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Table 2. Initial parameters for single stars and binaries.

Models M1 /Mg My /Mg Z o Porb,ini /d Vini,1 /km-s™ Vi s /km-s™

S1 60 0.014 0.0385 0

S2 60 — 0.014 0.0385 — 300 —
S3 60 — 0.014 0.0385 — 600 —
S4 40 — 0.014 0.0385 — 300 —
S5 60 — 0.0021 0.0385 — 300 —
S6 60 — 0.0021 0.0385 — 600 —
B1 60 40 0.014 0.0385 3.0 0 0
B2 60 40 0.014 0.0385 3.0 300 300
B3 60 40 0.014 0.0385 3.0 600 600
B4 60 40 0.014 0.0385 40.0 300 300
B5 60 40 0.0021 0.0385 3.0 300 300

T BAWE RS, SHPAE; My, M5l ERFREN B (KBTS Mo HHAL); ZA4RFEE; o X 25
Pty ini HREHIRPIE AW Vini,1, Vini2 200008 R R BIRILG B ARE .
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Fig. 1. (a) Variations of equatorial velocity in single star models; (b) variations of equatorial velocity in binary star models. Hollow

diamonds denote the end of main sequence; hollow circles stand for the beginning of helium burning; solid circles denote the end of

helium burning; hollow squares represent the beginning of carbon burning; solid squares represent the end of carbon burning.
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Fig. 2. (a) Stellar mass and its mass of convective core vary with evolutionary time for the models of single star; (b) stellar mass

and its mass of convective core vary with evolutionary time for the models of binary star.
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IR, 76 FEF45 R (TAMS), % BRARH: sk
S1 MR A F i il S2 (L3 3), X2
PR Y S1 28 P WU e kA (ILIET 2(a)), K&
Yy oIS, AOUR B EES. LA RiAl S2 Fl
S5, KEWIA &R F AN E R, EEFHE, 18
B SRTA A RBAR. X2 A W) IR 4 8 EE AR fE
B, 4 CNO F¥F i 2C oo & f1 150 JTe E b
UN JTE, BRI UN o R B R, A
PRBERT BEG B, ARy S5 A, RS E 5L 5 5l i
AR, BT R AU SRR e e A AR
S2 A PO AT IRIABERT Y 8.98 dex 3 %]
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Table 3. Parameters for single star at different evolutionary stages.

