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ABSTRACT 
J \e  ~~rescrrt ail ailalysis of the visible t h r o ~ ~ g l i  near infrared spect r~t~l i  of 17 Car and it,s eject;+ ol~taiiirti 

d~rririg t lie " r j  Car Ci~riipaig~i nit 11 the C'ltrak-iolvt ailti Visual Eehr~lle Spectrograpll (UVES) at t 11e ESO 
Vf,r!/ La,rg~ T e l ~ ~ ( 1 0 p e  ( VLT)" . This is it part OF larger effort t o  presc.111 a co~iiplcte 11 Car spectrltiri, aiitl 
extmends the previol~sl>- 1)resciltccl iin;tlyses with tlie H'lrbDlc Spncr Trlvscopf~/Space Tc>lescope Iiiii~gi~ig 
Sprctrograph (HST,'STIS) in the UV (12 10-3139 I\) to 10..130 i\. The spcc tn~m i r i  tlie 11rit1 aiitl 
riear UV is chnrncterizetl 114. the rjt.cta t~bsorptiori. At loiiger wax-elerigtl~s. stellar wind fPatilres 
froill t llr ct>rrt,ral source and ilitrrow c'inissio~i lines from the IITeigelt condeiis;tt ions dorrrirlate the 
spect,ru~ii. However. 11;trrow absorpi,it>n lines fianl the circru~istellar sllells are present. Tliis paper 
provides a de.scriptiori of the spectruin k~et~veen SOfiO alitl 10.430 A. ir~clndi~ig li~re identificirtiorls of 
t>he c,,jet:ta absorption spectrulii, tlie erliissioii spectrnln froiii the 11-cligrlt coiidcrisi\tiolis aiid tlle P- 
C y p i  st,rllar mirid fetiturcs. Tlic high spectral resolvirig power of I)ZT/CVES riiitbles equix~alcut 
witltli rneasurrrilerits of ittolr~ic and ~rioleci~liir ahsorpt,ioii lines for eleirieirts wit11 no trttiisitior~s at  
the shorter ~avele i~gt l i s .  Ho~vever. tlie grourltl based seeing ailti coritri1)lttions of netti11;~r scat trred 
radiation prevent direct ~ o ~ ~ l p i ~ r i s o i i  of measnred equi\.alriit widths ill the IZT/IJVES rt~id HSTISTIS 
spectra. Fortuliately, HST/STIS i111tl VLT,IIJVES have a s l~i i~l l  over1:rli iu wavelength covcrage ~vhiclh 
allows 11s t'o coinpare and atljust for tlir. differclice in scattered ratlia,tioli eiltcriiig the instrumellts' 
apertures. Tliis paper provides a coinplrte oriline VLTI'[7VES spect,rlrrri ~vit,ll line identificatioris and 
ii ,spectral coiilparison bet,~i!eell fIST/'STIS arid VLTIUVES bet~veen 3060 a~i t l  3160 A. 
Sub:ject 1rrading.s: circumstellar matter - line itleritifications - stars: i~ltlivitli~al ( 1 1  CAT) 

1. INTRODUCTION 

Etii Ctiriilae jrl Car) is a ~nwssive Lnr i i i~ io~~s  Blue V;iri- 
able (LBV. Coriti 1954), that c~iirichrs the iiiterst,ellar 
illctliurn throi~gli riiajor illass eruptions as it tra~~sitioris 
from hydrogel1 burning t,o lielit~in corc inlclear energy 
procluct ion ( f I l~ i~ipl~reys  & D;rvidsorl 1903). During the 
LKV phase. the star. for ii relatively brief time i~ltc,r\-al, 
l~rigllteiis as n coilseqnellce of a iriajor lift-off of t,lie 
stellar atri~ospliere's o11t~t.r layers. A 60 d l ;  stjar  nay 
losc I I ~  to 10 111. ~vhilc on tlic ~iiaiii seqllelice. hut 
its pre-supernova irlitss is tllortglit to be ahout 20 l 1 ,  
(Sillith !S Owocki 2006). The IJBV phirse is likely ill1 

cvol~ltioriary stage n.hicli 111ost niassive st,tirs e l~co~ i~ l t e r  
t l t~r i~ig  i,heir lifetiirie, hefore rxplodiilg as a superriovil 
(lleyiiet ii- IInccler 2003). Growiiig e\:idc'~tce stlpportb 
thi1l bo~llc core-col1;rpse sl~~~erlrol-ae have 1,BI7 pro- 
genitors (e.g. Sinit11 et a1. 2007: Gal-Yt~iii et al. 2007). 
t~rilii~ilci~lg tlie cosniologici~l iiilportance of the LBlTs. 

Et;! C'nr 11iz:: a past with LHV cl~i~riicteristic el-r.iits. 
Tlit' f>ject;~. f'or~netl ( l i~r i i~g tlie Gr(1at E r i ~ p t i o ~ ~  ill 
the 18-10s ixlid. tllr less dl.i+lll~ti(, everlt in the 1890s. 
r~iotlifics i i C'~II,'s s~ )ec t ru~n .  111 tlie 18 10s riiort. tliiilr 1 2  
,\I:, of n~t+tcric+l nirs ejected iS1uit11 r t  al. 200311) and 
l ' ( - )~l~i t~i  tlic) 11i12oIiir I I o ~ ~ r t ~ i ~ c r t l ~ ~ s  ~vitll i111 i ~ l t ~ r \ - c ~ ~ i i ~ i g  
d l  I - i l l  t I .  0 0 1 )  111 the lSO0s ;-ill ioliizecl 
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i~ipolar structure. the Little Honiuric~~lus, forlilrtl in- 
terior to the Horil~~~iculus wit,li a total Illass of -0.3 
1\IZj (Ishibaslii et al. 2003). Tlie Homurlc~~lus reflec- 
tioil rrel)ula covert~cl approxiinately 10" x 18'' on t,he 
sky in 2000 (Illorse et al. 2001; Davidvoli et a1. 2001 j. 
n-11ile t,he Litt,le H o ~ i i ~ u l c ~ ~ l u s  is about -1'' in extent 
(1sliil)iislii et al. 2003). Tlir IVeigelt coiideiisnt ions 
(mige l t  cYr El-~ersberger 198ti) itre briglit er~lissioii 
structwcs crtrrerltly l ~ t i t t ~ d  0!'2 to Ul.'3 from the stellar 
syste~rl. They date back to  tlie event ill tlie 1890s based 
upoil proper liiotio~i r~~ens~u'ci~ieiits [Davitison et a]. 
1903: Sl~iitll t.1 wl. 2004). A pec~llitrr ionized region, the 
Stroritiutli fila~riellt. lies within tlic di,qk (Zethso~i ct al. 
2001) and is excitetl 1ty FI I I~a l~ i i e r  eoiitiii~tmn ratliatioli 
filtcretl by singlj- ioirizeil iroii (Hartin>rrr et al. 2004,). 
Tlle Strontil~lu f i l i~ i l l~ i i t ' ~  sl)c'ctrlliil s11oxvs lines of 
allowed anti fork~iclde~~ Sr 11 liiics but is doi~~iiiatetl 1)y 
Ti 11. Ni 11 aiicl Fc I.  Nc,itlier I1 I Ilor He I. itlit1 orrly 
T\-eak 0 I ailti C I e~~iihsio~is are o1)served. Otttsitle 
the. H0ll1llll(~ll~~l,5. i t  lili.g::c'!. 11~'lJlllil of tllill fil~llleiltb. the 
outer ejecta. is oltservtltl. I'ht. olltt3r qjectti is exp;\iitling 
with vclocitier I I ~  to 2000 liiii 3-' iIYeis r t  al. 2001) 
wit11 a total 1llilSs of 2-4 Jf: jli .  IVc.i,z. 200S. pri\-atr 
~oi;::rl;i;li~aticin). 

S t~~ t l i e s  o f  t11e ~rek)x~lirr e~ri i~sic)~i re~-eiilt~cl ;I iiitrogc~~l- 
r~iili~~rlceci I c r ~ o -  a i~t l  osygeil-stilrved >ys- 
ten1 (I>ilvidsol~ et al. 1DtiG: Dufbl~r r t  iil. 19$17). 
Smith & il-forx (200-1j ol3sc'rved tle~~letetl os \ -gr~l  
illjlllltl~lll~f'b hilt eiilii!i~ced ~iitrogen ill the cjrct;r. lo- 
c,atetl i l i~~li~dii l tely outbi(le tiit) I I o ~ i ~ i ~ i i ~ . i t l ~ ~ s ,  ~ l - l l i l ~  
the ejects at larger tlistruice has soli~r coii~positio~i. 
S~riitli k I\Iorsc corlclt~tled tlrat the ejecta filrtlirr an-;IF 
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fro111 the c,e~itral ol),ject \\-as I11ron11 1o11g t~cforc the 
c r c ~ a t i o ~ ~  of the Ho~~i i~nculus  i111cl \v;is less C S 0  pro- 
cessetl. \;~r~ier ct al. (2005ft) srlggestetl that os>-gr11 
and citrl)on arr  depletecl by t,wo ortlers of ~ ~ ~ i ~ g ~ i i t ~ ~ d e  
i l l  t l ~ r  LI7eigi:lt contle~isatio~is. 'l'he I I ~ ~ I , S S ~ V E  stitr iliat 
ejected this ~~i t roge~i- r ich  ~nitterial wits ill its 11ydsoge11 
i i i  evo111iori1-y s t .  XIassivr stars (>10J I  :,) 
tire s l ion~i  to 1litl.e e ~ i l ~ a ~ i c e ~ r i e ~ i t s  of ilitrogt\li iit tlit' 
esljt31ise of carbon iuiil oxyge~i. 'Yllis is it11 iil)1111~1:11ice 
clinritcteristic rilorr pro~ioii~icc~I due t,o ~nixiilg cilllstd 
lq .  stellar ro t~t io i i  (ILey~iet~ k S1ac~dc.r 2000, 2003). The 
r~'~l~it i i i i~ig oxygt'r~ is tirci ill coru~i( l~~l i i  a ~ ~ d  s i~~i l t le  
I I I O ~ C ~ U ~ P S ,  leitvi~lg nriich of tlie ~liet,ttls i l l  tlrcir g;tst;oi~s 
~ L ~ O I I I ~ C  111iase jCliesnrall et ttl. 2005'j. Tlie t111st iri thc 
r:jecta ~ i u r o ~ u i t l i ~ l g  rl Car ;rppewrs to he prit~~;rrily in a 
th~sly to r i~s  i t ~ ~ d  ill the outcl. I-Ioriii~nculus Srilith et  al. 
(2003t)): Sl11it11 (2002. A I I ~  refereilces t 11ei.ein). EIowcver: 
t l ~ p  evitlel~ce is sparsc as to  if cttrl)u~i is I)oi~r~tl  ill the 
dust in the system. Furt,hermorc, i l ~ e  properties of 
tltist foru~atioit ill niti.oge~~-rich che~nist,ry is rarely 
atltlressetl. 

