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Abstract. We present a detailed study of the suspected Chemically Peculiar star HD 207538 based on high resolution spec-
troscopy in the far Ultraviolet (1000–3350 Å) and visible (4600–7000 Å) ranges. The stellar abundance synthesis analysis was
performed by using Kurucz’s codes ATLAS9 and SYNTHE to compute the atmospheric model and the synthetic spectrum
respectively.
Observations were obtained with theFar Ultraviolet Spectroscopic Explorer, the International Ultraviolet Explorersatellites
whereas the optical spectrum was collected with the ground-basedTelescopio Nazionale Galileotelescope.
With our analysis we refine the value of the rotational velocity tove sini = 42± 3 km s−1 and the microturbulence velocity to
ξ = 8± 1 km s−1. The stellar abundances inferred in this study show that C, N, O, Al, Si, P, S and Mn are compatible with the
standard solar abundances, within the experimental errors. On the other hand, Fe, Ni and Zn are definitively underabundant. We
also show that the helium content is comparable to the typical abundance of B-type stars.
Because this spectrum is rich in stellar and interstellar features, we computed simultaneously a synthetic spectrum of the stellar
and interstellar lines in order to disentangle the different absorption contributions. We thus also determined the column densi-
ties of several interstellar elements (Fe, N, P, H, H2, HD, CO, Cl and Ar) present in the gas in front of the star. Although
several components are present along this sightline, our results suggest the presence of some translucent interstellar gas among
the diffuse components.
With this work, we demonstrate that it is possible to perform a stellar spectroscopic analysis from the far-UV to visible spectral
range, with consistent results in both ranges within errors, based on one single atmosphere model.

Key words. stars: individual: HD 207538 – stars: abundances – stars: atmospheres – ultraviolet: stars – ISM: abundances –
ISM: lines and bands

1. Introduction

The most commonly used code to compute stellar atmosphere
models is ATLAS (Kurucz 1993). These models correctly re-
produce the observed flux distribution from the UV to the visi-
ble range and match the Balmer line profiles not only for solar
composition stars (Castelli & Kurucz 1994) but also for mag-
netic Chemically Peculiar (CP) stars (Leone & Manfr`e 1996).

Recently ATLAS models have been also used to interpret
the far-UV spectrum of stars. However, several authors (i.e.
Chavez et al. 1995; Buss et al. 1995; Morales et al. 2001;

Send offprint requests to: G. Catanzaro,
e-mail:gca@ct.astro.it

Frémat et al. 2002) concluded that the Kurucz LTE atmospheric
models fail in reproducing the temperature distribution of the
outermost layers. In particular, these models seem to underesti-
mate the stellar fluxes between Lyα and Lyβ. Dixon & Hurwitz
(1998) noted this behavior in their model and suggested that
these discrepancies may be due to abundance anomalies or non-
LTE effects.

Within our program dedicated to the study of CP stars car-
ried out with high resolution spectroscopy, we have observed
the suspected CP star HD 207538 (Renson 1991). This star was
also observed with theInternational Ultraviolet Explorer(IUE)
and theFar Ultraviolet Spectroscopic Explorer(FUSE) satel-
lites. By combining these archive far-UV data with our optical



678 G. Catanzaro et al.: From far-UV (FUSE) to visible (SARG-TNG) spectroscopy of HD 207538

spectra, we test the capability of Kurucz LTE codes to model
the observed spectra of HD 207538 from the far-UV to visible
range with a single set of atmosphere stellar parameters.

In the spectral range covered byFUSE, (912–1188 Å), the
contamination due to the interstellar lines is important. We thus
also performed a detailed study of the interstellar medium in
order to obtain a global synthetic model in the far-UV com-
bining both stellar and interstellar models. In Sect. 2, we sum-
marize the results obtained prior to this work on the CP star
HD 207538. Section 3 describes the observations and data re-
ductions. The results of the stellar and interstellar analyses are
given in Sects. 4 and 5, respectively. Our concluding remarks
are given in Sect. 6.

2. HD 207538

HD 207538 is a B0V star belonging to the Cep OB2 associ-
ation at 615± 35 pc from the Sun (De Zeeuw et al. 1999).
Recent studies on the chemical abundances of metals in OB
star members of Cep OB2 led Daflon et al. (1999, 2001) to
conclude that the chemical composition in the association is
homogeneous and underabundant with respect to the Sun by
roughly 0.3 dex. In the specific case of HD 207538, they also
concluded that the N, O and Si abundances are similar to the
solar values.

