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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 A) and visible (4600-7000 A) 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 tRar Ultraviolet Spectroscopic Explorethe International Ultraviolet Explorersatellites

whereas the optical spectrum was collected with the ground-Beedesicopio Nazionale Galilgelescope.

With our analysis we refine the value of the rotational velocity.tsini = 42+ 3 kms* and the microturbulence velocity to

¢ = 8+ 1kms?. 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 thedent absorption contributions. We thus also determined the column densi-

ties of several interstellar elements (F&\1, P11, Hi, H,, HD, CO, CI and An) 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 difuse 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 Frémat et al. 2002) concluded that the Kurucz LTE atmospheric

Th ¢ | d code t te stellar at hmodels fail in reproducing the temperature distribution of the
€ most commonly used code fo compute steflar atmosphgfigs iy gt layers. In particular, these models seem to underesti-

models is ATLAS (Kurucz 1993). These models correctly re- . .
N . Mate the stellar fluxes between,snd Ly;. Dixon & Hurwitz
produce the observed flux distribution from the UV to the VIS(FI] Lgind Lys

bl d match the Bal i il tonly f | 1998) noted this behavior in their model and suggested that
€ range and match the Baimer line protiles not only Tor Solgfy ;o discrepancies may be due to abundance anomalies or non-
composition stars (Castelli & Kurucz 1994) but also for mag-

YTE effects.
netic Chemically Peculiar (CP) stars (Leone & Man1996).

Recently ATLAS models have been also used to interpret Within our program de_dlcated to the study of CP stars car-
r%ed out with high resolution spectroscopy, we have observed

the far-UV spectrum of stars. However, several authors (i.e: )

Chavez et aﬁ) 1995 Buss et al. 1995' Morales et al Zéd e suspected CP star HD 207538 (Renson 1991). This star was
' ' ' ' " 7 also observed with thiaternational Ultraviolet ExplorefIUE)

Send gfprint requests toG. Catanzaro, and theFar Ultraviolet Spectroscopic ExplordFUSE) satel-

e-mail:gca@ct.astro.it lites. By combining these archive far-UV data with our optical
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spectra, we test the capability of Kurucz LTE codes to modabservations within the IRAF package. The calibration lamp
the observed spectra of HD 207538 from the far-UV to visiblenes show that the achieved resolving poweRis= 115 000
range with a single set of atmosphere stellar parameters. and theS/N ratio is between 60 and 100.

In the spectral range covered BYSE (912-1188 A), the Equivalent widths have been measured with a Gaussian fit
contamination due to the interstellar lines is important. We thggeach line using standard IRAF routines. As the main source
also performed a detailed study of the interstellar medium &t errors on the equivalent width measurements is the uncertain
order to obtain a global synthetic model in the far-UV conmposition of the continuum, we estimated the error to be equal
bining both stellar and interstellar models. In Sect. 2, we sum-half the area of a box as wide as the line and with a height
marize the results obtained prior to this work on the CP stagual to rms of the continuum.

HD 207538. Section 3 describes the observations and data re-|n order to check the possible spectral variability, on
ductions. The results of the stellar and interstellar analyses &&ober 19, 2002, we obtained a second spectrum of
given in Sects. 4 and 5, respectively. Our concluding remai4g) 207538 with the 91 cm telescope equipped with the

are given in Sect. 6. REOSC echelle spectrograph of the Catania Astrophysical
Observatory. The region covered by our spectrum is 4820—
2. HD 207538 5670 A atR = 13000 resolution. Data reduction was also per-

formed by means of IRAF package, and the final normalized

HD 207538 is a BOV star belonging to the Cep OB2 assogpectrum shows that &N ratio was between 100-150.
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) &2. IUE spectral range (14 1150-3350 A)

conclude that the chemical composition in the aSSOCiation'ljﬁeIUE spectra of HD 207538 processed with the NEWSIPS
homogeneous and underabundant with respect to the Sun P P

roughly 0.3 dex. In the specific case of HD 207538, they algealuctlcr)]n methOd have peel}tfakenhfrohmdll_hESF!nal Archive
concluded that the N, O and Si abundances are similar to fﬁ%eta' .T € images consist of four high dispersion spectra, two
solar values ' ot which have been obtained with the Short-Wavelength Prime
HD 207538 is reported in th@eneral Catalogue of Ap and(S.WP: 1150-2000 A) while the two others haye been obtained
: . _with the Long-Wavelength Redundant (LWR: 1850-3000 A)