Etii Car lii~s a s ~ ~ e c t r o ~ c o ~ ~ i c  period, initially dis- 
covered tlirollgli \-ariittiol~s in Hc I A10830 integrated 
flux (Da~iii~lcli 199(i, and referel~ces within). Tlie 
varii~tion in excitat,ion is accor~lpariied by eclipse-like 
~ ~ i i ~ ~ i ~ r i a  obscrx-ed with URV ar~tl  KVR pliotoliictry 
(van Cerldereri et al. 2003), in near i~ifrnred .JHh-L pl~o-  
tolnet,ry (Il'hitelock et 31. 2004) and ill X-ray bri,,l 0. lt,lless 
(1sliik)irshi ct al. 1989: Coreorall 200.5). Corcor;lri (2003. 
ltl l t l  references tlierein) firlc-timed 11C;rr.s l~rriocl t,o 
202-432 tl ( 5 . 5  1 year) k,asc:d 0x1 vi\ri~tk)ilit,y in t,llr X-ray 
~rnission. Recei~tlg. Darlii~leli et ul. (2008) showed that 
tlie visible s~)ectro~)liotoliietry tuid X-ray v:;nriiibility 
give consisterit results. ?\lost, if not all, ok)serviitions 
call h r  explairird 1)y the presence of a cor~lpa~iioli s t i ~ r  
ill a higl11~- ecce~itric orbit wit11 a 5.3d year pcriod. A 
discussion about thc binarit>- of the systvm caii he fou~itl 
ill several pape1.s i~~cl l id i~rg  Nielseri et al. (200711). where 
tlic, binary solt~tiori is cviilparetl t o  a single star 11rotlr1 
that  attri1,utes the spectroscopic ~ririitbilit~y f ro~n  a 
ltititudinal tlepe~iderlt stc1l;rr I\-iiid (Sillit11 et al. 2003a). 
IT> adopted the hinary solution for the spect.rit1 ;\tlalysis 
ljrt~selitrd iri tliis paper. wliere the periast,ro~i passage 
rcpreseuts tlie syste~ri's spc1ctroscol)ic low-stat,e aricl the 
t>i~iie outside the periilstron passage is tlic spectroscopic 
higli-stiit,e. 

l I ~ i ( . l ~  attriitin~i lii~s t)ee11 dcvoted to fit l i l  direct 
spect ral evidtlnce for tlie ~01111jit11i(>11 star (11 Car B j or 
sig~iati~res fro111 thc i~iteri%cti~rg ~vi~ids .  Tilt, ?i-rittliiitioli 

L> \ 

itncl was ~liodeleti iis i~iterirctio~i het,n-een a pri~llitry star 
( / / C a r  -A) wit11 a tlt~rise ~villcl (L1?-2.5x10-1 -11:. yc,ar-l, 
t~x=.30il 1cri1 s-I) a 1 ~ 1  it fast c o ~ ~ ~ p i t ~ i i o ~ i  \vi11(1 (A?-- lo-' 
3 .  r 1  I : I  ' : !'ittl:yti c~i.co:ai: 
200'). Strir~rr  <k Dt1111i~~cli (2004); St:i111 r t  it]. (2005) 
dettxtc)tl IIr 11 ill the  hr~ectril~li of i ,  Car iutlicatin~ 
tlle 1trr~c.1ic.c of n 1101 co~l;~>ailio~i. 'l'lie' fic 11 eliiissio; 
was t1ernunstr;itt~tl 1))- Irartiri r t  t t l .  (2006) to origillate 
G o ~ n  the wind-wi~~d interf;rce wl~ere highly excited 
1i1lc.s ~lor~li ; i l l~- iiot o\)served in thc n-ii~d s~>ect,rllin of 
ti 1.5.000 I< star could fhrrll. N i ~ l s e i ~  et ill. (2007ii.) 
traced. \$-it11 HSTiS'YIS spectra. Hr I lines forlncti ill 

tlle wintl-wind iliterfiice over tllr 5.53 year spectroscopic 
period to fi1rt1lc.r anill)-ze tllr io~iizatioil structure of 
thc n-it~tl and cl~rive il Car B's 01.biia1 parameters. Tlir 
5pec:trunl of t,lir L+'eigelt coi~de~isa t , io~~s  during tlir hroatl 
r~iaxi~iimri is col~sistent n.it,ll tlie prcseiice of i t  37.000 
K ol-~ject. irnplyi~ig a compa~iio~i star of 0 or \\%type 
(Ves~ier rt nl. 20051)). Ipilig ct al. (2005) folmd eviftt~~ice 
Sor a hot cornpaiiio~~ 1)y the far-UV flils behavior. h r ~ t  
cc)illtl ~ i o t  char,zctel.ize it ally filrtl~er :is the f';~r-U\' 
spectrrun is ~iiodifietl by t i  Car A's exte~idetl wind anil 
tli? circrullstellar material. A11 evitle~~cc, fiivor scenario 
whew rl C;II is a ~llassive i)ii~ary. 

VLTl/VIn'CI i~it~erfcror~~etr>- (vitl\ Boekt:l et al. 2003) 
il~ft~red that 11 Ctir A is a prolat>e splieroitl. esterltli~ig 
;rlong tlir polar asis of t l ~ c  Ho11ii1iicul1is. co~isiste~it 
with ti polar winti with variii\>le \relocily d~lrilig t,!ic 
spectroscopic 11igh-st,ote that dccreasccl clu~.i~lg the 
199P.O low-state (S~iiit h et ill. 2003i1). Tlie results 
fro111 van Koekel et al. iigrer well with niore recent 
V7LTI/A;\I BER ir~t erferoniet ry, using visil~ility fi~nct ioris 
of He I at  2.059 pi11 and H 1 Ury (m-c:igelt et al. 2007). 

htultiplr HST prograllis illorlit,ored tlle spectroscopic 
~ i i r i n t i o ~ ~ s  in tlic wavi\le~igtli rarigc 1173- 10.300 A 
frorn 1998.0 to 2003.3. The IfSTjSTIS eli\ta provides 
i~lvaluahlc iliformation a17ont the charixtter a.ad geonl- 
etry of P! Car and its ejrcta. iiicltldi~ig t,lie gco~iietry of 
the IIorr~uncnlns (Dltvidson et al. 2001) kr~itl t he Littlc 
fIunluiiculus (IslriI)asl.~i et al. 2003). Tlie initi~tl sprctrirl 
iinalysis using dnta ohtai~iccl with EISTISTIS resulted in 
wt,lases for tlie coinplete ~rletliil~n (R-30.000, 12-10-2360 
ii: Xielse~l et id. 2005)  id 11igl1 (R-110.000, 2380-3159 
ii: G1111 et ttl. 2006) resolt~tiori STIS AIALIA wavelerigt~li 
r e g i o ~ ~  ill the siglit,lirie towartis t l ~ e  star. Tlie high 
resolutio~i rnodes xvere excli~sively used for the analysis 
of the circli~iistellar uhsorptio~i sliclls. since tlte narrox\- 
line absorpt io~~s  i ~ o t  are observ:ible iri tlip low resolutioii 
(R-8000) STIS CCD spectrum. Spectriil atlases, 
11si11g tlie HS"I'/STIS CCD spectnl~n (R-H000), for t,hc 
S t ron t i iu~~  fila~nerit allti thc Llrigelt c o ~ i d e ~ ~ s a t i o l ~ s  are 
f o r l ~ ~ d  ill H a r t ~ ~ i a r ~  et, al. (2004) nlid Zet,liso~i (2001), 
resl~ect~ively. The \li.igelt D UV spect,runi was. with 
li~liited ~ ~ ~ i ~ v e l c ~ ~ i g t h  coverage, investig;tt,ed with liigll 
1.esol11tioli STIS LIAAIl\ apectrii (,Nielse~i et a1. 2007a,). 
Tliese atlases sc\rve ils a platforll~ for f i ~ r t l ~ r r  stuclies 
of ~/Citr 's  tljecta ant1 c~irc~~~ilstel lar  t i  aroluid 
other oi)ject,s srlcl~ as gallilria 1-a>- 1)11rst proge~iitors 
(Prochaskt et al. 2006; \ i ees~~- i jk  ct ill. 2007) or ot,licr 
LB\'s (Ni~lseii et itl.. ill prep). 

T\+is et al. (200.5): Hon~nns et al. (2005) ditl the initial 
al~nlysis of 11 Car's I.ZT,'t-I-ES spectra a~i t l  rioteii ~,jt,clti~ 
a l ~ r o r p t i o ~ ~  lines i~lcll~tling tlie Nil [. I< I ant1 Ca  II dou- 
Itlets. Tlie I ZZ;/CVES tlzitn xi-ere o1,titiiieci tiiui~lg th r  
"11 Ciir Ctrrupcii:jn ,u,ith C'I-FS (1: the  PSO 171,T" which is 

t~ long tern1 project for qprctroscopic ~~ioliitciri~ig of I )  Car 
n-it11 irLlr, 17\'CS in t i ~ o  *lit ~j&ti<,iis. Tl~t ,  firhi slit po- 
bition i:: c~iiterrtl o l ~  t l l ~  t i l l .  itsc'lf i i ~ ~ i l   pro^-idvd the tlitta 
li~t>tl I)>- L Y c > ~ ~  i ~ l .  (2005): I l ~ ~ l \ i t ~ i s  et (2003) > U ~ C I  is 
the l ) i \ s~  f ( ~ r  ilie in\-cbt,igittioli p~.esentetl ill tlii,q paper. 
Tlie sc~to~id  slit pobitio~i is oKsc,i towartlu the ~~tt i l i- t \ i ts t  
lobe of the I- lonlu~~cr~l~ts ~lcl)l~l;t. Stahl et a\. i2003) llsctl 
t>hr sct~tteretl liglit sl~ectrulri itt the reliter of this slit po- 
sitiori in tllrir a~i i~l~rs is  of t,lltx Hv TI ,\ L68G li~lc, profiles. 

VLTiCVES pro\-itlrs the  necessary spt,ctr;ll resolvi~~g 
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I .  1 1111ag.e (12"x 12") ol~tained wit11 H,STAtlv;tncc.ri C'anl- 
e ra  for Surveys (GO prograrli 9I"O: PI: I<. Dnvidso~i). Tht, I:\-ES 
blur a rm (0!'4 x 7!'6) and red arrrl (0!3 x 11!'8) zrp~rt t~res are pic- 
tllreil (d:~slicd) 011 tllr l ~ f t  atid right i111age.s. rrspcctivelv. 111 both 
figl~res tlic extracted parts of the apertlires (solitf) are dcpicted as 
~l*rt l  for the 2002 Decelnber I% ohsc.rvatiur1: :i!'00 ill tlie bllic, arm 
allti 2!'04 it1 tile red arm. Tlir cross-hair is 1" in both tlirectioris. 
power for spectra,l i~ivcst~igatio~is of tlie ejecta at loriger 
\wvrle~igths. The exte~ided ~v;i~;eleiigt-h cover;ige i~ich~tles 
spt'cies wit>li tr i i i l~it ioli~ oiitsitle tlie HSTISTIS rchelle 
spectral range, such a5 Sr 11, Sc 11. NH ant1 CH+. IIolv- 
ever? tlie VL1;iUVES spect~ruin is ~ i o t  easily coriip;rretl t o  
the HSTISTIS spectra. 1)ectuise of tlie added coliiplica- 
t,io~i of gro~uid-baseti seeing coupled with iiebular c~riis- 
s io~ i  and spatially extcliided wind features fro111 71 Car .4 
*tnd B thitt enter tlie larger aperture. 

Tliis paper prescrits tlie UVES spectrrlin between 3060 
aiid 10.130 A. \\-it11 liiie itleiitificat~ioiis OF the nebular 
erriissioii features. t,he P-CJ-gni ailid lilies arid tllt ejectn 
ahsorpt,io~i. Tlie p i t l ~ ~  provides the iiecessa.ry t,ools for 
further i~~vestigatior~s of rl Ci~r ' s  spectruin, iiiclncli~ig an 
at,las with line ide~itificatioiis ill ;\dditio~i to all analy- 
sis uf the scattered co~itribl~tioii to the UVES coritiii- 
uur~i.  Section 2 prt.seiits the observatiorial data used 
ill tlic alialysis. Sectioii 3 discusses (,lie spectra of tlie 
MFigelt contlerisixt,ions. tlir circi~r~istellnr nlaterial ;tnd 
the stcllar wind. 111 Section 4 me coliipare t,lie c.olu~nri 
deiisity irieasure~rleiits in the -313 lcrn s-' at~sorptior~ 
co~~ipo~ie i i t  to understaiid tlie scattered light propert,ies 
tliat strongly iilfl~leiice t lie IfLT,'UVES spectrlim. Tlie 
m-a~t~leiigt~h overlap betweeli LrLT/IIVES ancl IIST/STIS 
provides the l~ieaiis to  inr~estigate the UVES spectrrun 
with respect to tlie scirtt,eretl r;tclii~tion froill tlic ceiitrt~l 
source and is i~ivaluat)le for fu~t~l i r r  im-t,stigatio~is of the 
UT'ES spectrurii. mi. tliscuss the \\-a\-elength region be- 
twec~ii 3060 illid 3159 -4. i2iid derive a corrrctioii factor f r 
tlit. added scattered stellar radiatioii in tlie CTVES sprc- 
t r~ui i .  Tlie corrc.ctioii fi~ctor will be used ill all i tb t~r~da~ice  
aiiwl?-sib of tlie ejpcta. iiicludiiig all ohserved sl~rcies ill 
ak)sorptioii. tliat cl~rreiitly is b e i ~ ~ g  grepiued 11y I(o1)er 
et ill .  Tlir o~iline editioii of this ptqxr irlcl~ides t,lie entire 
I %T,'LTVES sprctrilril n-it11 over 1.500 line idelltifications. 
.I11 n;~veleiigtlis tllrc~upliout the p;iper are ill v;iclillrri. 

