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CAPITULO IX.
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CAPITULO 11X

BUSQUEDA SISTEMATICA Y CLASTFICACION DE GALAXIAS
CON LINEAS EN EMISION.
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Figura II.3 .{0 IIIIAS007~/Hf? vs.
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TasLa 111

Busaueoa Caran—TorLolLo

Garaxias HIL

F Objeto A.R. C1LOB0. O> Dec ~r OLtros
hr m = < 4 oo Ckm s> nombres
1 BLE-16a 1 ©04 a3.8& -38 47 38 5680+1 20 -
2 AZL 29 1 55 =0.6 -35 24 S6 40540%1 20 -
= B21 -03 2 30 44.0 -390 47 =24 5190% 70 -
4 B22-06 3 o068 S0.9 —-40 35 36 14390*120 -
=] B25-07 3 s57 2=2.1 -3g 14 Bt Z22530+1 20 -
(=] cB3O-09 4 40 40.7 -45 30 S5 6250+1 20 -
i Fa7-25 4 44 S2.5 -30 14 O1 183902100 -
=3 Fa7v-z22 4 49 45.3 -31 87 50 12460% SO -
o Jo1 -o= S a2z BO.3 -19 28 36 S700+1 00 -
10 Joz-03 10 15 24.5 -i8 01 O1 4030+ 7O -
11 MO1 —O6 10 18 S9.0 -z1 53 29 3640 7O -
i1z JOB-15 10 18 Sa.3 -21 21 o7 3300+ SO -
13 JOo3-09 10 =2 41.9 -19 31 21 7920+ SO -
14 MOZ2-14 10 32 43.9 -27 04 34 17540+ 90 —_
18 MOZ-13 10 34 32.8 —-25 S8 S1 3560+ 9O -
16 MO3-13 10 35 OT. 4 —-23 s2 49 10490+ 7O -
17 MozZ-12 10 33 18.2 -25 21 19 10540 90O -
1. MOZ~-O3 10 35 44.9B -26 OB 19 11600 SO -
19 MO3-02 10 38  30.4 —z22 18 a= 19930+ QO -
=0 JO4-0O7 10 45 18.86 —-Z0 41 43 3ITOO0: SO -
21 JO4-06 10 45 26.0 —-19 4B 4S5 2070 SO ——
2z JO4-0OS 10 48 13.7 -19 10 2a 4070% SO -
== His-0O1a 10 sS4 3B.2 -3z =z 3010 TO -
za MS-13a 11 OC OoB.86 -25 53 38530 TO -
25 MS-13b 11 0O oB.6 -25 53 52 4010 7O -
26 JO7T—-01 11 48 39.0 -20 19 18 3ITQ0* BO PoOx 4%
27 MO -08 12 03 25.0 -26 44 1S 1770%x SO -
28 Loz-02 12 12 00 + &8 5 21 20402100 Haro &%
20 LOoz-01 12 20 a43.3 + 5 0B 46 5190+ 9O -
30 M12Z-O7 13 O3 23.6 -22 21 19 10630+ QO -
31 Mi3-14 13 22 48.0 25 39 ST 4330+ SO -
a2 MLIB-16 13 23 14.3 -23 22 34 13370+ GO -
33 KOO-09 13 44 29.4 -30 05 =5 4350% 7O -
=24 J13-10 13 47 OL.0 -17 56 16 aB80x S0 -
a5 K11-10 14 168 38B.8 -27 21 oo e730x SO -
36 Migs-0Z 14 S7 26.8 -22 11 34 28540 QO -
a7 M1E-13a 14 ST 30 -z6 15 o8 5180+ 70 -
3a Mig-13b 14 S7 30O -z25 15 06 5250+ 7O -
30 Jis-oz= 15 12 S3.8 -18 O7 35 6230+ SO ——
40 AOB-0O3 19 51 42.0 -33 04 35 15010+ 90 ——

23



41 CO4-01 20 o2 19.2 -34S 37 0OS 13S60x Q0 - P
4z AOS—-03n 20 34 31.0 -3 39 24 5660 TO ESO4K00-G43
43 AOS-03s 20 34 21.0 -3 39 24 sS7TE0x 70O -

44 AOS-17 =22 oS z2e. 7 —-37 07 39 18420 10 -

4= AL O—0L 2z 12 16.2 —-3Z2 5z SO 2581 02100 -

(1) Kunmnth, D.. Sargent. W.L.¥W. vy Howal, C.. 1951.

2> Haro, G.. 19S6.

<3

Bergvall . N.

y Olofsson,

K. .

1986.



CAPITULO III

OBSERVACIONES FOTOMETRICAS Y ESPECTROFOTOMETRICAS

ITX.1 Introducci&dn

Loz datos sspectrofotcnétrico

= de eztos obtijetos fuer o
obtermidos durante variaz tenporadazs de obzervacidr tanta ey =1

Observatcorio de Cerro Tololo (CTIO), aoperado

ocf Univerzitiez for Re=esaerckh it Aztrornomy ™ (AURA) L

bajo cantrato
oo la “Natiornal Science Foundation™, comos ern el Observatoaric (=1
la= Campariazs. = la "Carrmeais Irm=tituticor®, E.U.A. Las

obiservacicornez, a=i comns la calibracidrn de los e=zpesctros obteridos

*

fFuesron reslizads=z poar M. T. Rufls b4 Xa Maza . inveztigadores de1
Departamanta de Aztrornomia de la Univerzidad de Chile

caracteriz=ticas =] la=
observacicome=z realizada=z Fara cada objeto. El rmombre del objeto =
rowuerntra en la colummas 1, v oen las

ziqQuientez columnas == listan

2= WE B =) wutilrzaddo, =1
(=53 1a apEpaertura e

extraczidn, la dizpasrzidm < lomailtad d= crida Y el tienFo de
expos1oiG. Bty toedoz 1os —EHEOS e u=4s (BTN rerenda 3 larga Qrie
1mcluil a toondoe e la &yt Fparte [= =0 abjyet.o. Liriz dezcripc i &ry
detallada d= Y lo= FrnCEsas =
reduaccidrn de [ == Maza 4 Ruatl=
Cada rnoche =2 aobiservaror &l mernos (=11 la

lizta de sztérdare=sz de fluajio de St v % lz
lormgi tud de orde fué calibrada mediante 1la obizervacidrm [=2=4 uriE

25



TasLa 1111

GaLaxias HIl: REGISTRO DE LAS OBSERVACIONES

~ Objeto Fecha Telescopio Petector Apertura Reso-—

Tiempo &>
Clser v,

¥ lucld Sn Expos. @
dia mes afc cT1I1 O Rejilla [l c k> c=>

1 BI6-16a o7 o9 8S 1.8 m Vidicon KPGL3 2.Sx24 & 600 1

=4 AZ1 —29 28 01 87 4 m ZDF KGPLZ2 =, 58 5 580 2

3 B21 —0O3 o5 01 86 4 m 2DF KPGLZ Z.5x5 (=) 1200 =

4 B22-06 15 03 85 4 m 2DF KPoLz N s 600 4

s B25-07 12 03 86 4 m 2DF KPGLZ 2. 5% =1 200 4

=3 c30-09 13 03 86 4 m 2DF KPGL2 2. B8xS =) s00 4

10 oz 89 2.5 m* Z2DF KPGLZ2 2. OxS 14 1z00 s

7 Fa7-a22 12 03 86 4 m 2DF KPGL.2 2. 555 =3 500 4

e Fz7-25 1z o3 =856 4 m Z2DF KPGLZ 2. B2 =] 600 4

=] Joi1i -0z o2 03 86 1.5 m, cCcp gre3z 4. 08 =3 1800 =3

10 oz a9 2.8 m 2DF KPGLZ 2. 08 14 1200 s

10 JO3-03 13 03 =26 4 m 2DF KPGL2 2. 5xS =] 500 4

11 MO1 —06 zZ4 04 85 1.5 m Vidicon KPGL3 =.S<S =] 1200 ird

12 Joz-15 o7 o2 86 1.5 m ccD gresz 4. Ox8 a8 1800 53

- 10 oz w9 Z.8 m 2DF KPGL2 2. 0x8 14 1200 =5

13 JO3-09 o7 03 86 1.5 m cch # 32 4. 0xE 8 1800 (=]

14 MOZ=-14 16 04 85 4 m 2DF KPGLZ Z. 55 [ 1000 2

_ 1S MOZ-13 16 04 85 4 m ZDF KPGLZ Z. 55 & 1000 2

16 MO3-13 o6 03 86 1.5 m cch grasz2 4.0 s 1800 5]

17 MO=-12 16 04 85 4 m ZDF KPGLZ 2. 5x5 & 1000 2

S -] MOZ-0O3 16 04 85 4 m Z2DF KPGLz Z. 55 = 1000 2

10 o=z 89 2.5 m' ZDF KPGLZ Z. ox8 14 1200 s

1o MO3-0Z oz 03 =B 1L m coD gr #£32 4. 08 a 1800 =)

=0 JO4-07 os 03 8= 1.5 m ccD gr a3z 4. 08 s 1800 5]

10 oz 8o 2.5 m 2DF KPoLz 2. 0x8 14 1200 s

21 JO4-08 13 03 8 4 m ZDF ¥PoL2 z. 55 & 500 4

== Jo4-05 15 03 86 4 m 2DF KPGLz 2. 55 [ 500 4

..... o7 O3 ac 1.5 m cCcp gr a3z 4. Ox8 =3 1800 s

23 K15-0Ola 13 03 ®|6 4 m 2DF KPGLz Z. 55 & 1200 4

za MS5-13a o6 03 86 1.5 m cCcD gra3z2 4. O0x8 =3 1800 [

s MS-13b o8 03 86 1.5 m cCD gr 32 4. 0x2 a8 1800 =)

=1 Jo7-01 25 04 85 1.5 m Vidicon KPGL3 2.S5xS =3 120 7

=27 MOB-0Oa o8 03 86 1.5 m CCD gr &3z 4. Ox8 =) 1800 (=3

10 o= 8o 2.5 m ZDF KFPeLz =. oxs 14 900 =]

28 Loz-oz 25 04 85 1.5 m Vidicon HKPGLI 2.5x5 =3 =] 7

zo 16 04 85 4 m ZDF KPoLa2 z. SxS =] 888 =

10 oz s9 2.5 o 2ZDF KPGLZ2 2. Ox8 14 1200 s

30 M1Z-O7 168 04 B85 4 m 2DF KPGLZ2 2. SxS <] 1000 2
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GALAXIAS

TasLa I11.1 CconTh)

HII: REGISTRO DE LAS OBSERVACIONES
= Crjet. o Fecha Telescopr o et ect or Aper LuUur s Fesoc— Tiemps L0
Obser v, v lucidn Expos. 27
dia mes afic cCTI O Rejilla cn>® &> <sD
31 Mi3-14 16 04 85 < m ZDF WPGL2 2. 5<3 (=] SO0 =
32 M13-16 16 G4 85 4 m 2DF KpPGLZz 2. 855 © 1000 =
33 KO9-0a 13 O3 BS 4 m ZEDF KPGLZ2 2. 55 & 1500 <
34 J13-10 24 OB 85 1.5 m Vidicon KPGL3 2. 55 8 240 =3
35 Ki1i-10 o7 O3 86 1.8 m CCD gr &3z 4. 0Ox8 8 1800 (=]
35 Mie-02 16 04 8BS 4 m 2DF KPGL=2 2. 55 (=3 SO0 2
37 Mig8—-13a 26 04 85 1.8 m Vidicon KPGL3 2. 55 2 500 7
=8 M1 B8-13b 26 04 85 1.8 m Vidicon KPGL3 2. 55 s 500 7
38 Jig-o2 24 0B 8% 1.51m Vidicon KPGL3 2. 85 (=] 240 8
10 oz 83 2.8 m 2DF KpPoeLez 2. Oxs8 14 900 S
4.0 AO03-03 10 O 868 4 m 2DF KpPGeLz2 2. BSxS s 300 2
41 CO4-01 o7 09 8% 1.5xm Vidicon gr&9 2. S5 1= 300 1
10 oz 8o 2.5 m aDF KPGLZ2 2. Ox8 14 1200 =]
42 ADS-O3n 21 056 85 4 m 2DF KPGL= 2. BSxS & 263 8
43 AOS-0O3s 21 086 8S 4 m 2DF KPoeL2z 2. 5x5 S 1000 8
44 A9 —-17 21 o6 8% 4 m 2DF KPGLz 2. Bx5 (<] 1000 a8
45 A1O-0O1 23 o6 83 1.5 m Vidicon KPGL3 2.95x5 8 [=lole] 8
4% Mz —600 03 01 856 4 m 2DF KpPGLe 4.2 (=3 1200 7
1 Observatorio de las Campanas, Carnegie Institution.
2 intervalo de longitudes
. B.— BTOO-BT7TOO

7.

cdalelorielalal

A,

s -

4.

4000 -7000

de onda obserwvado:
I7O0-S900

A.

1. -

S. - 3700-7200

27 ]

2. &,

Chile.
B400-SB00 A,

2. —

I7O0-85000
A500—-7T000

.
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[
o ozt rabar mangourna e=nilizidn. Loz ezspechtroz fusro= divididos [ =T
camnEos elar s PE&bra Corrsglr por lx= difaraerncias eTRpasliales de
zZermnzitbialidad del detector,. Loz flujos fFLieer or correailidos (=11 1a
extimcidrn atmozférica mediarte lo= procedimiento=s eztanrndares. Urna
vez obteridos lo=z ezpsctroz aplanadoz vy calibtradoz en lomgil tud [=T-]
ordgde vy fluje, =ze midisroe oz flujos de las liteaszs en emnisidh.
ITI.2 Descripcidn de los espectiros

Er Qzrieral . la=z ezpectra=s otteridos =or tipico= =

regicees H O IT exbragaléctica=s. Se caracterizan (=1 Erezaermtar ur
cortinus débil v plaro. cazi =zin detalle=z. practicam,ente debido a
la emiz=idr rebedlar. Erm alouos caz=os e detecta 1& Presarala =11
ol inue ectelar bipico de esztrellas celizntae=., Supaerpusztas =1
ot 1 D bhiay 1L rmeas Ela =mniEl o mury inmtenzas, delgadas Y Q=
correspornder & la emizidr de dore=z = LA irmtaervealao FrEQuefo de
arados de iormTacidn. Laz l{mnea= ma=z COoOmSPlcuas, adomas d= la=
lerezaz de la serie de Balmer del hiidrdgeruo, =orm Por 1o genaetral las
limeas [=1=7 [ IIXI) ARSDQO7 v 495y b [ IIl1 AR727 =r =1
wlbtraviaoleta, La mayorfia ode loz cbietoz eztwdiado=s Prezaemts (TS
cocientae [0 III1I] ANDOG7/ HB = 3. Las=s
comaz 1la de Hz I AGESE, =y asheral
alguiriz=s pocas RHII de

Mmiay &1t

1Lfrmea pusde Ser

debida




en &1 camuloc 1ormizarnte v b Permitide
eztresl1las Sz Te &rpusrtar o Entere =)

e Lear loinee: de loaz &leme
AGATL y N I ASZO00 o Zarn detectabl

figura= IITI.1, III.Z. I1II.3

I
L]
(]
1
1Y

de los espectroz obhemidos.
La pre=erncia de oot i

abzorcidm

STt amar =1 rdmner o [=1=3 eztax

ol & {7 YIS B PR R R TR =

G ard by i

+ ezt e

< E=2- o) msy et le=. La=s

& lawnos

detectables e
alouroz de loz objetoz, especialments e 1oz de bajda excitacid v
=r las cCazos e Qs laz 1ireas e emiside tieren archos
equivalerte:s pequefios ( WHG < 20 A D). La figura ITTI.S e=s wur
ejemnFplo de esta.

