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ABSTRACT

Context. Hyper-velocity stars are suggested to originate from theadyical interaction of binary stars with the supermasshaelb
hole in the Galactic centre (GC), which accelerates one oot of the binary to beyond the Galactic escape velocity.

Aims. The evolutionary status and GC origin of the hyper-velosigr SDSS J113312.2010824.9 (aka HVS 7) is constrained from
a detailed study of its stellar parameters and chemical ositipn.

Methods. High-resolution spectra of HVS 7 obtained with UVES on theCPA.T were analysed using state-of-the-art NYTEE
modelling techniques that can account for a chemicallysfi@ccomposition via opacity sampling.

Results. Instead of the expected slight enrichmentaaflements and near-solar iron, huge chemical peculiartiall elements are
apparent. The helium abundance is very le/(00 solar), C, N and O are below the detection limit, i.e theymderabundang(l/3
to <1/100 solar). Heavier elements, however, are overabundanirdn group by a factor 610, P, Co and Cl by factors40, 80 and
440 and rare-earth elements and mercury evenlfy000. An additional finding, relevant also for other chaatticpeculiar stars are
the large NLTE ects on abundances of and Far (~0.6-0.7 dex). The derived abundance pattern of HVS 7 is cteistic for
the class of chemical peculiar magnetic B stars on the mauesee, which is corroborated by the high projected ratatalocity,
vsini =55+2 kms™. Both facts render a low mass nature of HVS 7 as a blue hodkbranch star unlikely.

Conclusions. Such a surface abundance pattern is caused by atoffuisidn in a possibly magnetically stabilised, non-convectit-
mosphere. Hence all chemical information on the star'sptddirth and its evolution has been washed out. High pretiastrometry
is the only means to validate a GC origin for HVS 7.

Key words. Galaxy: halo — stars: abundances — stars: chemically @ecultars: distances — stars: early-type — stars: indizidua
SDSS J113312.1010824.9

1. Introduction At present, no HVS can unambiguously be related to a

Hills (1988) predicted that the tidal disruption of a bindzy GC origin. Instead, alternative methods of acceleratiarhsaas

X : dynamical ejection from dense cluster cores (Leonard 1991)
a supermassive black hole (SMBH) could lead to the ejecﬁongy disruption of a binary by an intermediate-mass black hole

stars with velocities exceeding the escape velocity of @mlagy. - :
The Galactic centre (GC) is the suspected place of origihexfe é(;g;é?;rﬂns & Portegies Zwart 2007) challenge the SMBH

so-called hyper-velocity stars (HVSSs), as it hosts a SMBre T SDSS J113312.1010824.9(aka HVS 7, Brown et al. 2006)

first HVSs have only recently been discovered serendipi';tou§S the 4th-bri ;
e ’ -brightest HVS candidate known=£ 17.80). Its spec-
(Brown et al. 2005; Hirsch et al. 2005; Edelmann et al. 2095).tral morphology of late B-type is consistent with either an

systematic search for such objects has resulted in theyiseo ;.. adiate-mass star close to the main se
" ) - guence or a ksg-m
of 8 additional HVSs (see Brown etal. 2007; Heber etal. 2008Q, 1, the blue horizontal branch (Brown et al. 2006; Heber e

A determination of the space motion of a HVS can be used fp 2008b). We obtained high-resolution spectra of HVS hwit

trace back the trajectory unambiguously to the place otiejec ot :
This has been done only for one HVS (HD 271791, originatir‘lng;;i/rllEgS S?gtg_]gf_\t/#er_:rqdm%%r;%%?e%%i?;ltglsvﬁliﬁg%‘gﬁﬁly&s
from the Galactic rim, Heber et al. 2008a), a#fisiently accu- to constrain its nature and its place of origin

rate proper motions are lacking for all other HVSs at present '

