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e.g. Chiappini et al. (2006)

Chemical composition of the mother star ejecta  
= observed CEMP-no abundances?

Mother star  —>   fast rotator? 
= 1st star ?



Model ejecta vs. observed CEMP-no abundance

20 M⨀, Z=10-5 mother star with 0 < vini < 640 km.s-1 Shellular rotation



20 M⨀, Z=10-5 mother star with 0 < vini < 640 km.s-1 Shellular rotation

Rotational mixing
=> Exchanges of 
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between different 
burning regions 

Model ejecta vs. observed CEMP-no abundance
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Model ejecta vs. observed CEMP-no abundance

Observations from Norris et al. (2013), Allen et al. (2012),  
Masseron et al. (2010), Keller et al. (2014), Hansen et al. (2015)



 vini  
[km.s-1]

640 
360 
270 
190 
0

27Al(p,!)28Si rate of 
Cyburt et al. (2010)

[12C/13C]

27Al(p,!)28Si rate of  
Iliadis et al. (2001)

Rotational mixing
=> Exchanges of 
chemical species 
between different 
burning regions 

20 M⨀, Z=10-5 mother star with 0 < vini < 640 km.s-1 Shellular rotation

Observations from Norris et al. (2013), Allen et al. (2012),  
Masseron et al. (2010), Keller et al. (2014), Hansen et al. (2015)

Model ejecta vs. observed CEMP-no abundance



Non-standard s-process in rotating massive stars

Source of neutrons : 22Ne(",n)25Mg



25 M⨀,   Z=10-5

Sr Ba

vini/vcrit = 0
vini/vcrit = 0.4

vini/vcrit = 0.5

vini/vcrit = 0.5, 17O+alpha : CF88/10

(460 km.s-1)

Frischknecht et al. (2012, 2016)
• Rotation boosts the s-process in massive stars
• Some CEMP-no stars show modest enhancements in s-elements 

—> BS 16929-005 : [Sr/Fe] = 0.54 

—> HE 1327-2326 : [Sr/Fe] = 1.04 
Signature of a fast rotating mother star ?}

Source of neutrons : 22Ne(",n)25Mg

Non-standard s-process in rotating massive stars


