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VLR [R] 45 B B4R B R SR & 3R R It b (29 | 25 4 e A B2 3 FR RS 00 U0 A L g 2 i B A A
2x10° a, HErAMKEIFASNETETE 1000 a MEEEGIH, IR AT 2 p &
B EIAAE BRI 1000/(2 x 10°)=0.5% ., {HJ2, bR LHINLME] T 1.5% By &2
B, XU 1000 a f&FHEAR A, BEBEURGER T H B — 4.

(6) Nicholls S ABF5E T 30 BEAG MM E AW KB FHTE, ZHENATFENE
HIES BN AAFE., AR T, BB H 56 AN IXTE 0°0~360° Z [E¥ 55040, Tk
RUBIHL B 30 < R R BAZAR B A3 H AU A BN A TR 2R AT TE 200°~300° Z J8], 8 A 1R [e 328 5 11
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7R il 2GS L SR A 1 R JE 313 B A PR RCREAE 0.06~0.12 Mo JEE . TXE T/ N £
B, HAERFRBEZENER/NT 1% , ([H4052 LBRATEA] ORI E] 25%~30% Hy H K5
BEFEELTARKRA AR, BRI, B P51 R R0 A L+ Tk &
B, T B R SR B R 1 B IR R R LT R EERD, XAZRUH D JFFIEM E 752
B AL A —FRY

YA X B g P AR UL B TRk, {H Soszynski A H, KEIFBIAZEF A7
TERA WG LA A MR ATR B0 | X AR BT XA XUR BRI R T — AL, Soszyriski
BRG] MACHO 1 OGLE I W& H T REF R = 1 200 BEA AL B
AR, AR TEUG KA TR, REMERZE TR G (X
WHHTE AL, B pre-whiten) , f3E[FRZML, MWL PFRAREML, KBHFH 5% HIHEHR
R ECREEAE, SO IR R E AR S, HIX B Ry otae kAl B FSIREAE
HHZM MAR L FERDERRE L, RAXUEEMEKE A RMIERA D 5L, HHY
E FFSIEE, TEARME A, XS] E1 B H R /IME HL T F AL R 638 B2 D6 AR R /N EE
e 0.05~0.10 AHHLL, XA Wood S A HHYIEAE H 2% SR PRI BE i 264y 1/8 WA L2 ILF
FISE BY, ESXPAR AL IS BT L XUR A R XK ) AR T BRI AR, Soszyriski XB45 H,
1 000 a KRR G FHFIPARELE AT RER A IERRRY. 90 B3 H e v LA S 2od 3% A et ] DA s aod B XL
7. ISR e BB S0 1 R JH 138 B B ¥ A RS FE T, W BSCTRUE L R XU B Xk
1189, A4 Wood 48 NIAK B3 S A BUR G H B AR AT RE AR BSLAY . KRIFIIZE R 5 kR 2 )
SCHAI TR T B XM SR EE RS, SEORBE R R BE R BT, HUE OOk
B, fwDBUEREE T RS R, B O SR BUIE RS AT AR _E AR IE XA
MR B2, H AT R A B A B B9 AGB B/ 30% , T H A B BUIELE Ay
HMHEA 5% , Wik, 7R REAMT, AR e M R e ik flF A 2 5 B4 AGB
EH) 1%~2% , XM E FHTEREA AGB BH R G —2, FH, Soszyiski A0y, HIRE
B 1200 BIFRSEAH), ERZTR AT REFHREE 2 0 BA SRR E AL .
XIEABUEEA R KRB F AR, EkR T RAEZ 5 2RI, HAH Ak
B RIEIAZE B 5% , XSGR/ N GBI A NEAR L LAFERE R IR, WA
WAL RS ARE. XL RLF N BRI R T — L. A, B Soszyiski HYELRZ
IERRR, fHREMFRERYE U D FFAIFR 5% , A GERSRNTA .
3.4 HWiEmh

JEEERM RN Ho LR E KEIAMER G B ERED. Wood Ak 10, X
AMEBRIE SVRA T RE R th G371 307 HE Y, TX AN 165 ShAR T RESR B THe3h 4L E BT &
L. BINEMKAIFAHERS B AGB BH 25%~30% , HIERFT R =HH 27% #) AGB
BAERFALE] AGB M Bl T XUR G I B2 | A SRRETE 3R I8 T R4 340 B A X R R B
5L, A ARAKERR R AT 24X A A At — 3k, ELARRI A 338 B A H B4 D628 W] LA AN AL
FRBIRETS SRR (HOURKEERES 6 32 A REf AL s B i 28Ry,  HL: 30 D PR EDER R
HIPLH AR, T PRI R AR KL, HATAT A o] {5 B 2 BSE.
3.5 WHAATHHRIIEE

—B 1 ARSI E B2, HERREAAE T ERNRT, MELE 2R, RTH
Wik B, X PR REAE 7 AR I R R IR B RO I 2R 2015 AR By g4 1 ik 3l AR 2 46
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RJEAE, MR B RTHALE EER MK AR, 2EBMEIEAR K
Rl ERA, XA 28— BRSO 0N . (HXT TLLE R, HE3) A —MAE 2 400~10 000 d
2 [a) 10331 3B s K B, S 3h MR T XM T RO RIBR K REIE BT S,
— AN RTEATREAEX 2K, s, 4ERMNEIEHALE 2 RATEER
YRR, B2, BB BB THAEE DA BE.

