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Sресtrаl аtlаs Фfl two ресш}iаr supergiants: V{\МС 314
and IRC +10420

E.L. Chentsov, V.G. Klochkova, N.S. Tivolganskaya

Special Astrophysical Observatory of the Russian AS, Nizhnij Arkhyz 3б7|47, Russia
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Abstract. we present ап atlas of spectra of the unique high luminosity objects Mwc 314 and
IRc+10420 takeri with the CCD echelle spectrometer at the prime focus of the бm telescope of
SAo RAS. 320 emission and absorption features of stеIlаr, circumstellar and interstellar паturе
аrе identified in the interval between 4790 and 7520АА. Their residual intensities and Tadial
velocities аrе 8iven and the distinctions of their profiles аrе discussed.

Кеу urоrds: stars: emission line Be-stars - circumstellar mаttеr - stars: individual: MWC 314,
IRC +10420

i. Introduction 2" Otrservational data
Тhе рurроsе of the рареr is two-fold: to represent in The spectra wеrе obtained with the echelle sресtrоm-
Йе gTaphical and tabulated forms the spectra which eter PFES at the рrimе focus of the б m telescope
Цrау рrоче to Ье helpful in the studies of various Ве (Panchuk et al., 1998) ilr 1997 (the dates of observa_
aцdAestarsandtoisolatethecharacteristicproper- tions аrе listed in the last column of Tablel). The
riesthathavetobetakenintoaccountinconstructing CCD used has 1160 х 1040 pixels, 16 х 16 microns
Йеir photosphere (pseudophotosphere) and envelope each. The reduction of the eche]Ie images was реr-
щodels. formed in the system ESO MIDAS. When taking ро-

The spectra of MWC 314 and IRC +10420 аrе sitional measurements of the line pTofiles, а соmрutеr
bгought together for the following reasons: fit of their СОrrесt images to mirrоr ones was applied.

Eighteen orders spanning а wavelength interval
1. In spite ofthe fact that the sets ofphotospheric from 4790 io 7520АА аrе presented in the atlas. The

abrption lines in the objects and, accordingly, their mеап spectral resolution 1imit is 0.5 А. д thorium-
spectral classes (given in Table 1) are different, their argon hollow-cathocle lamp was employed aS а соm-
шbsion spectra Ьеаr rеsеmьiапсе to one another. In parison spectTum. The dispersion сuгчеs аrе checked
Ьth cases one and the same permitted and forbidden and corrected using the tЪ[uriс lines О2 and Н2О,
cвmponents of irоп group ion lines dominate. How- ,which аrе ,иrеll visible in Fig.3. However, the rеmаiп-
стеr. the рrоfilеs of these lines аrе different. when ing systematic еrrоr of the presented radial velocities
бъiпg fTom MWC 314 to IRC +10420, some emission mау rеасh 2-Зkm/s.
Шnes get паrrоwеr, others acquire absorption соmро-
пents оr ечеп tTansform fully to absorptions. This
hdps in identification, especially in clearing ;р-;;; З. spectroscopic specific characteristics
mmposition of blends. of the objects

2. Thenatureandevolutionarystatusofthestars мWсз14 poSSeSSes all of the features of the В[е]ше not quite сlеаr, Both of them аrе Suреr-lоr eYen supergiantll,u*"r. et al., 1998), but for the strong
йурегgiапts, they аrе surrounded with envelopes of irrirurEJ 

"*.ess. 
Along with the numerous permittedг-.рlех structure and kinematics (MiroshnicheTrko et lorv-excitation emission lines, FеII, сrII, SсII and oth_,L, 1998, Klochkova et al,, 1997, Oudmaijer, 1998), ers, there аrе а few forbidden tines 1JГеlI], [СаII] and