Sequence Age/Myr M /Mg log Tigr log(L1/Le) [N/H] Veq /km-s™ log Tt log pc
ZAMS
S1 0.0000 60.00 4.68 5.72 7.84 0.00 7.60 0.31
S2 0.0000 60.00 4.66 5.70 7.84 300.00 7.59 0.29
S3 0.0000 60.00 4.63 5.64 7.84 600.00 7.58 0.26
S4 0.0000 40.00 4.62 5.34 7.84 300.00 7.57 0.40
S5 0.0000 60.00 4.67 5.74 6.99 300.00 7.57 0.24
S6 0.0000 60.00 4.65 5.70 6.99 600.00 7.56 0.21
TAMS
S1 3.9511 42.02 4.42 5.98 9.01 0.00 7.81 0.91
S2 4.1537 44.42 4.46 6.00 8.96 18.07 7.81 0.90
S3 4.5124 37.75 4.69 5.98 9.29 18.66 7.81 0.92
S4 5.3408 31.87 4.22 5.70 8.63 1.42 7.79 1.00
S5 4.3346 54.56 4.29 6.05 7.96 7.21 7.87 1.05
S6 5.0531 34.52 4.88 5.99 8.96 25.65 7.86 1.10
BCHEB
S1 3.9550 42.01 4.46 6.00 9.01 0.00 7.98 1.43
S2 4.1574 44.40 4.51 6.02 8.98 19.75 7.98 1.42
S3 4.5162 37.62 4.77 6.01 9.30 25.72 7.98 1.45
S4 5.3453 31.83 4.25 5.72 8.63 1.37 7.96 1.51
S5 4.3383 54.53 4.31 6.06 7.96 7.28 8.03 1.55
S6 5.0570 34.44 4.96 6.02 8.97 36.78 8.03 1.60
ECHEB
S1 4.3054 25.27 5.21 5.99 23.45 0.00 8.53 3.13
S2 4.5120 25.94 5.21 6.00 23.02 158.64 8.53 3.13
S3 4.8924 16.90 5.20 5.74 24.64 76.49 8.51 3.22
S4 5.7771 15.57 5.35 5.79 25.17 327.58 8.88 4.59
S5 4.6825 39.56 4.45 6.19 8.45 5.98 8.54 3.07
S6 5.4231 18.20 5.21 5.79 28.82 49.92 8.52 3.21
BCCB
S1 4.3099 25.16 5.33 6.06 16.72 0.00 8.83 4.14
S2 4.5167 25.81 5.34 6.07 19.18 286.44 8.85 4.24
S3 4.8980 16.80 5.34 5.83 20.60 149.13 8.86 4.45
S4 5.7772 15.57 5.36 5.79 25.28 334.92 8.92 4.78
S5 4.6870 39.45 4.46 6.25 8.57 37.32 8.84 4.12
S6 5.4284 18.10 5.34 5.87 20.66 94.78 8.85 4.35
ECCB
S1 4.3100 25.15 5.42 6.09 18.59 0.00 9.07 5.25
S2 4.5167 25.81 5.42 6.10 18.47 313.57 9.06 5.19
S3 4.8981 16.80 5.41 5.86 20.55 157.94 9.06 5.40
S4 5.7772 15.57 5.40 5.81 25.43 367.73 9.03 5.33
S5 — — — — — — — —
S6 5.4285 18.10 5.41 5.90 20.90 97.57 9.05 5.34

T ZAMS NS F 5, TAMSZER £F455; BCHEB N HL.O A RIYE; ECHEB N H L SRS HURES; BCCB O 16
JABE; COBRyHh LB 45 AU BE.
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Fig. 3. (a) Surface nitrogen abundance vary with evolutionary time for the models of single star; (b) surface nitrogen abundance

vary with evolutionary time for the models of binary star; (c¢) surface helium abundance vary with central helium for the models of

single stars and binary star.

219701-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 21 (2019) 219701

#4 WEBRIESA EEH N B S H

Table 4. Evolutionary parameters for binary star at different stages.

L1 Lo N Ny
Age  Foo v v log(Ti) tog (+) log(Zer2) og (72) [] [52] Veu/ Vew/logTe/logpe/