Am stars(Renson 1991) as a CP candidate star with helium ) :
: : o %ﬂgweras (see Table 1 and Nichols & Linsky 1996).

overabundance. The main observational characteristics of

stars are the spectral, photometric and magnetic variations withAfter an accurate check of the flux constancy, we manually

; : ; dded all these observations obtaining a unique spectrum
a common period. According to the Oblique Rotator Mod&P2 X
(Stibbs 1950) this period is simply the rotational period anv(‘ﬁhICh covers the 11503350 A interval. The resultBiiN ra-

variations are due to the non-homogeneous distribution of eﬁ'é)-was about 20. No evidence of the flux variability character-
ments on the stellar surface. izing CP stars (Leckrone 1974) was found.

The helium peculiar stars are known to show not only

spectral variability but also photometric variability (PetersoB 3. Far UV data (11 1000-1188 A)

1966). However, Vat'et al. (1980) found that HD 207538

shows no periodic light variability. Our own investigation off he FUSE satellite and the spectrograph mounted on board

the Hipparcos photometric data (spanning 1132 days), ushigre described by Moos et al. (2000) and Sahnow et al. (2000).

the Phase Dispersion Metha@tellingwerf 1978) as coded in HD 207538 was observed in time-tag mode on 8th December

the NOAQIRAF package, does not indicate any evidence 8099. This early—type star, Shining through interstellar clouds

variability either. Therefore, the peculiar nature of this star With a total reddening=e-v) = 0.64 and a total extinction

not yet firmly established photometrically. A, = 143 (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
FUSE sspectra were extracted from 4 sub-exposures totalizing
The spectra analyzed in this paper have been acquired with 7486 s using the large aperture (LWRS) with the CALFUSE

following instruments depending on the wavelength range. (Version 1.8.4) standard reduction pipeline which provided us
with flux and wavelength calibrated spectra.

3. Observations and data reduction

3.1. Optical data (11 4600-7000 A)

On August 10, 2000, we obtained an echelle spectrum Rfple 1. Journal of observations concerning the IUE spectra used
HD 207538 with the high resolution spectrogragBARG in this study.
(Gratton et al. 2003) and the 3.55felescopio Nazionale
Galileo (TNG) at the Observatorio del Roque de los Image Disp. Date uT Exp (s)
Muchachos (La Palma, Spain). SWP08992 High 0841980 14:16:14 3900
Covering the region from 4600 to 7000 A, our stellar spec- SWP09872  High 031980 00:41:22 4020
trum calibrated in wavelength and normalized in flux, was ob- LWRO07750  High 03141980 13:27:15 1500
tained using standard reduction procedures for spectroscopic_WR07751 High 0A41980 15:25:35 2520
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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
1000 1100 1200 1300 1400 . .. .
Wavelength (A) 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 microturbulenceftective 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
000 o200 2000 2600 2800 000 liNes, in the far-UV and visible ranges, are formed within the
Wavelength (A) adopted limits is performed. We chose to divide the atmosphere

Fig. 1. Observed (thick line) and computed (thin lirfe,= 100) flux into the maximum (99) number of layers from log.ss = ~4.8
distribution of HD 207538. The ATLAS9 atmosphere model has beld 3.12.

computed assumin@e; = 32190 K, logg = 4.32, solar metal opacity Abundances have been derived by means of WIDTH9
and microturbulence velocity equal to 8.0 kmh.8Because of the pres- (Kurucz 1993) and the microturbulent velocity determined, im-
ence of large absorption due to the interstellar medium, FUSE data pessing that the oxygen abundance is independent of the equiv-

averaged within 2 A-width bands centered at the highest values of fignt widths measured for sevem ®f the visible range and
flux distribution in order to visualize the fiierences between the Ob'three ar of the far UV.

served and computed spectra (filled squares). The extinction bump at
12175 A is clearly visible on this plot.