ITI.3 Flujos e intensidades y cidlculo del enrojecimiento
Loz flujo vados et las 1L rneas = eni=3ior, F N -
Ffuesror correaildos evtincidn irmtsreztelar gara efzctusr el
Eri&li=zis de laz 1 Le woprezi1dr utillaizaos Fatvrae &=to 223
log ICAIZICHR = log FCAIZFCHSD + cCHBED fCAD IIi.1
dornde T (X)) == 1a irmtermzidad dezermraolecida. La ==t 1tic 1S qu=da
representada por

S 1S 1 S

et Jecimiaermto

= ovrisesrnes:

1) wima parte ez producida gpor

= la Via LAcChtsEs, en la direccidm

29 -

el enrojecimierto logarfitmica

Feie afacta &

del abiieto

et HE, c(HRD vy £

ricormalizada & HE.

b et

la et drmcidr intereztaelar

cbservadao.,
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2) otrs prarte pusdes detercse & et imcisr Frofle o= 1a&

tipdao. et evterrse & la re1S H O ITI. vy

Ty witie Qltame pattte & la =0t rez 1 S L= I3 ol Whn Dt} =1
Ppolve dentro de la reazdey HOIX.,
L procedinierntos usual e a Chetaermiraes el coefiocisnts

logarfitmice de extircidr total em MR, coc(HP, para cadse fuents.

uzar el decremnsmtao tedrico de Halmer, o ejemnslo COME S &t =3
valor tedrico de Hoa/HE cor &l valor cbhssrvado, baldao la hiprdtaesi=

luz=ivamerite por recombinacidr d=1

S progucen

d= quisx las 1Lr=

iSr H’,. Yy Que la extincidrmn ez completamnerte externa a la regsidm H
II. La= temperaturas electrdrnic e eztaz PERICHIEE -
eztimadaz & Frartir de la=s de colisicrnal o de 1l

comparacidn enrntre el cormtirnda rnebdilar em radio v
S lempEre M r == =T -3 =0, 000 | N [ == la Quis ==
Fpo=ibilidad de =fectos importantes = laz liresas

detride a excitazidn coliziomal. For

i

exwiztir (=0 W]

FTOY . v en tocade C&aR=Eo

mo =2 seSpaera [Que Piava carntidadesz i1mnmpeortantes dJe Folve
realores Que Sse Caractaerizar por =4 bBajo comt.eriado e

El decremerita Ledrico fue calculado Pt

Blocklelurszt (1371) Y recelaculado o Huarmnrs e ¥
Storey (1927). La=z difersncias ermtirae amboz trabajoz =cem requefiss .

EFl1 decrementos de Balmner == whmia furmcidrn qus depesnde levemsnts de la

temparatura electrdnica del ga=s, por 1o gue == debe hacer Froimer o



=2tc wurilicé =1

cociente de g} III3
AAFRETZ/ 5007, Qe = zermzable & l1a T EtnpEa=rat oy & eyt T T 1 A V.
Diade la temearatura, e calould C(HR de &sprazldree:s Gl taipos

-

log ICHOZICHRD = log FCHaD #FCH/) 4 cCH3) fCHeO 3 I111.2

Ern g@eneral &1 coefici

Errajesimiernta fué calculado

» HER/HS., Fpara loz obietoz de

a FPartir de las

coCiemtes Ha/HE, HE/H
loz que 1

=& dizpornia de

igual qus 1o rerpcortads por
Kurnth v Sargent (19832 autore=, he encormtrads que 1 < (K3
calculados aumanta com =21 ordernn de la linsa de= Balmner uzadas. E=zta
es

cCHD (HS/7HS? > cCHRD (Hy sHB1 > cCHD (Has/i3) III.=2

lo AQue =< hia interpretado como debido &2 la

abzorcidnh

g

ztelarez subvacenrmtes a laz lireaz en

1= 16, 1a Quiz
dismiruys la ietasrizidad maedildza. Dadsn Que laz 1Lvisas z=telarez P 13
Wrma misEma TeEr e tilernasrn anchos sauivalentsesz =img lare=s, laz iirneas
er emnizid maz débilez =e Vet &t ma= afectadasz qde lz= lirnesas
inmtensas

s produciernds =1
dezpraciatl

e = oblseto= dornd

(=% a4 o D]
equivalernte de ECr T 1EM =ubyaeT M Qs =
& (Rayo et al. 19282) . For ezta razdb ke preferids uzsar 21 cocientes
determimnacidrn dzd

= entinrncidr

eExcepta
=151 lo= cazo= er Qi (4= == disporia de tal cociente. Loz
eErmrojecinientos calauladoaz =& presentar "

Fara la ley de extiracidédr.



= 1o T 1la 1=y [ 2]

erraojecimiento wuzads =5 la ewpFraesidrn analitrocs derivads paor Seator
(1973 pare la galacscia y Que == muy Zimillar, =m0 =1 vaisible, & la
ley de aextircildr abiterii da oy Witk ford mediamte datos

cahizervastiomalesz., El supcrneEr quie 1a mayor parts del erirodecinienta

S T igilrnE e et a [alaxia FusdE irntroduacir s fuente de errror

imEeortarnte =i wha fraocidrm ar aride de=1 ermrajecimierto FrLasr a (==
or igen laczal v la corresporidiaente ley f=1-% aextimncidm es muy
diferernte g la de la 9ala<izx. Sim embargos hazta la fecha iz hay
evidenciaz corncretas ds Qe el st e carmtidades immportantes de=
Polve mezclado o =1 aas iomizado =1 rFEQlores H Ix
extiragalécticas (MaseqgQo=za 1929). Y en = Qs =e reficre & la

FProable estimcidrn deblda a la= conrncentracicornss de Q== Y rolva

extermnazs & 1la regidm H IT en eztudico, =& extiaender

lo= resul tados
= Narmdy et al. $1322) . Qiiernss erCartr & arr A 1la ley (=13
et 1 s 1S e la Nk Mo ds Magal larnes o =mla difierae
Zziomiflrostaivamaente O la ley O Taeez 1S de & @z l&sris Eara
de crda mercres & NISO0 A, Qus e ez =1 cazo de e=zta=
abzesrvaciormem=z. Heamoz =uped Froplasdeades el Polwve =
Axlaniaz dz= badga metxlicidad., comnpatrables E=Y la Nigbe= Mo de
Mazallat=s, ==corm =imilare=z erm tados los cazo=.

Laz irmtenzidade=z desernraojscidas,. relativazs a 3, v la=
flujosz medildos =00 Hr3 = Taboal ar e la Tabkbla ITITI.Z2 Las
imcertiduntires = &l cAloculo de 1oz cocaiemt=szs TN /T (HF) , e ==
Har = la mizma tabla == g 1var (=1 laz= imTertidunbres =1 =1
=i ce Jeoimismt o adoaptado Y (=1 1la itz rt i dunbree de cClas
obzervaciorne=z. Las ircsrtidunbres =3 el ernrayscimisnato fusrom
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INTENSIDADES

TasLa 1112

DE LA LINEAS,

ENNROJVECIMIENTOS v FLUJOS

cuando log ICAD -ICHED =

0%

—-1.1.

38 .

~0.30. del 20% cuando
© mas cuande log ICAD - TICHRE <

Son menores

~1.1=log ICADICHBEOL

DE H7*
log I-ICHS'Y

ko id fl B16-16a AZ1L —Z23 B=21-032 B=22-06 BE2S-07 C3I0-09
37TE7 {O I13 -G, 255 +~Q. 47T +0O. 41 +0. 09 +0. 28 +~0. 0S5 +0O. 31
3836 HS +~0. 240 ——— —_—— - - —1.49 -1.26
3869 (NelIII] +0O. 235 0. 29 0. B6 —-Q. 26 —0O. 26 0. 32 -0. 40
28893 Hel +He ~0. 225 — —0. 73 - —0. 69 —O.71 —-O. 77
3968 (NellIll +0. 205 -1.03 —0O. 68 —-0O. 76 —-0. 52 —0.53 —-0. 65
4069 (SIII) +0.178 - ——— - ——— —_ —-1.46:
4075 (STIXI +~0.177 - - - — —_ -
4102 HS +~0.172 —-0. 65 -0.77 —0. 58 -0. 60 —-0. 62 —-0. 70
4340 Hy «~0. 125 —-0. 33 —0. 33 —0Q. 34 —-0. 33 —0. 33 —0. 33
4363 {O11I1I] +~0.124 -1.07 —-1.23 -0. 88 -1.24 -0.97 -1.13
4471 He I +0. 078 ——— —_—— _—_— - —-1.35 -1.35:
4656836 He IX +0. 043 - - _— - —— -
48651 H/3 +O. 000 +0. OO +0O. 00 +0. 00 +~O. OO0 +0. 00 +0. 00
4959 LOITTI) —-C. o022 +0.18 +O. O3 +0O. 34 +0. 31 +0. 32 +O. 25
S5007 COIITI3 —-0. 033 +~O. 59 ~O. 48 +O. 82 +0. 78 +0O. 82 +0.74
5876 (He 11 —-0. 208 -——— —O. 84 —0.73 —0. 897 —-0. 95 0. 93
5300 (e 11 —0O. 284 - —0O. 31 - —0. 95 - -
&312 (sI1I1 . 2 - _——— - —_——— - -_—
5563 Ha 0. 322 _ +0. 46 +0. 46 0. 46 _— +~O. 45
5584 (N II] -0, 328 - —0. 24 —— —-0.70 - —0. 80
5678 He I —0.339 ——— —_——— —_— —-1.24: —_—— ———
S717 {s 111 —D. 343 ——— —-O. 81 - —o. 41 - —-0. 81
&73231 (s 112 -0. 344 - —Q. 82 - —_—— —1.14
. =CHBED O. 30 O. a8 O. 24 O. 33 O. 29 O. 01
log FCHMAED -13. 64 —-13.9e2 -14.35 -13. 64 -13.62 -13. 34
2y Los errores estimados en los cocientes ICAD A ICHRD
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3727
3835
3869
3889
3968
4069
4076
4102
4340
1363
4471

4536
4861

4953
S007
SevE
&30C¢
312
5563
esSs4
6678
&717
6731

cCHMR>

[141L NSIDADES DE LA LINEAS. ENROJECIMIENTOS v FLUJOS pE H*

id

€O 111

H3

{NeIII)
HelI +H=
{NeIIll
[STIII)
{STIII)

HS

Hy-

[OTIX
He I
He II
H?

[OIXII
torIx
{He I
£ 13
(=113
H I1
{N IT
He I
(s 11
(s II

log FCHM

Tasra II1.2 C(comnNT)

Y

Far-25

+O.

+0.
+O.
+O.
+O.
+CO.

.ess
. 2490
. 235
225
205
178
L1777

172

0. 21

32

.74
. S8
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TasLa 1112 (cormntd

INTENSIDADES DE LA LINEAS. ENROJECIMIENTOS Y FLUJOS DE HS

log T -IJHMED

~,, ia T, MOE-03 J04-07  TO4-08 JTo4 05 21 E—0n MZE-13a
3727 [O IIJ +0. 252 +0. 28 ~O. 37 +O. 44 +0, 33 ~Q. 58 S
2836 HO ~0. 240 - -1.13 — _— S — -
3869 [NelIIll -+0O.235 -0. 35 -o. 32 -0, 232 -o0. 38 —o. 51 -
3889 Hel+He +0. 225 -0, 65 ~0. 89 —0.74: -0.77 —-0. 68 —_—
23968 ([(NeIlll +0.205 -0. 54 —0. 66 S -o. 58 —0o. 64 -
40689 [SIII) +0. 178 — ——— - ——— _ -
4076 [SIII) +0. 177 —_— - - - - —
4102 HS +0. 172 -0. 52 —o. 81 —o. 75 -0. 53 —Co. 62 —
4340 Hy +0. 125 -0. 35 -0. 36 -0. az -0.33 -0.33 —
4363 [OIII) +0. 124 -1.10 -1.37 -1.13:: -1.09 -1.34: —-—

S -1.38 —— _—— —_— -

+0. 00 +0. 00 +~0. 00 +0. 00

+0. 21 -0, 23 +0. o8 +0. 20

+0. 67 +O. 71 +O. S5 ~0. 58

-l g —. e —n.TE — T

—_——— -1 1B —_——— _——— ——— —10 o Lo

+0. a6 ~O. 45 R +0. 46 S +0. 46

—-0. a5 —-0. 70 - -0. o8 —_— —0. 51

_— -1 .47 _—— -1 .21 ——— —_———

—— -o. a8 - -0. 80 —_— -0. 40

J— 0.1 _ -0. B2 —_ —0. a@

=] o. 30 ©.10 c.10 C. 46 o. a7
-13.ec ~13. 40 —13. 83 -14.03 —-14.07 —12.83

“0 .