3. Theyareof valuealsoforrefiningthestructure others) as vrell as strong emission Н and HeI lines ind The Galaxy since they аrе ciose to each о_thеr on the sрьсtтuш described in detail Ьу Д4iroshnichenko
tbe sky, in the north-western part of Aquila (Table 1). et al. (1998). The lines HeI 5876А and 6678А and,
ТhЬ MilkY Way region is deficient in bright о stars possibiy, Нв show Р Cyg type profiles. The аЬsоrр-
md supergiants since it corresponds to а direction tion соmропепt of the spectrum in the region ассеЪ-
hкп-ееп the local аrm and the Car-Sgr аrm. sible to us is represented Ьу weak lines NII, дllltr, SII,
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ТаЬlе 1: Маi,п data o;f the abjects

Nаmе а, d (2{J(]c) 1,ь V Sp Date

lfur

ц,

MWC 314 19h21-34l1 49:6, +0:3
(Vlа29 Ag1) l4"52l56||

IRC +10420 19h26*48:1
(V1302Аg1) 71,О21,'|7"

9т9 вз 22.|7.97

47?1, -225 11у0 А5 19.05.97

HUC з14

-50 0 50 10о 150

vг, Km/S

Figurе 1: Typi,cal l,iпе profiles iп the sресtrum of
MWC 314, Frоm top to bottom: em,issions FеII(]2)
/1923 (soli,d li,ne), FzII(/r0) 6432 (dotted liпе), Si,II(2)
63|7 (soli,d li,пе), [FеII]14F 7155 (dashed li,пе); аЬ-

sorpti,on NeI(1) 61/12 (soli,d li,пе) апd 6/102 (dotted

li,ne),

NeI and others, which аrе typical of еаrlу subclasses
of spectral class В.

The lines can Ье divided into several grоuрs Ьу
the likeness of the profiles and closeness of the radial
velocities. Тhе mеап heliocentric velocity values for
these gToups are tabulated in ТаЬlе 2 (the пumЬеr of
the lines used is indicated in column 2), while the
tvpical profiles аге shown in Fig. 1.

Apparently, aI1 metallic emission iines are two-
peaked. The radial veiocities measured from the рrо-
file as а чrhоlе are presented in the 1st and 3d Iines
of Tabie 2. Моrе than half of the lines are intensive

enough and поt distorted Ьу blending too muсh to al-
1orм Tadial velocity measurements from the blue and
rеd peaks sераrаtеlу. Their чаluеs for the emission
lines of moderate intensity are ciose to 2 and 72 km/s,
respectively. The Ьluе peak is more stabie: as can Ье
seen frоm Fig. 1, it preserves its position when going
both to stTonger permitted lines and to weaker for-
]эiddеп lines. The red component in ihe lines [FеII]
is displaced to 52km/s, while the displacement in
the strongest FеII lines is as iarge as 45 km/s, which
causes shift of the line as а whole. In the ernission
line SiII, it is likely to mеrgе (at least, with оur rеsо-
Iution) tith the blue component, оr gets lost on the
flat red wing.

The weakest emission lines of HeI show radial ve-
locities of alэout 20km/s; in stronger ones, they rеасh
the value indicated in Table2,30km/s. The velocity
frоm Нд is still higher. This mау result from strength-
ening of the rмind absorption componerrts in these
1incs.

As regards the photospheric absorption lines, they
are displaced redward with respect to the emission
lines, horvever, no muttla] shifts falling outside the
еrrот limits аrе detected inside this group.

The spectrum of IRC+10420 demonstrates а still
rvider variety of the line рrоfiiе shapes and their differ-
ential shifts. Тhе transition frоm absorptions to emis-
sions in it is represented Ьу numerous 1ines with in-
verse Р Cyg profiles (Fig.2). Fоr the forbidden lines,
the radia} velocity is practically independent of line
irrtensity: 64 km/s frоm weak [Eeii] and 66 krn/s from
strong [СаII]. The value given iп the 1st line of Tabrle 3
is obtained also frоm measuring the lоwеr parts of the
hydrogen ernission line profiies. Weak absorption lines
of HeI and some others formed in the deepest and ас-
cessible to us 1ayeTs of the atmospheres of the stars
also yield а сlоsе value (4th line of Table3).

