D/H and D/O in the Galactic Disk towardsthe CSPN RX J2117.1+3412
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FUSEspectra spanning 922- 1187A have been obtained for the star
RXJ2117.1+3412. This star is in the Galactic disk8(°, b=-10°) at a
distance well beyond the Local Bubble: D= 76®30 pc (Vauclair et al.
2002). The available measurements of D/H vary enormousyuét in-
termediate distances, for reasons that are not yet entirelgrstood. It
has been proposed by Linsky et al.(2006, ApJ submitted)dialietion
of deuterium onto dust grains is responsible for these trans. This
hypothesis appears consistent with the available datajdiatled anal-
yses of many more sightlines, probing a variety of environtsieare
needed to test the hypothesis further. Whether or not thpotimesis
Is confirmed, additional data are required to obtain a betiantitative
understanding of the evolution of D/H in the Galaxy.

RXJ2117.1+3412 is a PG 1159-type central star of a planetyla.
The stellar parameters have been determined by Werne(2084). Itis
extremely hot: Tg = 170 000K, with a surface gravity of logg 6.00
and an atmospheric composition of He (38%), C (54%), O (6%, a
Ne (2%) (abundances by mass fraction). As a consequence tidh
temperature and gravity, the photospheric features amdbaad easily
distinguished from the interstellar absorption features.

The FUSEIinstrument consists of 4 coaligned telescopes and spectro-

graphs; two channels contain Al/LiF—coated optics and trdain SiC—
coated optics. The LiF channels cover the wavelength ra@geXL87,
and the SiC channels span 905-140Zhe typical spectral resolution is
0.054, or ~ 15 km/s. More information abolUSE can be found in
Moos et al. (2000) and Sahnow et al. (2000). Observations WSE
were obtained through both the LWRS and MDRS apertures,ragsd
rized in Table 1, though only the MDRS data are described Hére in-
dividual exposures were processed using version 3.1.32dA_FUSE
pipeline, coaligned on interstellar absorption features @mbined.

[ Deuterium ]

| |

[ Nitrogen ]

The D1 absorption profiles are well-separated from the the narrow H  Apsorption lines of O have been analyzed by profile fitting and by  The profile fit to the N lines yields log Ny;= 16.35+ 0.03. A sample

profiles. Five of these transitions are free (or almost fadd)lending
with O1 and H; these are shown in Figure 2. The 916.47920.713,
and 925.97A lines are uncontaminated; the 919.20and 937.548
lines have modest contamination by Hhat can be corrected with rea-
sonable accuracy. The remaining Ines are either significantly con-
taminated or saturated.

The D1 transitions were analyzed by profile fitting and by a

curve of growth analysis. The profile fitting was tried withtio
one and two velocity components; no significant second com@pio
was found. The profile fit is shown in Figure 2, and the resgltin
column density i1s log Ny= 15.76 £ 0.02. The curve of growth
analysis, shown in Figure 3, gives logpN 15.76 = 0.01. The
uncertainties are dominated by systematics, and are stithtive.
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The IUE spectra were processed and combined as described in Hol- ' F Jﬁ“ﬂ =Y ki
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resulting spectrum is shown in the section below in Figure 1. S L L S
k————————————JF;WT*—L—————“M——fﬁ%QE
: Fox £
[ F rjr + F ]
Table 1. Observation Log . ’ W, | Toreote JJ | ]
Obs ID Aperture  Ty(s) Date -50 0 50 100 150  2006-50 0 50 100 150 200
D1800201 MDRS 6421 2003-06-21 Velocity (km/s)
D1800202 MDRS 10746 2003-06-22
P1320501 LWRS 8232 2000-07-16
SWP 47566 L 21600 1993-04-27 Figure 2. The most useful Diransitions are plotted as a function of velocity. The indlial
SWP 47563 L 21720 1993-04-28 absorption components are labelled in blue. The overal filatted in red; the green curve is
the fit with N(D1)=0 to show the st th of taminating feat :
SWP 55411 L 26400 1995-08-03 e fit wi (D1)=0 to show the strength of contaminating features
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The column density of neutral hydrogen was determined bgdithe -3.8 = B
damping wings of the Lyman-profile. ThelUE Lyman-a spectrum is i > i
shown in Figure 1. The stellar model (kindly provided by K.M#&r) is - —
plotted in green, and shows that the stellanHabsorption should have —40r ’
little or no impact on the interstellar Habsorption profile. The overall  — I i
fitis plotted in red. There is no evidence for a wind irvNThe derived % usl B
column density is log N;=20.54+0.04. The uncertainty in logNis E : |
dominated by the uncertainty in the background level, antema- g I 1
tive. Further work is planned to improve upon this. The Lynealye o A4 o =
(not shown), is well-modelled with a b-value foritdf 10.8 km s1. = I > = :ﬁ; ]
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Figure 1. The H Lymana profile measured bYUE is shown. Interstellar absorption lines
are labelled in blue. The overall fit is plotted in red; theegreurve is the stellar model used
to normalize the data in the course of the fit. The small peak’@8A and the sparse region
at 123\ are pixels flagged as bad, and were excluded from the fit. Eloearonal emission

