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Some young, massive stars can be found in the Galactic haletah formation is unlikely to oc-
cur in the halo, they must have been formed in the disk and éeeted shortly afterwards. One
explanation is a supernova in a tight binary system. The emion is ejected and becomes a run-
away star. HD 271791 is the kinematically most extreme rayestar known (Galactic restframe
velocity 725+ 195kms ™, which is even larger than the Galactic escape velocity).redeer,
an analysis of the optical spectrum showed an enhancemeheaf-process elements. This
indicates the capture of supernova ejecta, and therefoogigim in a core-collapse supernova.
As such high space velocities are not reached by the runaaesia classical binary supernova
ejection scenarios, a very massive but compact primarpgiry of Wolf-Rayet type is required.
HD 271791 is therefore a perfect candidate for studyingensynthesis in a supernova of proba-
bly type Ibc. The goal of this project is to determine the atances of a large number of elements
from the a-process, the iron group, and heavier elements by a quiérgianalysis of the opti-
cal and UV spectral range. Detailed line-formation calttates are employed that account for
deviations from local thermodynamic equilibrium (non-UTEVe intend to verify whether core-
collapse supernova are a site of r-process element produéiere, we state the current status of
the project.
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1. Runaway stars

Young, massive stars are usually found close to the Galpleite, typically in open clusters
and associations. Some of them, however, are observedhaGatactic latitudes far away from
star-forming regions. Since no gas clouds are known in tleethat have a sufficiently high density
to form massive stars, these stars must have formed in thect@atlisc, and afterwards migrated
outwards (‘halo run-away OB stars’). They are thought toehbgen ejected from their place of
birth and accelerated to high velocity by dynamical proesssther during the initial dynamical
relaxation of a star cluster [1], or in binary interactionside star clusters [2], or by means of a
binary supernova (SN) explosion [3].

In the latter scenario the surviving companion is ejecteth vaughly the orbital velocity and
becomes a runaway star. To distinguish the SN scenario fnenother scenarios an abundance
study may be employed, as the atmosphere otlbeecompanion — afterwards the runaway star —
is polluted by the SN ejecta. An enrichment of the elemenistiag in the SN ejecta is expected.

o T T T T T Such stars are therefore ideal candidates for
i e 1 studying nucleosynthesis in core-collapse SN.
I / \ | They may in particular facilitate to decide
i \ } whether core-collapse SN are sites of r-process
o/ . nucleosynthesis, or not.
lu‘" Sun Ge "; 1 HD 271791 is the kinematically most extreme
' *75 Myrs i runaway star known (with a Galactic rest-
frame velocity 725+ 195kms?, larger than
» y 1 the Galactic escape velocity). Such velocities
\__{__30 MY ‘ff were believed only to be reached if a star is
e ‘ | ejected by interaction with the Galactic super-
e massive black hole [4]. However, HD 271791
is much younger than the flight-time from the
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centre of the Galaxy to its current position.
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Figure 1: Regions of origin for HD 271791 in th§sreover, a reconstruction of the orbit shows

Galactic plane calculated by varying the proper-m0t|t nat HD 271791 originates in the outskirts of

components within their measurement errors. The po- Gal Fio. 1). This rul h
sition of HD 271791 projected to the Galactic plane Ee alaxy (see Fig. 1). Is rules out the su-

marked. The red area is derived from our proper-motRfffmassive black hol_e Scen_ario. An a_bur_u_jance
measurement, whereas the blue area follows if proplétdy can be used to investigate the viability of
motions from the UCAC2 catalog are used. From [5]the SN scenario.
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2. Observations

We intend to perform an abundance study of HD 271791 (B2;¥I# 12.26) in the optical
and the UV spectral range in order to verify the contamimatbthe stellar atmosphere with SN
ejecta. To this aim, we obtained high-S/N optical ESO-VLTES/spectra in the 3000 to 10 000 A
range at resolving powét=A /AA =30 000. At UV wavelengths we obtained HST/COS spectra in
the 1150 to 1800 A range &= 16 000-21 000 and HST/STIS data in the 1600 to 3100 A region at
R=30000. These allow us to improve on and vastly extend otiaimnvestigation of the star [6].
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Figure 2: Periodic table showing all elements implemented in ourtgpatsynthesis. The elements marked
in red can be accounted for in non-LTE, the ones marked inngualy in LTE.

3. Methods & Analysis Techniques

In a first step, the atmospheric parameters of the star anudahbaes for a restricted set of
elements were determined by non-LTE modelling of the emwitecal spectrum [7, 8, 9]. In brief,
this is based on a hybrid non-LTE approach, which allows éwghly complex model atoms to be
employed. Model atmospheres were calculated under thengsism of LTE with the ALAS12
code. The coupled radiative transfer and statistical #mjisim equations were solved usingeb
TAIL, providing non-LTE level populations. Synthetic spectieravthen computed withuSRFACE.