Stronger lines frее frоm obvious distortions Ьу
emission detaiis (S1II, NI) аrе shifted redward with
respect to the forbidden lines. This, certainly, refers
to the absorpiion components of the inverse Р Cyg
profiies in ъ,hiсh the shift is proportionai to the resid-
ual intensity. Fот the deepest depressions, the veloc-
ity wili Ье equal to that from the absorption соmро-
nents of the hydrogen lines (5th and бth lines of Та-
Ьlе 3), whеrеаs for the shailo.лest of them it will rеасh
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SрЕстRлL лтLлS оF MWC 314 лIпD IRC +1а420

ТаЬlе 2: Неliосr:,rltr"iс ,rас],iаl, teloc:,ities (krп/s) fоr gro,u,ps tj li,пеs iп the sрес:tr,а oJ MWa 31] 22.11.97

Grоuр of liries
Eпtissions:

FеII, СгII, SсII. \,igi (r < 1.5)

}iaI
ГеiI (г > 1.7); [FсII], [СаII]
Hc:I

SilI
Н"l

Д,Ьsоrрl,iоrls:
SII, NII. NeI
FIeI

}ial (I.S.)
DIB
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laillc 3: Hel,iocentri,c radial ,ueloci,ti,es (kn"l/s) t'оr, gr,ош,р.s of lilпг:s хп the spectra of IRC +10]|2а 19,05.97

Grorip of linc:s nVr
Emissions:

[F'еII], [СаII], [OI]
FеII(40.46), MnII
FеII (48, 49,74) (r"6, > 0.В)

Absorptions:
HeI, SiII(4,5), OI
FеII (42, 48, 49) (r < 0.5)
Но,В
SiII(2)
NI
FеII(74), TiII, СrII, SсII (r > 0.75)
ItIaI
NaI (I.S.)
DIB

,l-l's (9th line of Table3). The bluervard shi{t of
,::lission 1ines is grеаtеr the dеереr are the а'Ьsоrр-
r accompan}ring them" In the 3rd line of Таlэ}е 3

- ":n the mеап velocity l,alue mеаsurеd frorr' tho
-..,эn peak fоr the group of lirles r,vith the weakest

- __)tiol1s. Аs they get rnore intensive, the veiocit1,
- iгоm 40 to 10km/s. The shift, is рrеsеrчеd also
,. lines that 1ook like рurе emission 1incs (2nd liпе

, . :l1е З).

.- :s uпсlеаr to which grоuр of lines the сirсuш-
..], colllponents of the doublet NaI(1) lэеlопg. Pos-

lrese аrе extension of the sеriеs of purij аЬsоrр-
ries аrrапgеd in the оrdеr of increasing l,eloc-

:lrl(2) - 76km/s, NI(3) 80km/s, NaI(1) --
._ s. It is not impTobatlle that we see the аЬsогр-

]mpollents of the inverse Р Cyg рrоfilеs п,hоsе
-:-Jn components аrе overlapped Ьу irrterstellar

- ,:tion 1ines.

:i.ctIoscopy of IR,C+10420 suggests that епче-

.,lгrоuпdiпg the object is inhomogeneous and

non-stationaTv. The rrrultilal,er structure antl, possi-
lllч. thc norr-sphericity of the envelope. арагt frопr t}re

existence of dif;c:r:errt slrареs of t,ire profiles slroý,s up
also in the de{rirrnation of Ьrоаd аЬsсlrрtiоп lirres Ьч

1оса1 depгessioris. Soпre of tirem сап lэe seen in Fig. 2.

