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resolution spectroscopic follow-up observations

of candidate metal-poor stars selected from the
A stellar relic from Hamburg/ESO objective prism survey (HES)
the early Milky Way This survey, which covers the entire southern
high-galactic-latitude sky to an apparent magni-
tude limit of B ~ 17.5, extends the total survey
volume for metal-poor stars in the Galaxy by al-
most one order of magnitude compared to the total

_ N volume explored by previous spectroscopic sur-
The chemical composition of the most metal- veys.

deficient stars reflects the composition of the
gas from which they formed. These old stars A medium-resolution & ~ 0.2 nm) spectrum
provide crucial clues to the star formation his- 0f HE 0107-5240 was obtained by M.S.B. with
tory and the synthesis of chemical elements inthe Siding Spring Observatory 2.3-m telescope on
the early Universe. They are the local relics 12 November 2001. The Call KA(= 3934 nm)

of epochs otherwise observable only at Very"ne was barely visible in that spectrum, indicating
high redshifts'2; if totally metal-free (“popula- that the star was likely to be extremely metal de-
tion 111") stars could be found, this would al- ficient. Shortly thereafter, a high-resolution, high
low the direct study of the pristine gas from Signal-to-noise ratio spectrum was obtained with
the Big Bang. Earlier searches for such stars the 8-m Unit Telescope 2 (UT2) of the Very Large
found none with an iron abundance less than Telescope at the European Southern Observatory
1/10,000 that of the Suf? leading to the (ESO), Paranal, Chile.

suggestio®® that low-mass stars could only
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> . We derive an effective temperaturg&s; =
form from clouds above a c_rltlcal iron abun- 5100+ 150K for HE 0107-5240 by means of
dance. Here we report the discovery of a low- broad-band visual and infrared photometry. The
mass star with an iron abundgnc_e as low as absence of Fell lines, through the Fel/Fell ion-
1/200,000 of the sqlar value. This dlscqvery_sugalsation equilibrium, constrains the star to have a
gests that population Il stars could still exist, logarithmic surface gravity of Idg) > 2.0 dex,
that |s that the_ first generation _of stars also while main-sequence gravities are excluded by
c_ontame_d '0”9"'Y6‘d low-mass objects. The pre- o oative strengths of Balmer lines, and the
vious fa|Iure_ to find them may be an observa- strength of the Balmer jump seen in the medium-
tional selection effect. resolution spectrum. Hence we conclude that the
The star HE 010745240, at coordinates rightstar is located on the red giant branch. By inter-
ascension R.A20000) = 01h 09m 291s and polation in a 12-Gyr pre-helium-flash stellar evo-
declinationd = —52° 24 34, is a giant star of lutionary tracR, we estimate the surface grav-
the Galactic halo population with apparent magy of HE 0107-5240 to be logg) = 2.2+ 0.3,
nitude B = 15.86. It was found during medium-and its masM ~ 0.8M.. We derive [Fe/H]=

*Hamburger Sternwarte, Gojenbergsweg 112, D-2102_95'3i0'2 for HE 0107-5240, where [A/X]=

Hamburg, Germany 10g10(Na/Nx) — 10g;0(Na/Nx)e, and the sub-
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tal abundances were altered substantially from
their primordial compositions by selective dust
depletion and subsequent radiation-driven gas-
dust separatid®'?. The most extreme cases are
HR 4049 and HD 52961, which have [Fe/H]
—4.8. Other elements, such as Ca and Mg, are
depleted by a similar amount, while the abun-
dances of elements such as C, N, O, and Zn are
close to the solar valugs For HE 01075240,

on the other hand, we derive an upper limit for
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3920 3005 3030 3035 the Zn abundance that is significantly below so-

lar ([Zn/H] < —2.7). We also note that these post-
AGB stars occupy a stellar physical parameter
spaceé! that is not shared by HE 0165240, that
is, Test = 6,000—7600 K, log(g) = 0.5-12. Fur-
thermore, typically many lines in the spectra of
post-AGB stars exhibit prominent emission fea-
tures owing to a strong stellar wind, while other
lines have a complex absorption structure result-
ing from the presence of circumstellar &
Such features are not seen in the spectrum of
olbtinnnninnennend . HE 01074-5240. Finally, we note that infrared
4090 4100 410 4120 4130 4140 . .
Waveengin [A] photometry of our star does not reveal any indica-
tions of an excess of infrared flux due to hot dust.
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Figure 1:A portion of the spectrum of HE 01075240, ]
shown compared to the spectrum of GI3&° 245, the pre- ~ We conclude that HE 01075240 likely formed

viously most iron-poor giant star known. Both spectra wefegom a gas cloud with a metal abundance corre-
obtained with VLT-UT2, and the Ultraviolet-Visual EChe"esFPonding to [Fe/Hkr —5.3. The abundance pat-

Spectrograph (UVES). We note the strong molecular C .
and G lines and extremely weak lines of Fel in the speé?m of elements heavier than Mg can be well

trum of HE 0107-5240. The spectra used in our analysiit by the predicted elemental yieffsof a 20-
have a resolution oR = A\/A\ = 40,000, and a signal-to- 25M, star that underwent a type Il supernova ex-
noise ratio of more than 100 per pixel at> 4000nm. plosion, indicating that the gas cloud from which
;;'gg 2;’5@2 dwgggfggi%rnarzges are 828520 nm, 4780~ LiE 01075240 formed could have been enriched

by such a supernova. (See Table 1.) Alternatively,

HE 01075240 could have formed from a zero
(0[Fe/H] = +£0.02dex), the adopted oscillatommetallicity gas cloud, with its present metallicity
strengths §[Fe/H] = +-0.1dex), and in the line- being due to accretion of material during repeated
strength measurement uncertainti€§F€/H] = passages through the Galactic disc

