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‘J’lIc sy]]lbioiic star IN AIId has Iwc.cIIily  lmcv] tlw subjd  of several studies  i]lvdigat-
i]]g its wiIId ]mqm%cs. ‘J’lIc Id gia]lt prilllary  has bCCII c.o]]siclcd  to have a. wi]ld drivml
by radiatio)l  ~)ressurc ml dust,  i]kdmd,  the dcrivd  wi]ld vdocity  law f i t s  th is  IIIOCICI. WC
]mil]t out  lICI’C that  tl~ere is II(J apprcwiab]c  dust i]] the wi~ld  of IW AIld using ccnlstrai]lts
fIWIII exti]lc.tio]l  lilI}its (11)1’1) frOIII aIId far itlfrzwecl flIIxcs (lllAS), AI1 altm~latc ][]cdla]lislI]
]])ust operak  ill this star. We suggmt  that tllc wi]]d cmI LC drivc]l  by the cflkct of the
radialim~ 011 Im:dcc.ulzw li:]cs,
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lhstl  dIiveII wi~]cls  arc l-wlicvd  to bc the II ItISS loss IIlccllal)isl[l  for late type  giants
(Salpdcv  1974,  Coldrcich  & Scovillc 1976; Gail & SdlIIIayI  ] 9 8 7 ;  Nctzcr  & l{lizm 1993,
foI a Iwvicw  O:(I IIIaSS l o s s  IIldlallisllls  ill cvolvd  stars scc ]Jafoll aIId IImmyer 1 9 9 1 ) .
IIcavy  dclllcllts  C.olldclls(!  M o w  1’ f= I 0001< forlllillg  dusi  which bccoIIIcs accelerated by
radiatlio]] prcssurco l)mt IIlol]wlltulll  is trallsfcmd to the gas by collisicnls. As the d u s t
grains  c.oIIdeIIsc  at low tcIIl]~cIatIIIcs,  tlIc ac.cc]cratioll zollc]ndictd  by this lrjdmllisll]is
a fcw radii away fro]]] the ddlar surfa,cc. Sillcctllc  lacliativet  rallsfcl]) lc)blclllis  mmpld
ic)tllcl  lycllc)clyIlalll  ical]~roblclIl, tllcsc)llltic)ll  of tl)~~cc)lll])lctc]  )rc)blcll)is  co]llplicatd.

AII orderof  lIlagllit~lclc c:stilIlatc  fc)l’tl~ccl~~si  optical depth ]lcdmlto  drivcihc  wind
CMII 1X obtztillcd  by si]]lplc arguIIlclds  (e.g. KIIapp 1986,  lhmym 1991 , Ndmr & l~lizur
]993),  ic the IIlollmldulll  semi  ill the wi~ld  was origiIlally  prcscIIt ill the radiatiol]  field.
‘1’hcvl  if A2 is the lnassloss  Iatc, n=, is the asy]]lptotic.  wind vc]ocity,  1, is the bolmlldric
stellar lulIlillosity,7-m  is the flux wcightd II ImII clust optical depth  of the accdc:raticn)  ZOIIC
aIId c is the spd of light this is cx])rcssd as (d Mihalas 1978),

: Zxlo-s (A) (io~:d)-] “’’y”-’
(1)

VogCl (1 991) ]Jrcsm]tccl aIl mllpirical velocity law for the cool gia~lt  of II;G AIld. ‘J’hc
lIV mdiaiioll  frolll  the hoi co]I1lml]cIlt is Raylcigh scattcrcd ill the willcl  of the coo] gimlt.
‘] ’he COlIII 1111  dmsit y for Raylcigh scattering varies with the orbital phase WIC1 ml mllpiric.al
dm)sity structllrc  is derived. Assulr]illg a Iillal vc]ocity  of 30kIils-  ] for the wind a IIlass
loss rate M ~ 10- 8M@ yr- 1 was dcrivd  for the cool gim~t. l~IwII~ the ccnltilluity  cx]uatio]l
aIId the  de]lsity stmcturc  hc dcrivccl  a vdocity law. ‘] ’he dcrivccl  velocity law suggests  a
II ZIIrOW accclcratio]l  ZC)IIC at a fcw stellar radii. ‘1’his velocity lHw is ccnlsistmlt  with the
dust drivcll willld II dlal)islIl  bccamc dust Call])ot  forlll closer to the stellar  surface.