~ T0F ‘ ‘ ‘ ‘ 3 and microturbulence. In our analysis, following the method de-
< 6.0F l ‘ | < scribed in Leone & Man&(1996), we have used an iterative
v gy f l ““ | 2 process to determine the stellar parameters.

b i E

E 40 y W f

230 ( mymrmﬂ‘ 4 4.1. Atmosphere model

i) . "' i "'v‘"yw-

N f\ ’

K 0.0F ‘ ‘

< [}
o
T[T T

,_
133
o
S}

F, (107° erg em™ st A™")
=

1600 1800

At the end of the iterative procedure, where the UV-Visible
flux overall distribution and the Jwings were matched, we
found that the fective temperaturels = 32 190 K) and the

The processing steps included data screening, thermal difavity (logg = 4.32) determined by Daflon et al. (1999) agree
correction, geometric distortion correction, Doppler correctigd can be adopted. In contrast we foynet 8 + 1 kms™,
to heliocentric wavelength, dead time correction and wav@-microturbulence velocity slightly smaller that the 10krh's
length calibration. The resolving power wés = 15000. fixed by the same authors.

These spectra were then coadded and binned over 4 pixels

(less than one re_solution elgment), us_ing both exposure tilﬁ]%. UV flux distribution

and error weighting, to obtain 8/N ratio of 15 per resolu-

tion element. Strong interstellar extinction and misalignmeuising the adoptedfiective temperature and gravity we com-
of the SiC channels prevented us, however, from using daiaed the synthetic spectrum that reproduces the observed UV
shortward of 1000 A. flux distribution.

The synthetic spectrum was computed with SYNTHE
(Kurucz & Avrett 1981) from 1000 to 7000 A and converted
to absolute flux, by means of the relation B(H556 A) =
Usually, spectral synthesis is performed assuming a preéd.4V — 8451 whereV = 7.31 is the magnitude quoted in
computed atmosphere model whose parameters are often fitkedSIMBAD database.
from photometric indices. In a previous paper (Leone & Dereddening of the observed spectra has been performed
Manfré 1996), we have discussed the importance of consieflowing Cardelli et al. (1989) assumingg-vy = 0.68,
tency between the parameters adopted for computing the atmovalue not far from the 0.64 value given by Snow et al.
sphere model and the determined parameters. As to CP st@802). Figure 1 shows the observed and computed spectra. We
a correct metal opacity is fundamental in determining the stelete that the computed spectrum represents wellUtieflux
lar effective temperature and gravity. In the case of a hot stdistribution and théFUSE spectrum for wavelengths shorter
like HD 207538, particular attention has to be payed to the ntiran 1100 A. However, thEUSEflux for wavelengths longer
croturbulence. Large values for this velocity can significantthan 1100 A, is larger than the computed one. We found no
desaturate metal lines and increase the metal opacity wittmbination of &ective temperature, gravity and dereddening
respect to a more static atmosphere. able to match the overall flux distribution from 900 to 3350 A.

Several steps are necessary to determine the stellar parbmparticular, the appareritat flux distribution recorded by
eters such as theffective temperature, gravity, abundancesUSEcould not be reproduced.

4. Stellar spectrum analysis
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Fig. 2. Comparison between theoretical (smoothed line) and observed spectra in the visiblerdfgs-4720 A (top panel) anth5650-5750
(bottom panel). In each panel we label the identified lines.

Differences between the observed and computed spectraledine profiles of three unblended ines (O 114638861,
largest around 1150 A, where they amount up to 20%. It 4661.643 and 4676.244 A), onaiNline (14634.126 A) and
tempting to conclude that ATLAS9 models are not able to rene Siv line (14654.312 A). The obtained valugsini =
produceFUSE data. However there are other possible causé® + 3 kms? is slightly less than the value of 47 km'sin-
that need to be addressed as well: ferred by Penny (1996) for HD 207538.

