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Abstract

Analyses of metal elements have shown a-enhanced phenomenon in some globular clusters of the
Milky Way and in some elliptical galaxies. Extreme horizontal branch (EHB) stars are helium burn-
ing objects with especially thin hydrogen envelopes. We study the effects of a-enhancement on the
evolution of EHB stars, using Eggleton’s code. We calculate the evolution of EHB stars with metal-
licities 0.001, 0.004, 0.02 and 0.04, core masses 0.400, 0.450, 0.475, 0.500 and 0.550 Mo, and
envelope masses 0.001, 0.005, 0.010, 0.015 and 0.020 Mo. It is found that a-enhancement can raise
effective temperatures, surface gravities and luminosities, and shorten evolutionary lifetime for
EHB stars. The higher values their metallicities are, the more obvious the a-enhanced effects are;
and the thicker their envelopes are, the more obvious the a-enhanced effects are.
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ERLEMNER: ERMANRREANHEERD, TBEAEIEENR. HiRKPErZER—FH
MEZTREN B RAE, EMEERFENSAE. BAi1HEggleton’s|EREIERFR, TR T adfEXT1K
WK EASXEMEH. BROTETARSEEE. PEZORENAELERENERSRKFESSZEME
t; &BEEE0.001. 0.004. 0.02F10.04, #%LF&E0.400. 0.450. 0.475. 0.500#10.550 Mo,
£ 2R &E0.001. 0.005. 0.010. 0.015F10.020 Mo . FEIHAERIM, adb=E07 LUFERIRATFSZER
FREFERR, REENMEFENREE R, BUEGTE. EBFEBKR, dEERNBAL; G2
R, a=ERPIEREE .
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1. 53|

20 ZAELART, HAMNERFIEE . BEIAE RIEAR, #RHKMHE R TR EHEA, Wikl
BT 4 0 3% R AR R LG A1) 45 0K BH 2 10T 114 % b 42 J8 70 22 2 AT R ARDS el S8 4 A 1R] . mT o Ml
R, KRG RIB GBI RENA G T AIEH[L1]-[5]. Hik 20 24K, 1R 2538 #HAER X
ANRRR[6]-[10]. [afFe] T LUMR L7 Al 4 & o 3R S B AN R, IUE O &4k 12 A AT . 7E[a/Fe]H, a
& o J0E, BFA. A B B W & SAEOCER[1L]; Fe FAAUURKRBILER, MANREIH
MBRIGE TR, SRR, 4. B B 8. WA TER[12]. o R T ERLE || AU BB EN R A4
(), Tk TR FERAE la RO R RIE S AR AR [13] [14]. X TARER &8 T R IR A AR
Ui, [alFe] = 0. T Z[a/Fe]> 0 I, XA 8 o RIB SR o HFBA.

NI B, HRT R AL IR AN 2 o B BROR R Bl AEAE o B F IR [13] [15] [16]: AR 2 v 387 A7
1E o WFEDR[17]-[19]. LAET, MTNNSEREE —ZWEN T, AE&ECR NN FEEEFHAE
T, FONEMZR SR EER S (ARSI — & B, NN R 6 8 7o 20 U s 1 AN igE B
JE (WS 2R 50 B T R KA AR [ [20] o 1 2 435 W R 5 1 T 148 2 B ARS8 1 38 0028 1 2 S i 2 P EE i ()
RORBE. SR, BOODIERE . FPRRSR)FIEALIERR[21] [22]. AE4JBICE 2 A3 2 R o g A E v B
WAk, HEm e R gL . BTCL, fERFRIE R MM, REVESEAFLE IR
Z RS

