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V4334 Sgr (“Sakurai’s Object”), 
a post-AGB star

Herwig et al., Astrophys. J., 727, 89 (2011)

a low-mass, low-metallicity 
post-AGB star in the SMC

Lugaro et al., Astron. Astrophys., 583, A77 (2015)

a low-metallicity 
main sequence star

sub-solar 134Ba/136B ratios 
in pre-solar SiC grains

Liu et al., Astrophys. J., 786, 66 (2014)Roederer et al., Astrophys. J., 821, 37 (2016)



But these are not really today’s subject,

CEMP-i stars.



evolved AGB star
(not directly detected today)

unevolved companion
(observed today as the CEMP-s star)

C, …
s-process elements

The accepted formation scenario of CEMP-s stars:



Lugaro et al., Astrophys. J., 747, 2 (2012)



Lugaro et al., Astrophys. J., 747, 2 (2012)

(1) The [Ba/Fe] distributions of the CEMP-s and CEMP-s/r are different.

CEMP-s

CEMP-s/r



Lugaro et al., Astrophys. J., 747, 2 (2012)

(2) The [Ba/Fe] and [Eu/Fe] ratios are correlated in the CEMP-s/r stars.

correlation



Lugaro et al., Astrophys. J., 747, 2 (2012)

(3) The [ls/hs] distributions in the CEMP-s and CEMP-s/r stars are different.

CEMP-s

CEMP-s/r

AGB s-process model predictions



(here, r+s is 
equivalent to r/s)





Hampel et al., Astrophys. J., 831, 171 (2016)Bisterzo et al., Mon. Not. R. Astron. Soc., 422, 849 (2012)

fit with AGB s-process model
and initial r-process enhancement fit with one-zone i-process model



Hampel et al., Astrophys. J., 831, 171 (2016)Bisterzo et al., Mon. Not. R. Astron. Soc., 422, 849 (2012)

fit with AGB s-process model
and initial r-process enhancement fit with one-zone i-process model



Woodward et al., Astrophys. J., 798, 49 (2015)

blue = inward
    red = outward



CEMP-r/s (-i)
CEMP-s
other binary systems

Hansen et al., Astron. Astrophys., 588, A3 (2016)



Surveys that may identify more CEMP-i stars:

Best and Brightest 
(K. Schlaufman & A. Casey)

The CFHT “Pristine” Survey
(E. Caffau, E. Starkenburg, N. Martin, 

K. Venn, K. Youakim, et al.)

4MOST at ESO’s VISTA Telescope



sometimes detectable 
(not always simultaneously)
Hubble Space Telescope required  
(or makes big improvement)



[C/Fe]  > +1.0 
      (or > +0.7?  
       or luminosity 
           criteria?)

0.0 < [Ba/Eu] < +0.5

A minimal set of abundance 
discriminants to identify 
CEMP-i stars:

criteria: basically like CEMP-r/s from Beers & Christlieb, Ann. Rev. Astron. Astrophys., 43, 531 (2005)



[C/Fe]  > +1.0 
      (or > +0.7?  
       or luminosity 
           criteria?)

0.0 < [Ba/Eu] < +0.5

criteria: basically like CEMP-r/s from Beers & Christlieb, Ann. Rev. Astron. Astrophys., 43, 531 (2005)
figure: based on data in Roederer et al., Astron. J., 147, 136 (2014)
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(CE)MP-r?

A minimal set of abundance 
discriminants to identify 
CEMP-i stars:
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GALACTIC ARCHAEOLOGY



football at 
Michigan State University

football at the University of Michigan

football / “Touchdown Jesus”
at the University of Notre Dame
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