Sequence /Myr  /d Lo Lo H HJ kms!kms! K gem?
ZAMS
B1 0.0000 3.00 60.00 40.00 4.68 5.71 4.64 5.36 7.84 7.84 0.00 0.00 7.62 0.37
B2 0.0000 3.00 60.00 40.00 4.67 5.70 4.63 5.34 7.84 7.84 288.35294.86 7.61 0.35
B3 0.0000 3.00 60.00 40.00 4.64 5.65 4.59 5.27 7.84 7.84 566.93 581.75 7.60  0.32
B4 0.0000 40.00 60.00 40.00 4.67 5.70 4.63 5.34 7.84 7.84 288.35294.86 7.61 0.35
B5 0.0000 3.00 60.00 40.00 4.69 5.66 4.65 5.29 6.99 6.99 306.83 301.14 7.66  0.50
BTM1
B1 2.6862 3.60 53.01 38.15 4.59 5.84 4.59 5.48 784 7.84 0.00 0.00 7.64 0.39
B2 2.6314 3.63 51.90 38.00 4.59 5.82 4.59 5.47 8.25 7.94 250.24162.73 7.63  0.39
B3 2.7810 4.12 51.34 37.86 4.57 5.83 4.59 5.48 8.22 7.96 238.80146.79 7.64  0.40
B4 4.1328 63.17 43.82 35.94 4.23 6.02 4.49 5.56 9.06 8.69 35.18 120.39 8.24  2.26
B5 2.9131 3.25 57.69 39.46 4.60 5.86 4.61 5.47 7.34  7.07 270.95164.95 7.68  0.52
ETM1
B1 3.8956 4.25  36.84 43.77 4.62 5.90 4.57 5.67 9.20 8.18 0.00 0.00 7.70 0.61
B2 2.7305 3.41 4544 43.82 4.60 5.78 4.61 5.57 8.66 8.26 239.26 177.55 7.63  0.42
B3 29777 3.92 4457 43.27 4.59 5.81 4.60 5.58 8.83 8.25 226.58 161.96 7.64 0.44
B4 4.1426 65.47 36.94 36.00 4.27 6.10 4.49 5.56 9.26 8.67 73.07 330.19 831 247
B5 3.9817 3.61  38.02 51.22 4.63 5.87 4.65 5.73 8.27 7.82 217.02168.84 7.72  0.69
TAMS
B1 4.0397 4.65  33.60 43.48 4.68 5.91 4.56 5.68 9.30 818 0.00 0.00 7.81 0.95
B2 4.1254 5.13  25.57 43.47 4.83 5.79 4.53 5.69 9.86 8.41 20.52 193.13 7.80 0.99
B3 4.0832 543 27.93 43.40 4.81 5.84 4.54 5.68 9.66 8.44 19.99 174.17 7.80 0.97
B4 4.0693 62.61 44.06 36.03 4.41 5.97 4.54 5.56 8.82 863 6.63 68.60 7.72 0.65
B5 4.3382 3.81 34.79 50.91 4.68 5.92 4.63 5.75 8.44 7.81 169.76 181.54 7.86  1.10
BCHEB
B1 4.0409 4.65  33.57 43.48 4.69 5.91 4.56 5.68 9.30 8.18 0.00 0.00 7.82 0.99
B2 4.1297 5.15 25.44 43.46 4.92 5.82 4.53 5.69 9.87 8.41 30.07 192.49 797 1.52
B3 4.0874 545  27.80 43.39 4.90 5.87 4.54 5.68 9.68 8.44 29.48 173.40 7.98  1.50
B4 4.1281 63.03 43.88 35.95 4.48 5.99 4.53 5.56 9.04 863 4.75 60.68 791 1.21
B5 4.3422 3.82 34.74 50.91 4.75 5.94 4.63 5.76 8.44 7.81 149.04 181.17 8.02  1.60
BMT2
B1 4.0474 4.67  33.39 43.47 4.63 6.00 4.58 5.69 9.30 9.30 0.00 0.00 8.24 2.29
B2 3.1581 3.55  43.04 43.10 4.61 5.81 4.59 5.59 8.99 8.19 231.13191.20 7.64 0.45
B3 3.1290 3.97 43.65 43.04 4.59 5.82 4.59 5.58 8.93 8.23 223.55166.73 7.64  0.45
B4 — — — — — — — — — — — — —
B5 4.3460 3.84 34.70 50.90 4.66 5.99 4.63 5.76 8.44 7.81 187.54180.93 8.26 2.34
EMT2
B1 4.0562 5.13 30.44 45.39 4.65 6.06 4.62 5.72 9.48 874 0.00 0.00 831 249
B2 3.5409 3.78  37.67 44.95 4.61 5.82 4.59 5.65 9.06 8.42 212.81195.54 7.66 0.51
B3 3.6151 4.27  37.66 44.50 4.60 5.84 4.58 5.65 9.07 8.44 203.84 175.46 7.66  0.52
B4 — — — — — — — — — — — — —
B5 4.3517 4.25 31.33 51.54 4.67 6.05 4.64 5.77 8.60 7.91 174.27292.23 8.31 2.49
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Table 4 (continued). Evolutionary parameters for binary star at different stages.