Coortlirlnt ed. higl~ly t.o~ilpleiricilt i\r?-. ol)herv>it ion* n-erc 
~iiitde wit11 tlir HSTiSTlS  ;inti tlie 1-L7yLVES heiore. 
tillring. i t ~ l t l  after tlie spectroscopic Ion,-state c.rritered 1311 

2003..5. Tile STIS spcctra were obt.ained at critical iiitcr- 
~ 1 s  i r i i i l  COI-W tlit, V\- spectrai rixiigcL wit11 liigli hpiiti;il 
crud spectral rrhol\-ilia power. Tlie STIS echcllc ok)st~r~-a- 
tion. 11sed ill this >iii;llysis. was ol~t; t i~ird in 2 0 0 1  LIijrcti 
wit li the E230II g r i~ t i~ ig  setting. providiiig n O'.'O'iO spa- 
tial resolut,ioii wit11 0'.'0145 spatial sampling iind a hpec- 

fI,S7;'ST I S" VLT,T\:ES" 

A-coverage (.\) 2:380 - 3159 :30630 - 10.43OL 
:j06O - i!lOD ( l ~ l u e ) ' ~  
-L'J00 - 10.4:iO ( ~ e r l ) ' ~  

Xpert,urr j") 0.:i x 0.2 0.4 x 7.G (h l~ le )  
0.:3 x ! 1.8 (red) 

Resolving Power: 
Spectral ( X I A X )  110.000 XO.OOO (hlrlt!) 

100.000 ( r . ~ t i )  
'4llq111ar 0.07 0.:',!1- l.tii13 

" JIST/Y1'IS ?I,\AIA ipc.ctr1lni is froni liLST GO 
i n  I !  (PI: I<. Dirvid>oii) ;LII<I is t ~ v ~ ~ i l -  
; ~ h l c  ,tt http://archive.stsc~.edu/prepds/etacar/ or 

http: //etacar .m. edu/." VLT/C\ 'ES  s p c c t r , ~  ;rl e ub- 
t;airie,l c1111i1ig [>r, ,gl~ml IDS: 070.D-ijfK77, 117l.D-~1lfj8, 
OT2.D-0521. 07J.I)-0111. il77.D-O(i1X. 380.!3-01!:3Ci: PI. K. 
Llkis.' C'nniplc~tc v a v e l t ~ i ~ p t i ~  !~iligr for  ~lichr,  oi>icr\-;ltiorii. 
Snlall finpi in v~ ,~vr lcngt l i  cul-cragc ellie to  spnciri:: l,ctwren 
ti),, c<'D>." Lysc<l \v~ivc,lc,iigtl~ r;~rige.' S c ~ : i ~ ~ ~ - l i ~ i ~ i t e ~ l ,  

Illstrlllllel~t Ohserwti t>l~ Date 

CrLT'UV12SC 1900 Drc 21 
2002 Drc 7 
2U02 Dec 12 
2003 Feb 14 
2003 AIay 20 
2003 .J1111 3 
2003 .J\ll 5 
2004 Feb 20 
200.5 Feh 12 
2003 \far 19 
2006 .\pr 9 
2006 ,1111 X 

" . JU-2 .1~~0.000~ '  Pliase rrln! ivc t u  X-r;ty ~ ~ i i l i i -  
IIILIIII 1997 96,; 1, .ID?. 4~0.7~1~1.7!I2+202~4 x <  > :  C'o~~curari 
i 2005j.c The s ~ t  cl.r:i ! ~ b i , t i  iri tliis ,in,ilysir ih CIII v.utl.'lction 

t , ,  iiicl!xie' Hi'X of t h e  flilx fro!i~ tlic cci.:~.,~! w1ircc." T!ir 
.pectrllm iiz<,ii ii: t h i i  r ~ ~ ~ . ~ i y \ i s  ir i~ 0"0115 rslrnctioil  
C C I l t  crc(i iJr1 I ]  C,ll. 

t,rnl resolvi~~g pon-er of  110.OUO ill the wa~~elrrlgtli ~.cgioii 
2380-31.39 il. Tlip area that is co\-ereti 1)y tlie STIS slit 
cli;irigr>s its a f~uiction of the sl)?~cecrwft roll-angle. For 
tliis partic'illar ohserv*itioi~, t81ie HST orieiitatiori tuigle 
pe1.11iitted positiouii~g o f t  he 0!'3 x U('2 apert l~re to iiicl~ide 
\leigclt B aiict D ill ntlditio~i to 11C'ixr. The spectrlu~i. 
ilsetl ill tliis analysis. is ;zri ~xtractioii  of sev~'ii 0!/0113 
wide liigll-reholutioii 1.o1~:s (7~0/.'0145==0!'10L') fro111 tlie 
HSTi'S rIS lIA\_\I:i  eeclirlle i11iagt1 ct~iit ~ 1 l . t ~ l  011 11 Car. The 
0!'10L' pstr;ict io1-i miliji!>i-/e\ ccxlt~ilr~i~~;rt io!i f:(x~i tlicl six- 
roi~~i(liiig iit>1)11li1 i t ~ i ( l  ii~iisiiiiizc(l t l ~ l  t ~ i ~ i ( ~ ~ ~ i i t  {IS il~for- 
~ i ia t io~r  of tllr stellar 311ectr1111i. -1-0 ~tvoicl poteiitiiil HIIX 
i~iodillatioii. n-r r~st-d a spectral c.strnctiorl tliat is sliglitly 
liuger tllwil -~vliwt ih iirrtietl l>aserl (111 tlic illstruinelit':: spa- 
tial re~ol\-ing polver. Tlie f1SZ''STIS tlatii vas trcciuirecl 
f r o ~ ~ i  the SI,\ST tiwta archi\-e aiitl i,ctll~ced witli a 11011- 

staiitli~rd IDL rcdi~ction softwire fiorii tlie STIS i~istrll- 
~ l ieut i~l  dcvelop~ileiit tea111 (Liiidler 1999: Va1r:iiti et al. 
2002). 



-1 Kiclseii et al. 

Tlle CVES spectra cover 30M-10.430 i\. 11-it11 s11li1,ll 
breaks clue to  physical ga.ps between the  CCD cletec- 
tors. tvith 80.000 aiid 100.000 spectral resolvi~ig power in 
tlle blue (X,-3460 A) wud red (Xc-8G;0O A) .  respecti~r:l>-. 
Spectra wcre oijt,ailied frecl~~eiit,lg across the 2003.5 1 i n ~ -  
state a~ i t l  wit11 niii~uitl t-isits t l t ~ r i ~ ~ g  t,lle ~ ( ~ c o I - c I . ~  period 
t llrol~gh 2006.4. All LrVES high rlisprrsio~i spect,ra w c ~  
c~\)tai~led ~v i fh  t , l~e  sii~ll<> l)ositioii angle (P.'i=l6U0) iU 

sllow~i ill Figi~re 1. \Vllile seeing was recortled tq- ille ob- 
servers to raiige I,etweeu 0'.'39 to 1'.'67. tlie recordetl line 
by l i~lc spectrti llave sig1iificailt1~- li~rger FItiI'IIhI, liliely 
due (,o the ext,rrldetl geoi~ietry of I/  Car. Tlie recorded 
11-LTIUVES spectra iildicatetl sigilifici~lit litrgcr stellar 
profiles r~long the slit compiiretl to t,he observer-recorcded 
seeing llleilsttres. Therefore. ~ v c  11sed a slit ext>ractioii 
with ~rarialjle spat,ial aridtli to all st,ellar flux tlovi~ii to 
15 percc~nt that of t,hc peak flux. For t,he spectrmn 01)- 
t,ained it1 2002 Decvrllber 12 me used a 3!'00 aiitl 2!'03 ex- 
trttct,iol~ of tlie blttc ailtl red ttpert,llre, respectively. For 
obscrvatio~~s ol~tailled at the other phi~scs. extractions as 
large ;IS >3!'75 were ilecessary to iilcllrcle tlie bulk of the 
flux fro111 the st,;u.. T l ~ e  LVES data were rerlucctl wit11 
pipeline i~iethods. Tlie rt~suliaiit spizt,ially resolvc'd line- 
111"-liiie spectra \\-ere produced by orie of t,lle at~tliors (0. 
St uhl) n i t  li titilor n~atle software t,o opt irnize the sig~litl- 
to-i~oise iri tlie overlap regioris. The UVES spectra are 
not flux-ca,librated. Corn~~:lrisoiis Itet,svteii clifferelit spec- 
t , r ;~  were tloiie mitli the coiitiiiuurtl 11orin:rlizeti to unity. 

Tlle EVES and STIS cliaractcristics are suriiil~itrized ill 
Table 1 aiitl the observatio~~al pliase ccx-rrtrge of I /  Car's 
5.54 year spect,roscopic period is preserltcd iri Table 2. 
Figure 1 sho~vs HST/Atlvanced C a ~ ~ i e r a  for St1rvc.y~ op- 
tical inlages (GO prograiii 9320; PI: I(. llavidson) tvith 
the ITVES aperturrs ox-erlaid. iriclutling the port,ioris of 
the apertures for ~vliicli spectra were ext,ract,ed for tlle 
2CJ02 December 12 ohserlatiori. 

\\;e c o ~ l i p i ~ e  the VLTIUVES spectrrrr~l wit11 the 
HS'T/S'I'IS E230H ill the overlap regioii k~etwce~i 3060 
a i d  3159 L4 to gain insight of mllitt is includcd in the 
CVES aperture. \I-e extend the analpsis tlo rlle entire 
cox-eretl UVES sl)ectrt~nl. Tlie con~plcte spet t r tu~i  is pre- 
sented as ail atlas n-it11 line identificatioiis ill the o l~ l i~ ie  
rrlitioil of the paper. 

3. THE r )  Car S1'ECTRTTSI 

Tllc / / C ; I ~  spect r t~i~i  ib ~noclt~latetl 1)y t l ~ e  5..54 year 
spectroscopic period. During tlie greatvr part of the pe- 
riocl the systrni is i~ifluenccd by ritdii~tioii fro111 the hotter 
11 Car B itlid is referred to as t.lw spectros~opic lligli-state. 
Tlle spectroscopic higll-state is cl lart tct~ri~cd t)y a Iliglirr 
level uf ioilizatinii particularly in t , l~e IYc~igelt co~itletls;-\- 
ti0115 ;ji1(1 the circlul~stellar i~liiterial. rI<~.ro~s 71 C i ~ r  B':: 
peri~tstro~i pas,iilgc. tlie systel~l is clorni~iateci by rit(li;\- 
tic111 froul , / C i i ~  A mld esl~il)itx I(-JT~-er ioni~atioll. Tlw 
1teri:~strou passage lasts for a fen- iiio~rtl~s i t r i t l  i s  oftell 
titllecl the hpectroscopit nii~ii~ilt~lli CJY Ion--sttite. 

The spectra vl>st.r\-clti m-it11 \-LT;VYES >Ire seeing- 
li~iiitril inid i i~c l~~r ie  t>sttltldetl stelliir ~v i~ i t l  liilcs pllls nay- 
row li~ic e~~iissioii froul the sturotuitliiig ~iebulil, fro111 
the Ifreigelt coudci~satiovs in particnlilr. At wtn~elcligthh 
1011g~v;tr~i of W50 ;I, die Tellllric On illit1 H 2 0  l~aiitls Ilea\-- 
ily coiitairlinitte the spectruiii arltl sigiiificiiiltly ililpi~ir the 
illld>-Si~ of the velocity varinbility ant1 the chaliges in ill- 
t,egratcd flltx of the stellar miiid lir~es. 111 tlle follo~vir~g 

srrt,ions we discuss tlie origins of t,he idr~ltifiecl lines ill the 
spectrltin, i~lcll~tiing tlie I4;eigcli co~iclcnsatio~is, tlle ht,cl- 
lar wind a i~t l  tlie circl~iilstelli~r illaterial. F i g t ~ r ~ ~  2 S ~ O T V S  

thc c i l r r~nt  ~ i c l t v  of the systrni iucllltli~lg liow- otrr sight- 
line illtersecis tlie e,jectit. Figure 3 shonrs all exairlple of 
the LTVES spectruiii wit11 iclc~~itificirtioils. It is a sili~iplt. of 
the full spectrrull t l~it t  appears in tlle o i i l i~~c  edition of tliti 
lxiper. Nore iilfi,rmat,ion :il)out t , l~e  idciitifiecl tr:t~isitior~s 
in Figure 3 is presckltt,ed ill Tirl~lr 3. The cornplcte fig1n.e 
set. ax~ail;ibli. oillil~e, is a col~iparisui~ ~IP~,A\~P( ' I I  a spec- 
trl~rii ol)t ained during the  sprctroscopic high-st at,e (2002 
Ilecenlbrr 12. ()=0.00) i~rld one record~ti  during tlie lo\!-- 
state (2003 .Jtrly 5 ) .  The two spectra are co111part.d over 
the vutire VLTIUVES wavelengtli region (3OGO - 10.430 
A) .  4 rcferei~ce ki~y for the o111ille i l t l i \~ is provit-led ill t,he 
end of the paper (Figure 11) 

Zet,llson (2001) analyzed the 1T;eigelt D eiilissioil spec- 
t,ruiil for t , l~e ~v;avelerigth rcgio~i covered by HST/STIS 
CCD (1600-10.300 A. R--8.000). LVt, usetl t11e work 
11y Zethsoil as a guide to  itientify the ~iarrow eiiiissio~~ 
lilies fro111 the Weigelt coildensatio~is ill the UVES spec- 
trum. Tlie inajority of the ililrrotv lir~cs observed witli 
IIST/STIS arc also observed ill tlle LI'ES spectrutii. 
IIo~ve\-er. weak lilies are overpowered by t l ~ e  n~ucll strong 
stellar ritciintiori in the PZT; LTVES spectrll~n. \Ve iiote 
that the uarrom- ccornpoile~it of t,lle emissioi~ lines recorctecl 
\\.it11 high-rcsol~ltion ( R  -80.000) \:LT/UVF,S are nar- 
rott7cr than seen ill the higli-spatial, hut lower spectral. 
reaolut,iou IISTISTIS spectra. 