— the S/N ratio of our spectrum is-15, so the continuum is In Fig. 2, we report the comparjson between the gynthetic
and observed spectrum for the richest spectral regions: the

. ; o
determined with an error of about 6%; 4625-4720 A and 5650-5750 A windows containing a num-

- [ h E lengths i |ati L : :
g]? ;elia/eg;%:(tj IOS;J i)r xvv:\\;glzzg:{[h: llsnagr;ret);]t;pfz%téogber of metallic lines due to C, N, O, Si and Al at various stages
_ absolute calibration flux EUSEdata is based on model-bf ionization. For comparison with the observations, the theo-

atmosphere predictions of the spectra of well-studii tical spectra was convolved with the instrumental profile and

white-dwarf stars (Sahnow et al. 2000) and is expect rqtatlonal velomfcy. ) o )
to be accurate at the 10% level. Moreover, we know that With the exception of helium that we will discuss in the

the instrument’s sensitivity was nearly constant for the fir§€Xt subsection, solar standard abundances (Grevesse et al

two years of the mission and that it has later declined 63996) are sflicient to reproduce all the metalic lines present

about 10%. So a further few percent uncertainty is expectédf 19 2. Errors have been estimated to be 0.2 dex. Adopting
in the flux calibration. the opacity distribution function for solar abundances to com-

pute the atmosphere model is therefore justified.

4.3. SARG-TNG data
4.3.1. Helium lines

A synthetic spectrum covering the observed optical range was

calculated with SYNTHE (Kurucz & Avrett 1981) and condn our optical spectrum of HD 207538, we identify nine
volved with a Gaussian profile to match the instrumental ressablended helium lines (two Heand seven Hg, whose
lution. To identify spectral lines and to derive abundances weeasured equivalent widths are listed in Table 2. These
adopted the atomic parameters from the Kurucz (1993) litiees were previously measured by Conti & Alschuler (1971
list. The rotational velocity has been determined by matchimtgin14686 A), Mathys (1989), Grigsby et al. (1992); other
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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 dfective temperature extracted from Gies & Lambert (1992).
All equivalent widths are expressed in mA.

L s d] b penenspd b wel e ]
06 4684 4688 06 4712 4716 08 4920 4924
- A B C D E HD 207538
5 : Sl 1.0 Hen SARG-TNG _ Catania
;) 1 ook 4686 | 206 192 747 602 858 500+ 60
£ 1t 1 7 ] 5411 203+ 34 250+ 40
: : {osf Jo8f : Her
= L merasotsA ] [ Hel 5048 A1 f Hell A5411 4] 4713 | 251 246 243 230 235 297+28
0'750‘12‘ ‘ ‘50‘16‘ - 0'750744‘ ‘ ‘50‘48‘ o7 54‘08‘ ‘ ‘54‘12‘ ‘ 4921 514+ 44 580+ 40
Y AL IR 0 R Y 11 5015| 260 268 262 258 268 309+ 20 308+ 21
Eoo RS ‘ 5047 | 139 144 114 130 102 142+19 176+ 20
108k / E 5876 825+ 29
107k v E 6678 714+ 33
5 {06 3 E : 7065 637+ 54
os | Meymeidos| | welesisidosf , melaoss i
5872 5876 6676 6680 7064 7068 A -HD 34816, T = 29890 K, logg = 4.22,£ = 6.7 kms™.
Wavelength (1) B - HD 36960,T; = 29960 K, logg = 4.30,& = 43 kms?t,

C-HD34078Te; = 31420 K, logy = 4.07,£ =69 kms™.
Fig. 3. Helium lines observed (dotted line) in the visible spectrum qf - 4D 36512, To; = 32470 K, logy = 4.29,¢ = 5.7 kms'L.
HD 207538. For each line we overplotted the corresponding synthgtic Hp 214680 T« = 34370 K, logg = 4,29;5 =122 kmst
profile (solidred curve).

measurements have been carried out by Conti (1973, 1974)
the Ha15876 A and the HRl6678 A. Within experimental er-
rors, all these measurements are in agreement with ours. o . ]
As reported by Conti (1974), we confirm that the profile TO ver|fy_|f spectral Va_‘r'ab'_l'ty exists, we measure(_j _the
of Het15411 A is strongly distorted by an asymmetry towarsquwalent width pf the he_l|um lines pres_ent In our two \_/|5|b|e
the blue wing of the line. This feature is still visible even jpPectra. The equwalenth_dths ofthese Imes_obtalned with both
our low resolution spectrum taken at Catania AstrophysictglIescoloes were report_ed in Table 2..Accord|n.g o ourmeasure-
Observatory. ments and the quoted literature studies no helium spectroscopic

Profiles of helium lines were computed in the LTE appro)}/_arlablllty has been detected, confirming the non peculiar

imation for a variety of HgH ratios with the adopted modelnature of HD207538.