T}re чагiаtiопs оГ liпе irrt,ensities and рrоfilеs of the
ctll,c:iope fTorTl 1992 to 1997 (frоm the spectra taken
r,r,iib Thc бпr telcscolle of SAO and frоm Oudmaijer's
i199j) data) rvere not оf s),"stematic сhаrасtеr. The1
шranifest thc:пrselr..es rrrost сiеаrlу itr tlre lines rvith in-
l,егsе Р Cvg ргоfiiеs: the gепеrаl gradient in iliten^
sitv rr,otrid clrange. i.e. botlr eпtission arrd absorption
ri,olr]d Ье еithег irrterisifiec} оr alternated at а time.
Appaгerrti1-. tlie etolutionaliiy significant variation of
t}re spectra. rтhic}r reflects the eler,ation of the pho-
'tilsрhеге (tlr pseliciophotosphere) tеmреrаturе, con-
tilttlec.l: tlre line Hc:i 5876-\ inr elisified. trасеs of tlre
аllsrlгрtiоп iinos Не1 ,1921 Ь and 5015А appeared.

_\ote tl.at tlrere are rаthсг <1еер atrd sharp аЬsоrр-
tlorr lirrcs irr tire spectTurn of IRC +10420 at .\А 5693,
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FigriTe 2: Typi,cal l,iпе profiles i,п the spectrum of
IRC +10/120. Frоm top to bottorrl: епt,issiюпs FтIIQla)
бJ32 апd, [FzII]1]1F'7155 (solid lines); еmiss,iоп,-
аЬsоrуlti,опs FеII(Щ1) бJ56 (dashed li,,ne), FтII(]12)
5169 (dashed-dotted liпе) апd FеII(7/,) 6|16 (dotted
liпе); аЬsоrрtiопs NI(3) 7/,68 апd Si,II(2) 63]7 (solid
liпеs).

6282,6287 and 6289АА. Тhеiг nature has so far not
Ьееп establislred.

тhе interstellar lines and diffusion bands аrе
strong in the spectra of the two stаrs. Тhеir equiv-
alerrt п idths and radial r,elocities (the last ]ines of
Tables 2 and 3) аге indic:atil,e of the great distance
of both objects. Hotvel,er, taking account of the in-
tersteliar extinction, even adopting the limiting lumi-
nosity, it is difrcult to estimate distances at which the
obserr..ed stellar r.elocities would Ье accounted for Ьу
the Galactic rotation alone. Fоr the longitude in ques-
tion, the heliocentric radial velocities of disk objects
do not exceed 50 55km/s (Avedisova, 1996). This
mахimum value corresponds to а distance of about
7kpc. N,Ieanwhile, а distance of 2.5 kpc foT \,,IWC 314
requires NI1, в -8"', and for IRC +10420 even *9-.

At the same time. it has to Ье seen rMhich of the
va]ues presented in Tables 2 and 3 could Ье thought td
ье the velocities of the centres of mass of tlre stars. In
the case of \iWC З14. the most аррrорriаtе velocity
seems to Ье the one found frоm the trvo-peaked emis-

CHEI\тTSOY ЕТ AL.

sion 1ines of mоdеrаtе intensity, which, possibl1., form
in the gaseous ring surrounding the star. Tlris veloc-
ity does not go очеr the limit indicated above, Ьut
it disagrees rvith tire velocity given Ьу photospheric
absorption lines. Тhеrе is по such а discrepancy in
IRC +10'120, but the ,relocit}. turпs out to ruп o\.el
the limit.

То sоlче the above-mentioned matters, further оЬ-
servations, preferab11, ц,ith а higher sресtrаl and tem_
роrаl rеsоlutiоп, аге needed.

4. The atlas and list of the identified
Iines

In Fig.3 the spectra of the objects are presented
graphically as reiationships between residual inten-
sity and r,vavelengths in the interval 4790 7520А_&,
Its frаgmепts соrrеsропd to spectral оrсiеrs.
аrе littie gaps onl1,, between the last thrее оrdеrs,
The spectra аге displaced along the horizontal axi
so as its marking should соrrеsропd to the iabora-
tоrу wavelengths for the grоuрs of lines showing the
radial velocity u,hich correspond assumingly to
сепtrе of mass of the star, Fоr NIWC З14 tirese
the emission lines of FеII and others (1st line of Та-
Ьlе2), fоr IRC+10420 the emission lines [FеII] апс
others and absorption 1ines of HeI and otheTs (1st
and 4th 1ines of Table3, rеsресtiчеlу).