Tlie rllost pro~uiiient uehulnr fcat,~lres i'roiil t,he IVeigelt 
co~idensatioi~s cluring I /  Car's spectroscopic Iiigll-stat e 
are tlie H I Lycu-pt~mp(~cl fluorescent lilies in Fe 11. 
especially Fe II XX2507. 2309 (.Johansson & Letokl~ov 
2003). 'finllsitiolis fro111 lligher ioliizatioii stages, such as 
Few, Fc3+. Ne2'. tve1.e also identified in the spectr~tni. 
The radial velocities for the spectral lilies in t.lle spec- 
trum of tlie TVcigelt D coride~~satioil were deter~l~i r~et l  by 
Niolser~ et nl. j%OOTl)) to be -47 k111 s-I for the H I L ~ Q -  
p~lmped li~les and - 49 k111 sp l  for the allowetl transit,ions. 
Tllesr derivetl radial velocities il1.e con~i;it,~ilt ~v i t~h  previ- 
ous results froiii Zet,lisoil (2001) aiid itrc used to ide~it,ify 
the einissioil features in the CZT/UVES s l~ec t r~mi .  

Tlie H I Lyci-pt~~rlpc'tl fl~lorescerit lines wil t1  tlie for- 
bidden lilies of the highly io~lized species are prt'sc.ilt, 
dttri~ig most of the 3.5-1 ycar cycle 1)ut disal)pc~ar for 
severitl l ~ ~ o i l t l ~ s  dtuiilg I/ Car's Ion-state. coiiicitii~lg with 
i/ Car B's pel.iastro~~ pabsage. The spcctral 1-arialjilit~. is 
attriltutrtl to the LL' radiatioii field ii.c>m thc liot r l  Car B 
(l'-er~~c,r et al. 200.511). 1)~rriiig tlw pcr~iastroli pttssagc~. t Ile 
tleiist, n i i ~ t l  of 11Car 2 1  traps tlie FIJI- r;ttiiittion fro111 
71 Car B in all iiircctioi~s. Figure 4 shon-s t,he tlifLereilcrs 
it1 vari;il~ility f i~r tlit, uiotlerately ic)~iizetl s p r t i ~ s .  rcytrt'- 
bt.~itt~tl i)y :Ft Ii]  X 1286 (Fr i IP 7.9 e\-1. ;iucl tile irighiy 
i o ~ ~ i z t d  %Se I I I ~  A3569 (Nr  I1 IP -40.9 eLT) clitriilg tlic. 
q)ect8roscopic Ion.-stale arid tlie recovery pc.riod. Tlie 
I~iglil>- ioiiizetl species are escitctl with rtidii\tioii fr.olri 
11 Car H illid. c o ~ ~ ~ e ( ~ i ~ e ~ ~ t l ~ - .  the nlost clraliiiltic difTerencc. 
its sl io~vi~ ill tllc figure. is the, absence of the [Ne 111j X38G9 
at -47 liin s p i  1)egil111iiig iit pliitsei. CI-- 1. when tlie far- 

phase ~ e l a t i v e  to S-rq- n~i~i i i ! i~ini  19>)7.<)CiOl. 
JD2;430.79!).7!)2+202 4xo: C:O~CO!;\II (2005). 



Allalysis ill the visil>le :tilt1 ilcar i~il'rared spectrttl rrgiol~ 

I .  2. The clurrent view of t.llr r /  Car s>-stc.n1. Tlie trV:'\isihle sprctl.lun is tiorniui:tted hy spectral lines primarily origiiratilig frorii 
tile dense A-iiirl of 11 Car A. Nal.r.o~v eirrission lilies ;trr ohserved fl.olrl Weigelt conrler~s;~tions. rrpreieritetl i l l  tile figwe by \Veigelt I ) .  'Tile 
line-of-siglit frc1111 11 C'ar int,crsects the ejecta, qpecifically tlie Little H O ~ I I ~ ~ C I I ~ I L S  a i d  t,he Hoinlunculliq. C'oiisrql~ently. large parts of the 
o h w r ~ e d  spectr~uin are donlinated I]?; the ?jecta nl~sorptioris. 

\ 

17.\BLE 3 
IDENTIFIC'.ATI~XS I N  THE SPE.i"rn.41. IYrER\.;\L Yl(j0-3182 1j 

Equatorial Disk / 

x,,i,. XI ,kjb \'eloclt\~' El<,\&" 
Line ID ) Coliiinent (kill ,-') (~111 ' ) lo: gf Kefere~ice' 

3162.37 e 1 ( 1  1 '  - 1 ~ )  :$l62.X9 ern -49 13003 -2.84 R!ISa 
31(j:3.19 Fe 11 (4.i. c"G;i2 - 4p y 2 ~ 7 ; . i )  3163.71 el11 -45) :13901 -1.18 KD8a 
31(j:<.49 F I ( 1  f f 4  - 4 2 ) 3164.01 em -49 ' 4  - 2 . 5  R98a 
3164.03 Ti  11 [tl" b4t;,l.2 - 4 p ~ 7 2 )  :310!1.15 cs 4 1 3  1216 -0.14 POlb 
3167.08 Fe 11 (3s c 1 4 ~ i i z  - 4 p  z4DSI2) 3167.58 ern -49 1 7 4  -:<.OX R98a 
3167.91 I ( 1  F - D )  3169.45 C S  - 1-16 121(i 0 POlb 
3168.25 Fe 11 ( I S  b G 7 ,  - 4P z L G T I 2 )  3168.77 rill -49 30764 -0.72 R98:1 
3168.34 F ' ~ I I ( ' ~ ~ ~ ~ D ; , ~ ~ - ~ ~ , X ' ~ D ; ; . : , )  Slbd.80 eln -40 31:188 -2.66 R98a 
:316&.69 Fe 11 (4s L2-'G7:2 - ip z2G;, ,) 3168.77 ~viild -8 0 -0.72 R98a 
31CiX.78 FCII (4s b4Dilp  - . 1 p x 4 ~ 7 p )  3168.86 w i l d  -3 31 388 -2.(j6 R!)Xa 
316!).:37 Ti I i 1 4 : ,  - 1 D ) :3169.43 uirid - 8 I216 -0.14 Poll, 
3170.71 I ( - p 4 ~ ,  S171.26 el11 -49 13ti76 -2.61 RD8a 
:j 172.,17 I -4s a ,  - J , )  3 1 7 2 . 1  em --Ic) 3.53.56 -0.53 K88 
:1175.7S IFe II] ( ~ L s  ~ " l , , , , . ~  - 4s h' DP2)  SL'i(j.30 cui 0 -h..57 GCi2 
3177.93 F e n  14.- ~ J ' D : ; ~  - 4 p . c ' ~ ~ ~ ~ )  3178.-L5 el11 - 4  31483 -0.90 RD8n 
3178.06 F ~ I I  (1s  h411,,, - 4pg4Di12) 1 7 .  ell1 -19 13(i8 -2.92 R ! ) ~ ; L  
3 I79 73 Car1 (dp2P; ,  2 - . ~ t f ~ L ) ; ! ~ j  3180.25 ern - 19 25414 0.51 B72 
3179.90 I 1 D - 1 ,  :31?0.42 cinl --49 3S161 -0.87 R98a 
:31S0.06 I 1 - 4 ,  ) 3181.61 cs 1 I f i  20512 -0.20 1 0 6  
31S1.00 I 1 ,  - : ) 3181.61 - i!j 20312 -0.20 SO6 

I ~ c r n i i l ~ c i ~ .  - B72 - Cl,,ck c t  ,il. :1!172). G62 - G,irs:,ir~:: (IOG?i. K88 - i < i ~ r ; i ~ ~  [ lCjh3) .  N06 - Xik,,,~i c t  '11. 
(2OO(>i. P O l b  - Pickcriiig c t  ;ti. !2Oillj. R08a - R d i ~ b ~ i i i  k V y l i l l y ~  (i!l:)ii~ 

Y O T ~ .  - cs. E l l .  \t-t>D d e i l o t ~ s  thk, l ~ < i t : ~ r ?  01 1 1 1 ~  six-< trill !inc, il! t!1c3 i ' t i i i ,~ ~ , , ~ < O I , I ~ I I ~ I \ - .  C S  I S  f?,r ci1~,,1!11\t~>i!~ti 
c , l ~ - ~ ~ r ~ > : i o ~ ~  I~IICS. E l 1  is ~:111+io17 frx,r1l \Vc~q(,!t El , m i  \\-IsD ib -trilcir W ~ I I G I  CII:!-SL~I:I. S t , l ~ - ~ ? i r ! c , ~ ~ ~ - e , i  (;,,ti1 ~ ~ r ?  i r ~ , r ~ ~  
ii I~LII '~Icz '- .  .qt(iillic Lliit, r>cttili~<:+(l ( h t t p :  /:cf a-rww.harvara. edu/a~data/a%pdata/irurucz23;sekur. htrni). .i p, . t t : ,~r ;  ul 1 iic 
o!!ii!~c> l,tk,l,, i- -1lo1v1i ll<rc\ f,,~. ~L!iqdci~i<(> !t-xLir~!1!~g it .  c < v i l t c ~ ~ t .  
L' Cci!c,~! ~ t e d  ~ ~ ~ ~ > P I \ - I - ~ I  ~ - : I C I I I I ~ I I  v . ~ , t v c ~ i c z ~ ~ t ~  l>c- ,~ t :d  CJI; t!,.t, !.( ! i ~ ~ ( < - ~ ~ . t r ~ c  ~6 locit\-." \ , t c . t ~ ~ , ~ ~ x  ye>,. ~ \ - ' ~ \ c i t v ~ : + t ! ~  ' Elr!,,-~c<.~lt!~<- 
x c!ocitv." I-l?i,l:y i'ur till tr,l!i>itiun$ iii~rcr stale. '  R r f ' v s c r ~ c ~ ~  for i f .  

I-V ~.itcliittioll h.c,rll 11 Car R is c :~t  off'. -1-11e [Fe IT] X 1286 
ilepc,niis r~poti illid-LT\. riidiiit iixl illid C ~ I I I  1)e t,scitetl ill 
the dc1115e willcl of  11 Car A\. Tile 11arrm~ l i e i )~~ l i~ r  ~nlishio11 
shows little cori.elatioll xitll r j  Car's spectrohcopic prriotl. 
Hoa-evrr. aher the periwstrol~ passage ((;I= 1. l ls) ,  ;I I~roatl 
i1111e sllifttetl eiriissioll i'eature appears a t  -4UU kln s- '  . 
R>- col~trttst the [Sc  I L L ]  ,\3,Y69 is a1)srnt :tt (-,=l.O with 
0111y ik w i i k  narrow colrlpoilent at  o=l. 115. rlr tlie blue 

hhiftetl colllpollrllt SOT (Fe 111 ,\42YP Sktleb. the jSe 111; 
X3S(j9 grows s t r~l lger  tli1.(>11gl1 0=1.529. The ljlue sllifted 
C C ) I I ( I C ~ ~ ~ A ~ ~ O ~ ~  that is rr>spollsii)le for the rlr~ission colnpo- 
ilclit. is tigain beillg iol~izecl 11y the ftw-Ui7 ratliat i o l ~  Cro111 