Tasra IIl.2 (ComT.D
! INTENSIDADES., ENROJECIMIENTOS v Fruaos e H&-

. id f, JO3-02 MOz -1 4 MOS -1 3 MOE—-1 3 MDZ -1 2

37T [O 1113 ~O. 255 - ~CL 21 -0, O - -0, 05 -

3IE32S HS ~O. 240 ——— - ——— - —— -

38350 [(NelIl) ~0. 35 - -0, 36 -0. a5 - -O. &7 -

3889 Hel +HS +O. 225 - -0. 82 -0. 70 - -0. 53 ———
(NeIIIl +~0O. 205 - -0.72 -0, 46 - -0O. 54 -
{31111 +0.178 —— ——— —— - ——— ——
[SITI) ~CL. 17T - - — - - ——
HS +0.172 —-_— -0. 80 —0. 55 - —0. 46 -
Hy +0. 125 - ~-O. 28 —0. 39 —_—— -0. 33 -
LOII1 +Q. 124 - -1.19 -0. 91 ——— —-1.37 -
He I +O. 078 - ——— - - - ———
He II +0. 043 ——— - - —_—— - —_—
H3 +0O. 000 +0. OO +0O. 00 +0. OC +0. 00 +O. 00 +0O. 00
{OIII} -O. o=z +0. 321 +0O. 22 +0. 32 +0. 10 +O. 33 +0. 20
[OoIIx) -G, 033 +~O. TS +0. B8 +0.78 +0. S5 +0. 79 ~O. B3
CHe 12 -0, 208 -0. 69 —0. 92 -0.94: -0. @z: -0, 7S -0, 78
{o 11 -0, z2ea -_— - - - . - —_-——
{SI1II3 -0, 288 —-—— - - - - -
e —. BEZ ~Dl 4 - - -l 3 - ~ AT
(N II13 -0, 35 +~O. B4 —_ - —-GL B2 -_ -0, 53
He I -0, B2 —-1. 0= - - —_— - -
s 113 -0, 343 -0, ©3 —_——— - -Q. 57 — ———
ts 111 —O. 244 -1.01 —— - -0. 53 - ———

Al o. a8 0. 01 o.12 o. 08 o. 22 ©.16
™ log FCHM -13. 87 —-14.12 -14.31 -1.a2.11 —14.11 -13. 65

L1



TasLa 1112 (conTd

INTENSIDADES., ErNROJICCIMIENTOS

Y OFLUOIOE DE MO
id 1, MS -1 3k JOT -0 MOS -0 LOE -0 Loz -1 M12-07
{o 111 +O. - EANE =SS 0. 2S +O. @3 -2, Qe +O. =4
H3 ~O. - -——— - - - -
fNeIII) ~O. - 0. 30: -0, 84 -—— -0. 33 -o. 82
Hel +HS +~O. 225 ——— -1.09: —0. 80 ——— -0. 84 ———
{NeIII) +0. 205 -—— -0. 59 —-0. 83 ——— -0. 8= -—
[SIII3 +0. 178 ——— - - - -—— -
(SIII +O.177 - ——— - -— - -
HE +~0. 172 —— -0. 6563 —-0. 65 -0. 60 -0. B3 -o.62
Hy ~O. 125 —— -0.33 —-0. 35 {-0.30 -0. 33 —0.=24
LOII1 ] +O. 124 -—— —-0. 93 -1.82 -0, 87 —-1.37:
He I ~0. 078 - —-1.25: —-1.43 ——— -1.40: -—
He II +~0O. 0473 ——— - -——— - - ——
Hr3 +0. 000 +0. 00 +O. 00 +0. 00 +0. 00 +0. 00 +0. 0O
LOIII] -0. o022 ~0. o8 +~Q. 37 -0.12 -0, 09 +O . BS -0, 01
{OIIT) —0. 0F3 +O. BES 0, '8z +~0O. 36 > O . =6 +O. 81 +O. A4S
tHe I3 -C. o8 -0. 89 -0, 83: ~-O. 21 -0, oo -1.01: —1.16:
o 11 —-0. 284 {-o. 81 ——— -1.87 ——— -— -
(STTI1) -0, 2es —_—— -1 .08 _ _—— -
e — sl ‘ ~ .4t - —-lod -l A -——
TN II) —G. 325 <-1.10 -0, B2 - T -1, 4D ———
He I -0.339 -—— - —-1.42 - —— -
(S 113 -Gl B4S ~-&. B3 -, TE -5 TS —Cl 41 {-o. 20 ———
(s 111 -0, 344 -O. 41 -0. 96 -0, 82 -0.eT —_——
G. 32 O.11 O. 33 O. 41 —-. 22 o.78
g FCHMP -13. 85 -12.83 —12.78 -13. 00 -12.74 -14.12
L2



TasLa I11.2 (conNTD

INTENSIDADES. ENROJECIMIENTOS Y FLUOOS DE H

oo I IVH:
g, id £, M13-14 M1BE-16 Koo-oo J1B-10 H11-10
z7E7 (O II1 +0. 255 +~0. 24 +0. 35 ~0. 57 R Ra—
BE3IS  HO 0. 240 — —— R - -
5869 (NeIIll +0.23S -0. 54 -0. 58 -0. 35 R —
3889 Hel +HS +0. 225 -o.82 ~-0. B8 —o. 85 - P —
3968 (NeIIIl +O.205 -0. 684 -0. 80 —o. 59 - ——
4069 [SIII] “0.178 _— _— - — S
4076 (SITIII ~0. 177 — - —_ —_— -
4102 HS +o.172 —0.684 -0. 80 —-0. 55 -0. 68 —_
4340 Hp +0. 125 -0.33 -0. 33 —0. 35 ~0. 27 _—
43863 [OIII) +0.124 -1.44: -1.34: <-1.33 -1.07 -
4471 He I +0. 078 JE— —_ _— —_—— R
4686 He II +0. 043 -_— —_——— _——— —_—— —_———
asBs1 Hp2 +0. 000 +0. 00 +0. 00 +0. 00 +0. 00 +0. 00
{OTII] —o. oz2 +0.19 +0. 13 —0. 07 +0. 35 ~0.13
{oIIxl -0. 033 +0. 64 +0. S9 +0. a2 +0. 81 ~0. 56
[He I3 -o. 208 -0.84 -0. 90: —o. o8 -o. 85 —_
(o 13 -0. 284 - - _— _— —
[SITI3 -0, 2ne _— —_— _ —_— -
55z H II -0, 322 - —_— — ~0. 48 ~0. a8
ese4 [N II3 -0. 325 ——— —— R — -0, 82
e678 He I —-0O. 32D —_—- ——— ——— -_—— ———
6717 (S II3 -0.343 — —_— —_— -— -C. 64
6731 (s II) -0. 344 —_ —— — - -0, 59
cCHP3D 0. 01 0. 22 ©.as o.13 o.18
" log FCH3 -13. 82 -14.15 —14.07 ~-13. 35 -14.18

W3



TasLa 1112 conTd)

ITRTErGIDADE G ERROUE CIFIENT O5

v oFLuLion DY H
~ 1a £, Mle-13a M1S-13b J18-02 AOZ—OE coa-01 AOB—O3nm
b to 12113 D, ETE +CL B ~o. T2 +O. 20 -Gy O -o. 22 -
HS 0. 240 - - -1.12 - -—— -
: {NeIIIl +0.23% - —— -0, 36 —-0. 33 -0, =6 —
Hel +H& +0. 225 ——— ——— -O. 74 0. 7a 0. 76 -
(NeIlIl +0O.205 -— - ~0. 86 —-0. a7 -0. ag ——
(SIII +O. 178 - ——— - - B _
‘ £SIII Q. 1TT - ——— - — —— ——
: HS +0.172 -0.73 -0. 59 -0. 63 -0. 61 -0. 568 B
} Hy +0. 125 —-0.33 -0. 32 ~-0. 36 -0. 33 -0. 33 -Oo. =1
! [OIII) +0.124 —1.22 -o. 89 -1.19 -0. 82 —o. 78 -1.190
He I 0. 078 —_ —_— -1.19 —1.42: <-1.4a4 .
: He I1 ——— - - —_— -1.08 _——
H/r# +D. 00 +0. 00 +~0. 00 +O. 0O +O, 00 +0. 00
{OIIX] ~0. 23 +o. 22 +~0. 32 +0. 33 +0. 29 +0. OB
[OITI11 +~0. 63 ~0. 70 +0. 79 +0. 82 ~0. 7S +0. 7
He I —0. s -1. 09 -o.87 -1.11. _ -1.01
(o 11 -— - -1.40 - - ——
(1113 -—- - - —— R ——
5563  Ho -0, ae +0. 46 +0. 46 ——— _——— +0. 47
T eSB4 (N IIN -0, 7T <-1.0 -, aa - - —OL T
seTe  He I - - -— —_ - -
" e71i7 1S II) -0. 3a% 0. 7= {-0.17 -0. 80 ——— - j-0.14
6731 (S II3 —-0. 344 -o.7Te ~1.21 B -
v e CHpRD o. a8 0. 35 0. 29 o.53 oc.o1 0. 30
log FCHM™ -12.77 ~13.12 -13.15 —-13. 72 -13. 48 -13.51

uy )
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Tamta 1112 CcomnTd

INTONGIDADL 5. ENROJLCIMILRTOSD Y FLUOOS DE H
leog I -IdH/SD
, id £, ADS-C3z  ADD-17 AlO-O1 M nBO0 Necaze='"
3727 (O I13 +O. 255 —— - - -0, 34 -0, 24
3836 Ho ~O. 24O - —— - - -
269 [NellIll +0O.23S - - —— -0. 29 -0. 26
28898 Hel +~Hs +~0. 225 - ——— - - -0. 71
BOB8 (NeIlIll +O.203 - - - -0. 886 —-0. 5S4
4068 [SIII3 +0.178 —— ——— ——— - {-2. 08
4076 ([SI1I) +0. 177 -— ——— - —— 4
4102 HS +O.172 —— - —— -0. TS ~-0. &1
4340 Hp +O. 125 -0.51:; -0. 42 ~0. 33 —-0. 38 -0.33
43683 L[OIII +O. 124 —1.44: —-1.42: -0. a5 -0. 85 -0. 87
4471 He I +O. o788 -1.46: — - -1.20 -1.44
4686 He II ~«O. 04z - - - —— -z. 02
4861 Hpe +O. 000 - +0. 00 +0. 00 +0. 00 +~0. 00
4959 [OII1I3 -0. oz22 +0. 11 +0. 23 +0. 34 ~O. BT
S007 [OIIIl -0, 033 +0. 54 . 69 0. 7S +0. 53
s876 (He 11 -0, 20s —-1.05 -o. sz -0. 02 -1.02
G300 Lo 10 -, E&Ra —— —— - -1 e
6312 (SIII) -, 2es _——— - ——— - -1.78
6563  Hex —-0. 328 +~O, 46 ~0. 46 +O. 46 +0. 4= +0. 45
e584 (M I1) -0, 325 -o. &1 —o. 52 -0, 65 - -1 .64
es7& He I -0, 330 - - - - -1.57
6717 [S I3 —-O. 343 -0. 59 —— ——— R -1.38
6731 (s 111 —-0. 344 -0. 84 - —— —— ~1.49
cCHD ©. a8 o.79S O.14 0. 01 0. a8
log FCOH3D -13.13 -13. 62 -13. 47 —-13. B85 -11.87

Cx) datos de Peimbert, Pefia y Torres—-Peimbert., 1985,
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CAPITULO IV

CONDICIONES FISICAS EN ELL. GAS TONIZADO

La deta=rmitessidr = la=z cCoredilclories fizi1ca= del aa=
iciril Tade = irndisfgerizabile paras obterer las abwwidarncaias 1SM1TE&=E b
la compo=icidy quimica de la reg1drn. azi S Para armalizar 1=
compoa=E1ci1dn eztelar del canulo iomnizantes. Exicsten Varios mét.ado=
qQue PeErmilters realizar el diagrnd=tica d= 1la -2l SN semlsora& ¥
determimnar la taemperatuara v 1a dernzidad electréricas.

Algunas
e=tA&Ar basado

w

er la obzervacidn de laz l1linmeas ern emisiden, tanto de

excitacid coli=zional como de recombinacidr v otros se bazan

et el
estudic de la emisidm nNnebular continua. Una descrifpcidm bastarts
complets de eztoaz mnmétodozs == erncuentra emn UOsterbrock (1989) v en
este trabaic me he bBazado, Pprefersrmtenzmte, ey la metodologala
de=z=crita e dicha refererncia Fara el cazc  de las l1Lrm=a= de=
excitazDidy calizional Que =€ obizsrva

M oern =1 ezFpectro visible.

IV.13 Temperatura electrdnica

=1 o2 v el N, tiensmn una estructura
de maiveles de ereerafs tales gue =2 Frocducsr 1frnesz e emizisn Qi
Praviemer de hiitvelsz de muay dil feraemte encesraglfa de excitacidn. Comas
Cconzecusncia de ezto, =1 cociente de la= imternszidades de ezta=
lLlrmeas ==rd muy sensible a la tenpesratura ds lo= lectromes qQrae

=s=cr loz qQue e==tar

=
lo=z diferentesz mivelss dsl a16n.
o

Er =1 ca=c de nmusesztroz datoz, =1

= = 1la s=fal &
ruido tLpica [ue =2 L= =% A WESL- N Fermite determimar la tenpaeraturs

electrémica de la zora del OFF, & Partir del cocientes de las
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zrcrmal del (00 TITI ARATOLT7/7A432E3R,

SR E-TEE RN B

=
ez taridar deEscraito por = Ps =1 rmivel keze ded 1S fw]
ITIYI =2 reprasertas por urn t.amo v == resuuelver la=
ecuaciliornes d9e equllabpria 1A r arndo la= taszsaz [=1=
tram=zicidn por excitaci e coliziarmal, =1 [=4-3 ;D8
laz trarmziciornss radiataivaz entre losz distaintoz nmivelez. Con esha
=2 calculanrn laz pobilaciarn

=z 2 losz suwubrniveles dsl miivel
0%, er distintas

Ccordiciormes de
forma .

vy denzidad. Trex
== aobbtisrnsn las

diztinmtaes lineaz
Frrocuaczn. Leos cocienrnte=z de

=

as lireas 0

o

micidrm s ot iermern =]
laos cocierntes =0 emizsividades

ezpondiente=z.

Fara la=z 1

"

rozas de O ITII), aue interssan
de la temnmperatura electrdnica, l1a ecwacidr &

& FaETalver
forma:

=3
JC4959+45007) | _7.73 expl3. 20 x 19‘2/” .