filling in the bottom of the IS absorption profile was also extdd from the fit.
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Figure 3. The equivalent widths for thel@bsorption features are plotted as a function of
log fA; the best-fit curve of growth (solid line) gives logyN 15.76+ 0.01. The dashed lines
correspond to the®extremes in N and b.

curve-of growth. Numerous lines are present in F@SE bandpass,
with oscillator strengths that vary by a factor of 1000. Hwere both
the profile fit and COG analyses indicate that only the wedkes{O|

974.07(5\) IS unsaturated. This line is shown in Figure 4. The profile

fits indicate the presence of a weak second component, offgelocity

by +16km s%, that has a column density of about 1% that of the main

component. An example of this second component can be sdée in
red wing of the Q 1039.2304\ line shown in Figure 5. The column
density determined from the profile fits is logiN 17.33t0.05; (the
uncertainties at present are large because a number ofatsteeffects
are still under investigation).

The curve of growth analysis, shown in Figure 6, gives legN
17.31+ 0.06. This shows that only the 974.0%@ransition is clearly
on the linear part of the COG. Direct integration of the twal @707
line profiles gives log §,= 17.284+ 0.03. All three approaches yield
consistent results; the COG values will be adopted for prtgserposes.
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Figure 4. The SiC1 and SiC2 spectra in the vicinity of the @4.07® lines are plotted.
The blue curves are the intrinsic interstellar absorptimfiles computed by the profile fit, the
green curves are the individual components after conarluvith the instrumental LSF, and
the red curves are the final profile fit. The fit to the adjacentJ¥R line is constrained by a
simultaneous fit to all the other,H=2 lines in the spectrum.
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Figure 5. The left panel shows the SiC1 spectrum of thdi@s at 919.968 and 919.91A.

The latter is the second-weakest line in tH@SEbandpass, but is already saturated. The right
panel shows the strong line at 1039.2808 he weak second velocity component is clearly
seen on the red wing of the line profile.
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Figure 6. The equivalent widths for thel@bsorption features are plotted; the best-fit curve of
growth (solid line) gives log N;=17.314+ 0.06 and b = 7.04km's..

of the profile fits is shown in Figure 7.
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Figure 7. The most useful Ntransitions are plotted as a function of wavelength. The blu
curve is the model before convolution with the instrumenEL®Be red curve after convolution.

[ Molecular Hydrogen ]

Molecular hydrogen is observed at velocity 2-3 knt $o the blue of
the atomic gas, and is detected for J = 0—5. The J=0,1 transiéxhibit
damped profiles and the J=4,5 transitions are quite weakesocdlumn
densities for J-levels can be measured reliably. The JF2s8itions,
however, are on the flat part of the curve of growth exceptfemeakest
transitions, so their column densities are not as accuragere 8 shows

( Results ]

Table 3 Measured Column Densities & Abundance Ratios

Column Density Abundance Ratio (ppm)

Species Log N Ratio FUSE Solar
Hi 20.54+0.04 . .. .