The spectrum synthesis for the UV wavelength range had tenpéemented in the course
of our project. Lists of spectral lines were adopted for aided elements, using essentially all
available atomic data from the literature. Main data sasiweere NIST, the Kurucz databasgthe
Iron Project, e.g. [10], and the Morton compilation [11].g&ie 2 shows, the elements currently
available for spectrum synthesis. The limiting factor dgtproject is missing atomic data. For
many atoms only data for neutral or single-ionized atom®wagailable, whereas data for multiple-
ionized atoms are required because of the high effectivedeature of HD 271791.

As the lines of the runaway star are very broad due to the lutgtional velocity, they were
not suitable to test the synthetic spectra. Therefore, wd beght B-stars with similar parameters
and slow rotationi(Her, yPeg, HR 1840) for this purpose. Based on atmospheric pagaraet]
abundances (including iron) determined from the optic&ctja — which allows a considerable
part of the UV line forest to be treated as background linelemental abundances for other iron
group and heavier elements were derived by fitting syntisptctra to observation. The abundance
determination was performed strictly differentially irder to minimise systematic errors. Such an
approach is particularly suited to the identification of mtence peculiarities.

Ihttp://ww. ni st.gov/ pm /data/ asd. cfm
2http:// kurucz. harvard. edu/
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Figure 3: Abundances of HD 271791 as determined from the optical spect The left panel shows the

abundances relative to a representative B-star samptm(igret al. in prep.). The baseline metallicity of
HD 271791 relative to solar values [12], [Fe/H], is markedtbg solid line. The right panel shows the
abundances (normalised to iron) compared to hypernovevsapa (HN/SN) yields of Nomoto et al. [13].

4. Results

Optical analysis. Atmospheric parameters of HD 271791 as derived from theyaisabf the
optical spectrum are summarised in Table 1. A comparisoreshental abundances in the star
to those from a representative sample of 63 nearby B-stahgdang et al. (in prep.) are shown
in Fig. 3. As it is not expected that the core-collapse SNtajétat polluted the atmosphere of
the runaway contained much iron, we use iron as a baselireirdi abundance in HD 271791 is
~0.3 dex lower than in the comparison sample. This is not ®ingy, as the star originates from
the metal-poor outskirts of the Galaxy. On the other hanekrsé of thea-elements, e.g. Ne, Mg,
Siand S, are enhanced compared to abundance values exfmedtesi metallicity of HD 271791.
The right panel of Fig. 3 shows a comparison of the elemeiah@ances (normalised to iron)
with hypernova/supernova yields of Nomoto et al. [13]. Aliatve agreement between theory
and observation is reached for both the hypernova and thersoya yields. Only the oxygen
abundance is smaller than would be expected by theory. Hawtat may be explained because
of the use of integrated yields. Chemical homogeneity ierpected within SN ejecta. Therefore,
detailed simulations of the SN explosion and of the acanediothe SN ejecta on the runaway are
required to improve on the quantitative understanding.ninase, the observed enrichment in the
a-elements indicates an ejection of HD 271791 by a SN exptdsia very tight system. To explain
the extreme velocity a very massive but compact primanhgioty of Wolf-Rayet type is required.

Table 1: Atmospheric parameters of HD 271791 as derived from thealptiVES spectrum

Parameter Value Unit Parameter  Value Unit
Teft 18700+ 50 K vsini 128+1 kms!
logg 3.154+0.02 cgs Z 22+4 kms?
& 59+01 kmst? Vrad 443+1 kms?
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Figure 4: Abundances for three comparison stars of diffefigpt determined from the UV spectrum relative
to solar values. The error ranges correspond to the stadearation from the individual line analysis.

UV analysis. Because of the complications caused by the high rotatiaglatity of HD 271791
on the UV spectral analysis, no results are currently aviglan this. However, the tests of the
models and analysis methodology on the three slowly-r@gatomparison stars were highly suc-
cessful. Abundances of several elements from the UV amalgsrived from single unblended
lines, are shown in Fig. 4. They are displayed relative toaimendances from the optical analy-
sis (C, N, O, Al, Si, Fe) or relative to solar values for the aémng elements. The UV analysis
reproduces the results from the optical within the errorsafbthree stars. Moreover, abundances
for the other iron group elements turn out to be close to sotaovering a trend that is found for
most of the previously determined B-star elemental aburegnFigure 5 shows a comparison of
a synthetic spectrum calculated based on abundances detdrfrom the optical analysis or for
solar abundances with an HST/STIS spectrum ldér. While there are still some lines missing,
the overall match is highly encouraging. We are confidenit doa spectrum synthesis in the UV
has reached a similar degree of maturity as in the optica @] provides reliable abundances.

5. Outlook

In the next step we intend to derive abundances of the healaarents from blended lines.
This will lay the grounds for determining abundances forrdgadly rotating HD 271791 and for
comparing those with abundances of standard stars. Thisdedier to constrain iron group and
heavier element nucleosynthesis in the particular SN ebentejected HD 271791. In the future
we want to construct non-LTE model atoms for the iron growmants to minimise remaining
systematic error sources. HST spectroscopy of additiamsway stars would be interesting to
study nucleosynthesis in core-collapse SNe more compséfain
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Figure 5: Comparison of the observed UV spectrum éfer (HST/STIS) with a synthetic spectrum based
on abundances determined from the optical analysis, ifaai and solar abundances for the rest of the
elements. The lower panel shows the residuals.
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