HD 207538 is reported in theGeneral Catalogue of Ap and
Am stars(Renson 1991) as a CP candidate star with helium
overabundance. The main observational characteristics of CP
stars are the spectral, photometric and magnetic variations with
a common period. According to the Oblique Rotator Model
(Stibbs 1950) this period is simply the rotational period and
variations are due to the non-homogeneous distribution of ele-
ments on the stellar surface.

The helium peculiar stars are known to show not only
spectral variability but also photometric variability (Peterson
1966). However, Vet¨o et al. (1980) found that HD 207538
shows no periodic light variability. Our own investigation of
the Hipparcos photometric data (spanning 1132 days), using
thePhase Dispersion Method(Stellingwerf 1978) as coded in
the NOAO/IRAF package, does not indicate any evidence of
variability either. Therefore, the peculiar nature of this star is
not yet firmly established photometrically.

3. Observations and data reduction

The spectra analyzed in this paper have been acquired with the
following instruments depending on the wavelength range.

3.1. Optical data (λλ 4600–7000 Å)

On August 10, 2000, we obtained an echelle spectrum of
HD 207538 with the high resolution spectrograph (SARG)
(Gratton et al. 2003) and the 3.55mTelescopio Nazionale
Galileo (TNG) at the Observatorio del Roque de los
Muchachos (La Palma, Spain).

Covering the region from 4600 to 7000 Å, our stellar spec-
trum calibrated in wavelength and normalized in flux, was ob-
tained using standard reduction procedures for spectroscopic

observations within the IRAF package. The calibration lamp
lines show that the achieved resolving power isR = 115 000
and theS/N ratio is between 60 and 100.

Equivalent widths have been measured with a Gaussian fit
of each line using standard IRAF routines. As the main source
of errors on the equivalent width measurements is the uncertain
position of the continuum, we estimated the error to be equal
to half the area of a box as wide as the line and with a height
equal to rms of the continuum.

In order to check the possible spectral variability, on
October 19, 2002, we obtained a second spectrum of
HD 207538 with the 91 cm telescope equipped with the
REOSC echelle spectrograph of the Catania Astrophysical
Observatory. The region covered by our spectrum is 4820–
5670 Å atR = 13 000 resolution. Data reduction was also per-
formed by means of IRAF package, and the final normalized
spectrum shows that theS/N ratio was between 100–150.

3.2. IUE spectral range (λλ 1150–3350 Å)

The IUE spectra of HD 207538 processed with the NEWSIPS
reduction method have been taken from theINESFinal Archive
data. The images consist of four high dispersion spectra, two
of which have been obtained with the Short-Wavelength Prime
(SWP: 1150–2000 Å) while the two others have been obtained
with the Long-Wavelength Redundant (LWR: 1850–3000 Å)
cameras (see Table 1 and Nichols & Linsky 1996).

After an accurate check of the flux constancy, we manually
coadded all these observations obtaining a unique spectrum
which covers the 1150–3350 Å interval. The resultingS/N ra-
tio was about 20. No evidence of the flux variability character-
izing CP stars (Leckrone 1974) was found.

3.3. Far UV data (λλ 1000–1188 Å)

The FUSE satellite and the spectrograph mounted on board
were described by Moos et al. (2000) and Sahnow et al. (2000).
HD 207538 was observed in time-tag mode on 8th December
1999. This early-type star, shining through interstellar clouds
with a total reddeningE(B−V) = 0.64 and a total extinction
Av = 1.43 (Snow et al. 2002), is bright enough to allow a
goodS/N ratio. The foreground dust and gas show large col-
umn densities of many atomic and molecular species. The
FUSEspectra were extracted from 4 sub-exposures totalizing
7736 s using the large aperture (LWRS) with the CALFUSE
(Version 1.8.4) standard reduction pipeline which provided us
with flux and wavelength calibrated spectra.

Table 1. Journal of observations concerning the IUE spectra used
in this study.

Image Disp. Date UT Exp (s)
SWP08992 High 05/14/1980 14:16:14 3900
SWP09872 High 08/23/1980 00:41:22 4020
LWR07750 High 05/14/1980 13:27:15 1500
LWR07751 High 05/14/1980 15:25:35 2520
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Fig. 1. Observed (thick line) and computed (thin line,R = 100) flux
distribution of HD 207538. The ATLAS9 atmosphere model has been
computed assumingTeff = 32190 K, logg = 4.32, solar metal opacity
and microturbulence velocity equal to 8.0 km s−1. Because of the pres-
ence of large absorption due to the interstellar medium, FUSE data are
averaged within 2 Å-width bands centered at the highest values of the
flux distribution in order to visualize the differences between the ob-
served and computed spectra (filled squares). The extinction bump at
λ2175 Å is clearly visible on this plot.