Alternatively, the chemical composition of a star may be

used to constrain its place of origin. Stars in the GC have2a Observations and quantitative analysis
unique chemical composition, as they show enhancemeneof . . . .
a-e?ements and rougﬁly solar iron (ng. Cunha et al. 200‘;)_ %‘éventeen spectra of HVS 7 with a total integration time of

far, only one object could be studied in this way (HE 043439, _'8 h were obtained between Qpril 15 and May 10/3'\ 2007, cov-
which probably originates in the Large Magellanic Cloudzyer €MNng the range of 3750t0 4950 A and 5700 to 9000 A at a resolv-

billa et al. 2008). This method is currently limited by theedgo N9 Power ofR~ 35000. The data reduction followed procedures
obtain high-resolution spectra of faint objects. described by Koester et al. (2001). A spectrum of the DC white
dwarf WD 1055-072 was also taken so that the continuum could
Send offprint requests to: przybilla@sternwarte.uni-erlangen.de be normalised reliably. No radial velocity variations wévand
* Based on observations collected at the European SoutheserObWwithin the detection limits. A peak/S of ~80 per resolution
vatory, Paranal, Chile, proposal 079.D-0756(A). element was measured for the coadded spectrum in the blue.
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Fig. 1. Comparison of spectrum synthesis for HVS 7 (full line, fouaBlances as in Table 1) with observations (grey), exempiaigome strategic
regions. Abscissa is wavelength (in A), ordinate is reaflux. Panels (a) to (d) illustrate tie; and logg determination from Balmer lines (H

in (a)) and the Siionisation equilibrium: B{b), Sim (c) and Si (d). Note the strong Silines in panel (b) indicative of a Si overabundance. Panel
(e) illustrates the weakness (deficiency) ofildad Mgun, (f) the absence (deficiency) ofiC(g) the presence (strong enrichment) ofi@nd (h)

a blend of Snand Siu. Iron group elements are highlighted in (c) and rare-eddiments in (d). Other prominent spectral lines are ideuwtifie

An inspection of the spectrum indicated at first glance thgteculiar’ species for the present work. The main sources of
HVS 7 is a chemically-peculiar (CP) late B-type (Bp) starhwitatomic data (energy levels, wavelengths, transition driitias)
moderate (projected) rotational velocitgini. The helium lines were the NIST and the D.R.E.A.M. databases, supplemented
are extremely weak, very strong silicon features dominfa¢e tby data from Kurucz & Bell (1995). Isotopic and hyperfine-
metal line spectrum. A closer inspection identified mosthef t structure for Ew and Hgu lines were treated according to
a-process elements and most of the iron group elements in thawvler et al. (2001) and Castelli & Hubrig (2004), respeetyv
spectrum, and many heavier species up to rare earth eleméime broadening was treated according to Cowley (1971).
and mercury. The presence of chlorine and strong phosphorusThe dfective temperatur&e; and the surface gravity lag
and cobalt lines in the spectrum of HVS 7 is unusual even for Gire determined from the Stark-broadened Balmer lings (H
stars. Moreover, lines of carbon, nitrogen and oxygen asersb to H;;) and the ionisation equilibrium of Sjm (the strongly
within the present detection limits. Many observed spétitres  plended Si 43905 A line [in LTE] is also consistent). The mi-
remain unidentified, in the red spectral region, in paricul ~ croturbulence velocity was derived in the standard way by de-

The quantitative analysis of HVS 7 was carried out based amanding that the line equivalent widths withinirbe indepen-
standard assumptions made in the field of CP stars (in pkticudent of abundance. The uncertainties in the stellar pasmset
assuming a chemically homogeneous atmosphere). In additifT ¢, logg) were constrained by the quality of the match of the
we went beyond the standard by accounting for NLTEe@ds spectral indicators within the giveni$limitations. Heber et al.
for many important elements. We followed the methodology di(2008b) determinedies = 12 60Q:500K, logg=3.71+0.2 from
cussed by Przybilla et al. (2006) and Nieva & Przybilla (2007an LTE analysis of the Balmer series in spectra of lower resol
with some modifications and extensions in order to account fiton in excellent agreement with the present results.
the chemical peculiarity of the stellar atmosphere. Elemental abundances were determined from fits to profiles

In brief, NLTE line-formation calculations were performedf isolated lines (or features with resolved blends). Speat
on the basis of line-blanketed LTE model atmospheres{$d2, synthesis was mandatory because at the gwgni the iden-
Kurucz 1996) using updated versions ofi and Srrace tification of line blends has to be considered carefully feua-
(Giddings 1981; Butler & Giddings 1985). The coupled statisessful analysis. Upper limits to the C, N and O abundances we
tical equilibrium and radiative transfer problem was sdlvéth  determined from G 14267 A, Nu 13995A and Q 117771-
Detar and Sirrace provided the formal solution based on the re5 A, the strongest predicted features for these elemengsoiily
sulting NLTE occupation numbers. Line-blocking withimi.  available Hg line (Hgr 13984 A) is blended, therefore the Hg
was realised here using an opacity sampling techniquediocpr abundance is regarded as uncertain.
to Kurucz (1996). State-of-the-art model atoms were engtoy  The chemical peculiarity of the stellar atmosphere reguire
as indicated in Table 1, and in addition the hydrogen moaehat an iterative approach to the analysis. Starting with a muitél
of Przybilla & Butler (2004).