Wi 7KF 73 SR R AERZ D RSB Br R A, B IR ENE S 62 S ZMRE—R/NT 0.02
Mo, A2 EZS T 20,000 £ 80,000 K [23] [24]. ¥ /K-F7p 3 B2 HIRZ 0 B E — /v T 0.40 £ 0.55 Mo,
BP0 E R 0.475Mo[25]. FEM F, —BiA il Ko SCR R IR Z/E RR AR B 25 B3 H5 1
RAR[26] [27]. it ZK P53 SCRAELF LA J7 T 02 BB A a0, kb i 7K 123 S B mT DA A B B9
D AR AEREG 28], — ARG K23 SR FI— AN KB & AR R A I OUR RGn] BeRcl la BUEDHT & 1)
A5 B [29] [30]: #RiZK P43 SR AR 2 B R P Iz 58 AR I B EERYR[31], AT AR Dl SRR 1R 2 R
[ R SR AMEIEE 7 I [32] [33]. MeutiZK P oy SRR — PP B ZE A RAR, W R o 39400 5 i
AAE: FTUMRA WER T o 34000 7K S 23 SR I g2, 338 1T ] DASE GF th it 7 2 A1 A0 2 R 1034k
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FRATH 1995 Jii) Eggleton’s 1 B SHALFR 7 R v S AE B AL, SRIUE B A B [34]-[39] . FRATRH
TR A R HCN 0.12 [40] [41]. WIEEFEMEBEFEREEXR, BATRH X =0.76-3.00Z , X &
Pols % Nl WLIERT RN KEAF &R FEEENEFEEMAERE, mHHNnaRaA=R[39]. FKi1H
OPAL =il AN32 B % [42] [43]F0 Wichita K AR IR ANE B FE R [44] 90 1% T 5 Eggleton’s fE 2 AL AR 7 AH T
TC PRI AN 3% B 52 32 [45] [46]

FAKRH Grevesse 5 Sauval (1998)47 i K BH 4 J8 70 2R SR 3046 5 v GS98 bt K FHAR =) [47].
Grevesse 5 Sauval [ [ BA 22 42 K — B i W A SZ 50X LR FE R BHER TH & b 22 e = & &, bl
HI FE R AEE B A EIR 15 2] 1) AT A g . FRATTR A Salaris 5 Weiss (1998) o #iF 4@t
TR AR 0485 N SW98a 1 =45 30) [48]. SWI8 o 1 AR ARYE 3 MR AL L RIERIRE B1A1 28 MR
SR ) I 48 o0 R IR AR QR B R 15 20, [a/Fe]HIMESE T 0.49, GS98 bk A BH A 01 SWos
oo i F R BARBOE VE L 1.

Table 1. Metal relative number fractions and mass fractions in the GS98 scaled-solar model and the SW98 a-enhanced mod-

el.
7z 1. GS98 #RE R PAFRINFN SWO8a HFEIRA W& B T REX HEE BN REEE
. HRAEAR P R AR A o R R EX S
R HR R HAXT R LR =
C 0.246023 0.172062 0.108345 0.076535
N 0.061798 0.050417 0.028507 0.023483
(6] 0.502315 0.468017 0.715919 0.673656
Ne 0.089326 0.104970 0.069963 0.083031
Na 0.001552 0.002078 0.000653 0.000883
Mg 0.028247 0.039988 0.029170 0.041697
Al 0.002296 0.003607 0.001001 0.001589
Si 0.026976 0.044126 0.021623 0.035717
P 0.000270 0.000487 0.000086 0.000157
S 0.011775 0.021991 0.010592 0.019972
Cl 0.000142 0.000292 0.000096 0.000201
Ar 0.001866 0.004342 0.001011 0.002375
K 0.000100 0.000228 0.000040 0.000093
Ca 0.001663 0.003882 0.002212 0.005215
Ti 0.000065 0.000181 0.000136 0.000384
Cr 0.000364 0.001102 0.000143 0.000437
Mn 0.000252 0.000805 0.000075 0.000242
Fe 0.023495 0.076413 0.009882 0.032459
Ni 0.001321 0.004517 0.000543 0.001874
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2.2. MIBTRMIRK T LERRLARE