Wind  vclocitim for field gim]ts have loIIg bNHI k~low’1]  to lx w 20- 30 kl]l s- 1 (SCC e.g.
l,illsky J 984) aIIId thcrcforc,  it is aSSIIIIICd to bc the case for the coo] colllpallioll  ill syllll>iotic
stars. For II;G AIId h igh  dispcrsioli  1/111 aIId 110 s]mtmscopic  obscrvatiom  illdicatc  t h a t
the whld frolil the m)tirc sy]llbiotic systmtl is A 74 kln s- (1 Olivcrscll, AI IdCJXOII,  Stmlccl &
Slovak 1985), a.JIc] it could be as high m ~ 150 klrl s- 1 (Stmlcel, private  cc)ll]lll~ll]icatic)ll).

‘J’hc fad that  ill the CIV 1548/50  ~ cutlissiml lillc:, the  1] Cyglli  feature  disappmrs  duriI~g
the cclipsc  of the prilllmy  (Cllivcrsml  d al. J 985), strol]gly suggests  that this wind vdocity
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2.1 l{ll+;  IUIIX l~lcol~lpatiblc  With ])ust

Archival 1 U 1’; low dispcrsiml  spcdra of lI~G AIld were aIlalyzccl  by VogCl (] 991). ‘-1’]Icsc

data, takcll  ]i~ii] ~Jhasc zero of the systcu]]  WhCII  the white dwarf  is viewed through  the
d gial]t’s wind s h o w  the strong sig~laturc  of 11  rmollallt  aborptio]l  at lfyIIlaIl a allcl
l{aylcigl]  scattcriIlg  d’ atolllic hydIwgcII at loIIgcr wavdcvlgths.  At phase 0.04 the cstil~latd
hydrogcvk COIUIIIII i~l the wiIlcl  is 1024 CIII-  2 1 “, w llch would illlp]y  at IIorlllal  dust  to gas ratios
aII ultraviolet c!xtillctioll  of thousands  of IIlagllitudc.s.

KIIalJp (1 985) obtailld  a dust to gas ratio  of 1.5X10- 3 for carbml  stars aIId 5 X 10-3 for
oxygcll  Stal’s. ‘1’hc IIICrC fact that l{ayleigh  scattmillg  is impcwtwlt  precludes a dust, to gas
ratio this large,  givcll  that for the dust l])echallislll  to crpmatc  the (coo] star) flux-weighted
IIlcall dust, o~)tical  clcpth  II IIISt bc of the mdcr of 0.01. ApplyiI)g  a typical dust  cxtillctiol]
CIIIVC, the 1500 A optical depth IIlmt  tl~CII cxccd  0.2 or SC). With CVCII this sIIIall a dust
q)lical  dq)th,  the sig])aiurc of the 2200 A lJIIIIIp SIIOIIIC1  appear i~) the IU]t  sl)cctra,  but
it do ts  IIOt SCCIII  to bc prcsmlt< Wc Collcludc  that  011 the basis of the ultravidct  satc]litc
d a t a  tlIC lIIG AIIc1 wind ap])ears  to bc  99.9°/0  dust -frm, ic ally dust pIwscIIt colllpriscs all
ahulldallcc  1(!ss thwl  0.1 ‘/0 nwnd.

2 . 2  ]“] ]{ ]J]ux  ShOWS  No ]4;XCCSS  ~VCI”  ]%d<)s~)herc

We have rcvicwcd the 11{ A S survey dafa  for IIIG AIId being careful oIIly to me scal~s
that  passd c]oscst  to the star and verify  the fluxes  o f  Km] yOII, 1{’cIIIaIldcz- Castro aIId
Stm}c.d  (hcrcaftm KFS, 1 988) within  five pcrcmlt,  cxcq)t that wc IWCIIICC  the 100 IIlicroll
u])pcr  li]t]ii k) 0.2C Jy fro]]] 0.7 Jy.

