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Becanse of the temperatare daference bhetween Copherds
and then hot man sequence compantons, the properties of
both «tars can be deternnmed. even for mass tatios (A /A1)
largcr thian 30 TUE obseivations of 4 Cepherd systems (Po-
lonsc T Ngloand S Sge) are nsed o dernve. or set linnts on.
the temperates awd masses of the compaons Laght iow
the compamons of FE \qlhand S Sge Tom 1700 10 2000 1~
conststent with an A5 to AT mam sequence companon for
both Coplierds with a mass of 1S A Thas imass o the
companon of 5 Seeis smaller than reqguiered by the arbital
teass binction and an evolutionany nrass of the Cophend. sng-
gesting That the companon may tself be o binany - For Po
laviscthe ass of the compamon mnst be less than 18\

Nevwaords  Copherds, binanes, stan fotmation

I INTRODECHION

e ~eparations and mass tatios observed e mulople
susterss are basie data abont srar formation Lhe cierging,
proimre for Bostars s that stars with penods shorter than 10
vears bave o ban s at distnbition of secondany masses (Ret
23 Lor loneer penods, the distabmtion s diamatically dif-
frrentsand the frequency nses <tceply as the tass of the con-
pation decrcaves O stars on the other harad seenn 1o e severe
deficent e brnanes wirh mnass 1anos lareer than My /N =3
(Rel 2) There are observational Tnmtations of these sind
s Onlv O systems with aosemi-anphtude Targer than 15 kn
coc Thvere detected becanse of atmosphenc motions Infer-
cnces about Jong perod Bosvstems are diawn lrom connmon
proper parts Aost of the mass tatios are from inferences from
the distnbations of simele Line spectioccopic binanes T ad-
dinons cotrections minst be niade for mcompleteness Ay fin-
e imforation abont svsterns with prinanies of comparable
tass pattiotha iy soth arge tnass vatios (M /M) s nsetnl

Lhe valne of studving Copherd binary svstems to nnprove
onl I\n(\\\hllg" ol tass tatios and SCParations i~ ‘(‘ul [1om 1a
bic I Becanse Cophierds are <harp lised <t~ aibils of very
stall ~eimnt arnplionde can depved T his yacans that

PIUT Guest Ohserses

A Decade of UV Astronomy with IUE, Proc Celebratory Symposium,

cravitationadly bownd long penod sestemns con he studied, as
woll as svsters with sl neass tatios and low inchimations
LG adds rmportant data to these studies i that compan-
1ous 1 large mass tatio sustems can be detected hecause of
the temperatine difference hetween the secondars and the pri-
naty

2 OBSERVATTIONS

Lhe spectrascapic hiranies discussed hete are well Know o
(Rels 1ot and 9) Rediccussion of the systems Polans, B E
Ngloand S Sees i preparanion (Ivans, Ref 10 Welch and
Evans: Rel FEand Stovah Welchs and BExans, Refl 10 qe-
spectnvely ) Tor all thiee stais T Tong and short wavelength
spectra have heen raniosd wirh nonvanisble supersiants hrack-
cting themm temparatine 1o look Tor flus from the compamon
al che shartest wavelenerhs N the pliases of observation, the
temperature and (131
stnlar and arc hest pnatched by 15 Drea (7T

of wll three stars happen 1o be very

\s an cvample brenre 1 shows the comparison hetween
the lone and shornt wasdleneth spectra of FE gl and 15 Dia
Lhe 15 Dira spectomm i she long wavelength region (Frgure |
b) has been scaled tonaich the I'F Aql spectonm T he same
soabing has been apphed o the short swoaneleneth spectionm of
15 Dra (Fagnre Tay he evcess heht frone the TF Nl conm-
pamon s appatent from 1600 1o 2000 .1\ specirum of S Spe

also shows gt from the compamon o this wavelength region

When 15 Dracs subtracted from the spectia of both '
Agland S Sgecthe tesnlting spedtium of the companion 1= a
good match 1o an VN or ATV standard stan from the THE
Spectral Atlas Tigime 2 shows the companson between the
subtracted spectinnne S Sge - 15 Dracand the spectrum of an
AOV star (S0 UALa). The matchs good both A3V and A9V
standard stars maich the subtracted spectra of hoth the com-
panions poorly Using the mass compilation of Poppear (Ref
7)o this conesponds 1o masses of TR 402 Mg This informna-
tion has been added 1o Table