DI 15.76£0.02 Di/HI 16.60+1.7 15.6
Ol 17.34+0.06 OiI/HI 588.8:98 458

N | 16.53:0.03 NiI/HI 64.6:-7.4 85.1
Fell 14.60£0.02 Feai/H1 1.15+0.12 31.6

The Hi column density of log IN;=20.54 places this line of sight
at the upper end of the so-called “intermediate column densgime,”
(log Ny,of 19.2—-20.7), for which D/H ranges from 5 to 23ppm. It is
thought that, for these column densities, the line of sigiterds well
beyond the local bubble, but not so far that one averages roaey
different environments. Thus the range of observed D/Heaheflect
the range of processes that can affect the state of IS gas darate
size scales. Five of the available 17 measurements have Bllk¢s/
>19ppm, but the remainder are all below 13ppm. The value DHH fo
this sightline, 16.6:1.7 ppm, is relatively high and thus helps to further
define the boundary between the intermediate and high cotlenasity
regimes. All 5 of the measurements available at higher coldensities
have D/H< 10ppm.

The value for O/H is 58% 98 ppm, just barely consistent with the solar
abundance of 45853 ppm (Asplund et al. 2004). This is, however, con-
siderably higher than the typical gas-phase abundance3qb@h found
by Meyer et al. (1998) or 408 ppm found by Aidet al. (2003). The
total oxygen abundance was estimated by Meyer et al. (19948 620
ppm after allowing for depletion, roughly matching the safalue. This
implies that little, if any, oxygen is bound in dust alongstsightline.

a sample of Hlines, and the column densities are listed in Table 2. The The value for D/O of 282+ 0.41x 10~ is significantly below the

log of the total H column density is log N = 18.76, giving a molecular
fraction of 0.0165.
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Figure 8. A sample of bitransitions are plotted as a function of wavelength.

Table 2. HColumn Densities

J 0 1 2 3 4 5
LogN 18.24 18.60 16.22 15.72 14.06 13.47

| |

The numerous Fe transitions in thdeUSE bandpass have been ana-
lyzed in the same manner as.OT'he column density derived from the
COG fitis log Neeji= 14.607005. As can be seen from the plot in Fig-
ure 9, the uncertainty in logN is dominated by apparent dizancies
in the f-values. The result from the profile fit is logNj= 14.58; the
uncertainty will be evaluated after further investigatafrthe f-values.
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Figure 9. The curve of growth analysis for iFés shown. The scatter about the fit is dominated
by uncertainties in the f-values for the transitions.

typical LISM value of 384 x 10~2 (Hébrard and Moos 2003), but is not
atypical for lines of sight with log N;> 20.3.

The NI abundance is quite close to the solar value (Holweger 2001).
The NI lines available are highly saturated, so they cannot be tsed
determine ionization corrections to the N abundance. ThalNindance
Is thus a lower limit for the total abundance of N.

The Fell gas-phase abundance is depleted by 1.44 dex relative 1 sola
slightly more than is typical for the warm disk gas. This issistent
with the modest extinction along this line of sight, E(B-¥)85, which
in turn is in good agreement with what is expected for typaisk sight-
lines (E(B-V) = N(H)/58-10?Y) (Bohlin et al. 1978)). Similarly, the
molecular fraction (0.0165) is typical of warm disk gas.

The results of the preliminary analysis presented here anerglly
consistent with the time-varying depletion model propobgd.insky
et al.(2006), in which the abundance of D is modulated by prefeaent
depletion onto dust grains. Further work is planned to rdfese mea-
surements and to obtain information on other consituertseojas along
the line of sight.

The profile fitting was performed using the program “Owensitten
by Martin Lemoine. The NASA-CNES-CSRUSE mission is operated
by the Johns Hopkins University. Financial support to U. &tipipants
has been provided by NASA contract NAS5-32985.
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