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Optical spectroscopy of the infrared source
IRдS о9276+ 4454

Klochkova V,G.О, Mishenina Т,V.Ь

' Special Astrophysica1 Observatory of the Russian AS, Niz}rnij Arkhyz lJ57147, RussiaI Astronomica] Observatory, Odessa State Urriversity, Odessa 270О74 Ukrairre

Receiued Dec 2], 1997; accepted Jапч,аrу /|, 199В.

Abstract.
Тhе cheпrical аЬuпdапс:е cu],ve and TTrain рагаmеtегs о{' the infгared sоuгсе IRAS 09276+4454
assoc:iated with the high latitude luпrinous c.oid star SAO4290i hаче been determined using
high-resolution optical sресtrа. The effective tempe],ature, Т" = l]400 К, has been determined
frorn band head intensity reiations of the TiO rr sуstеrп. Тhе a|lundances of g chenrical elements in
the аtmОsРhеГе of IR,AS 09276+4454 have Ьееп ca}crrlated Ьу- tlre Irtodel аtmоsрhеге rnet}rod. Iron
wa.s fourrd to Ье slightly deficient, IFе/Н]р = -0,З4dех,'Гhе аЬuпdапсе of irоlr gгоuр elements.
V, Сr, С]О. Ni. is slightly dесгеаsеd relative to the irоп abundanc:e: [Х/Fе]6 - -0.15, abundances
of s-РГосеss elementsл Y, Zr,. Nd, аrе slightly increased relatil.e to irоп: [X/Ire]6 = *0.10. Al] the
values oЫained fог the sout,ce IRAS 09276+4454 аgrее with its belonging tcl the evolution P}rase
vеr5, close to дGв.
FОr 3 different observing lnorrlents stIol1g variability of tlre гlrdial velot:itv caused Ьу binarity of
thе stаг studied is rечеаlеd.

КеУ wогds: stals: abrrlrdances stагs: evollttion - stагs: irrdividual: IRДS09276+4454
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1. Introduction

lпriпоus stars with lаrgе lR-excesses аrе the first
.rrdidates fоr the stars at thе post AGB stage,
. llving to the рlапеtагу nebula stage. Their сhеrrl-
.l composition is of great interest as fаr as stel-
.: evo}ution is concerned. High гesolutiorr spec-
" scopy of а sarnple of high latitude рес:uliаг su-
:giants with large IR excesses }ras beeri реr.fоrmеd' lhe бm telescope очег the last уеагs (klochkova.

- ,,l,, Zаёs et а1.. 1995; 1996; Klochkova, Parrchrrk.
-,,ll Klochkova et а].. 1997аЬс). Ihе maitr t.c-
. - of this rеsеаrсh is the detection of ovelabun-
-- .:es of nuclei of s p}ocess eleTnents and ап al-
-. J рrороrtiоп of CNO elenrents in the atTrro-
.-.геs of З objects, LRAS 07131+1005 (Klochkova,
-ll. IRAS22272+б435 (Zаёs et al., 1995) and
iS 04296+3429 (Klochkova et al.. 1997с).
)пе of the Ьгight stellal iпfгаrеd objects,

i) 09276 + 4454 = IRC, + 40206 = AFGL 1355.
-:. stгoIrB iпfrаrеd гadiation revealed both ii.orTr the
: ,I- and IRAS-surveys is associated with the high

, lde luminous cold sta"r, HD 82040 = SAO 4290]
"..sdalen et а1., 198З; Sterrcel, Backman. 1991).
. IRAS iow-resolution sресtга ()/6.\ * 40 irr
:.gion 8 * 15рrп and )/6) ry 20 irr t}re r.egiorr
:3 лrп) Volk et al. (1991) rеfеггеd this source to

FJ grоuр rvith ttre 9.7 /rпr siiicate dust eпrission detail.
Неrе we present пеw геsults fог the sоuIсе

IRAS 09276+4454 derived frоm high-гesolution ор-
tical sресltrа.

