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Spectro-interferom etric observations of interacting

A bstract. W e obtai ned spectro-i nterferom etri c observati onsi n the vi si bl e of Lyrae and Sgr usi ng the i nstrum ent V EG A ofthe C H A R A i nterferom etri c array. For Lyrae,the di spersed fri nge vi si bi l i ti es and di erenti alphases were obtai ned i n spectralregi ons contai ni ng the H and H eI 6678 l i nes and the H and H eI 4921 l i nes. W hereas the source i s unresol ved i n the conti nuum , the source ofthe em i ssi on l i nes i s resol ved and the photocenter ofthe bul k ofthe H em i ssi on exhi bi ts o sets correl ated w i th the orbi talphase. For Sgr,both the conti nuum and H sources are resol ved,but no cl ear bi nary si gnali s detected. T he di erenti alphase shi ft across the l i ne reveal s that the bul k ofthe H em i ssi on i s cl earl y o set from the pri m ary.

P resentation of the C H A R A array and the V E G A instrum ent

H i gh angul ar resol uti on observati ons by opti cal l ong basel i ne i nterferom etry, com bi ned w i th cl assi cal techni ques l i ke photom etry and spectroscopy provi de deep i nsi ght on the m orphol ogy of the m assi ve i nteracti ng bi nari es and new constrai nts for thei r m odel i ng. H ere we present the rst spectro-i nterferom etri c observati ons of the i nteracti ng m assi ve bi nari es Lyr and Sgr carri ed out w i th thei nstrum entV EG A on theC H A R A i nterferom etri c array. T heC H A R A1 i nterferom etri c array wasconstructed by theC enterforH i gh A ngul arR esol uti on (G eorgi a State U ni versi ty, A tl anta) (B rum m el aar et al . 2005). Located at the M ountW i l son observatory (C al i forni a),i ti sform ed by si x 1m tel escopes pl aced by pai rs on an Y shaped basel i ne. B ase l engths of 34 m to 330 m al l ow to reach an angul ar resol uti on =B up to 1: 0 m as at near i nfrared wavel engths or 0: 3 m as i n the vi si bl e. T he V i si bl e spEctroG raph and pol A ri m eter (V EG A ) of the C ôte d' A zur O bservatory i s a beam com bi ner operati ng i n the vi si bl e range [ 0: 45 0: 85 m ]and o ers three spectralresol uti ons (R = 30000;5000;1700). It i sdesi gned to record si m ul taneousl y the spectral l y di spersed i nterference fri nges w i th two photon counti ng detectors l ooki ng at two di erent spectral bands. A pol ari m etri c devi ce can be i nserted to record the pol ari zed fri nges. V EG A currentl y recom bi nes2 beam sbut3 and 4 beam srecom bi nati on i sforeseen. T he data reducti on process al l ow s to m easure the squared vi si bi l i ty m odul us V 2 or the com pl ex di erenti alvi si bi l i ty V e i' asa functi on ofthe wavel ength. Spectroi nterferom etri c observati ons w i th the V EG A i nstrum entare dedi cated to stel l ar physi c program s for the determ i nati on offundam entalstel l ar param eters or the 2 study ofstel l ar acti vi ty and ci rcum stel l ar envi ronm ent. A detai l ed descri pti on ofthe V EG A i nstrum ent i s gi ven by M ourard et al . (2008).

Lyrae

Lyr (H D 174638) i s a 12. 9 d spectroscopi c and ecl i psi ng bi nary w i th evi dence ofci rcum stel l ar m atter w i thi n and around the system . Fi rst i nterferom etri c observati onshave been carri ed outi n 1994 w i th theG I2T i nterferom eterduri ng the m ul ti -techni que cam pai gn devoted to the study ofthi s system (H arm anec et al . 1996). T he com bi ned anal ysi s ofthe spectro-i nterferom etri c,spectroscopi c and photom etri c observati ons l ead to the concl usi on that the source ofthe H and H eI em i ssi on l i nes can be associ ated w i th m ateri al s outsi de the orbi talpl ane (jet l i ke structure) ofthe bi nary. In 2005,the rst reconstructed i m ages ofthe H em i ssi on atl ow spectralresol uti on were obtai ned by di erenti alphase referenci ng w i th the N PO Ii nterferom eter (Schm i dtt et al . 2009). T he rst resol ved i m agesofthecoreofthesystem ,theecl i psi ng bi nary,wereobtai ned i n 2007 from near i nfrared observati ons (H band) w i th the M IR C beam com bi ner,thanks to the use ofthe l ongest basel i nes ofthe C H A R A array. T he el em ents ofthe relati ve orbi t of Lyr have been deri ved from these i nterferom etri c observati ons (Zhao et al . 2008).

T he observati ons of Lyr was dedi cated to study ofthe m orphol ogy and the ki nem ati c of the H regi on. T hey were carri ed out duri ng four ni ghts i n 2008 (orbi talphases 0. 5, 0. 8, 0. 9 & 0. 2) w i th the m edi um spectralresol uti on. For the observi ng dates the expected behavi or of Lyr can be predi cted usi ng the ephem eri sfrom A k etal . ( 2007)and the el em entsofthe rel ati ve orbi t (Zhao etal . 2008). T he observati onsof Lyrwere bracketed by these ofthe cal i brator Lyr. W i th the 34 m S1S2 basel i ne,the angul ar resol uti on was 4. 0 or 3. 0 m as around H and H ,respecti vel y. T he di recti on ofthe basel i ne projected onto the sky were nearl y perpendi cul ar to the orbi talpl ane. T he data anal ysi s have been done usi ng the m easurem ents ofsquared vi si bi l i ty m odul us i n conti nuum spectralbandsand di erenti alvi si bi l i ty m easurem entsaround the spectrall i nes H and H eI6678 (R = 1650) or H and H eI4921 (R = 1225).

