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Fig.1 Comparison of abundance patterns of [X /Fe]. The red squares with error bars refer to the
observed elemental abundances of CS 30301-01523 34 and the corresponding errors. The blue stars with
error bars are the observed elemental abundances of HE 10454-0226>%) and the corresponding errors. The
black filled circles with error bars refer to the averages of observed abundances of 7 CEMP-s binaries and

the corresponding average errors. Therein, the data of CS22880-074, HD 196944 and CS 22942—-019 are
from Refs. [33-34]; the CS 29512-073 data come from Ref. [36]; the data of HE 0336+0113 and
HE 2158-0348 are from Ref. [37] and the data of HE 2138-3336 come from Ref. [38].
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Fig.2 Best fitted results for the sample star CS 30301-015. In the top panel, the filled circles are the
observed abundances and the solid line is the calculated abundances. In the bottom panel, the filled
circles refer to the relative offsets, Alge(X) = lge(X)car — lge(X)obs. The dashed lines are the calculated

€errors.

N T HE— 2 Hr DL B3R A% A B AR X CS 30301015 7T 2 A FE A AR X Tk, A
HHETIAEARARFA RN EFRE, THESERWEF R WNEHTLUEH, X F
CS 30301-015/ %% 70 & AlFelti 7t % £ F, primary7r £ F B & & T X Er- o A F 5
s R EFE. X B HHCS 30301-015/ 52 70 3% Ml Fele Ju 3R F FE = 2k |7 Kl & 2 1)
primaryid F2. X TR FERIGCREE, F IR EFEE EERT F B A 55
AR EERE. X UHCS 30301015 % 3k 0 2 1) 5 B R AR HOR JE 2 st FE,
BNCS 303010150 T2 3k 0 R T B R HAGBE P~ WIitig e, 3k — DR 2 ix 4 e i
FE P2 72 55K A B T R A 23 2 L Pk B2 AR IR 22 I (BT SRR A 2 A 5 Dy
) TR L 2 ()AL e R A

H U = FE T 1, CS 30301-015[Pb i 3 8 #=([Pb/Fe] = 1.7). Choplin% 91/

37-6



62 & o OWEE: WHICEMP-s LR b2 T0 3 R AR BRI AT 7T 4 3

primary §5s-id R B RAY Jo I ORI — 32 BRI, B2 A 45 2R 7T DA 1, BATTx T
BEREAC R s PO TF 5 R FEAR AP & 7 O IN = B2. B3 PLI % o AR R R A,
Lis-1d BT BEFE A PR DTHRIE 3 £999.8%, 3 K T Zr- ik BN 55 -1 75 (1 TR
I, CS 30301-015/IPbj 4= I G 1% L VAP T 32 Es- 1 FE R Tk

8 prerrrrrrrrrrrerre LA LA LA LALLM
CS 30301-015
TE m Observation
® Calculation
6F ] r,m
- pri
5 A ﬁ A sm
]
4E @
3 . A
! 3
=

w 2 4

= i
1 A A []

i F
0 ] ii
1 E g
2 i
3E
4 B [T T [T T Lesoiasansiananaia, [T
0 20 40 60 80 100

3 BEAECS 30301-0154L2 T HIAMR AL, S0 900 0E J7 T AR 2 He 4 BRI BERTA L 522 £ €2 520
PRI VRIS T B RMIIR 2. G3TY. SERERAE G E= A MAEEZ 8 (r, m). primaryit
7 (pri) M Es 1t B (s, m) AR,

Fig.3 Component abundances of chemical elements in the sample star CS 30301-015. The black filled
squares with error bars refer to the observed abundances and the corresponding errors. The red filled
circles with error bars are the calculated abundances and the corresponding errors. The cyan filled
diamonds, green stars and blue up triangles refer to the abundances of main r-process (r, m), primary

process (pri) and main s-process (s, m), respectively.
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Fig.4 Best fitted results for the sample star HE 1045+0226. Symbols are the same as in Fig. 2.
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Fig.5 Component abundances of chemical elements in the sample star HE 10454-0226. The magenta
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Study of the Astrophysical Origins of Chemical
Elements in Two Apparently-single CEMP-s Stars

WANG Shuang!  YANG Guo-chao!  ZHANG Lu? LI Hong-jie!
ZHANG Bo?

(1 School of Science, Hebei University of Science and Technology, Shijiazhuang 050018)
(2 School of Mathematical Sciences, Hebei Normal University, Shijiazhuang 050024 )
(8 College of Physics, Hebei Normal University, Shijiazhuang 050024)

AsstracTt (CS30301-015 and HE 104540226 are two metal-poor stars which show
overabundance of both C and s-process elements (i.e., CEMP-s stars). The radial ve-
locity observations suggest that these two CEMP-s stars have constant radial velocities
and suggested that CS 30301-015 and HE 104540226 could be single stars. Study of the
astrophysical origins of chemical elements in the two apparently-single CEMP-s stars
can provide useful clues for better understanding the chemical evolution of the early
Galaxy. Based on the superposition and decomposition calculations, we investigated the
astrophysical origins of chemical elements in the two sample stars. We found that the
lighter and Fe-group elements of these two sample stars are mainly produced by primary
process in massive stars. For CS30301-015, the neutron-capture elements dominantly
originate from the main s-process in Asymptotic Giant Branch (AGB) stars. The high
Pb abundance can be explained by the contribution of main s-process. The contributed
fraction of main s-process to Pb is about 99.8%. More radial-velocity observations are
needed to confirm the orbital features of this sample star. While for the other sample
star HE 104540226, the heavier neutron-capture elements with 56 < Z < 62 are mainly
produced by main s-process and Eu mainly originate from main r-process, Z is the pro-
ton number. However, the lighter neutron-capture elements Y and Zr mainly come from
the primary weak s-process occurring in fast rotation massive stars. The contributed
fractions of the primary weak s-process to Y and Zr abundances of HE 1045+0226 are
about 69.8% and 67.6%, respectively. This suggests that the apparently-single CEMP-s
star HE 104540226 should have the footprints of primary weak s-process. The conclu-
sions prove that weak s-process could occur in metal-poor environments.

Key words stars: abundances, stars: formation, stars: chemically peculiar
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