The processing steps included data screening, thermal drift
correction, geometric distortion correction, Doppler correction
to heliocentric wavelength, dead time correction and wave-
length calibration. The resolving power wasR = 15 000.
These spectra were then coadded and binned over 4 pixels
(less than one resolution element), using both exposure time
and error weighting, to obtain aS/N ratio of 15 per resolu-
tion element. Strong interstellar extinction and misalignment
of the SiC channels prevented us, however, from using data
shortward of 1000 Å.

4. Stellar spectrum analysis

Usually, spectral synthesis is performed assuming a pre-
computed atmosphere model whose parameters are often fixed
from photometric indices. In a previous paper (Leone &
Manfrè 1996), we have discussed the importance of consis-
tency between the parameters adopted for computing the atmo-
sphere model and the determined parameters. As to CP stars,
a correct metal opacity is fundamental in determining the stel-
lar effective temperature and gravity. In the case of a hot star,
like HD 207538, particular attention has to be payed to the mi-
croturbulence. Large values for this velocity can significantly
desaturate metal lines and increase the metal opacity with
respect to a more static atmosphere.

Several steps are necessary to determine the stellar param-
eters such as the effective temperature, gravity, abundances

and microturbulence. In our analysis, following the method de-
scribed in Leone & Manfr`e (1996), we have used an iterative
process to determine the stellar parameters.

4.1. Atmosphere model

To compute the stellar atmosphere model of HD 207538, we
used version 9 of ATLAS (Kurucz 1993). This code includes
the metal opacity by means of distribution functions that are
tabulated for multiples of the solar metallicity and for vari-
ous microturbulent velocities. So that, metal opacity scale and
microturbulence velocity adopted to compute the atmosphere
model have to be consistent with the derived abundances, mea-
sured microturbulence, effective temperature and gravity.

Prior to the model calculation with ATLAS9, the atmo-
sphere is divided up in a number of layers starting from a fixed
Rosseland optical depth. Because of the very large spectral
range we intend to model, a check that all identified spectral
lines, in the far-UV and visible ranges, are formed within the
adopted limits is performed. We chose to divide the atmosphere
into the maximum (99) number of layers from logτRoss= −4.8
to 3.12.

Abundances have been derived by means of WIDTH9
(Kurucz 1993) and the microturbulent velocity determined, im-
posing that the oxygen abundance is independent of the equiv-
alent widths measured for seven O of the visible range and
three O of the far UV.

At the end of the iterative procedure, where the UV-Visible
flux overall distribution and the Hγ wings were matched, we
found that the effective temperature (Teff = 32 190 K) and the
gravity (logg = 4.32) determined by Daflon et al. (1999) agree
and can be adopted. In contrast we foundξ = 8 ± 1 km s−1,
a microturbulence velocity slightly smaller that the 10 km s−1

fixed by the same authors.

4.2. UV flux distribution

Using the adopted effective temperature and gravity we com-
puted the synthetic spectrum that reproduces the observed UV
flux distribution.

The synthetic spectrum was computed with SYNTHE
(Kurucz & Avrett 1981) from 1000 to 7000 Å and converted
to absolute flux, by means of the relation logF(5556 Å) =
−0.4V − 8.451 whereV = 7.31 is the magnitude quoted in
the SIMBAD database.

Dereddening of the observed spectra has been performed
following Cardelli et al. (1989) assumingE(B−V) = 0.68,
a value not far from the 0.64 value given by Snow et al.
(2002). Figure 1 shows the observed and computed spectra. We
note that the computed spectrum represents well theIUE flux
distribution and theFUSE spectrum for wavelengths shorter
than 1100 Å. However, theFUSEflux for wavelengths longer
than 1100 Å, is larger than the computed one. We found no
combination of effective temperature, gravity and dereddening
able to match the overall flux distribution from 900 to 3350 Å.
In particular, the apparentflat flux distribution recorded by
FUSEcould not be reproduced.
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Fig. 2.Comparison between theoretical (smoothed line) and observed spectra in the visible rangeλλ 4625-4720 Å (top panel) andλλ5650–5750
(bottom panel). In each panel we label the identified lines.

