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Overview of Carbon-
Enhanced Metal-Poor 
(CEMP) Stars
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Origin of Extremely Metal-Poor (EMP) Stars 

CEMP-no

CEMP-s

common in Extremely Metal-Poor (EMP) stars 
> 20 % for [Fe/H] < -2 with [C/Fe] ≧ 0.7 

divided into subclasses 
CEMP-s (s-process) [Ba/Fe] ≧ 0.5 
CEMP-no (no s-proces) [Ba/Fe] < 0.5 
lower and higher CEMP-no (Bonifacio+15) 

CEMP-r (r-process), CEMP-r/s (s+r), etc.

• Possible origins

Data taken from SAGA database (TS+08,11,17, Yamada+13) 
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0.  基本コンセプト
星（の標本），あるいはバイナリのデータが並んでいるよ
うなイメージ
薄い色の円の配列が Sの文字や，あるいは銀河の渦の腕に
見えたり，また円のすき間の白いところを輝く星に見立て
てもらえたり，といったことを期待している

sagasaga

2. 文字のバリエーション

3. 色のバリエーション
青系の色は天文関係のロゴなどでよく使われるので，差別
化してみる？
緑は北大っぽいイメージ？
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I) CEMP-s and no come from 
binary mass transfer 
II)CEMP-no from supernova 
models (Umeda+02) 
III)CEMP-no from rotating 
massive stars (Meynet+06)

?

See also discussions by Aoki+07, Bonifacio+15, Yoon+16, Matsuno+17, etc.

http://sagadatabase.jp


Christlieb et al. (2002, Nature, 419, 904)

Arentsen+, arXiv:1811.01975

2004, ApJ, 
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Re-Classification of CEMP Stars
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EMP s-process nucleosynthesis 
○ [Ba/C] unchanged during mass 
    transfer. 

○ The efficiency  of 
    s-process nucleosynthesis: 
     [Ba/Fe/C] = [Ba/Fe]-[C/H]  
                       = [Ba/C]-[Fe/H] 
     3-4 dex variations

[Ba/Fe/C] = 0.8

[Ba/Fe/C] ≃3.1

Lo-CEMP-no (40) 
Low-carbon band stars (SN origin) 

Hi-CEMP-no  (11) 
High-carbon band stars (AGB origin)



s-Process Nucleosynthesis 
Modeling



①Helium-Flash Driven Deep Mixing (He-FDDM) during the AGB 
phase for [Fe/H] < -2.5 (Fujimoto+90, 00, TS+04, 10) 
• 13C(α,n)16O in the He-flash convective zones 
• 13C abundance as a free parameter

Mixing Mechanisms and Neutron Sources

surface convection
Mr

time
He-flash convection

13C pocket

s-process in AGB stars

①

② ②
③ ③

③ Third dredge-up + radiative 
13C mixing 
• 13C pocket: 13C(α,n)16O 
• X(13C) = 5 x 10-3, X(14N) = 
1.7 x 10-4 (Bisterzo+10)

②Third dredge-up + 22Ne(α,n)25Mg 
• T > 3x108 K at the He-conv. (M > 3.5 M⦿) 
• (Boothroyd+Sackmann98, Busso+88, Blocker95)



Nucleosynthetic Models
– 9 –
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Fig. 3.— Left: time vs. logTHe
max, Right: time vs. logρ

Table 1: Model parameters and results

Model Mc(M⊙)† rc(r⊙)† logP∗(dyn cm− 2)† logTHe
Max(K)† Y12,0

† Y16,0
†

M8.57 1.30 0.005 8.57 0.00 2.5×10− 4

M8.53 1.15 0.008 8.53 0.00 2.5×10− 4

M8.50 1.00 0.01 8.50 0.00 2.5×10− 4

M8.485 0.93 0.011 8.485 0.00 2.5×10− 4

M8.47 0.85 0.011 8.47 0.00 2.5×10− 4

M8.44 0.70 0.014 8.43 0.00 2.5×10− 4

†The core mass and radius, proper pressure of the helium zone, maximum temperature at the helium shell flashes,

mole abundance of 12C and 16O at the onset of the shell, (cross section × mole abundance of 16O, 20Ne, 24Mg and
25Mg) for HeFDDM model from left to right.