e T st e R v () 5 () Ty ) ] S
ECHEB
B1 4.4454 8.50 14.60 44.32 5.30 5.71 4.57 5.75 25.43 8.65 0.00 0.00 8.74 3.96
B2 4.5716 8.31 11.27 42.40 5.27 5.52 4.45 5.73 24.26 8.41 5894 181.80 8.70 3.93
B3 4.5155 9.20 12.05 42.46 5.27 5.56 4.47 5.71 24.15 8.44 52.74 142.55 8.68 3.83
B4 4.3645 94.44 25.01 35.66 5.14 5.92 4.50 5.58 24.02 8.65 0.32 127.17 8.37 2.68
B5 4.6953 5.16  24.36 51.19 5.18 5.95 4.61 5.80 27.78 7.85 6.01 149.71 8.48 2.99
BCCB
B1 4.4468 8.51 14.58 44.31 5.35 5.75 4.57 5.75 2491 865 0.00 0.00 8.89 4.66
B2 4.5741 8.32 11.24 42.40 5.33 5.58 4.45 5.73 23.39 8.41 67.64 179.57 8.85 4.60
B3 4.5184 9.22 12.02 42.45 5.34 5.62 4.47 5.71 24.42 844 62.74 140.22 8.88 4.71
B4 4.4963 110.76  20.53 35.48 5.36 5.95 4.48 5.59 24.89 8.65 0.56 99.94 8.90 4.56
B5 4.7078 5.25  23.75 51.18 5.37 6.03 4.61 5.80 23.51 7.85 10.68 146.97 8.92 4.63
ECCB
B1 4.4469 8.51 14.58 44.31 5.41 5.77 4.57 5.75 24.88 8.65 0.00 0.00 9.04 5.38
B2 4.5743 8.32 11.24 42.40 5.37 5.60 4.45 5.73 22.95 841 66.77 173.97 9.01 5.44
B3 4.5185 9.22 12.01 42.45 5.38 5.64 4.47 5.71 24.41 844 63.39 136.75 9.01 5.41
B4 4.4963 110.77 20.53 35.48 5.42 5.97 4.48 5.59 24.88 8.65 0.67 98.21 9.05 5.22
B5 4.7078 5.25  23.75 51.18 5.42 6.04 4.61 5.80 23.50 7.85 12.57 144.92 9.05 5.18

JE R BN HL A BA AR ST A R 4 R Y 4R
% (t = 3.95 Myr) FIRUREAL B1 iy 2 78 £ 7
ZERAIAERS (¢ = 4.04 Myr), & IIK A ) 058 #
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Fig. 4. (a) Evolution as a function of the actual mass of the abundances (in mass fraction) of different elements at the surface of a

non-rotating single model S1; (b) evolution as a function of the actual mass of the abundances (in mass fraction) of different ele-

ments at the surface of a rotating single model S6; (c) evolution as a function of the actual mass of the abundances (in mass frac-

tion) of different elements at the surface of the primary star of model B1; (d) evolution as a function of the actual mass of the

abundances (in mass fraction) of different elements at the surface of the primary star of model B2.
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Table 5. Mass fraction of various chemical elements at stellar surfaces at different stages in models S1, S2, and S6.

Sequence Age/Myr M1/Mg log( X1y ) log( Xap, ) log( Xi2¢ ) log( Xiay ) log( Xieg ) log( Xiog ) log( Xaoye ) log( Xaane) — Xaop

