
{

The Discovery and Importance of 

Carbon-Enhanced Metal-Poor Stars

SDSS

Timothy C. Beers

University of Notre Dame  



 First-generation objects of high mass presumably formed from 

metal-free gas

 Lived short lives (Myrs not Gyrs)

 Exploded

 Distributed (pre or post explosion) their nucleosynthetic products

 Next-generation objects formed from the gas polluted by first-

generation objects

 A wider range of masses allowed, perhaps including stars with main-

sequence lifetimes  > a Hubble time

 Further star formation (Pop II) contributed additional material, and 

diluted the signatures of first/next-generation stars

 We should look for a characteristic set of abundance signatures 

ONLY found among the lowest metallicity stars

What Are We Looking For ? Expected 

Signatures in the Early Universe



Discovery of Carbon Stars 

M.F. McCarthy, S.J. (1994)
1818 – 1878



Discovery of Carbon Stars 

W.P. Bidelman (1956)

–1.5 < [Fe/H] < 0.0; high velocity; s-process elements

–0.5 < [Fe/H] < 0.0; low velocity; s-process elements



Discovery of CEMP Stars 

Beers et al. (1992)[Fe/H < -2.0; high velocity; unknown n-capture



CEMP Frequency / Level of [C/Fe]

Rossi et al.  (1999)

Higher CEMP Frequency + Higher [C/Fe] at lower [Fe/H] 



Refined Estimates of [C/Fe] for BPS 

Strong G-band Stars

Rossi et al.  (2005)

Apparent Split of [C/Fe] and [C/H] for [Fe/H] < -2.0 



The Plot Thickens –

Early High-Resolution Abundances

Aoki et al. (2002); Norris et al. (2002); Ryan et al. (2005)



Larger Samples of CEMP Stars with 

High-Resolution Abundances 

Aoki et al. (2007)

Clear Distinctions Between Ba-poor and Ba-rich Stars

Ba Poor

Ba Rich



Exploration of Nature’s Laboratory 

for Neutron-Capture Processes

Beers &  Christlieb ARAA (2005)



CEMP-no Stars are Associated with UNIQUE Light-

Element Abundance Patterns (Aoki et al. 2002)

CS 29498-043:  [Fe/H] = -3.8; [C/Fe] = +1.9

Harbingers of Things to Come!



Last but Definitely NOT Least… (Christlieb et 

al. 2002; Frebel et al. 2005)

HE 0107-5240  [Fe/H] = -5.3 [C/Fe] = +3.9

It is the SAME pattern among the light elements !



RV Monitoring – Hansen et al. (2016):  CEMP-s 

and CEMP-r/s (i)   Binary Fraction ~ 82%



RV Monitoring – Hansen et al. (2016):  CEMP-no 

 Binary Fraction ~ 17%



In Pictures – Low to Intermediate Mass 

AGB Stars and Mass Transfer  

CEMP-s

1 < M/Mo < 4

Receiving Star



In Pictures – High Mass AGB Stars? 

and Mass Transfer  CEMP-i

Receiving Star

4 < M/Mo < 9



Umeda

Tominaga

Nomoto

15 < M/Mo < 50

C, N, O gets out

but Fe and other

heavy elements 

do not

In Pictures – Moderate Mass Type II SNe

with Mixing and Fallback  CEMP-no



In Pictures – Spinstars  CEMP-no

50 < M/Mo < 300



Learning How to Count –

Cumulative Frequencies of CEMP Stars

Lee et al. (2013)



Cumulative Frequencies of CEMP-no (ONLY) Stars 

from SDSS/SEGUE, with Luminosity Corrections

Placco et al. (2014)



As If Right on Cue …

Nature – March, 2014 

A single low-energy, iron-poor supernova as the source of 

metals in the star SMSS J031300.36-670839.3

S. C. Keller, M. S. Bessell, A. Frebel, A. R. Casey, M. Asplund, 

H. R. Jacobson, K. Lind, J. E. Norris, D. Yong, A. Heger, 

Z. Magic, G. S. Da Costa, B. P. Schmidt, & P. Tisserand

 Announcement of  the discovery of a star with metallicity

[Fe/H] < -7.1 -- more than 10,000,000 times lower than the Sun

And of course, it is a CEMP-no star, with the same light element  

abundance pattern, and detectable (but very low) Li



Observed Elemental Abundance Pattern for

SMSS J031300.36-670839.3 ([Fe/H] < -7.8)

Note singular detections of C, Mg, and Ca – Everything else is       

an upper limit !   (Keller et al. 2014)



Yoon et al. (2016) – Absolute Carbon A(C) vs. [Fe/H]

CEMP-s + CEMP-i

CEMP-no



Yoon et al. (2016) – A(Na) and A(Mg) vs. A(C)

Group II CEMP-no:  Green /   Group III CEMP-no:  Orange

BD+44:493 HE 1327-2326



 Separation of CEMP-s(i) stars from CEMP-no stars based on 

 Yoon-Beers diagram (A(C) vs. [Fe/H]) , opening identification from 

medium-resolution, rather than high-resolution spectroscopy

New Tools / New Techniques



Hidden CEMP-no Stars 

Placco et al. (2016)



Teff ~ 6500 K  [ Fe/H] ~ –3.5  [C/Fe] = +1.1   A(C) = 6.2

Hidden CEMP-no Stars 



Yoon et al. (2016) – Absolute Carbon A(C) vs. [Fe/H]

CEMP-s + CEMP-i

CEMP-no
G 64 Stars

Caffau Star



Associations of CEMP-s / CEMP-no with 

Inner/Outer Halo Populations

Carollo et al. (2014)



Associations of CEMP-s / CEMP-no with 

Inner/Outer Halo Populations

Beers et al. (2017)



Cumulative Frequencies / Differential Frequencies of 

CEMP-no + CEMP-s for AEGIS Sample

Yoon et al. (in prep)



What Comes Next ?  Hopefully This Meeting Will Have 

Something to Say about That … A Few Already Clear

 CEMP stars, in particular CEMP-no stars, appear intimately 
related with documenting the first generations of star formation in 
the Universe

 CEMP stars may not be the full story, but perhaps a large part of it 

 Avenues for forming second-generation stars without large         
carbon abundances ?

 We need to learn how to COUNT better, as the frequency of 
CEMP-no vs. [Fe/H] diagram is of fundamental importance for 
comparison with models of the early halo

 The ENVIRONMENTS in which CEMP-no stars formed can and 
probably DO provide crucial constraining information on the nature 
of the first star-forming entities in the Universe, perhaps something 
like currently observed UFD galaxies


