1 below wavelength� 0 calculated from the models considered in the middle panel is
plotted as a function of this wavelength� 0.
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an on average about 15% higher �ux level compared to our
������ calculation. This can be explained by the temperature
di� erence of the models. TakingTe� e� ects into account, the
C� S�
� model produces a somewhat softer spectrum.

In the He� continuum the spectrum is dominated by a
dense forest of mostly Fe�� -�� lines. Here the������ and
WM-

	�� model show a roughly similar behaviour, both in
terms of continuum �ux and amount of line blocking. The
C� S�
� model now shows a harder spectrum. The explanation
for the C� S�
� predictions likely involves the treatment of the
blocking factors, which result from a Monte-Carlo simulation
in which the e� ects of photon conversion (or “branching”) are
neglected. This forces all radiative excitation/deexcitation pro-
cesses to be scatterings, which prevents �ux to be distributed
towards longer wavelengths and therefore keeps the radiation
�eld “hard”. This would also explain the relatively soft �ux
in the C� S�
� spectrum at� >� 500 Å. Other e� ects that
may play a (more modest) rˆole are the temperature gradient
in the He� continuum. A steeper gradient causes a higher �ux
at relatively short wavelengths (where the continuum is formed
at relatively high Rosseland optical depth), while at relatively
long wavelengths the �ux will be lower. Also the neglect of
line-broadening in C� S�
� models may have an e� ect (see
Schaerer & de Koter 1997). Note that the exact location of the
line forest di� ers between the������ and WM-

	�� mod-
els. (To see this properly one �rst has to correct the continuum
levels for di� erences inTe� .) This is most likely connected to
di� erences in the predicted ionization of iron. The relevant iron
ions each show a preferred region in which their line forest is
concentrated. It holds very roughly that this is at 510Š440 Å
for Fe �� ; 460Š320 Å for Fe� ; 340Š260 Å for Fe�� , and
at 270Š160 for Fe��� . This suggests that the dominant photo-
spheric ionization of the WM-

	�� model is Fe�� , while Fe�
is most important in������ (see the pronounced di� erence
at � 400 Å).

Though not visible in the �gure, the He�� continuum �uxes
of the ������ and WM-

	�� models agree reasonably well
(which may be slightly surprising in view of the di� erence
in Te� ). Again the C� S�
� model produces a harder spectrum.
The same reasons as discussed above may apply. However, it
may also be connected to the use of the Sobolev approxima-
tion and/or the velocity structure in the wind. The latter may
cause a depopulation of the He�� ground state as a result of the
velocity gradient in the wind, in combination with the temper-
ature in the continuum forming layers at the wavelength of the
He�� resonance lines (Gabler et al. 1989).

The right panels show a comparison between our������
model forTe� = 35 900 K (model #7), WM-

	�� model D-35
havingTe� = 35 000 K, and C� S�
� model B2 for which the
temperature is 36 300 K. Taking into account the di� erences
in e� ective temperature, the EUV �ux distributions compare
well though again the Lyman �ux at� >� 700 Å of the C� S�
�
model is somewhat softer. Below� 700 Å – i.e. again in the
regime of severe �ux blocking – the opposite behaviour is seen:
the C� S�
� spectrum is harder. The likely reasons for this be-
haviour have been discussed above. A detailed inspection of the
energy distributions shows that the WM-

	�� models produce
a clear drop-o� in �ux at the N ��� and C��� ionization edges

near 260 Å. The presence of this sizable bound-free jump is
somewhat surprising in view of the highTe� of the model, and
is not seen in������ and C� S�
� models.

The �uxes in the He�� continua of the three models di� er by
orders of magnitude. Possible reasons for these discrepancies
have been discussed above.

We conclude that down to� 500 Å the EUV �ux distribu-
tions compare reasonably well, though the �ux levels do dif-
fer. However, at shorter wavelengths large (order of magni-
tude) discrepancies may occur. For the C� S�
� predictions,
in comparison to the other two codes, the major part of these
di� erences can be traced back to the treatment of blanketing.
The models also show large di� erences for the He�� continuum
�uxes. This is a relevant problem with respect to the internal
consistency of di� erent code predictions. However, in O-type
stars the dominant �ux component at� < 228 Å tends to be
that of non-thermal soft X-ray emission arising from shocks
in the stellar wind (e.g. MacFarlane et al. 1994; Feldmeier
et al. 1998). As no self-consistent description of this process
is presently available, thisseems a more acute problem.

3.2. Comparison of ionizing ßuxes

Figure 2 shows the total number of Lyman continuum pho-
tons emitted per second,Q0, and the total number per sec-
ond per cm2, q0 = Q0/ 4� R2

� , for both our O star main se-
quence models and the comparison models discussed above.
Also given is the ratio between Lyman and He� continuum
photons,Q0/ Q1 (bottom panel). We added predictions from
Kurucz models, presented by Vacca et al. (1996); however, we
will not include these in the discussion of the results.

To eliminate di� erences in the adopted stellar radii, we �rst
focus on the predictions forq0. The results are plotted ver-
susTe� , allowing us to assess the di� erences inq0 as a result of
small di� erences in adopted temperatures. All predictions are
very similar, only showing discrepancies up to 0.1 dex. Why is
this so?