VOgCl, N~]:jsba~l]Il~r allcl Moliicr (1 992) IISC J U]} d a t a  fro]]] the  1992 dipsc  of ltG
AIId to ddcrlllil]c physics] propdies  of the SySICIII, ‘J’hey fiIId that the total Idcnnetric
lull]illc)sity  is 966 solar lmllillositicx+  for a distal]cc  of 400 I)C. ‘J’hc far iIlfrad COIOIS arc
cc)llsistclll  with a the l{aylcigh-Jcalls  CIId of a ‘1’;>  2000 K blat.khdy while the giant’s
classiiic.atiml  o:f M 2.4111 suggds  1111  dkctivc  tclIlpcraturc  of 3800 K (Ridgcway  d al.
1980).  As all cxtrclI1c  upper IilIlit wc IIIay  assoc.iatc  all the fal illfrad wi th  rc-radiatiml.
fro]] I dIIst. III that GISC the optical dcptll  to absorption (which is withi]) a factor  c)f a fcw
d thC kdd O})tiCa] dC}~th),  IS ]JJ7J}{  /l,}jol,  : 3 . 4 / 9 6 6  -3.5 x 10- 3. ‘1’hc threshold optical
dcptll  for a dust-drivel]  wi]lcl  is 0.01, so the scattcriIlg  cross scctiml would have to bc 2.8
till)cs the absorption] moss scctio]l  to begin being ccnlsistmlt  with the dust-drivel]  wind
])idurc.

‘J’hc absolptim  scattering ra{io dcpm]ds 011 the grai]l  size, It is u~lcdai]l  what size
ihc grai]ls ill  the wind have. If the size is sIIIallcr than 0.1 ~t~ll the abscmptioll  dmili]latcs.
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AltlIo@I t h e  p;raill s;zc CaII lx as big as 0 . 3  11.7)1  (SIIOW, ]Ims, Cilra  & SwiI)g (1987) ,
II IOSt grail)  sizes arc ~ 0.05 p71/  (NctzcI” & ltlizur 1993).  ljarger  grains  would dr i f t  very
fast Iduc.il)gillcir  spaccclc]lsity.  III additim)  the high  drift  wc)lllcl  callscs]~llttclil) gc)f t h e
graills(lhaill  &SalpclcI  1979).

We thus C.OIICIIICIC  that it is a strdch  to ]llakc the dust-d  rivcll  wjlld IIIOCld work for
EG Allclbasecl c)l)tlle fali  Ilflarcclfl  ~lxcs,al  lcltll~~stl  latil~c]l lo{lelas  ]~lcsc]ltlyfc)  ]1l)~llatc,{l
is 1101 a ]llausib]c cal}didatc for the wind ]lldlallisl~l  of this stal.

‘1’hcillhcrc~lt  problel]lsil]  dmt-radiatioll  wind l)]c)clcls,]~alticlllally  thcl)ccxl  for dmit
{Ioforll] at bc)tlllow  tclll}~clat~llcsa]  lcllli[;ll  dmlsitics, havc]cad  tc)tllc  scalcllf  olaltcl]lativc

. .
alld/ol”  addltlcHIal  lIldlaIllsllls. SoIIlc of these  i]lcludc Alfvml aIId SOUIIC1 waves llartl]lallll

~.

1+. Mc<;regor I !180), shocks drivcll by stdlaI ])ulsatioll (11 OWCI1  1988),  ‘stochastic willcls’
drivc]l  by t h e  acculllulativc  dI&t of raIIdOIII shc)cks (Cu~ltz 1992) aIICl ‘I IIolcwulaI w;]lds’
drivel]  by radiat;ol]  dk-.ts C)II InolcculaI  lillcs (Ijlitzur, I) IWW1l & Joh]lsc)ll  1 989).

l~or Alfvml waves to bc cfIcctivc requires  IIlass 10SS rates higher than 1 x 10-7,  IIlaglldic
fidds > 1() Gains aIId a particular for]]} of dal])pil]g, as to reach the obscrvd  wind vdocitics
(llaItII,zII, & Mi~~CJr~~~,,  1 !380). Althcmgh  ,,ola,izatio,,  II,casurc,],c,,ts  have bcm, carried out
to ddcrlI]iIlc  t h e  ]IIWWIICC 01 abscIIcc of  a lllagI)dic  fidd  (Sc.hultc-l,adhck  et al. 1990),
the results  for IIX AIld arc i]lcmlclusivc. ‘J’hc obscrvd  polarizatiml  is sIIIall, P- 0.2- 0,4 Yo,

with a rdativc  weak dq)c IIdc IIcc 011 wavclcl]gtll,  i,c. could  bc duc either to scattcv’illg  cw
IIlagl]ctic  ficlds,l aIId it lIIay IIOi be rclaicd  to the  giant star at all (Sc.hulic-],aclbcck  d al.
1990).  A IIlagyletic  drivel]  wind is IIOt totally II1lCC1  out by the obscrvatiwls.