Differences between the observed and computed spectra are
largest around 1150 Å, where they amount up to 20%. It is
tempting to conclude that ATLAS9 models are not able to re-
produceFUSEdata. However there are other possible causes
that need to be addressed as well:

– theS/N ratio of our spectrum is∼15, so the continuum is
determined with an error of about 6%;

– dereddening at theFUSEwavelengths is an extrapolation
of a law defined only for wavelengths longer than 1250 Å;

– absolute calibration flux ofFUSEdata is based on model-
atmosphere predictions of the spectra of well-studied
white-dwarf stars (Sahnow et al. 2000) and is expected
to be accurate at the 10% level. Moreover, we know that
the instrument’s sensitivity was nearly constant for the first
two years of the mission and that it has later declined by
about 10%. So a further few percent uncertainty is expected
in the flux calibration.

4.3. SARG-TNG data

A synthetic spectrum covering the observed optical range was
calculated with SYNTHE (Kurucz & Avrett 1981) and con-
volved with a Gaussian profile to match the instrumental reso-
lution. To identify spectral lines and to derive abundances we
adopted the atomic parameters from the Kurucz (1993) line
list. The rotational velocity has been determined by matching

the line profiles of three unblended O lines (O λλ4638.861,
4661.643 and 4676.244 Å), one N line (λ4634.126 Å) and
one Si line (λ4654.312 Å). The obtained valueve sini =
42 ± 3 km s−1 is slightly less than the value of 47 km s−1 in-
ferred by Penny (1996) for HD 207538.

In Fig. 2, we report the comparison between the synthetic
and observed spectrum for the richest spectral regions: the
4625–4720 Å and 5650–5750 Å windows containing a num-
ber of metallic lines due to C, N, O, Si and Al at various stages
of ionization. For comparison with the observations, the theo-
retical spectra was convolved with the instrumental profile and
the rotational velocity.

With the exception of helium that we will discuss in the
next subsection, solar standard abundances (Grevesse et al.
1996) are sufficient to reproduce all the metalic lines present
in Fig. 2. Errors have been estimated to be 0.2 dex. Adopting
the opacity distribution function for solar abundances to com-
pute the atmosphere model is therefore justified.

4.3.1. Helium lines

In our optical spectrum of HD 207538, we identify nine
unblended helium lines (two He and seven He), whose
measured equivalent widths are listed in Table 2. These
lines were previously measured by Conti & Alschuler (1971
Heλ4686 Å), Mathys (1989), Grigsby et al. (1992); other
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Fig. 3. Helium lines observed (dotted line) in the visible spectrum of
HD 207538. For each line we overplotted the corresponding synthetic
profile (solid/red curve).

measurements have been carried out by Conti (1973, 1974) for
the Heλ5876 Å and the Heλ6678 Å. Within experimental er-
rors, all these measurements are in agreement with ours.

As reported by Conti (1974), we confirm that the profile
of Heλ5411 Å is strongly distorted by an asymmetry toward
the blue wing of the line. This feature is still visible even in
our low resolution spectrum taken at Catania Astrophysical
Observatory.

Profiles of helium lines were computed in the LTE approx-
imation for a variety of He/H ratios with the adopted model
atmosphere by using the program SYNTHE and a consistent
ATLAS9 model. The abundance that best fits the He lines on
average is logε(He)= 11.30 (Fig. 3). The three lines for which
we were not able to obtain a good synthetic profile are the He
λλ5876, 6678 and 7065 Å. The derived helium abundance
seems to be larger than the solar value, however the difficulty
in converting the observed equivalent widths of helium lines to
abundances is a well known problem since the work of Auer
& Mihalas (1972). Particularly, Gies & Lambert (1992) found
that in stars with effective temperature larger than 30 000 K,
helium appears to be overabundant with respect to the Sun.

To overcome the difficulties resulting from the spec-
tral modeling, we compared our measurements of equivalent
widths with the values reported by Gies & Lambert (1992) for
stars with similar effective temperature and gravity (Table 2).
The equivalent widths we measured for the He lines are only
slightly larger than those derived by Gies & Lambert (1992)
and this discrepancy does not seem significant enough to con-
clude that HD 207538 is a helium peculiar star. The situation
of the Heλ4686 Å line is more complicated since some kind
of erratic behavior of the equivalent width versus effective
temperature has been reported. In any case, the mean value
of the helium abundance calculated by Gies & Lambert in the

Table 2. Equivalent widths of the helium lines measured with the
SARG-TNG and at Catania Astrophysical Observatory (last two
columns). We compared our measurements with the B-type stars of
similar effective temperature extracted from Gies & Lambert (1992).
All equivalent widths are expressed in mÅ.