2. observations and reduction

Тhе fiгst spectlullt (JD:2450063.74) (Table 1) of thе
sоuгс:е IRAS 09276+4454 rTas taken at t}re }iasmyth
1Ъсus оf the б rrr telesclclpe п,ith the есhеllе spectrome-
tег LYNX (Klochkova. 1995Ь) equipped lvith а CCD
of 1040 х 1l60 pixels devc:loped Ьу the Advanced De-
sigrrs LаЬогаtогу of t}re Special Astгophysical ОЬsег-
vatOIy.

Subsequerrt observations have Ьееп саггiеd out
at the рrilпе focus of the б пr telescope п,ith the
оthеr spectral device - the echelle sресtгоmеtеr РFЕS
(Panchuk et al,. 1998) in corrrbination with the same
CCD.

оьsегча.tiопs hаче Ьееп саrriеd out in thе enviro-
merrt of OS LinLrx with the application of the NICE
colttext (Krryazev, Shergin. 1995) of the NIIDAS
ESO systerrt. Trvo dirTrelrsional echelle fгаlпеs wеrе
processeci rrsing t}re ECHELLE context of t}re MI-
DAS, Drаwiпg of а continuous sресtruпl level and de-
tertrriTratiotr of equivalent widths and rаdiаl velocity
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ТаЫе 1: Тhе log of obseruations с$ IRДS 09276+l454
апdУ, mеаsаrеil usiпg metallic lines. Iп the last line
there is tйе V" чаluе for the stапdаrd stаr а Таu.

Sp JD, 2450.... V", km/s

ТаЫе 2: Data (\, identificatioп Х, excitBtioп роtеп-
tial ЕР апd equiualent uidth W) Io, lines used for
сh еrпi col соmро sition calculoti оп.

7357.73 TI 1.44 270.8
7489.57 TI 2.25
1477.27 TI .81

7496.1t TI 2.24
7580.4l TI 2.23
7338.94 ч 2.74 140.0
7355.93 cR 2.89 240.0
7400.23 CR 2.90 272.0
7401.69 FЕ 4.19 30.0
7411.15 гЕ 4.28 118.0
7418.67 F,Е 4.74 81.0
7430.54 FЕ 2.59 81.0
7443.02 FЕ 4.19 60.0
7445.75 FЕ 4.26 150.0
7447.38 FЕ 4.96 21.0
7447.sб FЕ 5.52 8.0
7454.00 ЕЕ 4.19 23.0
1461.52 FЕ 2.56 97.0
7473.55 ЕЕ 4.6l
7476.38 ЕЕ 4.80
7484.30 FЕ 5.09

7491.65 FЕ 4.30 93.0
7495.06 FЕ 4.22 188.0
7498.53 FЕ 4,74
7506.01 FЕ 5.06
7507.2в ЕЕ 4.42
7477.5l ЕЕ 3.88

20.9 * 1.9
з6.3 * 8.3

1б1.4 * 4.8
б4.0 * 2.5

values wеге реrfогmеd with the ргоgгаm DECH-20
(Galazutdinov, 1992). Equivalent widths of the lines
W used in the chemical composition dеtегrrtiпаtiоп
аrе ргеýепtеd in ТаЫе 2.

3. Deteгmination of model раrаmеtеrs
and chemical composition

Тhе effective tеmрегаturе hаs Ьееп dегiчеd frоm
the spectral type Sp - Т" calihations. The spec-
tral type hаs Ьееп derived Ьу the technique given
in the рарег of Воуагсhuk (1969). Тhе method is
supposed to uýе the intensity ratios of а sресtгum
on the long-wave side fгоm the edge of the strip
to the shогt-wаче side of the rr system head band
strips of TiO (Ir+/Ir-). W" employed I1а/Iд- at
4761 (2,0), 4804(3, 1), 4955(1,0), 5000(2, 1 ), 5167(0;0),
5240(1,1), 5448(0,2), 57б9(0,2) АА rо. sресtrаl class
determination. То illustrate this we рrеsепt раrt of
the IRAS 09276+4454 spectrum (Fig. i) пеаг the
band (0;0) of TiO o-system. The чаluеs Iд1/I1- and
the геsults of the Sp determination fог еасh criterion
аrе ргеsепtеd in Table3. The ачегаgе value of spec-
tral class of IRAS09276+4454 is equal to М5. Difer-.
ent caliЫation гelations Sp - Т. give the following
геsults: а) 3220К (Рlоwег, 1975); Ь) 3420К (Ridg-
way, 1980), с) 3470К (Dypk et al., 1996), d) 3450К
(FаЬЬгопi, Richichi, 1997).