C i ~ r  H. 
Zanellii ct al. (1984) liotircrl 1)road sllouliiers. bl~le- 

slliftrd np  to 600 k ~ n  s-'. of elliissioil lines iu their 013- 
served ipectruln betn-c~e~l 1951 and 1'383. Tlirl- concl~~tled 
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F .  3 .  Extracted high-resol~~tion s p ~ c t n ~ i i i  nhtaitied witli I.Z13/l.VES [R-,80,000) of r) Car drluing tlie spectroscopic 11ig.11-state (2002 
Decenii~er 12,  solid) itlid spectl.orcopic lo>>--5tat.r (2003 Jl11y 5, ( ias l~rd) .  Both spect,ra are tlo~ni~iatetl by tlie en~issio~is  fro~ii tlie \\-eigelt 
roiidensatioiis Z L I I ~  11 Car A's stellar wind 1i11~s. Narrow absorption f(eaturcs uriyii~atiiig froiii t h ~  circuinstrllnr. iilatrrial, are observed at 
-146 and -313 kill s L .  Ideiizifications for tlie ejecta al>ssorptiou liiirs are in the t o p  of tlir fignrc. with >i~avelengtl~ atid radial velocity. 
St,ellnr wind lilies arid erriissioil fro111 t,hc Weigelt col~tierisations are idriltified in the botto~ii  of the figure with uc~velengtli. 'l'lie ~ v i ~ i d  li11es 
are in;tl.ited ~ i t l i  +. All idci~tific,d lilies are presentell ill Table 3. A11 waveleugtlis are ill vacuum. 

tlie co~ripoliellts origii~tlted horn n drllse sl~ells excited . 5 1 3  kin s-'% are isolitttd allti dist~irig~~isl~at~le froill other 
1)y t l i ~  UV ratliatioii froiii tlie hot cow. Tlir HST/STIS velocity cotiipone~lt~s. Thc Little Homiunculus (-146 
CCD spectr~~ii i .  wit11 0!'1 resol~rtioii. (lo 1101 illways shon- kril s- l)  is observed in al)sorptioi~ froill riirti3stable en- 
these 1)roatl slioultlers since tlie STIS ilperture, n-it11 ori- ergy Icvels in iiii.tilily ~iilgIy-ioiiizc(l ir011-grolip ~ l~ i i l e r i t s  
eiitatioii. siiliiplt" a oilly tliirl slice of tllr u-inrl str~rcture. (Gull et al. 2005. 2006). Tlieir eiiergy levels are pop- 
BJ- coliip;tririg ITSTISTIS observatioiis obser\-cd wit11 difl ulatccl by photo-escitat ioii niid t hernii~l collisioris. Tllr 
ferei~t positiori angle it~ld phase. n.c get iildicittioiis of thc Ho~r~ui ic~i l l~s  i -313 k111 s p l )  s p e ~ t ~ r ~ m l  is al)l~iltla~lt ill nwr- 
origin of tlie broad riiiis,~ioii coi~iporiei~ts. A .sii~iplr cs- row. ahsorpt,ioii lilies in ii~lltritl ilii(l siiigly-ioiiized rrirt- 
~)iililittioii for t liis eiriissi~ii is t liat it origiiiiltes froill the ills 11111s several tliato~ilic ilioleciiles iVeriier et al. 3003a). 
o ~ ~ t e r  regioils of tlir n-irid-ni~icl iiiterfilct,. This ~vould leati Tlir -313 k1i1 s-' spectr.1111i is strong ill t,hc H2 Ly~iiail 
to a. spatially rcsolx-etl blr~e-shiftc~l eiiiissioii ill 1iiglil~- ex- I~aiids located short-n-iird of l(i30 22 (Xielsen et al. 2005). 
cited lilies, such as [Xe 111' XSYGO. in a h>-itiiilttric slirll These traiisitions are fro111 states high up it1 (lie Hz cu- 
that is photo-ionized 1))- 11 C'ar B. I i i  contri~st, tlie lrss cs- ~ r g y  le\-el systc.111 not iioriii~illy populatetl ill a colt1 gas. 
citrcl Iities. f'or rsillnple [Fe IIj ,\ 1285. are predoliiiiiaiitly \17itll a stro~ig ltiickgroluid CV solure. tlir H2 iliolrcllles 
rxcitcti hy tile ratiiatioli froin 11 CAY 21. ca11 be i,scitrti f'ollo\vrti hy cle-rsr.it;atioii to liigl~ \-ii,r:i- 

tioiinl and rotation;?! states ill tlte gro~uitl ~~lc~ct~roiiic s t i~ tc .  

3.2. TIIP E;ec.tc: .4lizo1pfioil Thr Ilr l i l l c ~  1-ary ill  :~l~sorptioil ~1el)tli with sprctl.osc.ol~ic 
l>htlbe. ':;iii~'!i is ill tlgXlyiiit lit ~ 5 t h  chi11~~i11~ El -  ~ c c c l i < ~ t  i,,il 

l'lic. cijecta, t l t ~  Holii11lic11111s ilii(l i lie Little F1~riiiuiic.11- ~ro l l l  tllp l,illiir~. ..pstelll, ~~j~~~ lllolec,llPs, csi,lllp~r, 
111s. tire orielitetl s11c.11 that their walls ilitcrsec3t ollr rigllt- ~ 1 1  tillil OH I)rCsellt ill tile H S T ~  S-1.1s spectrlllll. lIllt 
liiie to\~iii.tis 11 Car. lcvttliiig to :i ~n?ijor port ion of the ,,, co is ui,hcrvcd, ~ ~ i ~ i i t i ~ ~ ~ ~ ~ i  lnolecllles are oljsel..,-etl ill 
stellnl. r:ltliatioli I ~ e i ~ i g  absor'i~erl (see Figure 2) .  C'onsc- tile IZT;I;\:ES sl,rctr,llll at lollger n.n\~elellgtllz, .;,lch ?,,s 
1 i t 1  11 a c i i i  1 1  1 - i i t  is i i e  I YH itlltl CH' 
t lit1 l)roa(l ~viiicl l i i i ~ >  froli~ (1 C' i~ i ,  A1 ~vitli iiei)111;1r eliiissioi~ Glrll ~t al. (2003) prt.seiitct1 prrlimi~iary results for tllcl 
alitl circllllistrllar i~l>.~oi'ptio~l ~i~per i~~iposecl .  1 et I .  a ~ ~ l l l l , ~ ~ , l l c ~ ,  i,nalysis of tllr ,, vtlr iIilsed F~, ~1 
(2000;) itirrltifirtl 01-rr 30 velocity colliponeilts iri tlit, and ~i 11 colrllllll tlellsit,ics ill the -116 5 1  3 1~111 s-l 
iiear-U\' sprctrlu~i ~v1ie1.e two coiiipo~ieiits. at - 146 iiiicl 
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Frc:. 4. Tlie rticoyery after. the periastro~i passaC;c. of the ~li i issio~l  1iiie.i fro111 tile \f-eigt4t co!ld~ilsal i~l ls  nli(l the slll.roluitliilg nebula. Tlie 
tr;insitioiis fro111 higher ioriizatioli st,atc,s. represented by [Ke III]  XSb'CiO, are ahsc11t ciuring the spectroscopic Ion-statc ( c ~ - = l . O )  and reappear 
\r-lien tile ionizing H u s  fro111 11 Car B again pcllt.tratrs 17 Car A's wind. The spect,ral lines wit,h lower iollizat,ioll siwh a$ jf;'e 111 X,128X, are 
less drpelirlellt on tlie estrrilal L\.- radiation aiid sllctw less chaiigc~ in s t r ~ ~ i g t l l s  over t,lw 5.31 year spect,roscopic period. Sote  tile rrllissioli 
featlire at  -LO0 Iirn s ~ ' .  'I'his co~l~ponent  is strongest for tlit: 1~51.- ionization feat11rc.s at  i?-=l.ll5 while t,llr higli ionizatiori lines pealc a t  
apastron (0-1.500). The plots are oHsi~t 1-ertically witti iilcreasing pllase t,o sllolv cllar~ges ill the broad clllissioll l i i l ~ s .  

\-elocity coii~ponei~ts. respectively. Tliey tleril-ed col- and so~ile ;it 1 4 6  kill s--' are still identified alld nien- 
l l ~ ~ i r i  tle~isities using: ir sta11dui.d c~lr~~e-oi-gronrtli ~ilctliod, sured. T.'LT/CIrES provides liigli tlispersioli sprct'ra to  
~vllerc t,lie resl~lt~s were usetl as inpnt (data for CLOL-nu 10% 130 Xand tlltls the opportunity to ill\-estigate acldi- 
inodeling. CI.OUDY is a photo-ioiiizatiori code whcre tlie tiolli+l ;~tolilic and lllolecular species \v\.hich are riot, ac- 
energy level popul;tt8iolls are citlculat~d with st>atistic?xl cessible with tlle liigli spr>ctral rcsol~ltiori HSTISTIS 
eql~ilihriuru approach (Ferlaltd et  al. 1998). h Kurncz hlASI,Z. The HSTjSTIS CCD spectruni \\-ith lox- spec- 
illode1 atmosphere (KUYIICZ 1088) n7ith T,.ir=15.000 tral r.csoltltioll, extell& hc?-ollcl 10.000 A lIut does llot, 
i t l i t1  L=104" 'rgssp', ulit,h earl-)oil itlrd or??gell 100 times sllo\v any siglls of t,bsorl)t,ioll katurps srolll tile circulll- 
deplet,ed arid liitrogell and !ieliuin 10 t'irnes euhanced; \viis ,tcllar shells, F~~ -513 kill s-' (~onlpollellt associated 
used to  iriiiiiic the r;tdiiit,i\-e flux fro111 1)  ex 1111 other ,illl the Holllullculus. LVES Ilrovides iI~forllla~ioll ;tljout 
iiieti~ls were assumed to liarre solar abulitlai~ces. The ah- atol,lic ahsorptioll lilies ill sr 11. sc 11. E( 1. c ; ~  1. ea 11% 
sorption at -146 klil sp l  was (iet~r~lliilt 'd to  originate in ya 1, er 1, ~i 11, 1; 11. x i  1% F~ I alld lllolecular lilies ill 
a gas locatcd 1300 AU fro111 t,l-le radiative source. with CH, CHI allt-l NH, ~1~~ a~,sori,tioll spectr,lm is cllurilcter- 
a virriahle cscitation temperature, T, --4700-5750 K,  de- ized by allowed t,l.aIlsitiol15 Tvllicll arr easier to  interprrt, 
peiident 011 t,llt sprctroscoy,ic phase. Tlie absorption a t  regartiillg popll~;LtiollS of tile cllergy lf,-els, i~~)lllldA1lCe 
-.513 lcln sp' is located at  -10.000 :It; fro111 tlltl st'c'lli~r itllalysis Ilsillg nl,sorptio,l sI,ectr2, Illore acclu;tte 
systeirl aiid is inucli cooler, Te=7(j0 I(. Hol~evet.. lllod- reslIlts due to  }pt,tcxr l<llowll a ~ o l l l i ~ l n o ~ e c l l ~ i ~ r  dnt,;\. 
elirig of tr:u,sitioiw in CH and OH yieitl a much lo\vcr 
telilperatlire (30 I<. Iieriirr r t  a1. 200Sil), iritlicat,iilg for- 3.3. Eta Cn/.',s It'intl .spec? rtrrrl 
~riatioii of ittouiic ittld niolccular al,sorpt,ioil ill t n ~ o  spa- Tlir spectral c~.owriiilg, of absorption fentnres col~~pl i -  
tially separattd ~egio~rs .  30 ~lleasural~ir  tliflfcre~rct. in c;tt,es obscrT,atiolls <,f tile \virltl lilies ill tile ~71:. ~h~ 
velocity between t l ~ c  ~rioiecular ant1 atonlie aljsorptioli at)sorljtio,l. rsI,eci;rlly by [lie iroll-groIlp ~1~~111-  
liiic~s is ol,ser\,cd. Tlie a1)sorptioii at , 5 1 3  l;lri s-' tloes krt tile sI,rctr,llll alltl illlpilirs t,lle llleas,lrcnlellts [hc 
not show an?- sigiliiicaiit variahility ill nto~ilic ill~sorp- Tvilltl lillt,s tlieir tilllc, ,.arii,kjilitJ-, ~t lviiT-elellgtlls 
tioils wit11 pliase. However. tlie strollgly pllase depeii- lollgwar(i of, 3,)(10 ;\ (lie lillc tlellsity decrritses alltl tile 
tit,iit H:, il~loresct~tlt s ~ ~ t ~ t r l l l ~ l  ilearly t l i s a p l ~ ~ i ~ r d ~ l r i l t g  Tvillcl lilles3 I,rilll~,rily ~rol l l  ciLr >A, :,re olIserT,t,ljlt,, h , ~ ~ ~ t  
tlic 11eriastron ~it>s;$ge ~\-lleil tile U\' radiakioii fro111 t l i ~  n-illtl iille Ijrofiles allyear n-jtll a l,roi,tl ($;SO kill s-i)  
cciltrnl sc~mcc is clit off. i\ l l i o r~  ~01iip1.eh~i1~ive stli(iy ortell p-c!.glli ;l~,soYpt,ioll, llarrow 
co~rri i ig all ol)ser\-rti specie  in tllr fLST,'SI'IS ~111tl t lit, (= 15 j ~ l l l  s- L crllt el.t,t 1 -.~7 lclll s p ~  rIllissic)ll ecllll 
T E  s t  I is i - -  o r  t 1 .  1 1  r c .  o!.jgin:liillg fi, t!lr, \li>igc,lt c c ? l ~ ~ c l l s ~ l ~ ~ o l ~ s .  1.ll!, 
I I t s  i 1 i 1 I t I .  2 0 0 5  I pre.,ellct~> tilp I12urun- c,,l,issioll t;.Olll tilt, \yc,igelt eO1l- 
h~lrniiiarizt~ti ill Tiil~le 4. tlt.rlsi~tici~ls iliipi~irs tlle iinaly>is of the vt.locitl\- viirii~tiou 