In the spectralconti nuum ,the bi nary Lyri s unresol ved as expected from the short basel i ne used and the ori entati on ofthe orbi t. In the H l i ne,at any orbi talphase,the di p ofthe vi si bi l i ty m odul us show s that the source i s si gnicantl y resol ved. T he di erenti alphase exhi bi ts a si gnali n the l i ne i ndi cati ng a shi ft of the source photocenter correl ated w i th the orbi talphase. In H eI6678 l i ne,the source i s m argi nal l y resol ved at any orbi talphases but no cl ear photocenter shi ft i s detected. For the H l i ne,the source i s resol ved at som e orbi tal phases and there i s som e suspi ci ons of a photocenter shi ft. For the H eI4921 l i ne,there i s no si gnalabove the noi se. W ork i s i n progress to determ i ne the true extensi on of the H em i tti ng source and i ts l ocati on i n the system . T hese resul ts w i l l be com pared w i th those ofthe observati ons of Lyr w i th N PO I(Schm i tt et al . 2009),taki ng i nto account thei r l ow spectralresol uti on (R 40).

Sagittarii

Sgr (H D 181615) i s the bri ghtest ofthe extrem el y hydrogen-de ci ent bi nari es stars (H dB stars), know n as a 137. 9 d spectroscopi c bi nary. A new orbi tal sol uti on and a betterunderstandi ng ofthethecharacteri sti csofthi ssystem were obtai ned from spectroscopi c m oni tori ng (K oubsk y et al . 2006). T he presence of ci rcum stel l ar m atter i n the Sgr system i s evi denced by the com pl ex H absorpti on/em i ssi on pro l es and by a strong i nfrared excess. T he rst m i d-IR i nterferom etri c observati ons of Sgr were carri ed out usi ng the M ID I/V LT I i nstrum ent (N etol i ck y et al . 2009). T he dusty ci rcum bi nary di sk i s resol ved i n the N band w i th a typi calsi ze of20 x 14 m as,an i ncl i nati on i' 50 and a posi ti on angl eP A ' 80 .U si ng theseval uesto constrai nttheorbi talparam eters cl earl y con rm that Sgr i s a m assi ve bi nary w i th a totalm ass > 15 M .

T he observati ons of Sgr were carri ed out duri ng three ni ghts i n 2008 (orbi talphase 0. 06-0. 09) w i th the m edi um spectralresol uti on i n spectralband centered on 660 nm . T he appearance of Sgr (rel ati ve posi ti on ofthe com ponents,l ocati on ofthe H em i ssi on)atthe observi ng datescan be predi cted w i th som e accuracy usi ng the orbi talel em ents (K oubsk y etal . 2006 and N etol i ck y et al . 2009). W i th a l um i nosi ty rati o > 100 thecom pani on i sexpected to beal m ost unseen (D udl ey & Je ery 1990). A 23 m S1S2 basel i ne ( =B ' 5: 9 m as) cl ose to the N -S di recti on wasm ai nl y used and som e data were al so recorded w i th the E-W 100 m W 1W 2 basel i ne ( =B ' 1: 4 m as). T he observati ons of Sgr were bracketed by these ofthe cal i brators Sgr and C ap. For the S1S2 basel i ne, the data anal ysi s can been done usi ng the di erenti al spectrali nterferom etri c anal ysi s(bi nned R = 660)around theH l i ne. M odul usvi si bi l i ty m easurem ents were al so done i n the conti nuum ( = 13 nm at = 641;656 & 666 nm ) for the two basel i nes.

In thespectrum of Sgr,theH l i neexhi bi tsa ' P C ygni 'pro l easexpected at thi s orbi tal phase from K oubsk y et al . (2006). For the two basel i nes, the source appears al m ost resol ved i n the conti nuum . For the S1S2 basel i ne,a di p of the vi si bi l i ty associ ated w i th a shi ft of the di erenti al phase of ' 25 i n the H l i ne show s that the em i tti ng source i s wel lresol ved and di spl aced from the conti nuum source. Prel i m i nary concl usi ons can be draw n from these rst resul ts. A bout 10-20% ofthe total ux m ay com e from an over-resol ved source and 90-80 % from a com pact source. T he extended source coul d be rel ated to the di use l i ghtfrom the i nnerri m ofthe dusty ci rcum bi nary di sk.T he com pact source i s probabl y dom i nated by the ux ofthe bri gth com ponent. T he source associ ated w i th the H em i ssi on i s resol ved and i ts photocenter seem s to be l ocated between the two com ponents as expected by K oubsky et al . (2006). N o si gn ofbi nari ty i s evi denced probabl y because ofthe di erence of ux between com ponents.

W orksare i n progressto esti m ate the true H extensi on and to convertthe phase shi ft i nto photocenter posi ti on ofthe H bul k em i ssi on. Lyr. B ottom : Sgr Left: spectrum recorded by V EG A .R i ght: resul t of the di erenti alvi si bi l i ty anal ysi s. N ote that the l i ne i ntensi ty can be bi ased due to a l ocalsaturati on e ect ofthe photon counti ng cam era. com pact sources i n general ,and m assi ve i nteracti ng bi nari es. To go further i n the study ofthese com pl ex system s,the next step w i l lbe to carry out observati ons at l onger basel i nes to resol ve the bi nary system and al so m ul ti -basel i nes observati ons to m ore stongl y constrai n the m orphol ogy ofthese sources.
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