JC4363) 14+44.S5 < 10 '(N-/T J » IV.1

Eri la figura IV.1 ze grafica =1 cociente dae 1z 1Lrneaz O

ITI1 AASOOT7 /A6 = diztinrnta= cordicionas de derm=idad Y

temperatura. obbtenido (=11 moEzotros. Fara esto e utilizs [E )

ECrOaQrama d= cSinFrut.c realizada | =l of =, Torres-FPeimnbert

(Tarre=-Feimbert v Fefa 1930). Loz FrarAmnetroz at.dmicozs d=1 Dz’,-
&zl comno otraz paramaetrozs

relevanrtez pars ezte trabaio )
tomnados de l1a

[

3] sido
compllacidr hiecha por Memd

(==}

a excepcidr de
1rmdicaoy explicitanasntes, Que S de 1& literatura ma=
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fl T T I T Al T L T T Ll L 1 L 2
om
==
2% 2t i
Z|2 .,
== 3
= 6
= 10
e , 20
30 -

g 60

4 i i 1 2 | 4 1 2 1 n 1 i i1

0.5 t.0 te (10* K) 1.5

Figura IV.1

Comportamiento del cociente (O ITIIAASO0O77436
como funcidén de la temperatura, para distintos valores de
x = N.Aooﬂ.. Los valores de x estan indicados en cada curva.

1en?)
RYGEN

log {S1)

log x

Figura IV.2 Comportamiento del cociente (s ITIAAG71 76731 como
funcidn de x = N./loo'v’l'.. o
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Eri 1a Tebla IV.1 =
el O TIT. e

1 = 1oz 3 - - - B osnmter vs:ia e
tenparaturas maedido va dezde 10,000 F Fazta 17,000 K, E alaurens
o 2 detestd la limess AARER por 1o Quse, & partar b= =3
=zalo pusds obitenmesrze urns eztaimacid de2l 1imite Superior da=
la tenperatura. Em sztozs cazos. b

-
vz I([O IIXIY + (22 II3)» /3T (HMB heechia por Paasl et al. (1273 Fara
regiores H II extraqslacticas. E=zte FPrrocedimientc da (ST E-
taeneeratura

zlesctrdnilica Corm wurm ervror de aproximadamnentse Z, 000 K et

jztos en estudio =ore. en =1 mayoria, =]

L

alta srxcitacidm (I ITI1/ HEB Z 4) o se detectarorn laz lirmzas d

=
elemerntos de baja ionizacidrn Zemziblez a la temparatudrs, como [T o
ejernFrlo la 1fimnea (N IX1 ASS7S, de qodo Que 1a toemparatiaras e 1la
zorme de baja 1omizacidrn ma FPudo (== detaernirnada de las=s datos
obsesrvaciornalss. Lo= moclzl Gz = estructura de 1ormizZacion
calculados para regicres HIT extragalacticas (Srazimzha 1z2z,
M2l et al. sz bt a2 QUi 1a e st

+
Zona correspandlente =l O =] mericr Que 1la temnmpesratura de la
2+

= o

del 07, para T (0O ITD) mayorss Que 10,000 K: wuna parametrizcasacidm
-

de e=ts comportamniento se ercusntras, por S)enslo. en el

artfculo
de Camnebell et al. (193&) . Er ezte trabajo he adoptado el wmodelo
e doz Tcrias de tempaeratura Fara 1o cual = calculd la tempaeratura
e la zmorme de Baja 1onizacidr de e marneras Z1mmilar a2 la reportada
por Camprbell et al. (v =eccid Vel., scuacidr V.5).

50



TABLA iva

-5.112.07

ABUNDATICIAL Teor
-~ - 2> 2 -
Galazaa (SRS 5 5 ne He N o = e s
10% em™®
H10-16a 15 - 1O -
AL -26 os s00 . o5
Bz1 -03 os - Lo
B22-C0 o8 - o
B823-07 o= - os
CBI-00 1.302. 067 <100 -4, 241, -4. 0505 o
F27-25 1.61x. 05 -
Fa7-22 1.422.05 -
Jo1 ez ‘1.472.-10 =80
303-03 1.072. 05 -
ML -0t 1.10z 10 <100
30311 s1.00 <100
J03-09 -—- 300
MOZ-14 1.38=. 10 - _-1.02+.08
HO2-13 1.80=.10 - -1.052.05
MO3I-13 1.0m 800 ~1.0B2.10 -5, 38=. 20
HMo2-12 1.18=.1% -
MO2-03 1.43=. 0% -
MO3-02 - -
3o4=07 1.00=.10 =50
304-08 1. 70 -
JQ1-o5 1. 42 230 PR
¥1S-0L 1.195 -
MIS-1 Ba 1. 2w 200
HOIS-1 30 1.2= 210
367-01 <100 .
<100
<100
HL3-1 4 - _—
Hi3-18 - —_— .
KOO -G - .
J13-10 - .81 10
K11-1C - -5, 10
Mia-o2 1.30%. 20 -
MlE8-O3a 1.2%=.10 220
1l 8-03b 1.80:.10 -
J1a-02 1.10%.10 <100
AC3-O3 1.63:x. 08 -
1.77=.10 - _— _
1.15%.15 <100 -5, s2r 18 5. g2z, 20
1.18x. 08 -
1.10%.15 -

Adoprado de la figura

1c de Pagel et al. (1979).
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Iv.2 Denstidad electrénica.

Fare =1 caloule de lsa demzadsd elaeoterdriloa b Lt azer
coSiertes de lirzas Froveriderntass (=23 tiiveles st Smi1cas Que =4
ermcuentrass Uy FESwImosE 2m @nerala y Cluuya=s ol aciores relat.ivas
=&l o depastrder e bz de la fusrza de colil= 18, 1= § la=

rrivele=s tiermer o robiabii 1l idads [=1-7 tramzicidn radiativa
t.

v/o difererntsc

Citacidn coliziaornal. las Fobl acicrees

relativeaz (v por 1o tanto 2l coaciente de las linsas) depsrnder&r de

la derzidad selectrdrica. Emtre 1oz ione= de irmterds astrafi=zico.
el caz=zo anmntes dezcrito cocurre = el e (==Y las trarmizicionrnss
L - *s (AE716) v o - 4 (AE731) vy también er el o
s-2 -2z a2z
FPpara laz mi=ma=s tratiziciorne=. lirnmeaszs qus == Fraducer tiEmre=r
longitudses = Sruda AIZI7=2E v AZRT72 respect i vamearte. Er las
cbzervacicormes ag3ul reportadaz. =1 doblets del O e fus resge lt
o 1o que U=EdS =1 dobletse del =* Fear & la Hetermilimacidm de la

demnzidad.

irmternzi dades b=1=3 laz=

= caloula b=12 ureE

w=as del 02T, Er =ste
=guiilibrio estadiz=tica [=1=7 wr

le==z; la exptresi1dhn quE == obtiete == del tipo:

JCH731)D N(zbs/z)A(kGTZ-)i)
- »
1CE716D NCD,__JA(N6716) v.z
(O=terbirock 1989) .
Ern la figaura Iv.= k=13 Praezeritas =1 coampartamiernto g1

cociernte d=l [S TII) corn laz corndiciornez fiszica=s del aa=, calculads
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e rezuslto =Ty

muchoz o= lo=z objetoz de ezte e=ztudia, it ierdo = Frirncipic
determimnar la&a dermnzidad de 1s& T el =7, Siem ermbisr Qo eztas

lirneazs =zorm moarmnalmernte débiles=s em sztos objeto=s, %D QLIS QSIS & URE
ararm incertidumnbre ern la deternimnacidrn de l1a demsidad. Poor otra
a&rte =1 coaciemnmte d=l [ II1 pilerde =enzibilidsd como eztimador de
srzidad cuzoide ézta &= mencoe de 200 cm P, que ez el ca=o gerneral
I e=xtragaladcticas, [ST=-0s la tantc solc S
az fuenrnte=. Se encusrntra que, en

s
ezte Lipo de objetos, la dem=idad slectrdnica es siempres mercar ques

s00 e ® v el Fromedic es L= 13 250 cm™®, Fuzor la Q. Faras lo=
cl8lculozs de abwndarnciazs idricazs se adoptd =1 valor Fromedic., 280

cm T, Fpara lo= cazos mo resusltos.




V. ABUNDANCIAS TONICAS Y ABUNDANCIAS TOTALES

v.1% Abundancias idnicas.

Craorn esceE=1S& d3e laz limesas rescrnanmtes de

= laz =1 emerntos
ma= abunrndanrtes la= l1frneas=s =t em1 =15, =t re@icres H Ix
extragaléctica=z, =zorn &dprticamentse delgaadaz=, ppor la cual., EY partie

a

buundarncia d=1 i

exiztern los efectoz de trarmsFpaorte
o de cCurva de crecimiento Qe afectan 1l determimnacidr de

abunmdanciaz enrn laz atmd=faeraz estelares

La inmtenzida

a
1}
it
bt
o

radiacidr emitida por wurn idm, e la l1inesa

de longitud de ocrnda A, ==t& dadzs For:
ICh, X' = & JCAD ds = 5 NCX ™ N_ =CA, T > ds , v.o1

dorde N(=™™) ez la dermzidad del idm, N == la damzidad electr&aiica

Y £ A, T.J =2 =] cCoeticiethse de emizividad de le

= & lirnsa.

Fara &l cazoa de lingaz de recomnbimaeci S, z()\,T.)

debilmaents de la temnmpesratara, de la formna & =2 T™™, ccriom == 1, a=1
&= Que. laz abunrndannciraz calcuwulada=z wuzarnmdo eztaz 1Lrnea=s o =on muy
dependierntez de T. Laz abunrndanciazs iérmicas de H vy He S calculan
madiarmte l1irnsas de recombinacidm. En =1 caEo de la=s =]lemnentos
peszado=, s=ta=s (=T =14 mayoria tisrmern, er =1 vizible. 1Lri=a=
tritemEas de sxmcitadidrn Tolizianmal de= la= Qe = L=} < A BT 1T o) la=
aburndariciaz 1Smicaz. Solo e 2] caso del carboro, Quie [ tiere

lLreas de excitacidr coli=ziomal ern 21 vi=zible, s a2 utilizado

la=z débilasz 1lirsas dz recambinacidn C I A4267, € I1I Ag4Dew yv ©C IV

54



detsrminaciddr de aburmdasrcias e aobijeto= L= 133 alta
coras reebaalozes plaretariss (Feamthert T rez

z—Faimbeet

= inmtenzaz de e=ztsz iSm
o de 1la zerirse de los For ejdempla He I AANSZTE . 3Sew,
etc.), Yy = intarnsidad ezt & afectada por la excitacidn calisicrnal
-

del rnivel metaztable 2SS, Por 1o tarto

prd e = trata de lineas
eEstrictamnsnte de reconbkiracidn fFura (Berrimgtorn v Kirmgston 19327 .
El efectoa sabre la &

U]

Limacidsn de la abwrndarncia i1dnica rPueds, =i
embarac, corrsfirse y

I

o oezte trabvajo, e el que furdamertalmasnte
e emnmprlasd la 1inea AS73E,

2e utilizd la correccidn

Prapusesta PO
Peimbert v Toarrezs-FPsinbert (192 Fara =1 cazao de > = .5, La
carreccidr =eria Uty PoCo Moy o =1 E=2>% utilizara la correccidr
Frropuesta por 1

=1 coeficiaent
clz eni=i16n

il

deperide

3 3 3 oL irmtrochace
ur factor de rtamte en la determinacidn de la abindarncia
iSMmicx. A F inrmternzidades de laz 1ireeszs p= 1

i

Szitacidr,
colizicrmal . la

abwarmdarezi s

1Snica vrelativa & HT Sresda dada o
medio de expreziornss del tipos
N XD e 1D
NTH ™ KX ™ To- N —1eass - v.z

dormde NG™™ 2= la abwmdarcia del idm. I(N) == la intermsidad de le
1frez vy KT, AL T

=3
B «’ N-) == <&l cociernts de la emiz=ividad de la
l1frmesa. relative a la emisividad de H3: (=1 COMSECLLEIS 3 & == &
Furncidrn qus deprsnde de loz parlmestro=z atdmicos del 16m tales (==l 1=]
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1oz co=fica

ermtes dr 2aCitsasi1dy ooliaiziocral. v o lezs probesbaladades de
=L E 3 S, =T Eoitnt &ras & =3 Archto 3 e (=0 A Tatitioa &, ez gt e b= 1=z
corpdicicaies fizicazs de 1a TS . La EE s 1 Sy QEtueEral Fara la&a
AT, N, T, N) ez d=l tipa:
- -
KCx™, x, T, N> = ecx™™, n, T, ND> / £CH3, T, ND . V.3
Ezta expresidrn == reduce a:
~m hrCHRB) oef CH3ED
KOCX 7, A, T., N.) T Q<> » v.4

dorde c:.t(Hfi) ez 2] coeficierntae de recombirnacidrn efectiva para
Y gAY ez el casficienrnte de excitacidn coli=ziornal de l1a lfnea ey
cueztidr. Ezte coeficisrte ba =zido calcul ado de aHouErdo & 1
expreziones 3.19 & 3

Er laz araficaz V

de laz furciones K ara la=s iores de 1mportarcia AQlde Fraar ar
1. B lazs araficaz =& afprecisz L= TR ) laz

de sewcitasidn coliziacrmal, depaeridase mLay

Taodaries fi=zica=., =y ezpacial de 1&

1o farmta urna e las=s Frimcipales

rmirnacidr de las

o
T
u
nl
n
[
q'
w

idmicazs e=
l1la impreci1=id en la determnminacidrn de 1a
la exizterncia de fluctuaciores e la tTEmnper
reaidrm.

la tenpsratiuidra slectrdrilica

modelo de=
tomd 1& tenpesraturs dadzs por las 1ireaz de tc 11X
Ppara calocular la abwindancia de Dz’, Nez‘y He". La tenpasratura d

i

la =ona de bada ionizacidr. dornds
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. v A Al v L

O XI) 23727 .
HB

~log K

A 1 1 1 ) 1 1 - -
0.5 1. 4.
© 1e (104 K) s 2.0

Figura V.1 Funcidn K como funcidn de la temperatura electrdnica
para el cociente (O IIIAI727,H/?, para

distintos valores de x.