Tile l t i r ~ r r  1-LT,, U L T S  ~11ert111.e inchitlea coiitril)litio~ls i,lltl tile \-arit,l,ility of ,lie Plllissioll itlid aljROrl,tii,ll Cull,- 
froill i~tlditioiittl ~ I C ' ~ I I ~ ; \ I .  strl~ctllres bebides t!le rtttliatio~r pollellts o[ tilr Lvi,ld lilies. , i l l  i l l s  lion +- 
I'roln the t~stclided. thlst sc,atteri~ig stclli~r n-inri lilirs llifirilllt val.i;,tiolls in velocity A l l ~  illtt,griited fills OvCi. 
iri~cl t l l ~  i ~ i ~ r r o ~ v  eliiissioii frolll t l ~ e  \Vpigelt co~idcusa- tllP 5.54 sl,ectroscoi,ic l,eriod, ~l~~ lille varial,ility 
ticoils. Tlie iiiirron- liiicl ~ lebr~lar  absorpt ioiis :I:, seen ill thc is depnlclellt n-llrl.e the lillp is ~OI.llled ill StPllill. 
IIST/STlS UV spcctrruli estrlicls iiito the IZT/IiTiES B~ iuvestigiitillg tllc phi,se dcprlldellce. ill~Orllli,- 
spectrisl rcgioris. hlilily al~sorptio~l lines itt -513 l i~l l  S-I tioli rrgnrdillg the ~viiitl ionization struct,ure ttud tlie in- 
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13istai1i.e (XU) 10.000 1 :100 
p e ~  ( ~ 1 ~ ~  - 3 )  loi loi- 10" 
h (kin spi)  2.1-2.5 L.5-8.0 
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" Tllc 11-V~L~IIC t i  tllc D ~ p p I c r  wi(1tli O S  the  ~pci, trr%1 lilie. 
111 : 1 1 1 ~  ( I t  fi11itio11 (of I>, I , +  is tile ( > ~ ~ f ~ - < I i ~ ~ i ? : i ~ i < > : ~ i ~ l  rnib 
~ ~ 1 1 1 t c  for <I ~ ~ I L I S + ~ ~ I ~ I  - ~ I C C ~ S I I I I I  < ~ f  i ~ : t ( ~ r i ~ ~ i l  trtiI~111c:it 1-1- 
luc.it,ie.;. ttlc lu!l tiirvc ciitiic1!4u11ai i l i r h ~ ~ l < . n t  velocit,)- 
i, t l ~ i i s  d75 i ' , . "  Ttie t,c:lipcri~t,~le" Iliiv<, beeri ~.cvibc,ri 
with o-cil1,rtur i l r c t ~ ~ t ! i i  f'roni I{:i;\\srn c.t < I I .  (1!)!)8) 
yielililig T,,, , ,,---i7(JO I< <iiid 'l',,,,, , =i7iO I<. ' Tlic t rm-  
p c ~ ~ t u r e  11i;t) i i ~nngc  hc'twccli tllc high  nil low qtntcs. 
bu t  llic <iiffcrcr~ce is witiiirl tlic n i~~ ,~su~~c t I i c t l t  ci.:.or. 
Tlic, xc!ir,rcy of' tlrr T,,,,,, is ,iiTccterl 111: hlciifii d11c 
tcr ailcl:tionnl \-clficit)- coillpunents tlitit appf,.ir ~ l i ~ i i l l g  
thi. ,l)cct~ohi'upic l(,w-st;ttc, 

f l ue~~ce  of t,lie cor l ipa~~io~i  ,st,ar call be cstracteri. Tlie 
wild spect8rllm 1,ctween 3060 a~ i t l  10,-l;IO A is cloriiiri;lt8ed 
1)y the hydrogel1 Balnler a i d  Pasc l i e~~  series. The I~ydro- 
geri lines are prcdo~~iinai~tlyi fol-med iii /)Car A's n~iild 
a~it,ll terrliiiial velocity of -350 knl s p l .  Their aljsorp- 
tion profiles sllon. s~ilall velocitj- variirtmio~is. vihiclr likely 
a r r  tied to tlie orbital rnotioil of t j  Car A. The weaker 
He I line profiles sllo~v rnore pro110111ice(l velocity ~ - ;~ r i -  
ations as observed by Nielsc:i~ et  al. (2007a). The IIe I 
lil~es originate frorn states high tip ill the energy level 
systeri~ (< 150.000 c111-') arid are i~or~linlly riot prc?scJ~~t in 
a 15.000 K stellar spectrum. 111 tlle HSTISTIS spectrum 
t,he He 1 lines shorn cc)lr~plex line profiles rvitll niult,iple 
~31ilissiorl ;iiid al.)solptioii compoiients. Tlie lines \\-ere, 
1)wsed on tlic,ir presence. velocity ~'arii~ti011 aiid line pro- 
file, deteritiiileti to be for~ried ill t l ~ e  n.illtl-rvind i~lterface 
region l)et~~-eeii the tn-o ~liassive objects. \T7ith a lower 
spatial resolving power the il~ulti-col~lpone~it struct,ure 
is r la~~~l)er l  in tlie UVES spectr11ni leacling to a htllootli 
liire profile. Nielsen ct a1. i2007a) ~ised t11e HSVSTZS 
observed P-Cygni i i b so~ l~ t io~ i  to derive a radial velocity 
curl-cl. Ho~vever, t,hc relittion l)eturee~i the delived veloc- 
ity ;1nd the iliotioil of the conlpanion star is cliific~llt t o  
u~itlersta~id. The clla~izes ill  t l ~ r  V\,-ES oljserved line r~ro- 
files and their viirial~ility over the sl~ectroscopic period 
are s l lo)~n i11 Figure 5 for tlle H I A4103 and. 11' I XTOG5. 
Ot~lier species n,it,li strong pro~rlineiit nilit-l spectr1uii are 
Si' inid mliicli dtle to their ionization poteritials, 
havc lilies pri~uiirily furil~eti I /  Car A4's esteiid~ci s t ~ l l a r  
wilid. 

j 1'310-31.59 A ) .  ?oille spc.cics itre l ~ ~ l i c ~ ~ i e l y  obser1-ed in 
the I.L?-/l:\'ES >pt'ctritl region (3159- 10.1:30 -1). Lle; t~~-  
ingf~ll ct)liip;u.iso~ls of coluiiilt tlcl~sities rec111ii.e correcting 
the ~rieaslirecl ecluivilleiit n-itltlis Stjr all 01)s~r~~itioli;al ef- 
frets. The HSTIS'rIS spcctrum was obtitiilrtl with iiear 
tliifrnctior~ spati:tl resolittiori escludi~lg e n ~ i s s i o ~ ~  fro111 the 

surrotlriding iiel)lila a~i t l  the extentied stellar wi~lil. The 
seeing-limited sp;~tiwl rrsoll~t~iou of VLT/I:VES reqniretl 
a larger :lpPrttire that i ~ ~ c l t ~ d e s  t,llt e~iiissiol~ honi tlie 
LlPigelt co~~tienstit~ions allti 111o,3t of i j  (Jar L\'s ext e ~ ~ t l e d  
~vintl. IIe~ice. tlle st ciliar scattcrc3tl by the c-jccl ;I i111(l the 
rstelidtd wind coti tr i l)r~t~ to tlie overall stellirr co11ti11- 
1111111 recorded 1))' C'VES. To cotnparr tlie o1)st~vecl spec- 
t r a  itrld etluivalent witit h.q for li~tcs tl~ijt are rc~cortfed wit 11 
IS'7::'STIS ancl T.LT/L-\'ES. res~)ectiv'ly. used tlie 
sri~all overlap in \va\~vle~lgtli co\-eragc, 1)et,n-ceii the t,no 
ins t , ru~~le~i ts  (3060 t,o 3 150 A). 

Tlie wavc~le~~gtli region 3060-31.59 A Il;is llliLiiy Ti I1 
and V 11 absorptio~i lines. A sul)set of the overltt11 nrilve- 
length r e g i o ~ ~  is presented in Figure 6. 'l'i 11 rvas t~secl 
11)- G~ill  ct al. (2003) t,o tlrrive the pliysical parirrneters 
for the I l o ~ n ~ i r ~ c u h ~ s .  The col~uilri tlr~lsity is deril-ed fro111 
a staildart1 curve-of-gro~t~li, i.e. the equix-dent width iis 
function of the transition ~t re i lg t~h.  To :tccurat,cly cirl- 
culare tlle colu~iili d c ~ ~ s i t y  for all energ?- state, the trau- 
sit,ions i'roll~ this eellrrev level ~riust be uriblenderi. htlve , ,., 
accurately rlct~erniiiiecl a to~nic  tlata. a ~ i d  11e l o c a t ~ d  ill 
a nravelengt,lt region wherc tlie cont~i~i~ilr~ii  C i t l l  be prop- 
erly set.. At 5000 the absorption line delisity is sig- 
nificantly lower. colilpared to the nlid a11d far UV. The 
probability for bleilcls decreases at  loiiger w;~velerigtl~s 
and ~ii;rlc.s the corltirmuiil plncemc.ilt easier. especially 
i r ~  the HSTIS'I'IS high-rcsoltitior~ spectrlun that is ~iiiaf- 
f('ct,etl by the strorig r~nission froiii t,lie sturol~iicli~lg neb- 
tila. The coii t in~~nm plitcerrle~it for tlle UVES spectrulil 
is affected by tlie scattered e~ilissioil feiitiires fro111 t l ~ e  
1lc.br11a ;inrl. at  longer waveleiigths, the ntnlosplic~ric ab- 
sor~)tioli bands. 111 t,he u-aveletigth region l)c~l\v-een 3060 
;tncl 3159 Ii, t81ie coritri'r)utioii fro111 the riarrom line at,~r~cI- 
spheric ahsorptio~i is negligihlr and only a ftl\v lines are 
;iffrcted by tlie liarrow elnissioi~ fro111 the ??kigelt conden- 
satioi~s. 0111. a11aIvsis does not include absorr~tion lines 
t,hut are obviously l~le~ided or where the continuuul level 
co1ild not be set n;it,h a satisfartory accuracy. Our roll- 
fideiice in setting the co~~t , i i l nun~  is con~paral-tle for both 
tllf STIS aiiri tllr>,UVES spectra ill t,lle n~avc2le1igtll re- 
gion. :3060-:3159 A, and is hrlpeti by tlie I I A ~ ~ O T V  xvidtli 
or t , l~ r  t.ject,a al,sorptio~i lilies (h-2.5 kill S-I). T l ~ e  over- 
lap region allorvs us to make ti  direct conipitrisor~ of the 
ecltiivalellt ~~- i c l t~ l~s  for a fen- Ti I1 lilies ~ueasured in tlle 
lT\'ES tirid STIS spectra. Hone\-er, while ~ising spect,ral 
lines ill tlic, overlap rtlgiotl to calculate a col~l~ectioli fkc:tor. 
;idtlitio~ia.l Ti TI lir~es at. n-avele~~gths oi~lsic-le t h t ~  overlap 
regioli are i~icl\ided to derive ant1 compare colriillii dt'ii- 
sities. Tlie Ti 11 t r a ~ ~ s i t i o ~ i  t)robitljilitirs are. \\-it11 ti few 
esceptiolls. dt~rivcd fro111 nlr;r~m.ect iji~iiiicl~iug fr;ictions 
;rncl 1iii.f i ~ ~ i e s  (Pickering ct a1. 2001),  co~til~leliieiit~d \r:itll 
data fro111 Fuhr et 211. (1988). 