For Polans no heht from the compamon was found 1 a
comparison with the spectra of nonvanable standard stars
Using 18 Ay as an upper ot for the companion to Polars
15 o generons upper bt smce FE O Agh and S Sge demonstiate
that such a compamon would be fouud
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Igure la. The spectra of FIY Aql (solid) and 15 Dra (dots). FF7Ib. All
fluxes are in units of ergs cm™2 see™! A7 wavelengths are in A

The same scaling has been used as i Pigure 1h
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Figure 1b - The spectia of FI' Aq) (solid) and 45 Dra (dots). T'he 45 Dra
spectrum has been scaled to match the FF Aql flux near 2800 4

6x107'*  Bx107'*

ax107"*

Fuux

—1e

2%°0

1 L
. 1600 1700 1800

_oxi07i*

WAVELENGTH

1
1960

2000

- Flgure 2. The spectrum of the S Sge compaon (sohid) compared with the
spectrum of an AV standard star A spectium of 45 Dra was scaled
to match the S Sge composite spectrum near 2800 AL as 1s shown in
Figure 1 for FI* Agql. With this scaling, the short wavelengih spec-
trum of 45 Dra was subtracted from the S Sge spectrom to produce

the spectrum of the compamon in this Figure
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Fable T Copherd Binanies

Polans Ft Agl S Spe
Binary Peniod (davs) 10810 1145 HR2
Binary Semr-Amphitude (A se -1 10 39 1.6
Pulsation Perrod (days) 397 447 838
Frolutionany Mass (Mgy) 56 7 70
Companon Spectral Tvpe < ARV ASV ATV ALV ATV
Compamon Mass (M) < IS [ 18
Mass ftatio (M /M) >3 K 3.9

3 DISCGUSSTON

A stnple preture of the evolution of the system has heen
assumed (no mass loss,or semi-convection ), and the visible
cotparions are assuted 1o he mam sequence stars. The data
for the compamons s sunmnatized 1 Table T Cepherd evolu-
tionary masses are hsted (computed asin Fvans and Welch,
thns conference} from hunmostties denved from Caldwell™s
(Ref. ) penod-Tummosity relation A shorter distance scale
(Schundt Ref 8) decreases the mass ratios by less than 10°%
Pulsation masses are 08 (Caldwell) 1o 06 (Schundt) of the

CvOlUTIONaTy Hasses

For S Spel the mass function (Ref 6) nmplies that the
mass of a simele comparmon (s =90") st be at feast 27
N, order 1o be compatible with an evolutionary niass
m lable 1 The compamon mass in Table 1as sigmifrcanth

sinaller The snmplest way 1o remove the disagrecinent s a

Veknowledgentents, It s o pleasiie to thank the TUE op-
crattons and RDALD staft for asastance i obtamige, and 1e-

ducing these spectia Dinanaal asaistance was provided Ty a
NASA erant NAS 528749 and an NSEFRC grant 1o Dy R

PPercy

companton whichi is iteelt o binary Nmong the computed Cephar

masses, only @ pulsation mass with o short distance scale s
cotapattble with o compamon less than 2 Mo,

For the invisible compamon to Polans,an carly 1 mam
sequence stat 1s the most prohable candydate Tt wonld not b

detecred an TUE spectras but s consistentowith the sass fone-

ton and o Cephierd mass There are tworher possibilities for
an mnvstble compamon an evolved red star and o white dwaif
A evolved ted star s too massive to be consistent with the
mass linction andmcdimation Potimates (Ret 1) Shiow that
the hottest winte dwaris in the Hyades and thie Plerades (pro-
totvpos for a Cephad compamon) wonld he detected m 10
spectia bat that cooler dluster winte dwarts would not

When this work s completed on all Cepheid binanies: the
mdividual mase ratios wall e avardable to the Tnmts of Table
Fowhich wall complement the O and Bostar pesults This will
provide direct measurements of the frequenoy and separations
of multiple systems contanung massive stars partialarby for

widely spoaced svstems
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