The surfасе gгavity of IRAS 09276+4454 has Ьееп
estimated frоm its luminosity assigned frоm the effec-

tive tеmреrаturе using the evolutionary tгасk calcu-
lations from Boothroyd and Sackrrrann.(1988) and the
standard fогmulа

loc(c/co) = 4log(T"/T.6) - log(L/Lo)+ log(M/M6),

цrhеrе the sоlаr раrаmеtеrs, Т. = 5770 К and
Iоg g - 4,40, have Ьееп adopted. Тhе пtass value fог
the object studied was assuпled to Ье 1,2М9. The
oЫained чаluе of the surfасе gгачitу is logg - 1.2,

The miсrоturЬulепt velocity V; was determined
Ьу fогсiпg the abundance of individual Fе I lines
to Ье independent of equivalent width. The accu-
гасу of the miсгоtuгЬulепt velocity determination is
*0.3 kms-1, АТ" = +100 К, А log g = *0.3 dex.,

7511.01 FЕ 4.18 155.6
7568, в9 г Е 4.,28 |23.2
75в3.79 FЕ 3.02 144.3

75в6.01 гЕ 4.31 155.2
7437 .1,4 со 1.96 23.0

s13012
s15736
s18512
о Таu

063.74
505.58
767.73
763,77

145.0
1l5.6
91.1
66.9

13.0
15.0
12.0

33.0
20.0
74.0
18.3

7385.24 NI 2.74
7393.60 NI 3.61

64.0
95.0

40.6
90.4
10.3

51.4
31.4
53.4

7422.28 NI 3.64 108.0
7414.50 NI 1.99 130.0
7555.60 NI 3.85 121.0
7Б74.04 NI 3.83 72.8
7439.86, ZR .54 112.1
7553.00 ZR .51

7554.70 ZR .5l
7558.45 ZR" 1.54
7450.20 Y+ 1.75 ,26.2

7513.77 ND .93

7538.26 ND 1.44
7577.49 ND .20

Тhе spectral геgiоп .\.\7350 - 7580АА is геIа-

tively frее fгоm the mоlесulаг line blanketing ап:

it has Ьееп used to оыаiп abundances from atoml:
Iines of TiI, VI, СгI, FеI, CoI, NiI, ZгI, YII an:

Nd II. А synthetic sресtгtlm of atomic lines has Ьее:

calcu]ated with the оsсillаtог stгепgths log gf fгоr:

Guгtочепkо and Kostyk (1989) and the solar mod.
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ТаЬlе З : D еtеrmiпаt,iоп, clf spectral type of
IRAS 09276+l|45l

А, А I.1+/Il_ Sp
N{5.0
м5.0
N,{4.7

\4 5.5:
м5.2
П4 6:

N,{4.5

N,{4.5

frоm а new grid rnodel Ьу Kurucz (1993) and соm-
рагеd with thе Atlas of the Srrn. А synthetic spec-
tгum has Ьееп calculated using the ргоgrаrrr STARSP
(ТsуmЪаl, 1996). As а result. thе lirres, correctly de-
sсгiЬiпg thе sоlаг spectrurrl, have been selected. Fог
cornpilation of thе }ine list the lines fгоtп the papers
of Kiochkova arrd Panchuk (1996), Whitпrer et al.
(1995), Smith and LапtЬегt (1990) hаче a]so Ьееп in-
volved. Thus 23 rreutгal irоп lines and 1-6 lines of
эthеr eiements have been selected (Table2).

The levei of thе contirluolls sресtгuIIt was ]oc:ated
Ьу the standard пrethod f'ог cold stагs Ьу- intelrsit1,
peaks iп the wide rеgiоп of ttle spc:ctгurrt. То сhесk the
:c.intinuous sресtruпi level location and estinrate the
:опtгiЬutiоп to absorptioTr of TiO а syrrthetic spec-
:Iuпl was calculated fоr the selec:ted гegions.