A B C D E HD 207538
He SARG-TNG Catania

4686 206 192 747 602 858 500± 60
5411 203± 34 250± 40

He
4713 251 246 243 230 235 297± 28
4921 514± 44 580± 40
5015 260 268 262 258 268 309± 20 308± 21
5047 139 144 114 130 102 142± 19 176± 20
5876 825± 29
6678 714± 33
7065 637± 54

A - HD 34816,Teff = 29 890 K, logg = 4.22,ξ = 6.7 km s−1.
B - HD 36960,Teff = 29 960 K, logg = 4.30,ξ = 4.3 km s−1.
C - HD 34078,Teff = 31 420 K, logg = 4.07,ξ = 6.9 km s−1.
D - HD 36512,Teff = 32 470 K, logg = 4.29,ξ = 5.7 km s−1.
E - HD 214680,Teff = 34 370 K, logg = 4.29,ξ = 12.2 km s−1.

LTE approximation for these stars is logε(He)= 11.29± 0.05,
a value consistent with our estimation, within errors.

To verify if spectral variability exists, we measured the
equivalent width of the helium lines present in our two visible
spectra. The equivalent widths of these lines obtained with both
telescopes were reported in Table 2. According to our measure-
ments and the quoted literature studies no helium spectroscopic
variability has been detected, confirming the non peculiar
nature of HD 207538.

4.4. IUE data

In an attempt to reproduce the spectrum recorded byIUE, we
computed the photospheric spectrum with the same parameters
used for the optical data, after broadening it by the rotational
velocity and by the instrumental resolving power ofR= 7500,
corresponding at 1500 Å to the nominal resolution∆λ ∼ 0.2 Å.

In Fig. 4 we show the comparison between the synthetic
spectrum and the observations in three intervals. With a few
exceptions, most of the spectral lines are quite well reproduced.

In theIUE range we identified one Ni line atλ1398.193 Å
and two Mn lines atλ1664.772 Å andλ1666.981 Å. The for-
mer has been reproduced with an underabundance of 0.45 dex
with respect to the standard value, the latter on the contrary are
compatible with a normal abundance. Noteworthy is the fact
that the He λ1640 Å line is well reproduced with the helium
abundance computed in the previous section. Other lines, such
as those generated by iron, silicon and zinc, have been mod-
eled using the photosperic abundances computed for theFUSE
spectrum (see next section). As to carbon and aluminum, we
used the abundances computed in the previous section for the
SARG-TNG data.
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Fig. 4. Comparison between theoretical and observed spectra in
the IUE range selected (λλ 1380-1670) Å. In each panel we label the
identified lines. ISM lines have been marked with arrows.

A contamination due to interstellar matter is present in
these intervals. In Fig. 4 we marked with arrows the lines we
identified using the list of ISM lines that occur in theIUE range
published by St-Louis & Smith (1991).

IUE provides us with further evidence of the absence of
variability as no differences exist between the flux of spectra
obtained at different dates (see Sect. 3.2).

4.5. FUSE data

To compute the synthetic spectrum in this wavelength region,
we used the abundances inferred from theSARG-TNGdata for
those elements present in both intervals, and we determined
the abundance for those elements whose lines are not present
in the optical region, by matching the profiles observed in the
FUV range.

To take into account the large number of interstellar lines
the computed photospheric spectrum has been multiplied by
the ISM model (see next section) and then compared with the
observation. Solar standard abundances were found compati-
ble, within the experimental errors, with the line profiles ob-
served for CNO elements and for Si, Si, P, P and S.
On the other hand, underabundances were estimated for iron
and zinc. Standard abundances predict the presence of a Cl
line atλ1123.785 Å, not observed in our data. In Figs. 7 and 8
we show the comparison between the synthetic and the ob-
served spectrum.

Inferred abundances are reported in Table 3 where they are
compared with those calculated by Daflon et al. (1999), Gies &
Lambert (1992) and the Sun (Grevesse et al. 1996).

Departures from LTE can affect the inferred chemical abun-
dances. The magnitude of non-LTE corrections has been inves-
tigated by Daflon et al. (1999) for a sample of stars in Cep OB2

Table 3. Abundances derived for HD 207538 expressed in the usual
form logε (El) compared with those estimated by Daflon et al. (1999)
(Col. 3), by Gies & Lambert (1992) (Col. 4) and the Sun (Grevesse
et al. 1996, Col. 5). Errors have been estimated to be 0.2 dex.