W 7K 4 SR A B AR A sE o 3 7 B I IR E AR AR B, FR @ L T T ki . AR
FH kS 65 N (2000) LA 75 15 [ 25] KAL) £ b W /K P 43 SR VA B, BB IR . 55—, 841
k= EA 2.5 Mo i85 T 218 B IR A B 40 B B R, XEHMEE P OX A CERR, mh
OXMEBEILEG B3 mH, XEEEFZOREIRDN, RARE 03 Moo 00, XA
R E R AL B BRI 4G IR A, O SR IRETE K. 5, O TR K B
BATTR A SRR F PO 2 A EXANP B, B )E R E R D, Mo mEAE. HUE, 4iE
BRSBTS BIRE E R, 45 b P X XS B T — AR AR K 3 5B B, T L
HARE Mz OREMNEZRE. B0, ROFTHFEMRERZRE, XEE ST 1 KT 73
AL

X FITE, AT T — R TR K7 SR AR FHE AT XL T R /K173 3
TEAGKEAL, 1S3 T KPS AR o FRAT— 3L T 200 FR K S B A, TS
Wt KT 2 SR MRS R . & @ 40508 0.001. 0.004. 0.02 1 0.04, %0 &4y 714 0.400.
0.450. 0.475. 0.500 1 0.550 Mo, fLJZf & %04 0.001. 0.005. 0.010. 0.015 A1 0.020 Mo, &JEILE
TRA A0 GS98 At KPHAE AR SWI8 o i F- 4.

3. a WFEXHRIRKF 5T ENF R
3.1 o MFEN TR ERFEEHHRIRK T4 2T

FRAVELE T 4 FUbr A PHA 2 AR o 7K 20 SR AN 4 0 o0 3 =B AR K ST 20 SR R B R o 35 F
XS [F) 42 Jeg = B AR i 7K P 43 SR IR SR 3K 8 AR I 7K T 43 3 B LA AR IR A O o AL 23 i &, 1
SIREEARF; O EN 0.475 Mo, 12~ 0.015 Mo, &)@ 3437124 0.001. 0.004. 0.02 1 0.04.

X4 BB 4 B4 0.001. 0.004. 0.02 F1 0.04 HIARHEARFHAL R im0 32, HelhEE
WM K P20 SN, A5 R 20 5y 34,085, 29,807 25,590 1 23,522 K, 2 [ 55 /7 hinid 5 7> i) 4 8501
5423, 3002 112308 m's 2, &40y 19.14, 17.54, 17.22 A1 15.98 Lo. TMAFT-45 )& 54> %4 0.001.
0.004. 0.02 1 0.04 ] o #EFAEA A K23 3R, BN ATEZE I K73 ST, A 8508 5 43 At
FRE R BHBE AR 5 201, 682, 1030 A1 2140 K, [ /7 i B2 73 il B bR R BHAR 20K 2.2%. 8.2%.
12.19%401 32.0%, Y67 i Eubrift R BARE AT K 0.2%. 1.2%. 4.5%F1 7.3%. 5 BT Eb ] WL 1~3,
X T4 8 F B2 504 0.001, 0.004. 0.02 FH 0.04 IR AR BHA AR o /K -7 SO, BATT IS A 5 i 73
A9 1611, 1.691. 1.690 1 1.736 1Z4F; xS T4 )& =F B2 4374 0.001. 0.004. 0.02 F10.04 [ o 14 =F45
K5 3, e A 20 ) EE bR R BEAE )% 0.1%. 0.6%. 2.5%F1 5.0%. FI I, o
= m] DR Ko SR BRI ST RIEME S IEEG K, WikHEamdei. mH4&EFEsL,
o JE BRI

VRSO (1 B8 0 P AN T2 BA R (TRISCR ) SR B B, AN B 32 ) eSO g 2 g i i 2 ) 45 R A 4H [49)]
[50]. M7k P70 SR W% Ll R L s, ANIE BT EOH 5, o SFR2m ] DLZBS AT TTE
BE, ANEYIE RIS TS AR, BIETRBIE AR 5, T o RS H B 1k
WETTE . FTL, a 3R TT DA o K 43 SR AL E AN B B B AR /N o AL JE AN I8 B B AR /N R L 2
(R PR FE IR /N, A% O T P AN R THI R ) 22 R AR /s AR R R 26 3R TR P T v o T S T L P g A Al
F£, BT L o 3G 35 AT DU R S 7K~ 20 SR A 250 B T, B AR SR B