3.6 MEKEHEDLIER

Wood B4 % FINFERIE By 4 341 B BARRDR R K RIEI S 19 | B —FikshaE R
EZHEERESI, LERKR AT MAAREMERE, MBREA KRR 804 50t
R FE B S R E A B /IME. (RN E FEMBR B FE ST AN, IR A3 B AT LA K
ST B AR A AR R B R OSBRI BOE . XA E BT A SR A R —
FERAL ) B 2R, 28R R P KB EHAZE 2 Z Eri A, BJE—B M4 1T AR AR 2
AN 80 d, KEVAKIY 794 d ; FHHEBIHERE, W FRIFRE, 3 FEN A m
ARG HIAE, BP 1588 d, 1 588 d WSS E BRI MM ARIEFEBHEE R 5 k- s™!, X
Olivier ¢ A5 H A AR IE 55 338 BEUAROKAE 3 ke s—1 B 2R K, HER b, 1588 d (H3h
JEHA R RETEW R B FHME L T AFE. XEE X T —MEEF TP S wEaEE, Rk
HEREA 1 Mo, BERMERIZKE] 170 Ro B (MY TH B IR B2 0N) . H¥shE
MR 3340 d ., M TXBEINLERKA R Y A, %hEBIARET/DN, Prid 1588 d 1
O R R ARG IR A RBSE]. BRI, INHBRIEA & H T E & F SR i
A 9 27% W AGB BEFEAREIE] AGB MBREZLH T 5 Bib—MERMSIF B2, X5MW
M LR KB R RS AGB B 25%~30% Hy il —3k.

X PRI A B AGEZ . HIE, RT3 ARG Z a4 EIg Lk 7
Yok R, HEXANFDERAZ AT TRAKSIFS ? Hik, E FAIEF KBS IHRERE, H
Ho Hib i AGB & 0.5% , WRESIEERLE BS T T ESHME, B4, F E FHIM
B, ERERLRT. AMEZ, WERBWHINLE B AR EMARRKAAAE.
3.7 kW&

k& HLHE SBORH A BB SIR — A EEHLH]. Winters B3 fl Hofner B0 & A3 H 1Bk
x MLHIRERE =42 D [F5 EREAR i 2k U0 | X FhLH] R —Fl i B XU ISR = A A b, &
REMHE R E RS =AM, R MR AEr AR, X P ok RE LA ksl E
HAZ JEA T —IR . XA R BT R SR T A= A K R R AR B AR . (HJE X Pl
ERAREGHEZAL: &5, BRBRAT AR — RIS, 65 B )3 BE il 2R Y 1% 52
XAHLEI R B, RE < PLH S BO R A, W B ANV TR, EE]
BRI B BT TR BRILZ A1, X FLE REER AFE S ERREN, B L > 10 Lo,
M D JFFEHGE —RAREL 2000 Lo . ZE LR, XFRHLEIARE 5 S5 AR 1 Bl PR 42

4 & H

HRT, BABAIRENS e MR R A B 8. TEARZ B, AR i Rk S DU AL (D
FHREFIR L, XHMEELEA RFRICFRNTHE BT, WA B0 R RE B e
KEIFHAR.
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KRAE AR SRR A TR AN EA, TRREFENE G FEE, Bt
AR, XHBEARSERN TR AH R TR, Sl B SEIE R,

TEBAWBTF, KEEERLSMERIIRREAR TS, BT HLIMERRE Y
R A SR SR SR R, RIRME AT/ MR IR A 1< B A AL BRI RBTT, BRI ENNE
S B HATFURARA B K B AT B 128 B A B T #4R rR 7E DG AR R B, X TR 8 &
HE BRI AL B B P AR B B AR B R T TRIBE TS, BRIk AL B B T
Eamt TFRREIFESIEL. BE 2, KREFAHEROTTRIFATRA, HAeERARGFHE—2
BT, A BRI EEITR B BRI
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The Origin of Long Secondary Periods Red Variables

NIE Jun-dan, JTANG Bi-wei

(Department of Astronomy, Beijing Normal University, Beijing 100875, China)

Abstract: Among the variable red giant stars one sub-type called long secondary periods (LSPs)
star is unique. The light curves of these stars exhibit not only a short primary period but also a
long secondary period, which is approximately nine times longer than the short one. The short
primary period is caused by the first or second radial overtone, with a period of 30—200 d, while
the origin of the long secondary period is unclear. The long secondary period variables follow a
distinct period-luminosity relation which is parallel to the radial pulsation sequences A, B and C,
and overlap with the binary sequence—E. Moveover, the LSPs stars show infrared excess according
to the Spitzer/SAGE observation, which indicates the existence of mass ejection. However, the
property of the dust envelope is yet to be clarified. The spectroscopic observations show that
the LSPs stars have a radial variation with a full amplitude of 5 km- s~!, and with a period
comparable to the photometric long-period variations. The minimum light usually has about 0.2
phase lag in comparison with the mean rising velocity. The radial amplitude of LSPs stars is large,
amounting to 20%-30% of the mean stellar radius. Additionally, the stars show large variations
in the strength of the Ha absorption line, with a period equal to that of the light variations. The
absorption line indicates the presence of a chromosphere which covers up to 50% of the star at
some phases of the LSP. The origin of the LSPs star is a mystery up to now, although there are
many models, such as radial pulsation, non-radial pulsation, binary, magnetic activity, rotation
red giants with a large spot, rotation ellipsoidal red giants and x mechanism. All these models

have problems to explain all the observational facts and new models are called for.

Key words: long secondary periods; pulsation; binary; late-type