T T T ¥ T

{oInM) 25007 )
HB

A 1 1 A1 [ - | 1 ] 1
0.8

te (10*K)

Figura V.2 Funcidn K como funcidn de

1a temperatura electrSnica
para el cociente (O ITIIAS007-H3. Esta funcidn es poco dependiente
del valor de x.
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¥ T T T T

[Nell ] A3869
HA

-log K

x =0.001-6

2 .
i 1 1 1 i 1 1 1 1 1 1 1 g 2
0.5 1.0 . K
te (10% K) -5 2.0
Figura V.3 Funcidn K para el cocient N
valores de x entre 0.001 y 6. e e ITIXIIA3W6O/H/3, para
T T L T T T T T T T T T T L
6584
5 INTI) A_HE-
x=0.,001
= -
B x=1 _
' 3
5
10
3 1 -1 i 1 i H ] 1 1 1 1 i I i
0.5 1.0 1.5 2.0
te (104 K)
Figura V. 4 Funcidn | 4 para el cociente iN II1IIAES84-H3, para
distintos wvalores de x.
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e

electrdmicea d= 1

iornzadaz. Corm baze e eztos monde loE, =1 ComPor L aml erito =13 la
temreratura dsl 0 e preds parametrizar dese scwsrdo core
¢CO IID = 0.67 ¢tCO IIID> <+ O.203 » v.S

ern esta exprezidr la tempzratura

La tempesratursa caloul == =S er
el cAlcula de la abundarncia de loz & > a@s
- - -

» () v S, AL e ezt (=W 1= est.ar

de=cir N

eroducisrndo
iticeErtidunbyre=s adiciomnales en l1a determinacidsm d=

o

buridanrncia=s de

1la determinacidm de las abundancias

va G la mayoria de laz= GHII de

Y e =llax=

iotes ot
Fpoco abunrndarnte=z. En la practica =1 efecto de irtrachasie i (0
I1I) dada o la swpraesidn VoS e =1 —Alzualo = lam abimdsrcias
e 0,05 dexw e la mayaria de v = =

e 0.1 dew.
la= furnciornss o dezcritas arntericrmernte v la
las lirneaz d= la =e detarminaror las
isricas de 0%, 0% y He". o= rezultado=s

ze prezerntarn en la Tabkla IV.1.
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V.2 Determinacicsn de las abundancias totales.

L &boarcdasrnsia a2l b= e =l ernant o, FElatlvea & la de=1

il drSaamia Frespords & la =wuma de laz asbundarsias o= todas =us
1Grmes prezemntes e la regidr. E= decir:

NCXD ANCHD = « NCEx*1> + Nex*P> o Nex*P & L..> /7 NeH™ . V.6

embaraon muchhos dse 1oz iormses prezasntes en laz regiornes

Sin

H XI rmo tiersrn 1fr=as en 2ni=z=idn et €] visible v =4 presencila debes
s=r inferida por otroz medico=. En particulaer,. este ez el C&E= =153
los elemsntoz como N, Ne. Ar y otros, Fara lozs cualez =clo (=3
otzervabkle w e=tado de 1conizacidn. SEm =1 cazo del . quse oo =1 N
vy &1 0. e= uhno de lo= elememntoz=z pe=ado=s ma&= abundants,. Hiirnguno L=1=3
=u=z dior=s Ppresenta 1imeaz de excitacidr colisicormal obizervabiles [=1N]
=]l wvisibile.

Se= b dezsrrol lado Var:1oz meEt.codos Fara determirar la

aburndaricia de loz 1crezs [aT=0 vizibles. Emtre Hay m&tovdos
IS = zimi litosnd de &l g pohencial e e 1=
icmi=zaci S =t la comztrusoi o e sofizticados
modelas 41 TEZ 1S [=15) goride =1 Jdeduce la
aburdarez 1otres e obzervables.
trabajo vy =1 los CaEOS =y (=W == requarf &,
calculano=s lasz abunrdanciaz totale=z por 1 meé&ticdo (=10} factor e
SO e T1iSr o 1ol Zsasidh., iCerfo, QU conmEicste en multilicsr la
zuama de la=s aburddarisiazs idmica= obzervabiles de wurn elsmnaentc Ror it
factor GQue taorna de
tia

iorizacidh Mo vizible

=idc determinada=zs comn bass =



de 1ormliz=acidrn de Ccisertoz slemsantos

v PFPeaimbert 19700

b 0 P TiTeE [} Ix
al. <1 - Estax
La=z abnrmdbarncias calculadasz oo e=zto=s Frocedimisrmtozs T

erTidsmtrar tabuladsz s=m 1a Tabla V.1 Y LirE dizcuzs16m de 1

o=
rezultadoz cobtemnidos paraea cada wio de 1o slementoz =2 prezerntas =)
cormtirassi .
Vv.2.1 Oxigeno

=te e= el elaemertos Cuya abardareia == mide me jcor [=1 5]
regiormae=s H IX ern general. Fara este elemsnto san cobiz=rvable=. er
el vizible, loms 1crmez O v 020 eor media e laz 1lLirea=z o ITI3
ART7Z27 v [0 III) ARAZREZI, 47359 vy S007. La expresidéen utilizada Fara
determinar la aburmdancia total de =2ste elemanto ez:

-~ 2
NCO)Y _ NCO™D) + NCO™
NCHY NCH ) : V.7

Diado qu=e la baemnpsratura de 1

.’ll
I

eztrallas icormizamt=esz o es

Maycr que &0, 000

o =2 considaera factible qus hayvas estados e
1ocmizacidrn mas altoz qus C!z’ = lazs reqioriss H 1T, Vau gz =1
Fobterncial de iomizaci S ded Elz’ &= Ya = acusrdo &

lao=z modelos de eztructurs de iormizacidn, s mecesitarfiarn estrellas

d= teaemperatura MmaEyYor qQue st P&ara laograr iariizas
siorificativanerte 21 OF7 (Stzzifshka 1 - Ueme pruasbs de e=zto (==
=1 bezcho e Que la 14res o He IT [aT=0 =1 ohEaerva e ==tos
cbodetaz, 1o Que ziarmifica que oo iay cart il dades impartarites de
Ha"" s POr 1o que tanpoco puede tiabozr carmtildadss impartante=s d=
Cl”. E=ztc == ha comnmprobado corn chzsrvacicres e =1 ultravialeta
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TABLA VA

ABUNDANCIAS QUIMICAS

Bi16-16a

He

12.00 + log X H

e

o

Her

AZ1 -29
B821-03
B22-06
B25-07

Cc30-09
Fe7-a2s
Fa7-22
Joi1-0=2
JO3-03

MO1L —O6
3Jo3-18
JO3-0O3
MOo2-1 4
HMOZ2-13

MO3-13
Mo=Z—1 2
HMOZ~03
MO3-02
JO4—-0O7

JO04-08B
JO4—-0O5
K15-01
MOS—13a
MOS—-13b

JO7-01
MOB-—-0O8
Lo2~-02
LO2-01
Mi1L2-07

M13-14
M13-16
KOoo-09
Ji3-10
Kil1-10

M1 B8-02
ML B—13a
Mie-13b

11.00x. 08
11.05+. OB
11.10%x.112
10. 99x. 0B
10.06x. 08

10.95%. 03
10.97%. 05
10.96%, OS5
Z10. 89
10.92%x. 04

131.10x,

15

10.98x. 08
10.95%. 05

10.95x.10
11.00x.10
11.04x 08

>10.95x. 05

11.04x.08
11.10x.10
>10.83
10.87%, O3
11.00x. O3

11.03x. 0S5
Z10. 95%. 04
>10. 89

10. 92, 04
>10.80

10.97x. 08

>10.94
©11.06x, 07
>10.85

10.93%. 08

7.17%x.10

7.07x. 068

<6.94

7.02x. .08

6. 40

6. 74,06

8.19x.10
7.98x.10
7T.890x. 04
8. 30%. 06
7.99x. 04

B8.17x. 05
T.83x. 04
8. 00x. O4
7.82%. 04
8.37%£. 04

z8. 30
8. 535x. Q4
7.98x. O6
7.81+ 06

>8.11
B8.23+. 06
7.92x. 04

8. 45x. 04

8.04x.10
7T.956%. 04
®.14*. 18

7.95x. 04
8. 30x. 04
7.87%x.04
B8.14*.10

B.25%. 06

e.23*.10

8.142.10
>8B.19
>8.11

B.01*+.15

LTS 10
T.29x.18
7.19x. 05
7.66%. 08
T.22x. 03

T.42%. 06
7.04ax. 0B
7. 30*. 08
7.26x, 03
T.T7Ex,. 05

8. 04, OS5
7. 32x, 06
7.11x. 06

T.S7%.10
7.28x. 05

7.82%. OS5

7.85x. 12
7.87%.05
7.68x 25

7. 19+, 05
7.54x.05
7.09%. 04
T.4Tx_ 1O

7.48x. 08
T.49x. 12
7.74%.11

7.B36x. 20
8. 22*.15 -—
= 7.92%. 05 -
Jia-o=2 11.00%.05 6.83£.10 8.21+.05 7T.S57x. 06
A03-03 10.85%. 05 —— 7.91x.03 6. 882, OS5
CO4-01 10.20x. 08 _— 7. 7O, OS
AOS-03n - . aa“: 8.15'%
AOS-03s —— s. 1'% a.18%®
AOB-17 — 7.00 8. 20%
Al10-01 10.98x. 08 6. 70' 7.80%
Mk nEB00 10.00%. 04 7. 26 7.78%.04
1y en unidades de 12 x log X-H
@ L. adoptado de la figura 31.c de

[

C1979d.



tezl Satélite Explorador Witravicletas Irntesroacions ILIE. Fermite

la reoi1dr asthrae 1200 v Xann S

=T

la lfmea de O IV Al1400

reqirormes H IT (ver por

e MNIGEC For Feimtert et al.

For otra

= e iornes 21 ==
la 14Lrmes de [0 T1 AEDID A, = FlesnSa GuUde =T ta &mi1= 18 Froviers
de la zorma de HY Y& quse =] equilibrico de iconizacidn ds las icrne=
%y 0% =e ercuertra muy acoplado a la abundancia de HY 2 traves de

la reacci1dr de tram=faerencia de caraa:

-

(o)

-

e H® e O° + H

Ppor la qus o ez facotible que exista

Lire ZCS ifnportarnte =153 a®
dertro de la zora de H.
=1 n=zca de la exprezidr

Eztas comzideracicornez Justifican
d

V.7 para =1 c8lculao 2 la abumdancia de oxtgerc. Foar atirra garte =

1

puUsds hacsr wuna prasbs adiciornal graficando la aburdancias relativ

bl

de O/H comtra €1 grads de icmizscidn de las

e estisdio.
l:lz*/ “:.++':l2~) . Ezto == prezernta er la araficas VoS, & doride = bzt
incluido 1oz detoz de e=te trabajo, e
- - Erv 1a grafica == (1= hay Correlacidr
rotoria erntrs :a-st-as camntidadaes [ =Tl g = QL =1 deducs Qe la
exXpPr=z=idn V.7 ez correctas para es=taz regicornes.

v.2. 2 Nitrdgeno.

Er =1 caso d=1 ritrddase

=1 griico 16 abservable e el

vizible == N° que, Por la gernasral, [ T=] == =1 ma= abLindante er
regaiornas de alta excitacidr, For 1o Q= se debe aFplicar wur
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Figura V.. a Abundencie de ol gwno
en funcisdn del grado de excitacidsn
del objeto. No se encuentra ningdan
efecto sistemitico.

Figura V.5.b Cociente Ne* 0" como

funcidn del grado de excitacidén de
1a GHII. Este cociente es menor on

las regiones de baja jonizacidn.

Figura V. S.c - Relacidn entre 1a
abundancia He /H b4 el grado de
ionizaci®dn de 1a GHIIX. No hag

efectos sistemiticos cuando 0%, C O
+ OD > 0.6.



cozficismte de corteccidrn Que e la mayoris de los cazos e= LD Fowg P

may o e 1. Dads quse =1 =123 b Wt o B e W~ 1 % P=1= ~NT == =
14.53 av vy =1 a=l 07 ==z d= 133,414 =V. Fermbozrt et al.
sugirieraen R [RTLF Y ErE e s 1 G apEropiada Fara detaermimnar la

aburdancia de N ==rix:

ezta expresidn bmia sido Pprobada en €l cazo de la regidr H IT en la
Nebwloza de Orid, Qus Por S extensidn pusde S m=tudilads PCr
Zona=E vy az=i praobar la valide=z de laz=s exsprezsiocones de e=t e=tila

=]

{(Feimnbaert v Torrez~Fainbert 1977) . For- L= A o ) lado, la=
obzervacionez ultraviocleta de regione=z H II, gque permitern detectar
la 1Lr=a IN ITIIY A17S0 A, hHan corrobor ada [S2A X1 méet.ado Para& el

cldlculo de la abundaticia de miterdSasrna.

Lea Griice lirmes vi=ibkle del rmeedhn ez e ITI11

= TR

2rmite la determimacidrn de la atbundancia de N2, Loz de=mas 1 canzs
el Ne o =orn obEervables en 21 visibkle., Dada 1a =imilitaad =t e
el Fpoterncial d_e 1ol TE&aC 160 = lo= 1ores b= =1 DS =13 o) v r=dr .
Feaimbert. et al. (1IEL) praoaporern 1a sigouisnrnte E=rEresidr Fara 1=

determimnacidr del e

NCO> - mzor - V.10

Ezta expraezidr ha mostrado ser vaAlida Para €1 caso [=]

=
raegione=z H I1I de alta excitacidh, pero na rezulta apraopiada
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el cxzZo de basa iomizacidhn, ya Que la reaccidrm de tranm=ferencia de

caras:

O®" 4 H® o= O + H V.11

la= wdiCl ornes P -3 tempetratora = 123 la=

aburdamncia de OFF. Como mo parecs tFiaboz e

eficientse para el Nez°, 1a expreas1 S

QY% Ao la tramzferenrncia dHe cargs

cacurre. Ezte ferdmerc ha zido eztudiado especialments en laz =aonas
externa=s Jd= obhjetoz extendidoz de alta excitacidnrm como rnebul asa=s
Flarestarias v tambiér =m regiormnes H I Qalécticas=s, encontrandose

Qe bazta una fraccidmn pequeia o

i

H meutre (HZ/HY = 0.02) para que

la reac=idn V.11 afecte de manaera importante 1 cociente o /Nt

{(Barker 1925 v refersmrnciasz aQue &11ly e ercusentran) . Al mismo

tiempo ViQrowus: et al. (1957) aseaurar que, —or base 26 mnodelos (=13

excitacidrn calizionmal, la expre=idrn V.10 = va&lida excepta Para

regicarees dorods r_‘:z’/c. = 0,z20. Erm la zorna de &lta excitacidr, Cgatido
— 2z — B . - . N

=1 0 Te 1ol oTa & - la e&xprae=1436n V.10 fauanbidr =& Trova l ida [ =y o
; -2 2+

la diferaetrsia de poternmcial del O comnparads cor =1 o del Ne - et

laz GHII sctudiadas ocaraecesn e TZornas e mdy alta iomizacidsbr.