0 Z AN AR N—TJ7 2 SO BT &, ) — ik AR, R sk @ 8k
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Figure 1. The effective temperature-gravity diagrams of EHB stars, with core masses 0.475 Mo
and envelope masses 0.015 Mo. The metallicities are 0.001, 0.004, 0.02 and 0.04, respectively.
The dash lines denote the scaled-solar model and the solid lines denote the a-enhanced model.
The hollow squares denote the zero age extreme horizontal branch (ZAEHB) phase

E 1 sk ENXENBYRE - ENMEERE; #UREARN 0475 Mo, BBEREX 0.015
Mo, €BEE 5504 0.001, 0.004, 0.02 1 0.04. EXILRRIFEKRAEN, EERR o
HWFEEN; S0HFRRRTRRHKES M

HIIMEFEAR R o AR P L E BRI N, 35T 5 B0 il FES ST et T S S A
I FE R AU, T UM R B B i o AL SN R P g e AR S EOG LI N, SACHERE IR . FTEL, o
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3.2. o WENTFEZLREHIRIRKF 5 3 EBIF 0

BAVEEL T 5 bR AE A BHAE R 185 3t 7K 20 SCR AT 5 B o0 3 E A AR KP4 SR R B R o 3 F
o AN TR AZ A o 2 PR it 7K T 43 SR RT3 10 bR /KP4 SR BA MR &R E R 2 i, 1
LB &EEEN0.04, WZEFEN0.010 Mo, HOEES 5N 0400, 0.450. 0.450. 0.475.
0.500 A1 0.550 Mo

HofFAZ 0o J5i F 43 5] 4 0,400 0.450. 0.475. 0.500 A1 0.550 Mo FIFRHE AR BHAE AR i K 4> 2, e
FIMSAE W /K0 SR, A8 8R40 ) 22,145, 25,525, 27,042, 28,131 128,354 K, 2 & /7 ik
J¥ 43504 3531, 4020, 4211, 4165 13273 m-s %, SLJE4r5I 0 6.87. 11.95. 15.15. 18.86 1 27.20 Loo ifij
X FA% 0 R B2 9 0.400. 0.450. 0.475. 0.500 A1 0.550 Mo ) o 34 =FAR R /K P 20 32 A&, 2414l
FEZ R Wi 7K 73 SO, A 80 23 i) EU bR R B A =X 1y 852 2166, 2139, 2144 F1 2286 K, K [H H
0 FE 2y ) LA v AR BARE R K 8.3%. 29.2%. 26.6%. 25.3%F1 22.2%, 6JE 75 Eb bR v K BE AR
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Figure 2. The effective temperature-luminosity diagrams of EHB stars, with core masses 0.475 Mo
and envelope masses 0.015 Mo. The metallicities are 0.001, 0.004, 0.02 and 0.04, respectively. The
dash lines, the solid lines and the hollow squares have the same meanings as in Figure 1
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Figure 3. The luminosity-metallicity diagram, the effective
temperature-metallicity diagram and the gravity-metallicity
diagram of ZAEHB stars, with core masses 0.475 M and
envelope masses 0.015 Mo. The metallicities of are 0.001,
0.004, 0.02 and 0.04, respectively. The solid squares denote
scaled-solar model and the hollow asterisks denote a-en-
hanced model
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Figure 4. The effective temperature-gravity diagrams of EHB stars, with metallicities 0.04 and en-
velope masses 0.010 Me. The core masses are 0.450, 0.475, 0.500 and 0.550 Mo, respectively. The
dash lines, the solid lines and the hollow squares have the same meanings as in Figure 1. And the
circles denote the evolutionary phase for the EHB stars, when the helium is exhausted in the center
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Figure 5. The luminosity-metallicity diagram, the effective
temperature-metallicity diagram and the gravity-metallicity
diagram of ZAEHB stars, with core masses 0.475 Mo and
envelope masses 0.015 Mo. The metallicities of are 0.001,
0.004, 0.02 and 0.04 Mo, respectively. The solid squares
denote scaled-solar model and the hollow asterisks denote
a-enhanced model
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asterisks denote the a-enhanced model
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