ZAMS
S1 0.0000 60.00 -0.14 -0.58 -2.62 -3.15 -2.18 -6.46 -2.87 -3.96 0
S2 0.0000 60.00 -0.14 -0.58 -2.62 -3.15 -2.18 —6.46 -2.87 -3.96 0
S6 0.0000 60.00 -0.12 -0.63 -3.45 -3.98 -3.01 ~7.28 -3.69 —4.78 0
TAMS
S1 3.9511 42.02 -0.23 -0.40 -3.91 -2.08 -3.07 -9.23 —2.87 -6.77 9.77 x 106
S2 4.1537  44.42 -0.22 -0.42 -3.70 -2.11 -2.86 ~7.86 -2.87 -5.37 4.57 x 106
S6 5.0531 34.52 -0.99 -0.05 ~4.56 -2.88 —4.60 -10.46 -3.83 ~7.51 4.36 x 106
BCHEB
S1 3.9550 42.01 -0.23 -0.40 -3.91 -2.08 -3.07 -9.23 —2.87 -6.77 9.77 x 106
S2 4.1574 44.40 -0.22 -0.41 -3.77 -2.10 -2.91 -8.07 -2.87 -5.58 4.89 x 106
S6 5.0570 34.44 -0.99 -0.05 ~4.56 -2.88 —4.60 -10.46 -3.83 ~7.51 4.36 x 106
WNL
S1 4.1147 3494 -0.58 -0.14 -3.87 -2.06 -3.63 -9.72 -2.88 -6.53 4.16 x 105
S2 4.3343 36.29 -0.57 -0.14 -3.82 -2.06 -3.59 -9.67 -2.88 —-6.45 3.54 x 10°
S6 4.1796 48.34 -0.52 -0.16 —4.60 -2.88 —4.55 -10.50 -3.79 -7.50 4.46 x 106
WNE
S1 4.1801 31.26 -5.02 -0.01 -3.73 -2.05 -3.77 -9.61 -2.89 —6.56 5.62 x 105
S2 — — — — — — — — — — —
S6 — — — — — — — — — — —
wC
S1 4.2217 28.36 -21.87 -0.51 -0.34 -17.12 -0.68 —4.71 -2.80 -1.88 112 x 10"
S2 4.4173 30.79 -5.22 -0.02 -1.50 -2.06 -2.05 -5.72 -2.89 -2.91 4.67 x 10°
S6 5.2107 29.81 -5.80 -0.02 -1.37 -2.89 -2.52 -6.15 -3.84 -3.38 3.80 x 106
WO
S1 4.2569 26.70 -21.35 -0.65 -0.34 -16.95 -0.52 —4.72 -2.70 -1.89 257 x 101
S2 4.4302 28.58 -17.68 -0.71 -0.36 -5.17 -0.45 —4.72 -2.63 -1.91 4.16 x 108
S6 5.3898 18.84 -29.68 -0.64 -0.32 -17.99 -0.55 -5.48 -3.51 -2.71 851 x 10°'7
ECHEB
S1 4.3054 25.27 -29.41 -0.77 -0.37 -16.81 -0.41 —4.72 -2.59 -1.91  5.01 x 10
S2 4.5120 25.94 —-28.78 -0.82 -0.39 -16.61 -0.38 —4.72 -2.54 -1.93  7.07 x 10
S6 5.4231 18.20 -35.90 -0.71 -0.33 -17.93 —-0.48 -5.48 -3.43 -2.72 114 x 1016
BCCB
S1 4.3099 25.16 -22.67 -0.79 -0.37 -16.80 -0.40 —4.73 -2.58 -1.92 537 x 101
S2 4.5167 25.81 -24.97 -0.83 -0.40 -16.64 -0.37 —4.72 -2.52 -1.93 758 x 101
S6 5.4284 18.10 —-27.74 -0.72 -0.33 -17.93 —0.47 -5.48 -3.41 -2.72 154 x 1016
ECCB
S1 4.3100 25.15 —24.54 -0.79 -0.37 -16.80 -0.40 —4.73 -2.58 -1.92 537 x 101
S2 4.5167 25.81 -24.26 -0.83 -0.40 -16.64 -0.37 —4.72 -2.52 -1.93  7.76 x 101
S6 5.4285 18.10 -27.99 -0.72 -0.33 -17.93 -0.47 -5.48 -3.41 -2.72 154 x 1016

IR SR PR B RASERY T THL, N 160, 22Ne H1 %A1 Jit ol N 1L PR RS 3 B A S IO B3R AT S I AR
o RE T R, 350U T A 20 D 9 A e ) R S A P 5 25 T BT RUR AR L v 143 A e I35
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Table 6. Mass fraction of various chemical elements at the surfaces of the primary star at different stages in models B1 and B2.