Fara *laz regiornsz=s eztuidiadasz agquil. == aFprlicd la exspresidr

VI.1 er todeo= los casos

s Y& QU =& trata de Faeglores (=13 alta
excitacidn v la zorna de 2% o o es importarnts en estos abijetas.

Er 1la grafica V.S. b T Frezenta & relacidn NeZ* 0%

comtra el garado de iormizacidh Ge 1z reaidr, P R L N N e

Erpzueritr e Lris correlaci Sr rmportantes Para ==tas cantidade=.,

las regicre=z dornde Elz’/ O” o+ 0% b o.S0, [=Z=02

la que la relacidn Vo100 paraecs Ser valida =1 ==ta =ca = 1a

66 |



arafica. Er la zame domds 070"+ 0%

= itz la1agsres teondenrnTa s

& & Qe Ne Ian]

Eromedic, Tirs emnbarac 1oz objet

f=m) o)
irmterntar evtraser una corncluzidsr dJefirmitiva al respaecto. Poae lce
dem&=, las regionez H I de galaxias espirales que =ony [=1-% mericr
G aedo e citaciSe, e Paraecen Mmoot & e=te efecta.

(Torrez-Feimbert et al. 195%)

v.2. 4 Helio

El dGrico ié6r obzervable del He == He™ E

& traves de la
lirea de recombiracidrn He I AS276. Laz abundancias de= He fueror
calculadaz cor la expresidn:

NCHED NCHE™D
NCHS = ~NeH S v.iz
De =1lla ze desgprernde que heae considerado quse mo hay_ He® rmi He""
tzia de canmtidades apraecistlae=s
de= quis la 1imea He I AGESE o
laz caza=s. For obra Fparte la=
Zaz 1M (S o —T= B W13 Qe . = estas
= la forma de He" v Heo. E=to
caliermtes =1 (=& I 1D ) icnizants

lo=z &0, 000 < {(Campbell 128

[FTSY-X camrmtidad e ortarmte =12

iomizar &1 He .o

. (-] .
Ern ralacidm &l He corE i der o =TT | gT=] tiay canmtidades
importarntez de ezte 10 e estaz reEgQlores FoOrque e trata, =

gerneral, de regicornes de muy &=lto grado de

67
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Fredicen

[GE=SE =15

Az la zeora de He coilrcide o 1mclusa e
He HY cuee la taempa=ratura sfectilve ozl ouuila
My or

quaee G0, 000 K

Quie,  E=n

=N N 1Y o

embiarac,

FPor s armaca ec=t

wury camual o

regidn. Ern =1 caso o

remdl ja de 2@ cegurdo=s d = Toras o
de —ciento=s e =P rormalmenrt.

ver: supsrpuszztas. Se

= zaonas d= b

L apdredlise X1

arnE e
™ LA s

= =00 4

=
(=

ha

LI L=l

a1 dn

-3

=3
la galaxi
comneEr ercdee

araunaerit.ado

Sua la

1L T RIS =
R =

R 1. Einm

iormizads

& LA riica

travézs de urna

& corn tamafo=

& vatria

Ui

QUi =r

aja 1onmizacidn, que pusdern canterate (X1 a3}
ararm cCarmtidad de He neuteo, Fodrfam e=ztar afzctarn de mamner &
imnportarnte 1la determinacidn de la abandaricia total de He
(Direretain v Stiieldzs 1926). Fefa (19286, apémdicse D} realizd (W1 ]
eztudio

scobre la abuwndancis de He

comziderando &1 cazo de

cantidad d=

reaioarees

Pl & I TR W

ey
POr U
=l casor

camElejas

(=4 = o'} Arar

comnplejos

Auie

) ay oo

Qs tErmaar
cartidad de He®. en eztoz cascs zola == d& wur 1imite
la abtwuindancia teotal (=1 He =inm

irteritar

la

1= =1

M1 oarados

wutilix

utilizacsidem de

los=

(=1

ar

icmizacid
LI E cCilerta

inmfaerior para

algdam tCe £



enprlrics. Exzto ez debids & Qus laz Formil acacres semi —=mplrices

e Tom =preDopEmritoears = le latecertuares pores el Ul moas ToTr 1 ae Feazar
[

l1a Frobable Prezercl & P 13 He =1 FeEGlaornes g [ =T Rt SQrado =

22 v referencilazs allfi liztadsz), har

P31

0

iorima=1Gr (Vilaohsx y Fagel 2
rezuwltads baztants comtroverziales v poco confilables.

L& figura V.S. = reprezenta el Soanportarmni et de 1l

abunrndarcia de He e furcidn del grado de sxcitacidrn de 1a regidr.

Se erncusntra Que =1 cocistihe Hes/H [x1= depaends (=24 la exz1tas 1S

) = mEnor qQuse 0. 480, E=zto

14

exceprta &rn 1oz cCcamo=z & Quis Clz’/ (a* + o

e corncluir Que no habrfa cantidades importante=s de He neutro

T
?
3
w
[\

= las zorazs de alta excitacidrm. Loz abi=tas qlie FParecaty tensr
cantidade=s importamtes (=1 He® (1= serAr conziderados en los

relaciones.

W

e=ztudio=s poztericores de abundarciazs vy s

V.3 Discusidn de las abundancias obtenidas.

eztco= métodos  s=

[T e

iz liztads e 1= Tabkle V.o1. Fara

o fusrorn observadas

Fo=itile calocular toadaz laz aburndarici

la= lirneszs gus =e requisrer. Em la tabla == incluayes loz erraoras
estimadoss = 1la determiracidrn d=s las abumdancia=.

Ulria dizcu=sidm exhaustiva d=1 comportamisrta de las
abtumdanciazs totalesz de los elemsthtoz e presentas =1a] a1 carprftula
VIIT. A comtiruacidmrn se di=cutern laz pasible=z fusntes de error €y
la determninactidr de eztas.

La precisidn e la detarmimacidrn de la= abndaricias e

[

loz eleme=ntoaz pecados depaernds de:
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qQuse =& determitia la irmter=idad de

laz T&lTwlae ode ler sbtariderrciss 15m1CaE .
o= Mmayores para linea=z mydy Jdéballes, e= (=15t W (=19 =1

cazo o= Que loaa I (AN /T (HMR) << 1.0,

(™13 s determirms la temnperatura

D

c
electrdSrica. Fara laz GHII s=sta detasrmirnacidn e= mejor qQuie Fara

extragalctica=s, poar tratarcse de zonas de alts

i
]
X
2]
L]

cotras regior

excibacidm.

Re—- 1la precizidn de 1os Faramstros atdmicos utilizado=
Fara la determinscidrn de abunrndancias idnicas. Zamorarc % Regc
(19€S) harmn enrncontrado difererncias de hasta wr factor de =z al

dete=rmirmar aburndamcias wsarndo di=stintas eztimaciones de los

Frar&metros atdmicas.

d.—- La precizidnm tambidér e= afectads o la Fo=zible
combimacid de las distirmta= reqlores H Iz Qs PUsder eztar
TUFRSErFPwEEtaE = 1a Feridl Je b= 13 obissrvaci S E=to di ficwlta 1a

et o

obthzervados v =1 ezgusma Ode

"

1trterpraetacidn de laoz dato
por medica del TCofo.

imac1Sm de srrores de la Tabkbla Vo1 Fretende tomar

o

La e

o0
ot

ta=z fusnte=z de srror.

U}

e CueErnita todas e
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CAPITULO VI

RELACIONES ENTRE LAS LINEAS EN EMISION

vIiI.1 Bisqueda y anilisis de las relaciones entre las 11ineas eon

emisidn ¥ las condiciones fisicas del gas emisor.

Er la= caFrfitulas arntericre=, se detallarcor loa=
Fprocedimientoz empleadosz para la derivasidsm de la=z condiciores
flsicazs v la compro=icidhn quimnmica del gas 1omizado a partir de la=
lLfrmeas e enisidn. Se hizo rmotar que el an&lisis de una regidm
=clo pusdse =Z=er comnFpleto =i = detaectan v == mider la= l1Lrneas

rnecesarias rara la determinacidn de la tenperatura v densidad
electrdnicas v =€ dizcutid el hecha de qQuie, er genrnetr-al., la=

ohrEservaciors

w

s parciales vy urm cierte mdmnero de profpiledadeaes d=1

A= deben deduizirzse =13 mede 1o tedric < = aprootimaciares
s=mil-—snEirlcaz.

Ly zdemnplo de ezho ez =21 biechkhoa de gus 1= determirsoidar
g la temperatuare slectrdmics depsemds de la debteoci1En v medlc 1S

de 1frsas muy dé&bilaeszs (2 germerasl [0 ITIT A SER/HR << a.10) la=s

cuales No Sismere oM Ezte paramstro (=24 furdamertal
Fara la derivacidn de laz abwinndasrncias 1dni1cas [=T=T4 1o Quie b

e=timar=ss mediante el wso

FPor otro lado en a&lgunaoa=s cazos oTur e QU= los icrne=s
Fraedomimnarntes d= &1z =1 Emerita [a]=0 Erezaeritan 1Lmneaz= =r =1
intervalo achizervable de longitudeszs de crrda v == recesita Ear
factore=z de correccidh semnienpiricos pares deducir las abwirdancias
dz les ionez o cobesrvables (veaer por eJdemnplo =1 carftulo vy, jel=
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o= indirectos AQue Fermitar

&z de= la=z 1itw=az & emnmi1z=i1600

[=L=1 la=

par&mnz=troz tale= como las

[

bundariciras Quinicas,

medica v laz Pprofpiedades del camnmulo icrhizarnte. Eo

irnterntar& entenrnder la morfologia de loz espectros

buscar laz correlaciornes b&zicaz ertre laz caracher

lLrneas ezpectralesz v algumrnos parfmnestroz qQue Tear

representativos

d= la= Frofpisedade=s fi=zicaz= de laszs reglones eniscras. La=

correlaciornes Que loaogren etrcaontrarss permitird&r hacer

d= las caracterfisticas de [RTTN GHITI cuarda (=] s disFpans de
otiservaciarsez completaz para suw amnldlisis

Fara eztc hay Que arnal izar cua

lz= = ==to=s Farametros
furdamzrmtalez., Ya menclot@Emos &1 | ST ST [=1-] Qe laz= condiciornes
fizicas d= Qa=. y =t particul zo la Ltenperatura, O factore=s
determimant = la imternzidad de 1a emnisildn (== la= 1Lrz=a= de
exmcitasidr Ccoliziomal. Doro fachtor importarts (=3 1la Composicidm
qQuiimica deEl gas v el garado de MlIZacidr & Qe == (Sl D=t R T=T 'S A ol 3 e
=atbtez qQue la ir-n.t.ar'-s:da-:l de wurma 1Lmesa. relativa a He3. debhe Cr et
corn 1la abundarncia del elemnsnto quse la Praduce, =in embargo 1

relacidrn entre 1la imnternsidad de uma 14

v la abundancia nice =3
dirascta.

Ademnd=s d= lo merc

orsedoe amteriaorment

= S tiene Quie las
caracteri{isticaz e la radi sacidn iorniizarnte determirnat muchas
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Figura VI.2 Se muestra la relacidén entre O-sH ¥ el indice de
metalicidad para los objetos de este trabajo y los de Campbell et
al. €1986). La lineca quebrada es la calibracidn de Pagel L xla.
C1979) para la rama superior y la linea sdlida es 1la calibracidén
de Skillman C1989) para la rama inferior del diagrama. Las > son
objetos de Campbell et 2l.C1986) y las @ representan las GHIX de
este trabajo.
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Tal y como se espera, el O III) baja al disminuir la
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Figura VI8.b Comportamiento del cociente [Ne III1/10 III] con el

Ifindice de excitacidn. Este coclente aumenta levemente al disminuir
la excitacidén de la regidn.

Figura VILB8.c Comportamiento del *indice de metalicidad® con el
indice de excitacidn. Se incluyen algunos de los modelos de
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7.4> vy T.(_ Co = 40,100 K, a = 45,900 K, - = 52,400 KXO. El
pardmetro de ifionizacidn de estos modelos es 0.0%.

(———

‘a8’



Ve de 1lazs relzswcionss =obhrs

v ItrATroa=s V.5 v
V.&i . emcontirnos 9w =1 Pl O e las=s =11 v1lasdes EIRTGT=T 0 -
lavenmasrte oo 13 temeseratuara 2lectrdrmics. por 1o

a1 zoameErn T e

INe IXII- (2 IITI) o la dismiracidn ds 1a

T1itmc 1S == oz Gl
atribogir =z oy 2facta de la Teanesratura. B comzecuasrisila daimee ez
(= UR -2V 1) (=T i Soarnerit.o del =1 abundamcias idmicazs
[ et 2]l FaEsare de reglrores e ERE--3 a raegilornes P -1

La T lBdr & A =TT
Firzlrernts =m0 13 F1guras ST T A ISE e laz= AR =Y

tfrmdice de metalicidas de= Fa

al.) muestra urn valor =1l Lfrmdics de

=
mEreor e ~DLe & (reega o LB 1) . Faur & PRl e s e

1dm (02t IX)1 + [0 ITI)» /W@ dizmatiayes.