'Tlie :ibsorption i'eaturrn ~.ec.ordetl by H~'T;I'STIS itre 
~yste~iiiitically dt.eper tliail irlti~tic~il Seatl~res reco~,dctl 
v:itl: I ZT/!;\-E. Hci!ct,. co11111:ri tlv:i:;itics dcrivi 3 '.-- ~1 i ~ i i i  

STIS sprc.tra are largt>r tl1n11 t 11obr' fro111 tlit. I - I T S  spec.- 
tra. Tlir T i  IT ,1308'3. shon-11 ill Figtire 7.  is nezrrly sat- 
11rntcd ;ilid Salls close to the flat p ~ r t  oi' tlie ctlrve-of- 
growth (ece Figure 8). Ho~vrx-er. it does 11ot reac11 zero 
iliix. Tlle lilie profiles in tlic UL'ES s ~ ~ e c t n u i i  (lo not 
sllon- t11e sallie ixl,sorptict~i dept 11. illdictrtilig a rliifere~ice 
in tletrctrd coiit~il~riruil for TJVES a ~ ~ d  S'TIS. Tlie iilt,ert,d 
fills level liiay I)e cnt13ed by ndtlitiollttl ritdii~tioi~ eiitrr- 



Allillysis in thc ~- is i l~ le  it~iti ncar illhared s~~t \e t , ra l  region 

2006 Jun. 8. q=1.529 
2006 Apr. 9, 0=1.500 

2005 Mar. 19, tb=1.309 
2005 Feb. 12, $=1.292 
2004 Feb. 20. $=1.115 
2003 Jul. 5. $=I ,001 

2003 May 29, $=0.985 
2003 Jun. 3. $=0.983 
2003 Feb 14, q=0.931 
2002 Dec. 12. q,=0.900 
2002 Dec. 7. +=0.897 
1999 Dec. 21, $=0.363 

Velocity (km s ')  Velocity (km s-') 

FI~:. 5 .  ;\ conlpariioli of tile 1 l c . i  A7067 originwti~lg in the wil~ri-\vintl interface rogio~l with H I  A4103 (HSj  fonncd in 17 C'ar I\'$ wind. 
'The \Vcigelt coirrpol~rilt cioil~illntes tllc~ e~~lissioll of the  He I line. i111t wit11 an ulltierlyillg c.o~nplex strilctl~ri. forl~led in the two arrlls of thr  
t,o\\:-shock. The  al->sorption compo~~eil t  of tlie P-C?gni shaped line ii11ow a very ahrllpt shift at  periastron. A similar. hilt less tlran~atic, 
shift is observcti ill Hh, indicating tllr line is fonned in a larger vo111lne a l ~ d  ~ I I I . ~ I I P ~  away fro111 the rutiiativr source. 

FIG. 6. C i ~ ~ i l p a r i s o ~ ~  of' the f-l,ST,'STlS ( top)  ;t~iil I ~l,T/'il-T7ES 
(11otto111) s p c c t i ~  in t!re ovt r1'1p recion. Tile qjectil :il,sorl~t ion spec- 
t!.ilui ill this wix~-c~!eiigtli i.allge is d .~~ui l ia t r t l  115- tl.alliitioils in \ ' I I  

; > I I < I  Ti 11. t3illi>\iui~ fr011, t11e \l-~igelt cc111(lt 1is>iio11> cloo? llot ill- 
1111e11cv t!le fI,<T:S'I'lS ~11cctr7111i 11ut is inc!~~t.ie(i i l l  the L.L7-;L-\-ES 
> ~ , ~ L ~ L ; I ~ I I .  ? i i ~ t  L.L;'j'L.I'E:; bpvc~r LIIII i >  recc)lcie~l i l l  21-104 Fei)r~l;u>- 
20 :111tl r!ie IISI;iSTIS s p ~ c i r ~ ~ ~ i i  is tl.0111 200-1 .?.I,irch. .\il 1%-avc- 
leligtl~- axF, in ccicllitm 

irig tlic li~ie-of-siglit or i ~ ~ s t r ~ l ~ l l c ~ i t i i l  effects. Tlie li\ttcr is 
a coll~l)ii~itt io11 of inter-order ratlii~tio~l wntl i i ~ s t r ~ ~ ~ l e i i t i ~ l  
resolviiig pon-c:r. Llie inter-ortler cl~arncteristiciis ol the 
rtlielle spectro~~.i\pll \\-it11 i~ cros~-dispersio11 grating ci~ii 
1)e esar~iiiled u s i ~ ~ g  spectl.ii1 i.ross-ci~ts of the detector ilii- 
age. For bot,ll ilistr~lille~~th tlie inter-order cori tr i i~~~tioii  is 

FIG. 7. C'o~rlparison between the co~ltribt~tiull from scattcri+ti 
r ,  .I di. atloll ' ill the FI,ST:STlS (left: spectra obtairled in 200,l 5Ial.cllj 
ttnd t h t ~  WVI 'VES (right: 2004 February 20) spectr;i. The wave- 
Ie11gi,l1 reglon is 3080-:3087 4, i l i~l~idi l lg t,lle tijccta atxorptio~l l i ~ i ~ s  
Ti IT A3089 sflifteti to -3 13 k111 SKI. Ttlr Ilashcd area corresporid 
to  the curlrrih~~tioil from scattrred radintioll. 

slnall and corrected during the ra\~--tl;ita re(lllctio11 pro- 
cess. 

The ~iiotlificittion of li11t1 profiles by l i~~i i ted  spectral 
l~esolvi~ig polver's n-as irl\~estigitt,etl thror~gh eo~~rol\-itig 
a satliri~tetl tt'st speetriil featnrc \vith w poilit-spread- 
filriction ol'ilesircd line 11-itltli t o  oi~ser\-e hon- tlic sl~rctrill 
liile dept 11 cliil~~ges. \IT? t~stiniatetl that  H S T ' S ' P I S .  n-it11 
a sprct ral resol\-ing po\vtbr of K-1OO.OUO. cllar~ges t 11e 
dcpth of t llr spcrtr;rli feature I?\- 5-10',?,, Tliis is in agree- 
llie~it W-it11 oI),~t?:\-atio~ls of the ill111t)ht satllrtttt~~l -Pi I1 
,\.'iWn ill tliv l!.S'l: STIC: q ~ ~ l  r ~ m i .  mi. ccilclnc!t~ t h u t  
thc i n s t r u ~ ~ l ~ n t a l  eifec%ts for STIS a1111 13-ES spcetra are 
co~ilpirrahlr in ~ ~ a t n r c  i~ltd do not explain tlie obsera-c~ti 
tliift.re~~ce i l l  itl)~ol.~,t ion line d~11t11. 

Satlirtttccl al~sorptiol~ lii1t.5. not reacliilig zero j l t l s  level. 
art' ohserrrtl in. for exitlliple. Se~-ft,rt gitlasy spcct1.a 
(Iirae~ner et ill. 2002). \vlierc) the i~hsvrber docs 11ot cover 
the elltire ratliat i\-e source, sinli1;rr c f f t ~ t  is swn cL~-eli 
if tlie wbsor1)ing cloi~il tloeh cort,r thc e ~ ~ t i r c  ri~t-liative 
source. but tliele is all adtlvd c o u t r ~ b r ~ t i o ~ ~  to tllc coli- 
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FIG. 8 .  Co~ilparisoir ljetmeeir c~irves-of-growill from data 
ohtailled from ecli~ix-alent width rrieasllreinents ill the  NS'I~ISTIS 
(solid curvc) and IfLT,'U\'ES spectra (dashed ciirve). respcc- 
ti\ely. The 1TS'T;STIS spectruin is froin 2004 XIarch 6: while llre 
VLTjTiVES s p e c t n ~ m  is from 2004 F ~ h r i ~ a r y  20. The upper pallel 
sliow the curves-or-gro\vt,li for the grorllid trrni ls cr ' F  i11 Ti 11. Tlre 
columli deiisity fro111 tlie STIS spect,rlun is iiiile tii~res larger tllan 
correspor~di~ig \'slues using tlie U\'ES spectr~iin. The lohrer pniiel 
sliow tlir c~uwes-of -grow corrected for scnttererl radiation. The 
correctio~i factor in tlie STIS spectrum is derived froin tlie Tirr 
X30g0, while Ti 11 A3235 \I,;~S used fur t,he Y\..ES spectrnln. The 
error hare represent tire qiiality of tile line fitting and the accuracy 
of rhe coiitiirl~ri~rr placei i i~~~rt .  

Source Absorber Aperture 

----A n I 

I $1. Illli~tratioli to tlii~ ;~it(~rirative- to ezpl:tii~ tile ailtlitioiial 
flrix tli,tt riit el.. tlic I'VES uprrtilre. Tlie cri!~il~arisoi~ of' tlit I'T-ES 
iii:(l T I S  ,tprrtllie iizei I >  1 j ; ~ c ~ i I  OII the extr;ictrcl parts for tlic 
>1)(-cir:i. 111 tlie l ) l l~e sl>ectr:~l r tgio~i  tile ~ ~ X ! L L I C I ~ ~ ( I  p,%rt o f t l ~ e  [;YES 
.>2, , , ! . t , : i . , -  i >  p y ! j 1 ' L '  - ' I  7 '  - :!'.';:;I; fo; STIS. 
- r -  

1-op: The ~al)sori)cr. tlitl H~-.in~~iic.r~lii.~ cows:: tlie i.:ttiintio~~ w1n.c.e 
~nlcl I lie ;itlilitiiiii~il H!ix cr~~it i~ihution tlrat r1Itei.s the i - \ES  ;tl>ri.til:.t 
i-(~nr(?s Sro~ti <c,ittert~rl >tar liglit in {lie Hoirluricriliis itscif. Bot toill: 
Tlie H ~ I ~ I I I I I C I I ~ I I S  <lot,> irot cr,nipletel\- coxer. thc soillre. auci tlr(, 
1 c o i ~ t i ~ i r ~ i ~  is 1 i h  For t l i ~  latter to  bc fe;~sihle tlie 
cli~~rrpiiic~.: of the Horn!iiictili~s iliust l ~ t .  siq~iiir.:t:it. 

t iiiuluil tlirol~gli reHt,cted or sc;ittered ratli;~tio~i (see Fig- 
rlrc 0). I\;itll ;r colitri1)ution to tlie coiitililuun l )e t~ve~l i  
t llc al~borl~er ant1 t lie o1)servrr. t llr arldit ioliiil ratliatioii 

will C W I I C C ~ ~  parts of the obserx-erl itbsorptioli and a sal11- 
ratcd line vvolllti not reach zero flux at tiny wtrvelerigtli. 

111 the c;t,sr of 11 Car aiid its ejccta. tlie extelided \vilid 
alitl tlie rjc3cta colitribute scatterrtl radiixtion to  tlie stel- 
1;n coii t i l~~~urri  ill t h ~  VLT,IU17ES. Tlie 5 1 3  krn s-' all- 
sorptiolt is. liowt?\-er. origiliiites in the FIol~irtricllli~s lo- 
cated krr froin the radiative source. IF the scattered radi- 
at,ion from the estclided wind ;tlid t,lie qjecta enters the 
liglit pat11 twfo1.e heilig abborbrd i r ~  the Hol~i~u~culus.  the 
atlilitiollal radiation will not alter tlir spectral line clept 11 

0 5 1 0  1 5  
Phase W 

I .  1 Phase dcper~tlancc of tlie scattered ratiiati(,rr contribut- 
ing to the coittiin~iim. The correction factor is c;ilr~~l>tted with r i  11 

AY236. The st,ar was not re~ i te r rd  in thcl aperture during the 2006 
April $1 ohservatioii jo=1..500). Coirseqiieirtly. the ilieasi~red cuntri- 
hi~tiori fro111 scatted radiation is i~iicertain for tliis pl~ase. The phase 
is relative to X-rag nriniiiimn 1!91)7.9601. .JD2,450.7!19.792+20221~<~: 
Curcoral1 (200.5) 

Tlle correctioii for the trlt,ere(l co~itinllurrl is pc~rfornled 
by estirrlating t,he ofFset using saturated lines ill the spec- 
t,rum. If the radiative sollrce is entirely covered 1)y the 
absorbing gas, tllell a saturated line is expected to reach 
zero Hux ;it its line center. A few Ti I1 lilies ill tllc spectral 
o-i-crlttp region arc close to tlie flat part of the crlrxje-of- 
gro~vth arid, coliseql~e~itly. are assulried to be s;ttm;tt,cd. 
The Ti I1 X:3081) is tlir hest rxul~lple of it sat ur;it,ed line ill 
the overlap spectruln trnd is used t,o estiniatr the coutri- 
1)utiorl of scattered radiation ill tlic NST/STIS sprctrllrll. 
FIoxvever. et Ee~v otlier lilies appear to be bett,er calltlidates 
ill t l ~ e  'YES sltect,rtuii. LIe h;ive chose11 Ti I1 X;1235 
to correct for scattered radiation in the C I T S  spectrit. 
'Ti TI X3233 is cleiri.lp on the Hat part of lhr ctux-e-of- 
g ron t l~  (see Figure S) x i d  has a well ilefiiicd contiii~tmrl. 
Tliis spectr;rl line is sliglit1~- bleiidecl b ~ -  il.lditiolla1 ye- 
locity colllpoile~it ffi.oi~l the sarrlr tral~sitioli. The collt ri- 
l~r~tioll  frol~l tlie l~lr~idilig collil~ii~lerits to tlir line tleptli 
is sliiall itnd the coiitrihution to thc corrcrticiii fador is 
ilfihrilti~d to  be tiegliqil~le. On!?- a &\v lines art? close tu 
being satlwiitc.<l ill tlie obst.:.-i-rd hprctral rrgioti. Riit lier 
tliarl c~:i!rl~!:>tfl ill1 al.rrr!go coiif ri!~utivl~ fiictor f1.01:: n!! 
ueitrl?; s:itl~ratc.tl lilies. ~vliicli would ixdcl ;I s~.steiiii~tic er- 
ror to llir a~i;rlysis. n-r 11ar.r cliosrri to ilse one siligle lilie 
to calculate tlie correctioii. By adjusting tlir col~titiitr~rt~ 
ill tilt. GI-ES ~ t r l t l  STIS spectrii. it is possil~ic. to colrlpirre 
colmrll~ tlensitirs ~lieiisnrerl in tlie tiifferellt \va\-t>lellgth 
regiolw ol~scrvetl hy diffc:reiit i~tstrl~lnclits. I17i3 ca1cul;ite 
a corrrctio~i f'tictor Sir the scattered ratliatioii b>- ~111,- 
tracting the Ill~r: I~etn-rru Arro L I L I S  slid the n leas~~red line 
depth for a siitltrated liilr. accortlirig to Equatioli 1. 