Deterniination of cherrriclal elernent aburtdanc:es
.n thе atmosphere of t}re object has been car.ried
ut Ьу t}ie рIоgгаIппlе WID'ГH 9 of Kul,u.z Lrsing

'ire model with thе IЪllowing vaiues of the раrаIIlе-
-:гs Т" = 3400К, log g = 1.0 . Vt = Зkrп/s апd r,,.itli
':,е sоlаr rnetallicity frorrr thе gгid of atпiosphere
:,odels Ьу Вгоwп et al. (1989). This gr.id of LTE.

, iane-paTallel hydrostati,, аttrrоsрh*r" ntodels сочегs
1 rапgе of Т" = 3000 - 4000 К and suгfасе gravilty

38 = 0.0 - 2.0. These rnodels rTlalte allorvance fоr
,:,soгption Ьу пumеrоus types of rriolecules: СО. Н2О,
.-О, SiO, CN. С2, СН, NH, ОН, N{gH, SH.

Тhе osciliatoг stг,епgths аге taken frопr Gur-
,,enko and Kostyk (1989), fоr t}re lines of Zr I and
l1 - frorrr Кuгuсz, Peytretttann (1975) and fоr Nd II
.:опr Plez et aI. (1993).

The well studied cold supelgiant rr Tau hаs been
--.i as а standard stаг and we have determined
.. abundances of tlre stal, studied relative to this
-.:,dard (see Table4). The abundanc:es of rr Talr
., 

= been calculated with_the аtпrоsрirеге model frоrrr
niodels grid of Вrоwп et al. (1989) ancl рагаrпе-'. Т. = 4000К, log g - 1,0, Vt = 2krrr/s. Тhе re-'s of deteгmination of cherrrical corTrposition of

\S 09276+4452 and rr Tau at,e given in iГаЬlе 4,,. logc (Х) is the гesult of c:alculation clf ачеrаgе

-lЕл с-

Uaveiength, А

Figuге I: 'I'he I RД,9 09276+Jt5J spectrltm пеаr the
Ьапd (tl:0) о,f TtO o, syslem.

abundancesl "rr" is ttie пllmЬеr оf spectral lines rrsed
Гоr, calculation of the avelage чаluе, tT is the егrоr of
this ar-eragl,. lГhе values of [Х/Fе] ale given rе]аtiче
to the sun (colurrn 5) antl to the standard star а Tau
(colurrtn 6) Тhе sоlаг colrtposition is taken frоm the
paper Ьу Grevesse and Noels (i993).

4. Results
As seert fr<lпl Table 4, а slight deficiency of iгоп,

[Fе/Н]о = -0.З4, has been found fоr the ресuliаг su-
pergiant SAO 42901 = IR.AS 09276+4454. Тhе abun-
dances of thе irоrr grоuр elernents. Сг, Со, Ni, аге
decreased relative to t}re irоп abundance: fог these
elements [Х/Fе]6 = -0.15.

Тhе s-llrocess eiements, Y, Zr, Nd, show an
abundarice slightly enhanced than that of irоп:
[Х/Fе]р = +0.10.

\Yе. арllаrепtlу, observe this ob.ject at а phase
чегу close to AGB, But the рIеsепсе of the IR-excess
suggests that the object ечо]чеs to the еаrlу PPN
phase. Volk. Kwok (1989) have also noted that the оЬ-
ject IRAS 09276+4454 is of а чеrу }ate sресtrаl type
(N46) and is unlikely to Ье PPN.

lt should Ье noted that 3 observing nights gave

476\ 0.20
4804 0.37
4955 0.1з
5000 0.4З:
5|67 0.13
5240 0.56:
5448 0.30
5759 0.76

J)!
6
0J
rJс*5о
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Table4: Chemical composition of IRДS09276+1454lоgс(Х) *.а (at log (Н) = 12.0), п - the пцmЬеr of liпеs
usеd for саlсulаtiоп.

IRAS 09276+4454 аТаu
Х., п loge(X) о '[Х/Н]о 

[Х/Н].т"" Iogc(X)
,Ti I 5 4.58 0.13 -0.44 5.16 -0.58
VI 1 з.56
Сг I 1 5.21

diffегепt values of V". Such а diffегепсё is caused Ьу
Ьiпагitу паtuге of the object IRAS 09276+4454 which
associated with Ьiпаrу stаr ADS7403A.
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