+0.07 dex). An LTE analysis, conducted differen-
tially with respect to CD-38 245 (with [Fe/H] The large overabundances of C and N, and pos-
y P ~__sibly Na, in HE 01075240 can be explained by

—3.98, previously the most iron-deficient gi-

ant star known), shows that HE 01075240 is e_lther mass t_ransfer_ from a previously more mas-
k o ive companion during its AGB phase, or else by
1.4dex more iron-poor. This is in very gooé:'

. . . §elf—enrichment. The mass-transfer scenario has
agreement with our non-differential LTE value o : .
[Fe/H] = —5.4 for HE 01075240 been proposed as the likely explanation for the
e ' so-called metal-poor CH stafs Recent model
Extreme iron deficiencies have also been obemputations of the structure, evolution and
served in some post-asymptotic giant branctucleosynthesis of low-mass and intermediate-
(post-AGB) star¥!l, However, extensive stud-mass stars of zero or near-zero metallicity have

ies have revealed that their observed elemesiowrt’~1°that such stars undergo extensive mix-



ing episodes at or shortly after the helium-core Element [X/Fe]

flash, resulting in a dredge-up of helium burning Li <53
and CNO-cycle processed material to their sur- C 40
faces, especially carbon and nitrogen. The surface N 23
abundance ratios of CNO, Na, and Mg, predicted Na 08
by Siesset al.*® for stars in the mass range Mg 0.2
1-2M.,, agree reasonably well with the abun- Ca 04
dances observed in HE 010%240, within the Ti 04
large uncertainties arising from the input physics Ni _04
adopted in the model calculations. 7n <27

Our derived upper limits for Ba and Sr indicate Sr <-05
that HE 0107-5240 is not strongly overabundant Ba <038
in neutron-capture elements. In this respect, our Eu <28

star is similar to the extremely metal-poor gréht
CS 2295727, a star with [Fe/H}= —3.4 and Table 1:Abundance ratios [X/Fe] of HE 01075240 as

. derived f high-resolution, high-S/N UVES trum.
[C/Fe]= +2.2, as well as to the recently discov; ervec rom & fugn-resoluion, g Speet

” In our analysis, we used a custom plane-parallel model at-
ered class of mildly carbon-enhanced metal-pogbsphere with the most recent atomic and molecular opac-
stars that are underabundant in neutron-captityedata. Typical errors in the logarithmic abundances, re-
elementé!. This abundance pattern implies thaulting from uncertainties in the stellar parameters and os

. . . illator strengths, are.0—02 dex. Possible systematic errors
helium burning and some CNO burning may ha\}a:iére judged to be of the same order of magnitude. The abun-

occurred. However, if this scenario is correct, thfinces of C, N, and Ca have been derived from spectrum
observations suggest that the reactions involveghthesis, using theband at\ = 5165 nm, the CN band
have produced litttlé3C, or that the"3C produced atA = 3883nm (assuming a C abundance as listed above),
the Ca Il H-K lines, respectively. We measure a carbon
has _been Consumed3 by proton c_aptures. we n%['(?) opic ratio of*2C/3C > 30 from CH A-X lines.
that if a captures of3C were dominant, neutrons
would have been produced through the reaction
13C(a,n)1%0, giving rise to s-process nucleosyn-

thesis. .
of low-mass stars with [Fe/H} —2.5. For the past

It was once believed that the lowest-metallicitiwo decades, more extensive surveys have pushed
objects to have formed in the Galaxy (at leattte low-metallicity limit to [Fe/H]= —4.0, that
those that survived until the present) were the hagy the iron abundance of CB-38 245, but no
globular clusters, such as M92, with [Fe/H] lower*. On the basis of the numbers of metal-poor
—2.5, a factor of 300 times below the solastars thus far identified in these surveys, which in-
value. This belief was based on several assungiide some 1000 stars with [Fe/Hk —2.0, a sim-
tions, most importantly that star formation in thele extrapolation of the distribution of metal abun-
early Galaxy would have been strongly inhibdances suggested that if stars with [Fefd}-4.0
ited at low masses, owing to the difficulty okxisted in the Galaxy, at least a handful should
forming stars from nearly primordial gas withhave been found. The dwarf carbon star G-81
out cooling channels arising from heavy elementsis been suggested to h&v§Fe/H] = —5.5, if
such as iron. A number of early studié$® sug- a logarithmic solar Fe abundance obY (on a
gested that cooling from molecular species includeale where the logarithmic abundance of hydro-
ing hydrogen might allow low-mass star formagen is 12) is adopted, as we did for our analysis of
tion before the production of heavy metals sigdE 0107-5240. However, the analysis of the cool
nificantly polluted the interstellar medium, but n@Ter = 4,200 KP* dwarf G 77-61 is much less
examples of stars approaching such low metallicertain than the analysis of HE 0108240, be-
ities as HE 010#5240 were then known. Thiscause the spectrum of the former is dominated by
view received support from early objective-prisrmolecular bands of carbon that are much stronger
surveys that failed to detect significant numberthan in HE 01075240. Clearly, the existence of



at least one example of a star with an iron abustars are found with [Fe/Hk —4.0, we may be
dance as low as [Fe/H} —5.3 provides evidence able to use nucleochronometfyto obtain a direct
that the limiting metallicity of halo stars may notstimate of the epoch of first star formation in the
yet have been reached. Universe, possibly resulting in an improved lower
limit for the age of the Universe.
This has implications for the nature of the first

mass function (FMF) of early star formation. AlReceived 1 July; accepted 24 September 2002
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