=1l Lrndice de metalicidad a2l bajzaor la

SOINE R A

1ormes =1 laos toedzl o

Dedunze Qe 1a ‘-:aida e (DD ITXY 4+ 1D IXIID> /M3 oo [0 XTI /2000 ITITI

debida a 3ue laz regicoms=s d

itazidn estarn icornizad
laz de menor tenperatuygra eftectiva codrnaque wrn meoor U t.armk i &y

ducir=sa. Ern a2sts diagrama laz GHII de mencr metalicidad ==

wubicarn por abajo d= la curva gpromedico deficida por =21

S Lt =
la COmnEpEarac 1 =1 lo=s modeloz [={=C ] la=
arpzupE ra Que red Pay de abndarizsia 1oa

2sté&n iomizadoz por clmulos de T O 2 S0,000

of Lt



CAPITULO VII
ANALISIS DEL COMPORTAMIENTO DE LAS CONDICIONES FISICAS CON LA

ABUNDANCIA DE OXIGENO

VII.1 La temperatura como funcidén del cociente OrsH

D=0 DOV N S - R

abtEr ioreEmite. Sl =1 [a=
3ormlzsedo depesreds furndamnEet s lmnents Jde 1= =mn1E 1S e ez ool & [=T=] o
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Se presenta l1a
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mismc diagrama anterior con 1la
inclusisn de algunos de los
modeal os de Campbeall. Se
encuentra que t - tiene una leve
dependencia con T.‘. oA bajas
abundancias Q.- también depende
de U. .
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VIII. ANALISIS DE LAS ABUNDANCIAS QUIMICAS Y SUS RELACIONES

vIIir.1 t.a abundancia de oxfgeno
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Apéndice 1
Mapas de identificacidn de las GHII descubiertas en la bisqueda
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Determi nacidn de la composicidn quimica en NGC 2363



Astron. Astrophys. 158, 266-272 (1986)

ASTRONOMY
AND
ASTROPHYSICS

The chemical composition of NGC 2363

M. Peimbert*, M. Pefia, and S. Torres-Peimbert*

Instituto de Astronomia,

Received August 30, accepted Oclober 28, 1985

Summary. Photoelectric spectrophotometry in the 3300-7400 A is
presented for the metal-poor extragalactic H 11 region NGC 2363,
Based on these data, on IUE observations and on ionization
structurc modecls we have obtained the chemical abundances. The
C/O ratio is a factor of itwo smaller than in the solar vicinity and
under rcasonable assumptions implics that most of the C in the
solar vicinity is produced by intermediaste mass stars. The N/C
ratio is the same in NGC 2363 and in the Orion ncbula, but the
N/H ratio is 17 times smaller than in the Orion ncbula. From line
ratios involving five He emission lines it is found that N(He)!N(H)
= 0.077+ 0.006 (365). which correspondsto ¥ = 0.235% 0.013 (30).

Key words: irregular galaxies — interstellar abundances — galactic
evolution — H 11 regions

1. Introduction

NGC 2363 is a very bright H 1 region in the irregular galaxy
WGC 2366. The brightest purt of NGC 2363 has dimensions of
107 x 20" with its major asis oricnted cast-west, its size makes it
ideal for observations with the {UL large aperture. Probably it is
the extragaluctic Hn region, larger than 107, with the highest
observed surface brightness in Hax and in 25007: these properties

ake NGC 2363 an excellent object for spectroscopic studies and
for determining its chemical composition. Several papers on
NGC 2363 have been published recently (Kennicutt et al.. 1980;
Gondhalekar, 1983; Dufour et al.. 1985), nevertheless we
considered that an improvement on the accuracy of previous
dcterminations could be made. particularly for abundances bascd
on faint emission lines in the optical region. The low heavy element
abundance of NGC 2363 makes it ideal 1o test models of the early
chemical evolution of galaxies:

2. Observations

2.1. Optical

The observations were carried out during six observing seasons in
1979-1985 with the 2.1 m telescope at KPNO and the intensified

Send offprint requests ro:
-

M. Peimbert

Visiting Astronomer. Kitt Pcuk National Observatlory.
National Optical Astronomy Observatories. operated by the
Association of Universities for Rescurch in Astronomy. Inc. under
contract with the National Science Foundation. Guest Investi-
gator of the Internationual Ultraviolet Explorer Program operated
by the National Acronautics and Space Administration

Universidad Nuacional Autonoma de Meéxico, Apdo. Postal 70-264, Meéxico 03510 D.F., Meéxico

image dissector scanner (11DS). The observational procedure has
been described before (Torres-Peimbert and Peimbert. 1977).
Several gratings were used that covered the following wavelength
ranges: A 3400-5200, 225600-7400, 4/5850-6750 and Ai4800-
6600. The 11DS is a dual-bcam multichannel spectrometer, each
spectrum of ~20mm is recorded into 1024 channels. The dual
entrance slits used were 0.30 x 0.98 mm where the first value is
along. and the second perpendicular to the dispersion; they
correspond to 378 x 1274 on the plane of the sky. The slits were
oriented cast-west and the scparation between the centers of both
slits corresponds to 99”. The full width at half-maximum of the
comparison emission lines was of 3.8 channels.

The data were reduced 10 absolute fluxes using the standard
stars observed by Stone (1977) and Oke (1974) and by considering
that the actual flux F was related to the instrumental signal, S, by
(Pcimbert and Torres-Peimbert, 1985: Davidson, 1985; Rosa,
1985)

Soc F'07 1)
In Figs. 1-3 we show typical spectra of one obscerving scason. In
Table 1 we present the intrinsic line intensities in ergsem = s~}

1(2). given by

1)
N PREASO TN P : 2
“’*[I(H/n] log [I(H/h] Caif . 1o

where F(4) is the observed line flux corrected for atmospheric
extinction and C(Hf!) is the logarithmic reddening correction at
H/i. The errors are standard deviations and for some of the faint
lines are larger than expected because the inlensities were not
measured in all the spectra available. The reddening function.
S(A). normalized at Hf, is derived from the normal extinction law
(Scaton. 1979) and is also prescnted in Table 1. C(Hf) was
determined by fitting the observed Balmer decrement 1o the one
computed by Brocklchurst (1971) for 7,=14,800K and
N,=10.000cm " *. The continuum contribution 1o each emission
hnc was sublr.;clcd by interpolating the continuum at both sides of
the emission linc.

The I(4922. He ) /(H}) ratio is cqual to — 2.02dex and was
computed after the contribution due to 24931 of [Om] was
subtracted (Nussbaumer and Storey. 19%81): the contributions 1o
1(4922) due 10 /74923 and 4930 of [Fem] are negligible
considering that the /(4658. Fen) J(H ) ratio is smaller than
—2.00dex (Garstang et al., 1978). The differences between the
intrinsic line ratios H&HfA HyHE, Hx HE, 4026,4472,
4922:3472, 5876.,4472. and 66784372 and the theorclical ones
computed by Brocklehurst (1971,1972) for 7, = 14,800 K arc 0.03,
0.01, 0.00, 0.01. 0.02, 0.01 and 0.01 dex respectively.
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2. Low dispersion red spectrogram of NGC 2363 -
T Bl T T T Also in Tuable 1 we present the equivalent widths. EH'. of the
] observed lines where it has been assumed that there is no
B underlying absorption or emission present duc to stellar spectra.
NGC 2363 The continuum fluxes at each cmission line wavelengih can be
obtained from the EB’ and 7 values given in Table 1.
Ha . 2.2, Ultravioler
l- The UV data were extracted from the 1UE observations catalogue
— 7 of extragalactic H 11 regions (Rosa ct al., 1984). This atlas contains
two pairs of low dispersion large aperture obscrvations of
NGC2363. taken with the short and long wavelength cameras
| J respectively, and an average spectrum in the 25 1200-3200 A range.
‘We have measured the nebular emission line fluxes which are
presented in Table 2. The quoted errors are cstimates based on
[Ghed) r sz uncertainties in the continuum level determinations. For com-
- 4 parison we have also included in Table 2 fluxes obtained by Dufour
et al. (1985) from high dispersion IUE spectra. We find a good
agreement between both scts of data for 221666 and 1909.
To obtain the intrinsic linc intensities we corrected the observed
1 L h L ‘i i isus
bversy ) D) 3T €600 fluxes with the C(Hfl) determined from the wvisual data and

High dispersion red spectrogram. detail in the vicinity of Hz

adopting the reddening law by Scaton (1979). After following this
procedure it was found that log /{(1666)/7(5007) = — 1.21 while the
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Table 1. Absolutce linc intensities, reddening corrections and equivalent widths:
112y is the intrinsic line intensity and the error is the standard deviation. f(4)isthe
reddening funcliion. EH’ ix the equivalent width, the logarithmic reddening

correction used is Colfhy = 025, and the intrinsic flux w1 H is log J(HH =
~ 1V RTergem T !

pa 1D FAYA) log Fal
(A) 1) T(H A
3726+ 3729 [{e21}} —0.234+ 0.02 78
3869 [Nein) —0.26+ 0.02 94
3RKY Hei+ HS —0.71+ 0.03 33
3967 {(Nem]+H7 —0.54+0.02 53
4026 Hel —1.77£0.03 3
4068 + 4076 sul —2.06+0.15 1.7
4102 H —0.61+0.02 48
4340 ¥ —-0.33+0.01 111
4363 {foum —0.87+ 0.00 2
4472 He1t - 1.4+ 0.02 9.2
4686 Heut —2.02+0.08 26
4711 4+ 4713 (Ariv]+He: —1.58x 0.05 7.3
4740 {Ariv] —1.74+0.04 5.0
4861 Hp +0.00 300
4922 +- 4931 He1+ [Om) —1.98+0.05 3.3
4959 omi +0.37% 0.01 751
5007 O m} +0.85+ 0.01 2283
5199+ 5201 (N1} —2.13+0.07 26
5517 {Cim) —263x+0.a5 1.1
5538 [Cim] —2.48+0.15 1.5
5876 Herx —1.02+0.03 58
6300 o1 —1.98+0.05 6.6
6311 [sm] —1.78+0.03 10.4
6364 [(e)] —2.46+0.11 2.1
6563 Haz +0.45+0.01 2008
6583 Ny —1.64+0.04 16
6678 Het —1.57+£0.03 22
6717 {Su) - 1.36+0.04 35
6731 [suj —1.49+0.05 28
7065 He —1.54+0.03 26
7136 {Ar) —1.22+0.05 56
7320+ 7330 [om —1.67%0.05 24

Table 2. IUE line intensities: F(4) is the 1UE obscrved flux, the intrinsic line

intensities, 7(4), have been decreased by a factor of 1.52 to take into account the
difference in entrance slits between the visual and UV observations

s 1D F(2)(10 " ergem ™ 23s™ ') S log
A 1G)/ LA B)
This work  Dufour 1985

1550 Civ 15+ 3 - +1.18 —0.59

1666 (Owm] 17+ 6 148x5 +1.13 —0.54

1892 Sim] 174" 6.4%1.5 +1.18 —0.53

1909 Cimj 59+ 5 51.6+3 +1.23 +0.02

2325 Cul < 7 -

+1.37 < —0.88

-

The line shows an odd shape with its center at 1885 A
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theoretical

ratio for 7,=14.800K and N, <100cm Y s
— 1.39dex. the difference was ascribed to the different visual and
UV entrance slits. To normalize the UV and visual hine imtensities
10 4 common apcrture. it Was decided to reduce the intensitios of
the UV Jines by 018 des (o factor of 1,320 e the adopted U
intrinsie e mtensities are given by

Yop F(2) Ity =loy Fiay 152 Filp) + Calh f o
and are presented in Table 2.

The parent galaxy. NGC 2366, shows 4,=0.40 which cor-
responds to E(B-17) = 0.09 (de Vaucouleurs et al.,, 1976). while our
visual observations of NGC 2362 indicate that £E(8 1y=0.17.
Part of the reddening originates in our galaxy and part in
NGC 23623 which presumably has u reddening law different 1o the
normal one. Fortunately all the UV line intensities are normatized
to 41666 and the reddening correction is just the differential
beiween f{1666) and f(4) which is very small for all the lines
prescnted in Table 2 if instead of the normal reddening law we
adopt the one derived by Nandy et al. (1982) for the Small
Maugellanic Cloud. the differences would be smaller than 0.03 dex
for most lines and smaller thun 0.08 dex for all of them.

3. Physical conditions and chemical composition

3.1. Temperatures and densities

The relevant references to the atomic parameters used to derive
electron temperatures, clectron densities and chemical abundances
are from the compilation by Mendoza (1983).

From the [O1m] Zi5007/4363 line intensity ratio we have
derived an clectron temperature 7,(O 1) = 14,800+ 500 K where
the error corresponds 1o an uncertainty of 0.03dex in the line
intensity ratio. A higher temperature, 7,(0O11) = 15600 K. was
derived by Kennicutt et al. (1980) based on different atomic data,

There are two other temperature sensitive tios availuble:
(O] 27(732047330), (37264 3729) and (S1] /(67174 6731y,
(4068 +4076). unfortunately they are considerably less accurate
than the [Om] ratio. due to the lower quality of the line intensities
involved and the higher reddening correction needed. Nevertheless
these ratios yield a lower himit of 13.000 K for the clectron tem-
perature.

The electron density derived from the |S1} 2267376731 ratio
amounts to R0cm and is almost temperature independent, on
the other hand the line ratio is very close to the low density limit

and consequently the derived density is very uncertain but smaller
than 220em ™ *

To derive the root mean square density, N, (rms), we assumed
that our observations were representative of a spherical core with
r =379 (which corresponds to the area of our rectangular entrance

slit). For a homogencous sphere of radius r and at a distance d,
N_(rms) is given by

. N(He") N(He" )
3d I(H/f)[l a2 TGS ]

‘2 (rms) = - =5 3
N trms) FXa (A v (A ) 3

where a(Hf) is the Hff effective recombination coefTicient. From
the a value by Brockichurst (1971) for = 14800 K. the
distance of 3.8 Mpc by Sundage aund Tammann (1976), the 1{Hf)
of Table 1, and the He ", H* and He” “/H " abundance ratios of

7.6 1077 und 8 10 " * respectively (see below) it is obtained that
N .(rms)=25cm™ *,

269
The N, (rms) and N, (S 11) densities are too small to introduce
any errors in the ionic abundance determinations since cssentially
collisional deescitations at these densines are negligible for the jons
under consideration
The root Mean SQuUare Dass amounts 1o Af irmay = 1.2 10° 3¢

which s an upper himin o the real massan the presence of spatial
density fTuctuations

3.2, Chemical abundances

The ionic chemical abundances were derived adopting 7. (O m) as
representative for the whole region and assuming no spatial
temperature variations over the observed volume. The results are
presented in Table 3 where the errors are one standard deviation
and include the errors introduced by the line intensities. in the
electron temperature and in the relative emissivities of the ion with
respect to the Bulmer lines.

The total O. N and Ne abundances were obtained from

N(O) N{He” + He” ") N(O" 4+ 0" ")

NHY T

N(He™) NMH™) ° “)
MN) _ N©O) NN 5
NH)  NOH) NHT)Y ¢
N(Ne) _ N(O) N(Ne-®) ®
N(H)Y ~ NO™) NETY

and arc prescnted in Table 4.