Sequence Age/Myr M1/Mg log( X1y ) log( Xay,) log( Xic ) log( Xiay) log( Xisg) log( Xiop) log( Xaoye ) log(Xaaye) — Xaog

ZAMS

B1 0.0000 60.00 -0.14 -0.58 -2.62 -3.15 -2.18 —6.46 -2.87 -3.96 0
B2 0.0000 60.00 -0.14 -0.58 -2.62 -3.15 -2.18 -6.46 -2.87 -3.96 0
BTM1
Bl 2.6862 53.01 -0.14 -0.58 -2.62 -3.15 -2.18 —6.54 -2.95 -4.04 3.31 x 10%
B2 2.6314 51.90 -0.14 -0.58 -2.76 -2.74 -2.21 —6.66 -2.95 -4.16 3.38 x 107
ETM1
Bl 3.8956 36.84 -0.40 -0.23 -3.87 -2.06 -3.56 -9.69 -2.96 -6.62 1.81 x 10°
B2 2.7305 45.44 -0.16 -0.53 -3.02 -2.36 -2.38 -6.94 -2.95 —4.45 3.89 x 106
ECHB
Bl 4.0397  33.60 -0.50 -0.18 -3.85 -2.05 -3.61 -9.72 -2.96 -6.61 2.45 x 105
B2 4.1254 25.57 -1.06 -0.05 -3.80 -2.05 -3.67 -9.68 -2.96 -6.63 4.16 x 10°
BCHEB
Bl 4.0409 33.57 -0.50 -0.18 -3.85 -2.05 -3.61 -9.72 -2.96 -6.61 2.45 x 10°
B2 4.1297 25.44 -1.07 -0.05 -3.80 -2.05 -3.67 -9.68 -2.96 -6.63 4.16 x 105
BMT?2
Bl 4.0474 33.39 -0.50 -0.18 -3.85 -2.05 -3.61 -9.72 -2.96 -6.61 2.51 x 105
B2 3.1581 43.04 -0.24 -0.39 -3.80 -2.09 -2.95 -8.24 -2.95 -5.76 1.31 x 10°
WNL
Bl 4.0480 32.78 -0.52 -0.16 -3.85 -2.05 -3.61 -9.73 -2.96 -6.62 2.81 x 10°
B2 3.8633 32.25 -0.52 -0.16 -3.85 -2.05 -3.61 -9.72 -2.96 -6.60 2.95 x 105
EMT?2
Bl 4.0562 30.44 -0.68 -0.11 -3.84 -2.05 -3.64 -9.72 -2.96 -6.60 3.89 x 105
B2 3.5409 37.67 -0.28 -0.34 -3.86 -2.07 -3.16 -8.72 -2.95 -6.19 141 x 10°
WNE
Bl 4.1344 26.76 -5.00 -0.01 -3.73 -2.05 -3.76 -9.59 -2.97 —-6.65 4.78 x 10°
B2 4.2129 22.30 -5.18 -0.01 -3.68 -2.06 -3.74 -9.45 -2.97 -6.52 4.78 x 105
wC
Bl 4.1976 23.92 —-28.45 -0.09 -0.80 -14.82 -2.17 —4.58 -2.97 -1.87 6.45 x 1017
B2 4.2498 21.01 -10.94 -0.01 -2.05 -2.10 -3.40 -5.62 -2.97 -2.91 4.36 x 10°
WO
Bl 4.4339 14.75 -31.67 -0.64 -0.31 -17.28 -0.58 -4.59 -2.85 -1.88 5.62 x 10°
B2 — — — — — — — — — — —
ECHEB
Bl 4.4454 14.60 -31.77 -0.70 -0.31 -17.19 -0.53 —4.59 -2.82 -1.89 7.76 x 1016
B2 4.5716 11.27 -30.86 -0.60 -0.30 -17.45 -0.65 —4.58 -2.90 -1.88 245 x 1016
BCCB
Bl 4.4468 14.58 -31.25 -0.70 -0.31 -17.19 -0.53 -4.59 -2.82 -1.89 7.76 x 1016
B2 4.5741 11.24 -29.98 -0.61 -0.30 -17.44 -0.64 —4.58 -2.90 -1.88 251 x 1016
ECCB
Bl 4.4469 14.58 -31.22 -0.70 -0.31 -17.19 -0.53 —4.59 -2.82 -1.89 7.76 x 1016
B2 4.5743 11.24 -29.54 -0.61 -0.30 -17.44 -0.64 ~4.58 -2.90 -1.88 251 x 1016
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Fig. 5. Rate of mass transfer during Roche lobe overflow
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Formation and internal nucleosynthesis in
massive rotating Wolf-Rayet stars’