LTE line-formation was performed withu8race. The list ! http://physics.nist.gov/PhysRefData/ASD/index.html
of elements for the spectrum synthesis was extended to thiehttp://w3.umh.ac.be/~astro/dream.shtml
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Table 1. Stellar parameters & elemental abundances of HVS 7 SN
Ter (K) 12000500 M/Mg  3.720.2 [ 8 O crele iorces T d |
logg(cgs) 3.80.1 R/Ro 4.0£0.1 gL & O ouefonied _
¢ (knys) a1 L/l 300:50 [ n o e “g e
vsini (knys) 55+2 Tevol (Myr)  150+10 . 5 5 i 1
lon gNLTE B #  lon sTE # g o, T8 i
Her! 8.90:t0.11 9.240.17 3 Ca 660 1 & , [ * ; | 1
c? <650 <647 ... Sa 400 1 Ot L Sonbh ]
N <7.50 <7.60 ... Cx 6.39:0.12 12 r i _of o) 1
or <7.70 <820 ... Mm <6.50 ... or ¢ I 7
Mg n® 6.00 580 1 Ca 6.82+0.21 5 | x ¥, x |
Sin® 8.69:0.13 8.6%0.15 12 Sn 500 1 L * |
Sim® 8.65 880 1 W 502018 5 o T, B ]
Su’ 7.35:0.12 7.440.14 2 Eu 5.05:0.16 3 r * 1
Tin® 6.19:0.12 5.640.12 8 Gd 5.930.13 3 s
Fen® 8.44:0.13 7.780.16 27 Dy 6.03:0.23 6 e C N D MgREE s Crcase T Briinfe Cosr T RuCaby g
Pu ... 712021 2 Dym 4.830.18 3 e
Clu 792021 5 Hum 490: 1 Fig.2. Abundance pattern of HVS 7 (relative to the solar compasitio

&(X) = log (X/H) + 12. Statistical &-uncertainties determined from Grevesse & Sauval 1998) in comparison to magnetic CP stansh&ls
line-to-line scatter (# lines) are given; realistic una@tties, including are identified in the legend. The error bars represent statislo--
systematic fects e.g. if a magnetic field were present, are expecteduocertainties from the line-to-line scatter only (Table Rgalistic er-
be larger. NLTE model atoméPrzybilla (2005);°Nieva & Przybilla ror bars, accounting for systematitets (e.qg. if a magnetic field were
(2006, 2008);3Przybilla & Butler (2004);*Przybilla et al. (2000); present), are expected to be larger. Upper limits are itefiday arrows.
SPrzybilla et al. (2001)éBecker & Butler (1990), extended & updated;The grey bars mark abundance ranges observed in a samplgoétita
"Vrancken et al. (1996), updatedBecker (1998). CP stars (Lopez-Garcia et al. 2001).

scaled solar abundances a full analysis was performed.éFhetFi let states can build up deep in the atmosphere because ra

5‘4'“”9 abundanqes were used to compute an improved mo&'l ive de-excitation to the ground state is forbidden. Same
with Aras12, which indicated corrections to stellar parameters

and abundances in a second step. Several such iteratioasavermZChbaeng‘ n;nlz IC?I O(F\:\?hrzgcvéol;ggg d7e1|_a? frﬁsS;g;IﬁrL'lggizsl-
quired to obtain consistency and a tailored atmosphericatod y ! "

. . . lations). Lines from spin systems which are not connected
The results of the analysis are summarised in Table 1, theglréuively to the ground state are observed for both ions)evhi

nal synthetic spectrum is compared ta observation for some fines from the spin systems that include the ground statairem

emplary regions in Fig. 1. Overall, good to excellent agreetm - g,
between the model and observation is achieved. Note thay mgr?low the detection limit, although both should be visibleaw

spectral lines are strongly blended and were omitted froen {§Ssuming LTE. NLTE gects for Cn 14267 A, N 13995 A (for

abundance analysis though a good match is obtained in tHe fiH%p?r I|m|tjqbut?]dadnces), tMganthn ren;]aln slmal:, as thletl_lnes
comparison, with a few exceptions. In addition, severabogsd '€ T0rmea In the deep atmosphere where evel populatiens ar

lines are unaccounted for by the spectrum synthesis. Ndiymsi close to detailed equilibrium. The strongest metal featim¢he

identification of these lines could be found, a common pnmbIeSpe.Ctrum’ of Si, are often saturated and the NLTHests re-

in the field of CP stars, because the atomic data are unaleailaf*@in Small because the lines become optically thick.