1 ‘Iausib]c cviclcvlcc of ]lml-lr~aglldic  ]) IWCCSSCS (i.e. SOUI,C1  waves  or shocks waves drive,,
by pulsatiml)  takjllg  place iII M gia]lts has bccII IwccIItly published (Jud,gc  ct. al 3 993).
Although  the stars in qucstim] have C.ircul]]stcllar  CIIVCIO1)CS, it was ddcrllliI)d  fron] the
profiles of Lhcir Mg 11 aIId Ca 11 lillcs {hat clllc)~)lc)s~)llclic  activity took place 1>C1OW  the
C.irculilstcllm”  IIlattcr. ‘1’his suggests  that  the  acoustic  or llycllc)clyI)zilIlic  proccsscs  doIIc
IIIay drive the ‘wind aIId IIIa SS loss obscrvd  (for details scc JIIdgc & Stmlcd  1991 ; CuIltz
JWO).

A ICSS CX1)1OIWC1  sccllario  is the dt:ct  of the radiation 011 II IOICCI1lZW  IiIles. ‘1’his IIIccha-
IIisl)l  has bccvl considcmd  as a way to produce  a subsmlic wil)d IICXII the photosphcre  that
carries  IIIaSS II]) to coder Iwgio]ls  WIICI’C  dust CaII for]ll, l)daild ]Iul]]mical  IIIodcls  usi]]g
liIlc opacities Of CO, IIz(.) mld 011 (SCC e.g. Macicl  1975, 1977; Nlitmr, IIIOWII & JOIIIISW1
1 989) have bcxm mlativc]y  succcssfu] in ;Ilitiatillp,  the wind.

‘]’]Ic tla,llsfcl  <)f IIlc)l]lclltlllil froltl the radiation  field to the gas via liIle a b s o r p t i o n
has bcclI calculatcxl  ill detail for l~lassive car]y ty~)c s t a r s ,  WhCIC  llV  IwmIIaIlt  lil)cs are
Vc]’y Cflicicllt (SCX! e.g. Cassil)c]li  & Castor 1973), AI) order  of ]Ilagllitudc  of the cfl’cd
cwl h ol>tai]ld,  for j]lsta]]cc, hy ccullpm’illg the relative fractio]l of stdlar  flux IIec.cssaIy
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10 accdmak  ihc flow usi]lg the  SaIIIe aIgUIIIm It as pIwscIIkd  i]] the  IIltductiwl  for  a
colltillucms  absorptiml  pmccss.

As  for the case of dust al)scwptioll  CHIC c)btaills the result  that  if IIIdCCIIlaI liIlm CaII
trap a lIuIIclIdtlI  of the stdlar lullli]losity, they CaII ill pri]lci]dc  drive the coo] wi]ld. If
the IIIolccular opacity increases iIl such a way that W racliaticul  pressure form is lCSS  tha]l
gravity at low altitudes where the flow is subso]lic, but  thc]l bmwlllcs  great  Clmlgh to Cxcccd
gravity above SOIIIC critical radius, thc]l a co])sistc)lt  willcl soluticn) will exist (M arlborogh
aIIcl l{oy, 1 970~ Cassindli  and C a s t o r ,  ] 973). Givel]  that kl’ rapidly dcxmascs bdow
the dissoc.iatim] cIIergy of COIIIIIIOII  II Iolm.ulcx  as OIIC II IOVCS  outward frol]l the colitilluml]-
for]l)i]lg photosphcm,  this possibility re)rmi]ls o}mI. Stro]lg  CO absorptiml  features mw
clcar]y  SCCII in lthc 2 mic.rml spcc.tru]]) of W AIId (Schild, lbylc  & Sch~Ilid  1992).

‘1’his work was sup}mrtcd  i~l part by {hc NASA lmIIg ‘1’mIII SIJacc Astrq)l]ysics  l’lcj-
gIaIII through a contract  with the Jet l)m}mlsim]  I Laboratory of the Califcm)ia IIlstitutc of
‘-1’cchIIology.  WC thwlk  l{obd  Stc]lccl  for stil]lulati]lg  discmsicnl  about  dust  aIId wilids of
sylilbidic  stars;  aIlcl  l}ctm Garllavicll  for his COIIIIIICIltS  011 pdarizatiml  ill syll]biotic slam.
1{.1). is supported by the Swiss Natic)]]al  l$ou~ldatiml.
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