Peng Wei-Guo')  Song Han-Feng Y24 Zhan Qiong V*
Wu Xing-Hua®  Jing Jiang-Hong!

1) (College of Physics, Guizhou University, Guiyang 550025, China)
2) (Yunnan Astronomical Observatory, Chinese Academy of Sciences, Kunming 650011, China)
3) (School of Space Science and Physics, Shandong University, Weihai 556011, China)

4) (Department of Astronomy, University of Geneva, Geneva 1290, Switzerland)
( Received 8 July 2019; revised manuscript received 12 August 2019 )

Abstract

Wolf-Rayet stars (WR stars) were discovered by French astronomers Charles Wolf and Georges Rayet in
1867. The Wolf-Rayet (WR) stars are the evolved descents of the most massive, extremely hot (temperatures
up to 200000 K) and very luminous (10°Lg — 10°Lg) O stars, with 25 Mg — 30 Mg solar mass for solar
metallicity. The WR stars possess very strong stellar winds, which have velocities up to 3000 km/s and wind
mass loss rate 107°Mg a year. These winds are observed in the broad emission line profiles (sometimes, even
P-Cygni profiles) of WR spectra in the optical and UV range. Actually, these winds are so strong that they can
peel the star and convert it into a nude nucleus without envelope. It has been found that three bright galactic
stars located at Cygnus region have broad strong emission bands, rather than absorptions lines, superposed on
the typical continuum of hot stars. In 1930 Beals correctly identified these features as emission lines produced
by high ionized elements such as helium, carbon, nitrogen and oxygen. The physical factors which can affect the
evolution of WR stars are explored in this paper. These physical factors include stellar mass, initial velocities,

orbital periods, metallicities, etc. According to the equations for angular momentum transfer and chemical
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element diffusion, we can ascertain how these physical factors influence the evolution of WR stars and the
mixing of chemical elements in WR stars. The result indicates that massive stars with high initial velocities and
metallicities have strong stellar winds and be prone to producing WR stars. In contrast with the counterpart
with high metallicities, it is hard for the single star with low metallicity to generate WR star due to weak wind.
However, the star with very high initial velocity and low metallicity can form chemical homogenious evolution.
The star has an enlarged convective core and a very thin hydrogen envelope and it can also generate WR star.
The component in the binary system with short orbital period can transfer mass to the companion star through
Roche lobe overflow, and this physical process can produce WR star under the condition of low metallicity.
Furthermore, mass removal due to Roche lobe overflow reduces the temperature of stellar convective core and
rate of nuclear reaction. It is shown that mass metallicities of chemical elements including ‘He, 2C, F, %2Ne,
2Na, Mg in the primary star are higher than those in the single stars, whereas mass metallicities of chemical
elements including 'H, "N, 190, ®Ne, and 2°Al are lower than those in the single counterparts. In a word, the
conditions for massive stars with high initial velocities and metallicities in the binary system with short orbital

period favor the formation of WR, stars.

Keywords: close binaries, evolution, rotation, tide

PACS: 97.80.Fk, 97.10.Cv, 97.10.Kc, 92.60.hh DOI: 10.7498 /aps.68.20191040
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