
GAS AND METAL-POOR STARS

EMP stars: how low can you go?

What redshifts or luminosities can we 
hope to find Pop III stars, or learn most 
from non-detections? (Evan)

What are we really learning from the most 
metal-poor ([Fe/H] < -4) stars compared to 
merely low-metallicity stars (-4 < [Fe/H] < 
-2)?

Do dwarf galaxy EMP stars teach us 
something different than halo EMP stars? 
(Evan)

The most primitive stars:
4 FREBEL & NORRIS

Fig. 1.— [Fe/H] for the most metal-poor star then known as a function of epoch. The symbols denote the abundance determined
by the authors, while the horizontal lines refer, approximately, to currently accepted values. (The abundances are based on
one-dimensonal, Local Thermodynamic Equilibrium model atmospheres. See Section 3.1.)

the existence of stars with elemental abundances (rel-
ative to that of hydrogen) lower than in the Sun, and
that these lower abundances played a critical role in de-
termining the strength of their spectral features. Less
that a decade after that work, Burbidge et al. (1957) re-
viewed the case for the nucleosynthesis of almost all of
the chemical elements within stars. In the decades that
followed, exhaustive searches for, and analysis of “metal-
poor” stars – as illustrated in Figure 1 – have led to
the discovery of stars having lower and lower values of
[Fe/H], until at time of writing we know of two objects
with [Fe/H] !–5.5.

Two major developments occurring in parallel with the
early chemical abundance analyses of stars, and relevant
to the present discussion were the wide acceptance of
the “Big Bang” paradigm as the most likely description
of the Universe, and the demonstration by Wagoner et al.
(1967), for example, that at the era of decoupling of radi-
ation and matter, some minutes after the singularity, no
elements beyond lithium had been produced (if isotropy
and homogeneity were assumed).

Against this background, one might then enquire how
best observationally to examine the manner in which the
chemical enrichment of the Universe proceeded. A first
approach would be to investigate objects at high redshift,
such as galaxies and the Lyman-! clouds seen in the spec-
tra of quasars. Songaila (2001) and Ryan-Weber et al.
(2009) report that for redshifts z = 5.0 and 6.0, measures
of Si IV and C IV (Songaila) and C IV (Ryan-Weber et

respectively. See Sandage (1986) (footnote 2), for an interesting
sociological comment on the di!erences between the earlier and
current values.

al.) observed column densities imply intergalactic metal-
licity ZIGM ! 3.5"10!4Z" and (9 ± 5)"10!5Z", respec-
tively3. For solar abundance ratios these values corre-
spond to [Fe/H] ! –3.4 and –4.0. Far-field cosmological
measurements thus currently reach to abundance limits
30 times larger than those observed in the most metal-
poor stars in the Milky Way. Further, while to date only
C and Si are observed at high redshift, some 8 – 9 ele-
ments are measurable in Galactic stars observed to have
[Fe/H] = –5.5 (Christlieb et al. 2002; Frebel et al. 2005).
That is to say, it seems reasonable to suggest that the
most metal-poor stars have the potential to serve as the
best cosmological probes of chemical enrichment at the
earliest times.

2.2. Search Techniques

Metal-poor field stars are rare. To begin with, the
proportion of stars in the solar neighborhood that belong
to the halo population is only !10!3 (see e.g., Bahcall
& Soneira 1980). Further, as a rule of thumb, the simple
chemical enrichment model of the halo of Hartwick (1976;
see Section 3.2.1 below) suggests that the number of stars
should decrease by a factor of ten for each factor ten
decrease in abundance – for example, the number of stars
with [Fe/H] < –3.5 should be smaller by a factor 100
than the number with [Fe/H] < –1.5.4 Roughly speaking,
given that the halo MDF peaks at [Fe/H] = –1.5, in

3 We also note recent analyses of very metal-poor Damped
Lyman–! systems (see Cooke et al. 2010) currently observed out
to redshifts z !2 – 3, which report abundances of !6 elements,
down to [Fe/H] !–3.0.

4 See Norris (1999) for observational support for this suggestion,
down to [Fe/H] ! –4.0, below which it breaks down.

(Frebel & Norris 2011)
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GAS AND EARLY STAR 
FORMATION

What are implications of low-energy, Fe-poor Pop III 
supernovae on high-z star formation? (Anna)

Is the formation of the first metal-rich stars in the universe 
different from star formation today? (Does the typical high-z, 
low-metal galaxy look like a big GMC?)

Do metal-poor stars form in fundamentally different ways than 
[Fe/H]~0 stars?

Can we directly connect MW satellite galaxies to metal-poor 
high-z galaxies? (Ryan)



METHODOLOGY

How much is our understanding of chemical evolution 
fundamentally constrained by model uncertainty (i.e., 
chemical evolution models)?

Are we missing the whole picture by focusing on individual 
element abundances and not overall metal content? (Fe-
poor stars are not really metal-poor?) (Molly)