The principal answer is that though line blanketing ef-
fects are strong at wavelengths shorter than� 500 (700) Å in
the case of model #2 (#7), the �ux is mainly redistributed
within the Lyman continuum. Only limited energy “leaks” out
at � > 912 Å. This may be illustrated using a simple estimate.
The line forest removes� 40% of the �ux in both model ex-
amples. These photons are back-scattered and re-thermalized.
Assuming the thermal emissionmay be characterized by the
emerging continuum �ux distribution, one expects 60% (20%)
of this energy to be emitted stillwithin the Lyman continuum.
Therefore, only 16% (32%) leaks out into the Balmer con-
tinuum and beyond. In terms of number of ionizing photons,
the “damage” is even less as redistribution of energy towards
longer wavelengths within the Lyman continuum requires an
increase in the number of photons. This explains why the num-
ber of ionizing photons only di� er up to � 0.05 and 0.1 dex
for models #2 and #7 respectively. The neglect of branching
in C� S�
� models is separate from the above discussion (it
concerns forward-scattered photons). However, note that the
iron forest is dominated by transitions from meta-stable levels.
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Fig. 2. Variation of the Lyman continuum ionizing photonsQ0 (top
panel), q0 (middle panel), and the hardness ratioQ1/Q0 (bottom panel)
with e� ective temperature. The results from our������ models
(solid line) are compared to those from the WM-

	�� models (dot-
ted line), C� S�
� models (dashed line) and Vacca et al. (1996) (dash
dotted). We use WM-

	�� models D-30, D-35, D-40, D-45, D-50
and D-55 (Pauldrach et al. 2001), and C� S�
� models A2, B2, C2,
D2, E2 and F2 (Schaerer & de Koter 1997).

The level structure of the relevant iron ions is such that branch-
ing typically produces two photons, one at� < 912 Å and one
at � > 912 Å. Therefore, also this e� ect preserves Lyman con-
tinuum photons, though it does a� ect the hardness ratioQ1/ Q0.
The former is illustrated in the bottom panels of Fig. 1, where
we show partially integratedq values.

The hardness ratioQ0/ Q1, also independent of stellar ra-
dius, yields agreement within� 0.2 dex. The C� S�
� models
having Te� > 40 000 K show a harder spectrum than do the
������ and WM-

	�� models – as discussed above. This
is in agreement with the �ux di� erences in the Lyman and
He� continua discussed for model #2.

The apparent reasonable agreement between number of
ionizing photons is somewhat misleading. Nebular lines from
ions such as Ne��� or S�� require radiation from below 500 Å.
In this spectral regime, as we have seen above, the ionizing
�uxes may di� er strongly implying large di� erences in emis-
sion line strength.

Table 5. Predicted number of ionizing photonsQ0 and Q1 for #2
and #5 as a function of metal abundance.

Model #2 Model #5

Z/Z� log Q0 log Q1 log Q0 log Q1

2 49.70 49.16 49.09 48.40

1 49.69 49.18 49.08 48.44

1/2 49.69 49.19 49.07 48.46

1/5 49.68 49.20 49.07 48.47

1/10 49.67 49.21 49.06 48.48

3.3. EUV ßuxes and Q0 and Q1 values as a function
of metal content

In Table 5 we show the predicted number of ionizing pho-
tonsQ0 and Q1 for models #2 and #5 as a function of metal
abundance. The results show that a decrease inZ of a factor
of twenty only alters the number of Lyman continuum pho-
tons by 0.03 dex. Over the same metallicity range the number
of He� continuum photons increases by up to 0.08 dex.

The modest dependence on metal content is again the result
of the way line blanketing redistributes the �ux (see above).
In the top left panel of Fig. 3 we show a comparison of the
EUV spectrum of solar abundance model #5 with that of a
model with identical basic parameters, only withZ = 1/ 10Z� ;
in the top right panel the solar and twice solar model are com-
pared. Relative to the 1/10Z� model, the solar metallicity pre-
diction clearly shows an increased �ux level in the region from
the Lyman jump down to� 600 Å, which is compensated by
a decreased �ux below 600 Å. Thisis best seen in the bottom
left panel, where we show binned versions of the spectra. The
tendency to redistribute �ux within the Lyman continuum is
also illustrated in Fig. 4, where we show partially integrated
q values.

The conservation of ionizing photons works less well
for Q1, as expected. Here a decrease in metallicity of a fac-
tor twenty results in up to 20% more ionizing photons. This
implies that those nebular species that depend on a speci�c
EUV �ux range below� 500 Å may show a strong dependence
on metallicity. We will discuss this in Sect. 5.

The results for the number of hydrogen ionizing photons
are similar to those obtained by Smith et al. (2002) using uni-
�ed WM -

	�� models, by Lanz & Hubeny (2003) using plane
parallel TLUSTY models and by Kudritzki (2002), who used
WM-

	�� models of very massive O stars atZ = 10Š4 Z�

to Z = Z� . The results of the two former studies show that the
convervation ofQ0 for dwarf stars breaks down at lower e� ec-
tive temperatures (at 32 000 to 37 500 K depending on model
assumptions). Compared to our models the number of He� con-
tinuum photons in the models of Smith et al. do not show a sim-
ilar behaviour. The models of Kudritzki and Lanz & Hubeny do
show a conservation of the number of photons, where the lat-
ter models again show that this convervation breaks down for
lower e� ective temperatures (<� 45 000 K).




