atmosphere by using the program SYNTHE and a consistent

ATLAS9 model. The abundance that best fits the He lines a0y, JUE data

average is log(He) = 1130 (Fig. 3). The three lines for which

we were not able to obtain a good synthetic profile are the H8 an attempt to reproduce the spectrum recordetUy, we

115876, 6678 and 7065 A. The derived helium abundangémputed the photospheric spectrum with the same parameters

seems to be larger than the solar value, however tiiewlty used for the optical data, after broadening it by the rotational

in converting the observed equivalent widths of helium lines ¥¢locity and by the instrumental resolving powerro 7500,

abundances is a well known problem since the work of Augprresponding at 1500 A to the nominal resolutioh~ 0.2 A.

& Mihalas (1972). Particularly, Gies & Lambert (1992) found In Fig. 4 we show the comparison between the synthetic

that in stars with ffective temperature larger than 30000 Kspectrum and the observations in three intervals. With a few

helium appears to be overabundant with respect to the Sun.exceptions, most of the spectral lines are quite well reproduced.
To overcome the diiculties resulting from the spec-  InthelUE range we identified one Ni line at11398.193 A

tral modeling, we compared our measurements of equivalamid two Mnv lines at11664.772 A and1666.981 A. The for-

widths with the values reported by Gies & Lambert (1992) faner has been reproduced with an underabundance of 0.45 dex

stars with similar &ective temperature and gravity (Table 2)with respect to the standard value, the latter on the contrary are

The equivalent widths we measured for thel Higes are only compatible with a normal abundance. Noteworthy is the fact

slightly larger than those derived by Gies & Lambert (1992hat the Her 11640 A line is well reproduced with the helium

and this discrepancy does not seem significant enough to cabhundance computed in the previous section. Other lines, such

clude that HD 207538 is a helium peculiar star. The situati@s those generated by iron, silicon and zinc, have been mod-

of the Ha114686 A line is more complicated since some kineled using the photosperic abundances computed fGUSE

of erratic behavior of the equivalent width versueetive spectrum (see next section). As to carbon and aluminum, we

temperature has been reported. In any case, the mean vaked the abundances computed in the previous section for the

of the helium abundance calculated by Gies & Lambert in tI®ARG-TNG data.

Lf?E approximation for these stars is le@iHe) = 11.29+ 0.05,
a value consistent with our estimation, within errors.



682 G. Catanzaro et al.: From far-UV (FUSE) to visible (SARG-TNG) spectroscopy of HD 207538
Table 3. Abundances derived for HD 207538 expressed in the usual
form loge (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 0.08 10.99+ 0.03
é i i C 8.50 8.40+ 0.12%  8.55+ 0.09
T %% " e e e e T P T N 811 7.99:016 7.70:0.08  7.97+0.07
Tk sEsizoc sz oz: zaizk ozil O 866 867:0.16 878:0.12 8.88+0.07
s EeEss s oS E = s soEmEs B Al 6.53 6.62+ 0.206  6.47+0.07
Si  7.61 7.740.05 7.35:0.02 7.55+0.05
P 5.51 5.45: 0.04
S 7.27 7.210.12 7.33:0.11
Fe 7.10 7.7%0.23 7.50+ 0.04
Mn  5.45 5.39+ 0.03
Ni 5.80 6.25+ 0.01
J ] Zn 420 4.50 0.08

0.0 W

T eso & 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
Fig. 4. Comparison between theoretical and observed spectrajinhe sun performed by Allende Prieto et al. (2002), these values

the IUE range selectedi(t 1380-1670) A. In each panel we label the i he 89+ 0,04 and 859+ 0.07 respectively. They are in better
identified lines. ISM lines have been marked with arrows. agreement with the B star abundances.

Wavelength (R)

A contamination due to interstellar matter is present @ssociation. They found that these corrections are generally of
these intervals. In Fig. 4 we marked with arrows the lines WRe order of 0.1 dex or even smaller. In particular, for carbon
identified using the list of ISM lines that occur in théE range and oxygen they found the corrections are neg||g|b|e
published by St-Louis & Smith (1991).