Evolution of 
He-flash

Nuclear network models (Nishimura+08, Yamada+): 
One-zone approximation (Sugimoto+Fujimoto78, Fujimoto82) 
318 isotopes of 84 elements: 1H to 210Po 
p-, α-, n-captures and β-decays. 
NACRE, Caughlan+Fowler88, and Bao+00 rates

Max. log T at 
the bottom of 
He-conv.
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Contribution to the s-Process

13C pocket does not play a role in the s-process in CEMP stars.

similar results obtained by Bisterzo+10,11,12; Abate+15

Final abundances covered by reasonable model parameters.

① Convective 13C burning ② Convective 22Ne burning ③ Radiative 13C pocket

unless we assume thick 13C pocket layer as large as He-conv. zone.
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s-Process in EMP Stars
(1) s-process nucleosynthesis is metallicity independent at 
[Fe/H] ≲ -2. 

➢ 16O plays a crucial role in neutron density. 
➢ s-process efficiency can be measured by [Sr/Fe/C],  [Ba/Fe/C], 

or [Eu/Fe/C]. 
(2) AGB progenitors are classified by neutron sources. 

1. Convective 13C-burning: 13C(α,n)16O 
proton-capture of 12C in the He-flash convective zones:  12C(p, γ) 13N (e+ ν) 13C 

➢ Low-mass AGB stars (M≲3.5M⊙ ) :  
➢ High efficiency [Ba/Fe/C] ≃ 0.8-3.1 

2.     Convective 22Ne burning: 22Ne(α,n)25Mg 
Dredged-up 12C are converted to 14N, which are converted to 22Ne by α-captures:
12C → 14N (α, γ) 18F (e+ ν) 18O (α, γ)
➢ High-mass  AGB stars (M ≳ 3.5M⊙ ) : 

➢ Low efficiency [Ba/Fe/C] < 0.8

CEMP-s & Lo CEMP-no

Hi CEMP-no



CEMP Star Formation in 
Binary Systems



CEMP Progenitor Binaries

CEMP-s & Hi CEMP-no: larger accretion and larger metallicity
Short period binaries (P < 104 days) with [Fe/H] ≳ -3.5

[Fe/H]
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CEMP-s:       low-mass AGB stars (M ≲ 3.5 M◉) 
Hi CEMP-no: high-mass AGB stars (M ≳ 3.5  M◉)

Long period binaries 
(P > 104 days)

Lo CEMP-no: smaller 
accretion

No low-mass AGB 
stars (M ≲ 3.5  M◉) 
at [Fe/H] ≲ -3.5



Formation History of CEMP Stars

-∞

≈-3.5

≈-2

Short period 
binaries

Long period 
binariesP≈104 d

IMF transition: normal SF (TS+13)

M1 = 1-3 M⦿: CEMP-s 
M1 ≳ 3 M⦿: Hi CEMP-no

1 M⦿ ≦ M1 ≲ 8 M⦿: 
Lo CEMP-no

No CEMP stars 
No binaries with 0.8 M⦿ 
+ AGB stars

3 M⦿ ≲ M1 ≲ 8 M⦿: 
Lo CEMP-no 
Primaries are only 
high-mass AGB stars

[Fe/H]



Summary
I) s-process nucleosynthesis 
• convective 13C-burning responsible for CEMP-s and Lo 
CEMP-no 

• convective 22Ne-burning responsible for Hi CEMP-no 

II) CEMP star formation in binary mass transfer hypothesis

Class Definition Binary 
companion

Binary 
period

[Fe/H] 
criterion

CEMP-s [Ba/Fe] ≧ 0.5 Low-mass AGB ≲ 104 d ≳ -3.5

Hi CEMP-no [Ba/Fe/C] < 0.8 High-mass AGB ≲ 104 d ≳ -3.5

Lo CEMP-no [Ba/Fe] < 0.5 and [Ba/Fe/C] ≧ 0.8
Low- and High-
mass AGB ≳ 104 d All range