El This D G & L Sun
work

He 11.30 11.29± 0.05a 10.99± 0.03
C 8.50 8.40± 0.11a 8.55± 0.05b

N 8.11 7.99± 0.16 7.70± 0.06a 7.97± 0.07
O 8.66 8.67± 0.16 8.78± 0.12a 8.88± 0.07b

Al 6.53 6.62± 0.20a 6.47± 0.07
Si 7.61 7.74± 0.05 7.35± 0.02a 7.55± 0.05
P 5.51 5.45± 0.04
S 7.27 7.21± 0.12 7.33± 0.11
Fe 7.10 7.71± 0.23 7.50± 0.04
Mn 5.45 5.39± 0.03
Ni 5.80 6.25± 0.01
Zn 4.20 4.50± 0.08

a Average value calculated over the abundances reported for the five
stars quoted in Table 2.
b According to a recent revision of the carbon and oxygen abundances
in the Sun performed by Allende Prieto et al. (2002), these values
should be 8.39± 0.04 and 8.69± 0.07 respectively. They are in better
agreement with the B star abundances.

association. They found that these corrections are generally of
the order of 0.1 dex or even smaller. In particular, for carbon
and oxygen they found the corrections are negligible.

5. Interstellar spectrum analysis

The ISM analysis was conducted with the profile fitting soft-
ware OWENS described in H´ebrard et al. (2002). This software
allows us to perform multiple fits simultaneously combining
several spectral windows and several species. By combining
different species with different masses, this procedure makes
it possible to have a good handle on the interstellar thermal
and turbulent broadenings along the sightline. With the help
of the stellar model, we first selected in the spectrum the ISM
absorption lines which were not blended with any known stel-
lar features. Thef -values used for FeII are the revised from
Howk et al. (2000) and, for all the other atomic species, the
f -values are from Morton (1991) and Welty (1999). We adopt
wavelengths, oscillator strengths, and damping constants for
the molecular hydrogen transitions from Abgrall et al. (1993)
for the Lyman system and from Abgrall et al. (1993) for the
Werner system.

5.1. Velocity structure

A detailed interstellar velocity structure was inferred from vis-
ible Na data at high resolution (R ≈ 115 000). Fits to the Na
line profiles indicate at least 3 components as shown in Fig. 5.
The two weaker components are clearly separated at the res-
olution of the instrument and centered at−14 km s−1 and
−19 km s−1 relative to the dominant component with respective
Doppler broadenings (orb-values) of 3 and 2 km s−1. The total
column density for these two components is of the order of a
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Fig. 5.Fits of the Na absorption lines. Three components are detected,
the central components represents more that 99% of the total column
density: 5.3× 1014 cm−2.

few times 1012 cm−2 which represents only 1% of the total Na
column. The strong saturation of the dominant Na component
and the low resolution of theFUSEdata do not allow us to de-
termine its velocity structure unambiguously. High-resolution
data are required to accurately determine the total number of
components present along the sightline.

Lacour et al. (2003) reported four CH components along
this sightline coinciding with the core of the strong Na absorp-
tion. Additional components are however necessary to fit the
Na profile. Subsequently, in order to account for potential sat-
uration effects due to narrow components we considered a total
of 6 components in our velocity structure: 4 components asso-
ciated with the CH absorptions and 2 additional atomic compo-
nents as seen in the Na profile. Note however that other hidden
atomic components might still be present in the core of the Na
escaping detection due to insufficient resolution.

5.2. Atomic species

We performed a six-component profile fitting for the atomic
species seen in absorption: Fe, P, O, N, and Ar. Because
most of these atomic lines are saturated and because of the
moderate resolution of theFUSEspectrograph (≈20 km s−1), it
is not possible to retrieve the information on the velocity struc-
ture from theFUSE data itself. Thus, the velocities of each
component are constrained as described in the previous sub-
section and are not free parameters in the fit. In particular, the
relative ratios of the four stronger components were fixed to
values derived from the high-resolution CH absorption line
profiles. The fitting was performed simultaneously over 22
spectralFUSE windows. Results are shown in Fig. 6 and
Table 4.

The Lyβ H line is too severely blended by molecular hy-
drogen to be of any help in determining the total H column
density. Moreover, the Lyβ H line is saturated and therefore
does not constitute a sensitive probe for the column density.
Thus we simply report here the value derived by Rachford et al.
(2002) (see Table 4) using a canonic relation between the ex-
tinction, H2, and H. The resulting profile seems to adequately
fit our data especially in the 1026 and 1030 Å windows.

Our determination of the interstellar oxygen abundance
is based on the profile of the 1039 Å line. The O/H ratio
of 240+200

−100 ppm that we derive is consistent within 1σ with
the newly revised interstellar oxygen gas phase abundance

Fig. 6. Comparison of elemental abundances with respect to hydro-
gen in the standard logarithmic scale (Grevesse & Sauval 1998). Open
diamonds represent the measurements toward HD207538 and black
diamonds represent the solar references.