AAlialj-sis it1 tht. visible and near iiifraretl spectr;il regiori 11 

F 
F, = - - Ci.. 

Fo (1) 

\Yliere F is llle prc-~lorlunlizatioii fllm level. Fo is tlie 
defiiictl coiitiii~l~lrll levtll and C,f i:, the correction factor. 
If tile correct~io~i f'itctor is applietl to tlie colmrl~i tlcii- 
sity meas~~l~c:iilelit ~iiade ill the EVES iiiltl STIS s p ~ c -  
t,rw, respcct ively. then t,lle results are ill good agreenlcllt. 
Figure 8 sllou-s how nre 1l;ive t~l)pliecl thc correctiull fiic- 
tor lor spectral liiies ill the STIS ;riicl UVES region for 
tlie 4s  n ' I ;  tern1 in Ti 11. 'I'hc correction provet1 very ef- 
fectil-t, in l~rirlgiilg tlle 1neas11ri.d cquix-alent t\-idtlls iiiid 
tltrived col~uinil tlclisities iiit,o trgreei-iiclit witliill tlie Iiiea- 
sllreliiciit,~ errors. Sot,e. t o  :tcc~lra,tely calclllate tlie ill- 
fl~leiice i'rolii scattered iiehtllwr light. s;itllrntcd spect ral 
lines r1l11st he usctl. Otherwise, it is difficlill to distin- 
guish bctweeii colitributioil frorri sci*tt,eretl light ;illti lack 
of absorbing ~naterial ill tlie gas. A11 itir;tlysis usiiig 1- 11 
at -513 kill s-' protluced sitnilar rrsult,s. 

Correctioll of iicbul;rr, wavelerlgth dcpeildellt,. scatter- 
ing properties would require a distributioil of saturtited 
sltectrltl featlires throlighout thc w;i~elei~gtlls region. \I;e 
do Iial-e t'hat l~isury.  but rliust tlepciid on liiies in the 
blue portion of the spcctrluzl. However, rnost ahsorptio~i 
fe:rt,llres arc located ill the near-CV w;tvel~ngtll region. 
For t,lie absorptiorl fcwtures at  loiiger waveleilgth, the use 
of sixtt~rat,ed Ti  I1 liiles ill the tiear UV only provides an 
est i~nate of the aiiiorult of scatteretl rtttliat,ioll entering 
tlie VLTIUVES i~pert,ure a t  loiiger waveleilgtlis. 

The difference in scattered radiirtioii observed ill the 
STIS arld VVES s ~ ~ e c t ~ r a .  i.e. t,lie coiitrilnltioii t o  the 
(YES coiltintluili, varies with t>ii~ie. Jf'Te fillel 110 correla- 
tioil betweeii addecl ratliat,ioii wit11 secilig concIit,ioris or 
zcrlitll aiigle, hut the coiitinuuili oKset iliay change with 
11 Car's spect,roscopic 5 .52  year period. as sho~v11 ill Fig- 
urc 10. Duriilg the peritistron passage the cont ribution 
fro111 the scattered radiation appears t,o be greater com- 
pared ~v i t~h  the rest of the spectroscopic periotl. This 
pliase coillcides n-ith the phase (071.0) ~vlicil t,lie risdia- 
tion from tlle liot 17 Car B is iiicreasiiigly obscured aiid 
tlie ~ ' i l l d  opacity is Iligller, iittlicatiiig a inore ellicielit 
scattercr. W-liile t,lie Hoiiiuncul~ls is time i~idepeiicleiit 
ill at,oiitic absorptioii. exciting radintioii fro111 the ceiltral 
sonrcc is tlepeiideiit on the orbital position of 11 Car B. 
C'oilsc~ql~elitly~ tlie variahi1it)- ill the coiltiiil~~ml offset ill 
tlie UVES spect,rrun is rllore likel>- associated with tlie 
scat tered radii~tioii froin tlie esteiidetl l~ririlar>; wind t,liall 
pllotoi~s scattered by tlie Hoil l~ll lc~ll~~s.  If tllc radiatiorl 
tliat ~nodifies the coiltililluili origiilates holli the illiier 
part of thtl ilebtlla. tllert the nljsorber lieetls to 1)e snialler 
t lian tlie radiative source. This is not hll j-  ill agreeillelit 
with ;L Ilolriulic~~lr~s beiilg a colltiiillous iihsorl>er. For 
esnl~ipie. Slid h (20061 depictetl the rllii>sioii fro111 tile 
I - I u ~ ~ ~ ~ I ~ I ~ I I I u ~  as i l  t,lliii s~iiootll ski11 ill  Hz .  ,I C I I I I I ~ ~ J -  
F J~ ! I !~~I .~CI . I I I I~  ib ill inii~iy x:;?.:.~ i:: ?)t?ttt>r ~1(~rcci11(>1:? ~,~:it!l -3 

~)r t~viol~b st~ltlies. Tlie i)r~st~iice of riiolec~~les aiitl singly 
ionizecl ~lletiils ill tllr siiiiie gas ohserx-ed tit the srlilie ve- 
1ocit)-, t i t11 I)c, espltiiiieci wit11 tel i iperat~~re iiilti dellsit\- 
,stritiiiicatioii iilong tllr IIo~iirlllcnllis sl~rfilce. 

.i. S~ '11hIXRY 

Iii~ve il~vestigat,cd the L'LT/'UJrES spectrurll be- 
tn-eel1 :30GO aucl 10.-230 il and idelltifed niost spectral 

Liiat~ires. 'I'he spectrum is a corliposite of spectral liiies 
fro111 71 Car A's wiiid. e~ilissioii froill the s~li~ro~lriding riel)- 
111;t itlid tlie 1Veigelt colitleils;ttioiis in pnrticlllar. and ab- 
wrpt ion ill t8he IHoir~~uictil~ls allti Little Hoinuucul~ls. T l ~ e  
I"7IEYES spcctra. from epoclis o==0.900 aiid 1.001. are 
pr~sent~etl  n.it,li o\-t:r 1300 line irlerltificatiolis ill t lie ollliiie 
edition of this paper. 

The HSTISTIS i ~ ~ l d  I/ZT/UVF,S iiistrliill~ilts hi~ve dif- 
f't.rellces ill spatial resolut,ioil and aperture size. LVcl 
face the cllallellge to correct for tlie cont , r i l~~~t ion of t.lle 
~ieh~~lar-scat,t8ered light, eiiterillg t,ltc. a p e r t ~ ~ r c .  The scnt- 
t c ~ r ~ t l  light will offset t Ire coiltiiltl~lnl, whicli is a proltlcln 
rriore pro~iounct~cl fc~r VL'IYUVES t,han for HSTISTIS 
spect,r;r due to seeing and tlle litrgc>r apertrire size. 

'I'lie HST/STIS spcctruni is o1)tairitd wit11 t,llp 0!'3 x 
0'.'2 apert,ure. bnt to iniili~ilize t,lie contributioll froin the 
surrourldiiig i i r t~ i~ la  a 7 pixel ex1 ri\ctioii (0'.'102) w-as used 
ill the alialysis. providirlg critical sel>ar;it,ion of t,he stellar 
eiliissiori f'roin thtst sca,ttered stellar raciiatioil aritl rleh- 
ular eiriissioil originn t iilg :.vi tliiii the EIotliuilctllus. Tile 
llVES npcrttlre is O!'.4 x T!'G for tlie blue spectrmn, 1)ut 
we have rtsed A subsectio~i of the ecllelle image iriclutl- 
ing flux frorri the crilt,rwl source clowil t o  a 159; level. 
The liiriited spatial resolutioii in the. seeing dependent. 
grouild-based UV spectra explairis why the curves-of- 
gro\vt,h from these t,wo data sets appear to  show differ- 
ent resl~lts. The chaotic iiatures of the espaiidiilg tjecta 
~vithin t,he Homunculus. t,lie extei~ci~cl wind of t,he cell- 
tral source, and the itwi~y eemissioil iieb~ilosities lead to a 
velocitj--sineared spectrtlm. 

The additioii>~l flux iii thc FISTISTIS call be explaiiied 
either 1)y t,lle absorbirig ~nateriwl ill tlie Horli~uiculus (at 
5 1 3  kill s p l )  heirig slriallcr tllaii tlie riicliat,ive source ill 
the center of t,he nei>ulir. or 115- ndditio~ial flux eiiters tllc 
aperture between the Ilomtii~c~iltts alld the observer. At 
the inferred dist,alice of the Hoinunc~ilus. -10,000 AU. 
the cluliipy s t r~~c t ,u re  of the ejecta does riot complett~ly 
cover rl Car's extelitled n-ilitl. 1)ased upon the differences 
in yject,n absorption profiles. yet the cI11111ps in t,lle Ho- 
iinliiculus must be sigllificitiitly larger t l la i~  tlle 0!'1 tliitt, 
is co\-ered by the HSTISTIS apert1u.e. but slnilller thnli 
the portion co~ered  b!- Ij'LTICVES. Tlie structrue of the 
Hoiriuriculus lias sig~iificance for its gas-t,o-d~~st ratio aild 
ii~iplicatiolis for its ili;iss. Tlie current gas-to-dust ratio 
ill the Hoillunculus is very iiiiccrtain aiid an  iiilproveti 
va111e ~ v o ~ ~ l t l  iiicrease t,lie tlerivcd vnluc of t,lie HOI~IIIIICII- 
lus lllilss. 

Tlle i~riiouiit of ilcbt~lar/scatt~'rccl light coiltrihutio~l. 
caused hy scattered rntliat,ioll, rnq- cliarlge with orl~itiil 
pliase. This ~~-ou l t l  nialce the correct,ioii eve11 Inore prolt- 
Iciilatic. Pllase depriitlellc~e oS tlie scntterecl riirliirtioii 
\voultl stiggc+it cliaiiges 1%-itli ill (-lust properties ill 1 Ile ten- 
trill region. likelj- due to ilen- grniit Soriiltttioll/tlt~structioli 
or 11iodific;ltioii 11). tlic I:\' iiitliatioir. ,I possi1)le tlrop ill 
the sc;~tter(,cl li;;l~t c)ccily< :li)ollt 1 .7  yt!:irs (c>r(?. :<)  :$f- 
tcr the spectroscopic lo\\-states 110th ill late 1999 irrl t l  

ill 200.5. lio~vt.\-er. the 011c~i.x-cd (.hiiiiges itre 011 the sili~le 
scalp ;IS the ~ l l e i ~ ~ l ~ ~ ~ i ~ i ~ ~ i t  t3rrorh. 

\Ii. liiive correctt>tl for tllr adtlitioiial fl~ix ill the lX7ES 
spectruirl with saturiited Ti IT lillc>s ill tlie bll~e and ha\.e 
sllowil t,llat the correct ion puts tlir iile:isllrelliellts from 
tlle IIST;!'S'I'IS aild the IZ  TI CVES spectra ill iigree- 
iriei~t n-ithili the ~lleaslll.t~lrle~it ~ r r o r s .  The correctioli of 
scatteretl radiatioii ill  CVES sprc t r~un will be risecl tci 
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