IUE provides us with further evidence of the absence of i
variability as no diferences exist between the flux of spectra Interstellar spectrum analysis

obtained at dierent dates (see Sect. 3.2). The ISM analysis was conducted with the profile fitting soft-
ware OWENS described indtbrard et al. (2002). This software
allows us to perform multiple fits simultaneously combining
several spectral windows and several species. By combining
To compute the synthetic spectrum in this wavelength regiafifferent species with fierent masses, this procedure makes
we used the abundances inferred from$#RG-TNGlata for it possible to have a good handle on the interstellar thermal
those elements present in both intervals, and we determized turbulent broadenings along the sightline. With the help
the abundance for those elements whose lines are not preséftie stellar model, we first selected in the spectrum the ISM
in the optical region, by matching the profiles observed in thasorption lines which were not blended with any known stel-
FUV range. lar features. The-values used for Fell are the revised from
To take into account the large number of interstellar liné$owk et al. (2000) and, for all the other atomic species, the
the computed photospheric spectrum has been multiplied fyalues are from Morton (1991) and Welty (1999). We adopt
the ISM model (see next section) and then compared with twavelengths, oscillator strengths, and damping constants for
observation. Solar standard abundances were found compg molecular hydrogen transitions from Abgrall et al. (1993)
ble, within the experimental errors, with the line profiles olfor the Lyman system and from Abgrall et al. (1993) for the
served for CNO elements and fonfsi Sitv, Piv, Pv and Sv.  Werner system.
On the other hand, underabundances were estimated for iron
and zinc. Standard abundances predict the presence afa
line at11123.785 A, not observed in our data. In Figs. 7 and
we show the comparison between the synthetic and the pbdetailed interstellar velocity structure was inferred from vis-
served spectrum. ible Na data at high resolutiorR ~ 115 000). Fits to the Na
Inferred abundances are reported in Table 3 where they lne profiles indicate at least 3 components as shown in Fig. 5.
compared with those calculated by Daflon et al. (1999), Gies®e two weaker components are clearly separated at the res-
Lambert (1992) and the Sun (Grevesse et al. 1996). olution of the instrument and centered at4 kms?! and
Departures from LTE cantBect the inferred chemical abun--19 km s relative to the dominant component with respective
dances. The magnitude of non-LTE corrections has been inv@sppler broadenings (dr-values) of 3 and 2 knT3. The total
tigated by Daflon et al. (1999) for a sample of stars in Cep OBBlumn density for these two components is of the order of a

4.5. FUSE data

1. Velocity structure
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Fig. 5.Fits of the Naabsorption lines. Three components are detected, i
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density: 53 x 10" cm2. 5 10 15 20 25 30

Atomic Number

. . Fig. 6. Comparison of elemental abundances with respect to hydro-
few times 162 cm™2 which represents only 1% of the total Nagen in the standard logarithmic scale (Grevesse & Sauval 1998). Open
column. The strong saturation of the dominant Bamponent diamonds represent the measurements toward HD207538 and black
and the low resolution of thEUSEdata do not allow us to de- diamonds represent the solar references.
termine its velocity structure unambiguously. High-resolution

data are required to accurately determine the total number(/gfndré etal. 2003) of 408 ppm. However, the fact that our mean

COTg%gi?t:tpﬁsggoag?g;gieség?;t?%H components alo |§/§1Iue lies well below the adopted interstellar abundance likely
this sightline coinciding with the core of the strongiasorp- indicates a larger depletion along this sightline. Such enhanced

. . .. .depletion has been reported by Cartlege et al. (2001) toward
tion. Additional components are however necessary to fit tﬁgddened stars withis_v) similar to HD 207538,

Nat profile. Subsequently, in order to account for potential sat- The nitrogen column density was derived from the

uration fects due to narrow components we considered a toiail34 A triplet. It is usually known thatiNs not depleted onto

Oif ?ezovrafho:hinésdnag:g;’i:g?\';yaﬁéu; gg&;ﬁ;ﬂ ?::ﬂecnctiassgor_éins and we indeed find g/l ratio close to the solar value
ﬁ:nts as seeninthe oF;iIe Note however that other hiddeFr)1Of 83 ppm (Grevesse & Sauval 1998) although with very large
Narofile. rror bars: NH = 70%32° ppm.