(André et al. 2003) of 408 ppm. However, the fact that our mean
value lies well below the adopted interstellar abundance likely
indicates a larger depletion along this sightline. Such enhanced
depletion has been reported by Cartlege et al. (2001) toward
reddened stars withE(B−V) similar to HD 207538.

The nitrogen column density was derived from the
1134 Å triplet. It is usually known that N is not depleted onto
grains and we indeed find a N/H ratio close to the solar value
of 83 ppm (Grevesse & Sauval 1998) although with very large
error bars: N/H = 70+210

−30 ppm.
As expected for a refractory element, iron is found to be

depleted by about 2 dex compared to the solar value which is
a further hint toward a large grain population along this sight-
line. Noteworthy is the Fe column density which is well con-
strained by the use of the relatively weak transition at 1127 Å.

Being a noble gas, Ar is not expected to be severely de-
pleted onto grains. But based on the 1048 Å line, we derive a
surprising super solar abundance for Ar. This high value may
well be due to the blending of the interstellar line with an un-
predicted stellar line.

The case of Cl deserves a particular attention for it is
not expected to arise in the diffuse atomic components but in
gas components with optically thick molecular hydrogen lines
(Jura 1974). It is therefore expected that Cl coexists with the
molecular content along the sightline. We therefore used the ve-
locity structure derived from the molecular components (CH)
to fit the few Cl lines for which accuratef -values were mea-
sured.

It should be noted that some C, C* and C** lines are
also detected between 1100 Å and 1120 Å but the transi-
tions are blends of multiplets and without high resolution STIS
data we are unable to disentangle the various excited states
(Sonnentrucker et al. 2002). Furthermore, due to the severe
stellar blending over so many absorption lines we cannot pro-
duce a reliable C, C* and C** model. Such a model would
be helpful to derive the average density. Finally, we point out
that the presence of large quantities of molecular hydrogen did
not allow us to further investigate other atomic species in this
spectrum.
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5.3. Molecular species

Below 1100 Å, the H2 lines are the most prominent features
seen in absorption. The analysis of the column density of the
J = 0, 1 rotational levels has already been performed by
Rachford et al. (2002). They showed that this line of sight may
contain translucent cloud material and that some of the molecu-
lar hydrogen content originates in several more diffuse compo-
nents. As mentioned before, four components are seen in CH,
all of them well within 10 km s−1 which means that they cannot
be resolved byFUSE(Lacour et al. 2003).

Adopting this velocity structure, we performed a global
profile fitting of theJ levels up toJ = 7. Our results agree with
those of Rachford et al. (2002) forJ = 0, 1 and we find a tem-
peratureT01 of 70 K. Because the profiles of the higherJ levels
are saturated, they are not sensitive to the column density and
we could only measure lower limits to their column densities.
Note also thatJ levels higher thanJ = 1 contribute a negligible
fraction to the total H2 column density (see Table 4). We hence
found a total H2 column density of 8.2× 1020 cm−2 along the
sightline toward HD 207538.

An analysis of the 1076 Å CO (J = 0) band was also per-
formed. Because this line arises close to a strong H2 absorption
and because the CO band is heavily saturated, we can only re-
port a stringent lower limit to its column density of 1015 cm−2,
leading to a conversion factor of 1.2 × 10−6. This CO-to-H2

conversion factor is consistent with the range expected when
translucent material is present along a sightline (van Dishoeck
& Black 1980). Our result therefore further suggests that along
this particular line of sight some denser, colder gas is present.

HD absorption lines are also seen along this sightline.
Their study is discussed in Lacour et al. (2003). They find
that a HD/H2 ratio of 8.9 × 10−6 cannot be explained un-
less the main molecular component is dense enough to shield
the HD molecule from the external UV radiation field. The re-
cent chemical model of translucent clouds of Le Petit et al.
(2002) applied to this sightline indicates a molecular fraction
of at least 80% and number densities of the order of a few hun-
dred atoms per cubic centimeters, also consistent with the idea
that some translucent material is present in the interstellar gas.

6. Conclusions

We performed a detailed abundance analysis of both the stel-
lar atmosphere and the interstellar medium toward the sus-
pected CP star HD 207538. We combined Far-UV spectra ob-
tained byFUSE, UV spectra obtained byIUE with our optical
spectra obtained with the ground-based SARG-TNG facility.

Synthetic spectra were computed using ATLAS9 and
SYNTHE for the stellar contribution and by the OWENS code
for the interstellar medium spectrum. Effective temperature and
surface gravity were fixed by matching the UV and visible flux
distributions. We found that our values are in agreement with
the values given by Daflon et al. (1999). Microturbulent ve-
locity was determined assuming that the oxygen abundance in-
ferred from ten lines is independent of the measured equiva-
lent width. Rotational velocity was determined by matching the
profiles of five unblended metal lines.