In the atlas аrе shоп,п the strongesi lines ц,hich
аге present in the spectra оf both stars and the dif-
fusion interste]iar bands. Fоr IRC +10420, the dots
пrаrk defects.

Table 4 contains the identification of the lines (со1-
umп 1), thеiг lаЬоrаtоrу wavelengths used in ttre esti-
mation of radial velocities (column 2). residual inten-
sities of tlre profile extrema (соlumпs 3, 5), and radia1
velocities of individual lines оr their. componerrts in
krn/s (colLrmns 4, 6).

А total of 320 features of steilar (possibly, ciTcum-
stеllаr) and interstellar natuTe rчеrе identified. The
telluric lines rчеrе not identified. T}re inclividual lines
оr b]ends аrе separated Ьу 1hg skips of the lines.
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HeI (а8) 492|.9З
FеII (а2) 4923.92

,:l1е 4: Depths (r) апd uo,Iues of h,eli,ocentri,c rаd,iаI

lc:i,ty ý,) rTleasllred Jоr tnd,iuidual, li:пеs ,iп sресtrа

' ,tагs studied

Ident IRC +10420

Table 4: De.pths (r) апd, ,чаluеs of h,eliocerttri,c rad,ial

uelocity N,) measltred fоr lndi,ui,du,al l,ines in sylet:t,rrt

of stars st,LlcJ,ied (сопtiпuеd)

TiII (17)

TiII (92)

СrII (30)

[FеII] 20F
SII (9)

СтII (30)
FеII (30)

FеII (З0)

СrII (30)

FеII (30)

СrII (З0)

СтII (30)

Нв

СrII (З0)

FеII (25)

TiII (114)

СrII (З0)

DIB

СrII (З0)
SII (15)

_FеII] аF

FеII (36)
ýII (1)

YII (22)

_FеII] 20F

TiII (114)

4798.3
4798.53

4в05.09

4812.34
4814.53
4815.52

4824.14
4825.72

483з.20

4836,22

4840.00

4848.25

4856.19

4861.33

4864.32

4871.27

4874.02

4876.40

488 1.83

4884.60
4вв5.60

4889.62

4893.81
4895.11

4900.12

4905.34

491 1.19

DIB

[Tiiц 2зF

NII (24)

FеII (25)
FеII (36)

FеII (25)

NII (4)

NII (24)
SII (7)

HeI (а)
FeTI (а2)

SII (1)

SсII (2з)
SII (7)

FеII (36)

SilI (5)

NII (4)
HeI (а7)

SiII (5)

TiII (113)

1.пI (10)

YII (20)

СrII (2а)

FеII (35)
SIi (7)

FeI(16,36)

[FеII] 19F

FеII (35)

TiiI (86)

FеII (35)

FеII (35)

4957.5:

496з.96

4982.7з?

4987.37

4991.11
4993.35

5000.73

5002.70

5007.зз
5009.54

5015,68
5018.44

5027.19
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ТаЬlе .1: Drэylths (l,) опtl ,url"htcзs of h,r:li,or:en,tri,c ra,rlial
чr:lос:,itц ý;,.) rпеа,sur,еd ,fоr, irld,iuidur1,I liпеs ill, syler:tro,

oi stо,rs stu,d,ied (с:оп,tiпurcd,)

Tabltэ 1: Depths (r) апd, ualu,es of hel,iclcentric radial
чеlосit,ч ýi,) rrtrcrlsulеd, tоr, i,пdiuid,uo,I lin,es iп, sресtrа
o,f ,sttu,s studiec] ( с:сlп,tiп,u,есl)
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