atomic components might still be present in the core of the Na As expected for a refractory element, iron is found to be

escaping detection due to irfuient resolution. 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 He column density which is well con-
We performed a six-component profile fitting for the atomistrained by the use of the relatively weak transition at 1127 A.
species seen in absorption1ké, O1, N1, and Ar. Because Being a noble gas, Aiis not expected to be severely de-
most of these atomic lines are saturated and because of gled onto grains. But based on the 1048 A line, we derive a
moderate resolution of tHEUSEspectrographs20 kms?), it  surprising super solar abundance for.Arhis high value may

is not possible to retrieve the information on the velocity strugrell be due to the blending of the interstellar line with an un-
ture from theFUSE data itself. Thus, the velocities of eactpredicted stellar line.

component are constrained as described in the previous sub-The case of Gldeserves a particular attention for it is
section and are not free parameters in the fit. In particular, thet expected to arise in thefflise atomic components but in
relative ratios of the four stronger components were fixed ¢fas components with optically thick molecular hydrogen lines
values derived from the high-resolution CH absorption lingura 1974). It is therefore expected that €lexists with the
profiles. The fitting was performed simultaneously over 2#olecular content along the sightline. We therefore used the ve-
spectral FUSE windows. Results are shown in Fig. 6 andocity structure derived from the molecular components (CH)

5.2. Atomic species

Table 4. to fit the few Ci lines for which accuratd-values were mea-
The Ly; HI line is too severely blended by molecular hysured.
drogen to be of any help in determining the total ¢dlumn It should be noted that somer,GCr* and Q** lines are

density. Moreover, the LyHr line is saturated and thereforealso detected between 1100 A and 1120 A but the transi-
does not constitute a sensitive probe for the column denstigns are blends of multiplets and without high resolution STIS
Thus we simply report here the value derived by Rachford et data we are unable to disentangle the various excited states
(2002) (see Table 4) using a canonic relation between the €8ennentrucker et al. 2002). Furthermore, due to the severe
tinction, Hy, and H. The resulting profile seems to adequatelstellar blending over so many absorption lines we cannot pro-
fit our data especially in the 1026 and 1030 A windows. duce a reliable € Cr* and O** model. Such a model would
Our determination of the interstellar oxygen abundante helpful to derive the average density. Finally, we point out
is based on the profile of the 1039 A line. The¢HDratio that the presence of large quantities of molecular hydrogen did
of 240j§°8 ppm that we derive is consistent withim-Iwith not allow us to further investigate other atomic species in this

0
the newly revised interstellar oxygen gas phase abundaspectrum.
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5.3. Molecular species Our model underestimates the observed flux only in the

. . spectral range 1110-1170 A; this discrepancy could be as-

Be'OW. 1100 A, Fhe H lines are _the most prominent fgature ribed to various causes as we discussed at the end of Sect. 4.2

seen in absorption. The analysis of the column density of the . : o
Regarding the abundances in CP stars, usually heliumis un-

J = 0, 1 rotational levels has already been performed t(Jj)érabundantin cool CP stars and overabundantin hot CP stars.

Rachford et al. (2002). They showed that this line of sight m:a/ . .
. . arbon, oxygen, nitrogen and magnesium are underabundant
contain translucent cloud material and that some of the molecu-

lar hydrogen content originates in several moréudie compo- and iron peak elements are overabundant. In our study, with

nents. As mentioned before, four components are seen in érll? exception of the underabundance found for iron, nickel and

all of them well within 10 km st which means that they cannotzm’c’ the other metals show lines profiles compatible with the
be resolved b USE(Lacour et al. 2003) standard solar chemical composition (Grevesse et al. 1996).

Adopting this velocity structure, we performed a globa}{ve also find that the helium abundance is dge) = 11.30,
profile fitting of thed levels up toJ = 7. Our results agree with value compatible with the standard value measured for B-type

those of Rachford et al. (2002) fdr= 0, 1 and we find a tem- stars reported by Gies & Lambert (1992). Therefore, our re-

peratureT, of 70 K. Because the profiles of the highilevels sults seem to indicate that HD 207538 does not have peculiar

are saturated, they are not sensitive to the column densit grt])gndances.
 Ihey Y Regarding the main observational fingerprint of the CP