Our model underestimates the observed flux only in the
spectral range 1110–1170 Å; this discrepancy could be as-
cribed to various causes as we discussed at the end of Sect. 4.2.

Regarding the abundances in CP stars, usually helium is un-
derabundant in cool CP stars and overabundant in hot CP stars.
Carbon, oxygen, nitrogen and magnesium are underabundant
and iron peak elements are overabundant. In our study, with
the exception of the underabundance found for iron, nickel and
zinc, the other metals show lines profiles compatible with the
standard solar chemical composition (Grevesse et al. 1996).
We also find that the helium abundance is logε(He) = 11.30,
value compatible with the standard value measured for B-type
stars reported by Gies & Lambert (1992). Therefore, our re-
sults seem to indicate that HD 207538 does not have peculiar
abundances.

Regarding the main observational fingerprint of the CP
stars, namely light, spectral and magnetic variability:a) we did
not find any evidence of variability in the equivalent widths of
helium lines detected in both of our datasets and in the var-
ious literature contributions,b) Vetö et al. (1980) found the
light curve constant and we confirm the absence of variability
from HIPPARCOS data,c) no magnetic measurements were
reported so far, unfortunately. All this evidence leads us to
conclude that HD 207538 has been incorrectly reported in the
Renson (1991) catalogue.

In conclusion, based on Kurucz codes our stellar analysis
shows that we were able to reproduce the principal spectral fea-
tures observed in HD 207538 from the far-UV to visible range
using a single set of atmospheric parameters (Teff, logg andξ)
and chemical abundances.

The analysis of the interstellar gas content in theFUSE
range toward HD 207538 led to estimates of the H2, CO, N, O,
Cl, Ar, Fe and P column densities. The high CO-to-H2 con-
version factor, the large molecular fraction as derived from the
HD/H2 ratio both argue for the existence of some translucent

Table 4. ISM molecular and atomic column densities toward
HD207538.

Species logN(dex)
Ar 16.45+.25

−.50
CO >15.00
Cl  14.4+.80

−.90
Fe 14.80+.10

−.10
H  21.34± 0.12
H20 20.64± 0.07
H21 20.58± 0.05
H22 18.75+.10

−.15
H23 17.95+.25

−.20
H24 17.60+.40

−.60
H25 15.95+1.05

−2.0
H26 >14.00
H27 >14.00
HD 15.86± 0.35
N  17.2± 0.5
Na  >14.72
O  17.80+.35

−.35
P  13.00� 14.60
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Fig. 7. Comparison between theoretical and observed spectra in the FUV rangeλ 1000–1098 Å. In each box we have: at the top the ISM
model with labelled the identified lines, at the middle the synthetic photospheric model with the identified lines and at the bottom, the observed
spectrum compared with the total model.
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Fig. 8. Comparison between theoretical and observed spectra in the FUV rangeλ 1098–1188 Å. Symbols as in Fig. 7.
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material among the diffuse interstellar gas components toward
HD 207538. However, high resolution observations of atomic
species such as C, C* and C** using the STIS range are re-
quired to confirm the existence of denser cloud components and
to study the depletion pattern along this sightline.

Acknowledgements.This work is based on observations made
with the NASA-CNES-CSAFar Ultraviolet Spectroscopic Explorer
(FUSE) which is operated for NASA by the “The Johns Hopkins
University” under NASA contract NAS5-32985, on observations
made with the Italian Telescopio Nazionale Galileo (TNG) operated
on the island of La Palma by the Centro Galileo Galilei of the INAF
(Istituto Nazionale di Astrofisica) at the Spanish Observatorio del
Roque de los Muchachos of the Instituto de Astrofisica de Canarias
and on INES data from theInternational Ultraviolet Explorer(IUE)
satellite.
This work has made use of the profile fitting procedure OWENS
developed by M. Lemoine and the FUSE French Team.
This research has made use of the SIMBAD database, operated at
CDS, Strasburg, France.
We wish to thank the referee, Dr. P. Barklem, for his help in improving
the manuscript.

References

Abgrall, H., Roueff, E., Launay, F., Roncin, J. Y., & Subtil, J. L. 1993,
A&AS, 101, 273

Abgrall, H., Roueff, E., Launay, F., Roncin, J. Y., & Subtil, J. L. 1993b,
A&AS, 101, 323

Allende Prietro, C., Lambert, D. L., & Asplund, M. 2002, ApJ
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