These transitions supposedly arise from highly-exciteelieof ~ Différences between the NLTE and LTE analyses are mostly

iron group species, which are unobserved at normal abuedafinilar to those in main sequence stars of normal compasitio

values, or are lines of heavier elements. (Hem_pgl & Holweger 2003), except for ifiand Far. For these,
Many chemical peculiarities relative to the solar standaed SUrPrisingly large NLTE gects are found here;0.6-0.7 dex,

found, as shown in Fig. 2. In general, we find an increase §fceeding even theffects found in supergiants (Przybilla et al.
abundance with atomic weight. The He abundance is extrem 6) at S|m.|IarjI'eff..The main NLTE mechanisms in these cases
low (<1/100 solar), C, N and O are absent within the detef:‘-e an overionisation of the ground state and the ene_r{c]guca
tion limits (<1/100, <1/3, <1/10 solar, respectively) and Mg 'OW levels. Because of thg large overabundances the lirres fo
is markedly underabundant1/30 solar). Silicon is the most at mgph smaller depths n the atm_osphere than under normal
abundant meta{10xsolar) and Cl, Co and P are pronouncedi§onditions (though avoiding saturation), so that the lga-
overabundant440, 80 and 4@solar). All heavier elements areUlations deviate strongly from detailed equilibrium vauBuch
largely overabundant:10xsolar values for iron group elements? mechanism is also plausible for the first ions of the raréhea

and~10000xsolar values for rare-earth elements and mercung/€ments, which have ionisation energies of about 10-12eV,
they are @iciently ionised by the intense radiation field long-

ward of the Ly jump. This may e.g. explain the virtual absesfce

NLTE effects. There are very few NLTE analyses of CP starexpected Gd resonance lines in the optical, whereas lines from
available in the literature, which mostly deal witfBoo stars excited Gdr levels are observed. Accounting for NLTHects
(Paunzen et al. 1999; Kamp et al. 2001). We therefore wantrt@ay also help to establish the By ionisation equilibrium.
briefly discuss some results that may be of relevance to other For the moment, we can conclude that some CP stars with
studies of Bp objects and possibly for other CP star groups. elemental overabundances, such as the Bp star analysed here

NLTE and LTE abundances from the weak Heeatures may be good candidates for the study of NLTiEeets. Further
(only triplet lines are observed) showfdirences up te0.5dex investigations will be required, as the present resultsioahe
(Her 15875A), as a significant NLTE overpopulation in thegeneralised to other CP star classes.
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The aim of our spectral analysis was to search for chemical
signatures that might constrain the place of birth of HVS thin
Galaxy, e.g. inthe GC. However filision processes have erased
any indication of its original composition. A verificatioff the
Hills mechanism for the acceleration of HVS 7 has to await a
measurement of the star’s proper motion.

Numerical kinematic experiments using the Galactic poten-
tial of Allen & Santillan (1991) predict a proper motion of
1o =—0.53masyr! and u; =-0.51masyr! for HVS7 in the
case of a GC origin. The resulting space velocity would then

log g

[ 4Mg o 5Mo o 1 . . .
w4 b - N b be ~830kms?. HVS 7 could reach its current position in the
T Galactic halo easily withimeyo = 150+ 10 Myr when accelerated
log Ty by the SMBH in the GC, i.e. the flight-time of 120 Myr is con-

Fig. 3. Position of HVS 7 in theT—logg diagram for the determina- Sistent with a GC origin. However, the predicted proper oot
tion of its evolutionary mass and age (error box in grey).|Eonary IS so small that present-day instrumentation is not capable
tracks for solar metallicity are adopted from Schaller efE892). Time measuring it with sflicient precision. Final conclusions can be
markers in the range 130-160 Myr are shown for each track. drawn only after the GAIA mission.
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