we could only measure lower limits to their column densitiegt&lrS namelv liaht. spectral and maanetic variabitivwe did
Note also thafl levels higher thad = 1 contribute a negligible ' yignht, sp gnetic variabiaywe di

fraction to the total H column density (see Table 4). We hencﬁofi andI%ny e(;m:entced ?Lvsr't?]b'“;y |nrt2etequt|valir:jt m?:}hs:fr
found a total H column density of & x 10%° cm2 along the ©'Y es detecte oth of our datasets a € var

sightine ttward HD 207538, lght curve constant and we confi the absence of variabi
An analysis of the 1076 A CQJ(= 0) band was also per- 9 Y

g X ; from HIPPARCOS datag) no magnetic measurements were
formed. Because this line arises close to a stronglb$orption : i
. . reported so far, unfortunately. All this evidence leads us to
and because the CO band is heavily saturated, we can only re- : :
: R ; 1 _», ~conclude that HD 207538 has been incorrectly reported in the
port a stringent lower limit to its column density of @m=2, Renson (1991) catalogue
leading to a conversion factor of2lx 107, This CO-to-b gue.

conversion factor is consistent with the range expected when In iinc;lusmn, basbeidton Kurt:jcz c?ges (_)ur_stelllar a?all);ss
translucent material is present along a sightline (van Disho ws that we were able to reproduce the principal spectraliea-

& Black 1980). Our result therefore further suggests that alofl es obs_erved in HD 207538 frpm the far-UV to visible range
ing a single set of atmospheric paramet&gg,(logg and¢)

this particular line of sight some denser, colder gas is presert: .

HD absorption lines are also seen along this sightlin%r.1d chemical gbundancgs. i
Their study is discussed in Lacour et al. (2003). They find 1he analysis of the interstellar gas content in FH8SE
that a HDH, ratio of 89 x 1076 cannot be explained un-fange toward HD 207538 led to estimates of the®O, N, O,
less the main molecular component is dense enough to shigly Al Farand Ri column densities. The high CO-toldon-
the HD molecule from the external UV radiation field. The reversion factor, the large molecular fraction as derived from the
cent chemical model of translucent clouds of Le Petit et 41P/Hz ratio both argue for the existence of some translucent
(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 idégle 4. ISM molecular and atomic column densities toward
that some translucent material is present in the interstellar gq&207538.

Species lodN(dex)

6. Conclusions Arl 16.45 5
CcOo >15.00
We performed a detailed abundance analysis of both the stel- Cl1 14.4%
lar atmosphere and the interstellar medium toward the sus- Fen 14.80°19
pected CP star HD 207538. We combined Far-UV spectra ob- HI 2134+0.12
tained byFUSE UV spectra obtained byJE with our optical H20 2064+ 007
spectra obtained with the ground-based SARG-TNG facility. Eg; 2()1287152'(?5
Synthetic spectra were computed using ATLAS9 and H23 17‘95352
SYNTHE for the stellar contribution and by the OWENS code Ho4 176040
for the interstellar medium spectrumiféctive temperature and H25 15-965%%
surface gravity were fixed by matching the UV and visible flux H26 ~14.00
distributions. We found that our values are in agreement with H27 >14.00
the values given by Daflon et al. (1999). Microturbulent ve- HD 1586+ 0.35
locity was determined assuming that the oxygen abundance in- N1 172+ 05
ferred from ten lines is independent of the measured equiva- Na1 >14.72
lent width. Rotational velocity was determined by matching the O1 17.80°33

profiles of five unblended metal lines. Pu_ 1300« 1460
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material among the ffuse interstellar gas components towarbe Zeeuw, P. T., Hoogerwerf, R., De Bruijne, J. H. J., et al. 1999, AJ,
HD 207538. However, high resolution observations of atomic 117, 354

species such asiQCr* and Q** using the STIS range are re-Dixon, W. V. D., & Hurwitz, M. 1998, A&A, 500, L29

quired to confirm the existence of denser cloud components dgigmat, Y., Zorec, J., Hubert, A.-M., et al. 2002, A&A, 385, 986

to study the depletion pattern along this sightline. Gies, D. R., & Lambert, D. L. 1992, ApJ, 387, 673 _
Gratton, R., Bonanno, G., Bruno, P., et al. 2003, Ap&SS (in press)
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