To derive other total abundances we have made use of
ionization correction factors derived from models computed by
Mathis (1982, 1985); we would have obtained similar results with
the model 1EF2 (N, =100cm ™3, T, =55000K, Z/Z, = 0.2) of
Swasinska (1982). From our duata O*:O=0.063 and S*/8* "
= 0.085, based on these values and the models by Mathis we find:
C**,C=0.8,(S" +S~*)/$=045CI"*/C1=0.2 and Ar~ */Ar
= 0.32. Theotal C. S. Cland Ar abundances arc also given in Table
4. The errors correspond to the ionic abundance ones and do not

include the uncertainties introduced by the jonization correction
factors.

1t is also possible to derive the C abundance by adding the C* .
C* " and C*° concentrations. From the upper limit to the Cnj
42325 line. it is obtained that €~ .C~ ~ < 0.13. On the other hand
the C1v £ 1550 resonant line is clearly measurable but it could be
contaminated by stellar emission or affected by dust absorption
within the H 11 region. therefore it is not a reliable abundance

Table 3. lonic abundances

lon 12+ log N(X).N(H)
Cc* < 6.40

Cc*- 7.29+ 0.07
N 5.242+0.05
o~ 6.72+ 0.04
o~ 7.89+ 0.04
Ne* * 7.15+0.04
s 4.87+0.05
s* 5.94+0.05
[ @ Raid 4.11+0.15
Ar* -~ 5.39+ 0.06
Ar3”
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Table 4. Tota) abundances: He'H by number, ¥ and Z by mass. the others 124 log (N (X)) At

the errors are discussed in the teat

NGO 2363

SMC Irion Sun
[F:9} thy Wy uh ey u (§°7)
He'H 0.077x 0.0u6 - - - 0.078% 0.002 0.102 -
C 7.39 £0.07 - 7.30 7.30 - 8537 8.67
~N 6.44 x0.05 6.80 - 6.63 6.41 = 0.07 7.68 7.99
(o] 7.92 2004 T.89 - 8.01 7.89 x0.08 8.65 8.92
Ne 7.18 £ 0.03 - - — 7.03 x0.13 7.80 -
S 6.32 +0.05 - — - - 7.10 7.23
Ci 4.81 £0.15: — - - - 5.05 -
Ar 591 +0.06 — - - - 6.65 -
Y 0.235+£0.013 — - - 0.237+ 0.0006 0.280+0.010 -
Zz 0.0017 _ -

- 0.0016

0.013+ 0.002

References: (a) This work. (b) Kennicutt et al. (1980). (¢) Gondhalekar (1983). (d) Dufour et al.
(1985), () Pcimbert and Torres-Peimbert (1976). Lequeux et al. (1979). (f ) Peimbert and Torres-
Peimbert (1977). Torres-Peimberi et al. (1980), () Lambert (1978). Lambert and Luck (1978)

indicator. In any case if we assume that the measured intensity
corresponds to the necbular emission then C**/C** =0.15.
Conscquently the results derived from C* and C?* are not in
contradiction with the C abundances derived from the C™°
concentration and the models by Mathis (1985). A similar case can
be made for Ar, from the Ar®* observations.

The total helium abundance is given by

N(He) _ N(He"+ He® +He™ ") N
N#Hy N(HC+H™) :

for objects of low degree of ionization there is an outer He"” zone
within the H* zone and no H? zone, alternutively for objects of
high degree of ionization there is an outer HY zone within the He®
zone and no He® zone. For density bounded nebulae the He® and
HY zones can disappear. The relative importance of the He® or H”
zone is minimized if onc observes only the central repionsof an Hu
region. moreover it one is dealing with density bounded nebulac
the He” and H” sones can disappear. Foruunately for Hu regions
of high degree of ionization the 1Y zone in general amounts 1o less
than one pereent of the H” zone and the He” zone does not exist
(c.g. Stasinska. 1982). From the model by Stasinska thut better
reproduces the O~ 0O° " and the $7,5°° ratios observed in
WGC 2363, 1EF 2, the HY zone extends farther out thun the He”

zonc and there is no He® zone, the effect of neglecting the HY zone
reduces the M(He) A (H) ratio by fuctor of 1.01: considering that
we have observed only the central region of NGC 2363 we decided
to neglect the H® term in Eq. (7).

From the computations by Brocklehurst (1971) for 7,
= 14,800 K and the /(4686), /(4861) ratio presented in Table 1 we
obtained that A(He” YA (H)=8 10°*, an almosl necgligible
amount of He™ ~.

To obiain the He ";/H * ratio we followed the same procedure
than Rayo et al. (1982). From the computations by Brocklehust
(1971.1972)and the observations in Table 1 we have computed the
N(He™,4):N(H ") values. Based on the observed 7065,4472 ratios
and the results by Robbins (1968) and Cox and Daltabuit (1971),
we have taken into account the effect of sclf-absorption for the
triplet series which reduce the (He ™, 2)/H* ratio by a factor o' 1.02
for 5876, of 1.01 for 4472 and leaves 4026 unaffected. From the
computations by Robbins and Bernat (1973) it is found that the

Table 5. Helium abundances by number, corrected for self-
absorption

2 He* /H*

4026 0.0758

4472 0.0770

4922 0.0748

5876 0.0754

6678 0.0762

self-absorption effect for the singlet lines is negligible. The results
arc presented in Table §.

The observed He and H tline intensities are affected by
underlying absorption and emission due 10 the stellar contribution
to the spectra. The weakness of the WR features in the visual and
U\ regions of the spectrum indicates that the underlying emission
is negligible (e.g. Rayo et al.. 1982). Alternatively the very large
EW in emission for Hz and H/ff indicate that the underlying
absorption for these lines should be negligible: moreover the least
afTected and the most affected He® lines by underlying absorption
are 225876 and 4026 respectively (e.g. Rayo et al., 1982). since the
obscrved S876.4026 rutio is very close to the theorctical ratio (e.g.
Table 5) it follows that the underlying effect is negligible. In what
follows we will not take into account the presence of underlying
absorption or emission.

The tota) helium abundance is presented in Table 4 where the
five He® lines were taken into account weighted according to the
observed accuracy. the error is a 3¢ error that only includes the
uncertainties on the line intensity ratios. which for this object are
the main source of error. For a thorough discussion of the different
sources of error in the He H abundance determinations in other
extragalactic H it regions sec Peimbert and Torres-Peimbert (1985)
and Davidson and Kinman (1985).

We determined the total Z abundance by adding the
abundances of all the heavy clements observed and by assuming
that they comprise 909, of the total Z value. Under this
assumption oxygen compriscs 60%, by mass of all the heavy
elements, while for a solar vicinity mixture of clements it comprises
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only about 45%, (c.g. Peimbert and Torres-Peimberi, 1977). The
difference is mainly duce to the C:O and N O valucs in NGC 2363
which are smaller than in the solur vicinity (see Tabie 3y,

4. Discussion

The C. N, and O abundance determinations for NGC 2263 by
ather authors are included in Table 45 in general there is good
agreement for O and C. while for N our results are sipnificantly
smaller.

A representative GO value for the solar system and the
solar vicinity (the Orion nebula) is 0.67x 0.15 (see Table 4). For
NGC 2363 we obtained a value of C,. O = (.30 + 0.06. By assuming
that the initia) mass function is the samce in the solar vicinity
and in NGC 2363, the C/O difference can be eaplained as an age
cffect in the sense that the stellar population in NGC 2363 is
younger on the average than that of the solar vicinity and that most
of the C enrichment is duc to intermediate mass star, 1MS, with
1mg < m <8nig. where m, is the initial mass in the main
sequence; massive stars, MS, with m, = 8 m produce at most a
C/O wvaluc of 0.30 while IMS produce at lecast the rest of the
observed C/O value. The conclusion that IMS are responsible fora
larger fraction of the C enrichment of the interstellar medium than
MS has also been reached by other authors based on the C/O ratio
in metal poor H N regions (Dufour et al.. 1982; Dufour, 1985;
Bergvall, 1985) and on other arguments (Serrano and Peimbert,
1981 Mallik and Mallik. 1985; Sarmicnto and Peimbert, 1985).

The He/H abundance ratio derived by us is similar 1o that
derived by Bergvall (1985) for the compact galaxy ESO 338-1G04
(0.074+0.004) and 1o that obtained by Peimbert and Torres-
Peimbert (1976) for the H 11 regions of the Small Magellanic Cloud.

In Table 4 we present the average abundance for three Hu
regions in the SMC for the case of no temperature variations along
the line of sight (2 = 0.00); thc 10tal heavy clement abundance
valuc by mass Z has been recomputed under the assumption that
oxygen comprises 60 Y, of it. The errors for the SMC abundances
are standard deviations obtained from the values for different
regions and maybe include some real differcnces in addition to the
observational errors. The He, N, O and Ne abundances relative 1o
Hin NGC 2363 andin the H aregions of the SNMC arevery similar:
morcover the total mass and the mass in the form of gus are also
similar (c.g. Thuan and Martin. 1981 Huchumcicr et al.. 1981:
Hindman, 1967). The very low and similar heavy clement
abundances imply that both of these objects arc in an ecarly and
similar stage of chemical evolution.

In addition to thc errors in the observed line intensity ratios. the
three main sources of error in the determination of the He/H ratio
for NGC2363 arc: a) the calibration of the detector. b) the
presence of stellar underlying absorption and emission, and ¢) the
ionization correction factor. For the SMC H 1l regions these three
errors secem 1o be smaller because: a) a different detector with
apparently no deviations from lincarity was used. b) there is almost
no stellar continua because we were able to place the slit away
from the most brilliant stars. and ¢) the ionization correction factor
was not derived from models. If we assume that the SMC and
NGC 2363 started with the same He 'H abundance ratio. the
similitude in their observed He'H ratios scems to imply thut the
three sources of error mentioned above are not very important.

To derive the pregalactic helium abundance. Y, itis necessary
to estimute the AY: 47 ratio for NGC 2363, From mectal rich
galactic Hn regions it has been found that AY, AZ ~ 3, while
from metal poor extragalactic H 11 regions it has been found that

s}

AY. AZ ~ 2 (e. g Rayo ct al, 1982 Peimbert, 1985). By adopting
AY AZ =2 from the Z valuc of Table 4 it follows that Y = 0.003,
avery small value, and conseguently that ¥V, = 02322 0.013 (36,
The Y (2363 valuc is larger than the Y, value of 0216 0.0

Giarderived by Raxoeral QOsThvirom the M0 g regions, but
thewr ¥,

value should be increased due to the non lncarity of the
detector that was not taken into account: the correction for this
effect is significative and not easy 1o perform. A rediscussion of the
data by Rayo et al. as well as newer observations of the M 101 Hn
regions and other metal poor extragalactic H 1t regions will be
presented elsewhere (Peimbert and Torres-Peimbert, 1985).

The ¥, (2363) value is smaller than the Yo value of 0.245+ 0.009
(3a) derived by Kunth and Sargent (1983) but agrees within the
errors. The ¥, (2363) value is also in excellent agreement with the

P

Y, value of 0.228 + 0.014 derived from the SMC Hu regions by
Peimbert and Torres-Peimbert (1976).
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Apéndice 3

Estructura de ionizacién del Helio en comple joxs de regiones HIIX.
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XXI111. THE IONIZATION STRUCTURE OF HELIUM IN H 11t REGION COMPLEXES*
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ABSTRACT

lonization structurce models of 1 i regions are constructed to analyze the behavior of the helium
jonization correction factor, iy for combinations of different stellar radiation fields as well as for
mixtures of individual 1 11 regions of different degrees of ionization.

1t is found that the amount of He' is less than 3% and that 0.98 = i, = 1.00, for H 11 region
complexes ionized by OB associations where the hottest stars are earlier than O6, if the ionizing
stars are distributed according to a normal IMF. This result applies for a single H 11 region or for a

mixture of unconnected H 11 regions.

This result implies that the He” /H” ratio observed in extragalactic H 11 regions of high degree of
ionization corresponds to the true He/H abundance ratios.

Key words: nebulae—H 11 regions—abundances

1. Introduction
1n recent years, considerable effort has been devoted to
determining the helium abundance in low-metallicity ex-

tragalactic H n regions{e.g., Rayo, Pcimbert, and Torres-
Peimbert 1982; Kunth and Sargent 1983).

In general, the helium abundance relative to hydroge
is given by
N(He)  N(He® + He' + He*) m
NMH) NH"+ H) .
In H 11 regions the ionizing stars are not hot enough to
produce a significant amount of He ', as can be verified

by the weakness or absence of the He® A4686 line. There-
fore helium is expected to be in the form of H

or Het

and the hehum abundance can be written as
N | N .
NGy MN@E T &

The jonization correction factor, iy is obtained from
numerical models of usuglly spherically syymmetric nebu-
lac excited by a single star (e.g.. Stasiniska 1982: Muathis
1982) or from semiempirical formulae which depend on
the ionization degree of heavier elements like O and §
{Peimbert and Torres-Peimbert 1977; Lequcux et al.
1979). From theoretical models it has been shown that the
exact value of the correction depends on the ionizing
spectrum and the distribution of the gas in the emitting
zone. Inany case, for a high degree ofionization (effective
stellar temperatures larger than 40,000 K) the correction

*Based on invited lecture given wt The Texas-Mexico Conference on
Nebulae and Abundances. held at the University of Teaas at Anstina,
1966 April 16-15

factor for neutral helium tends to unity and could become
slightly smaller than one, due to the possiblity of havinga
Hc" zone greater than the H” zone. Therefore high-ion-
ization H 11 regions have usually been chosen for the
determination of helium abundance in order to avoid a
large contribution of He®.

On the other hand, in giant extragalactic H 11 regions,
which contain a Yarge number of ionizing stars and com-
plex structures (Kennicutt 1954), the emitting zone falling,
into the entrance slit is large enough to include a wide
mass spectrum of stars with a large range of effective
temperatures, or to include many individual H 11 regions
ionized by stars of different characteristics. The presence
of these clusters of H 11 regions has bicen reported in the
literature see Rosa (19593 and references thereint, and
Tully et al. (1951) pointed out a possible admisture of He”
and Hce' zones within their observing slit in order to
explain some discrepancies in the He abundance deter-
mination of V11 Zw 403. Dinerstein and Shields (19586)
have constructed an ionization structure model by
combining a low-ionization H 11 region maodel (i = 3.62)
with a high-ionization one (iy = 0.99). For the composite
model they derived an iy = 1.08, which is a large value
cousidering the high degree of ionization of the other ions
(0" ") = 0.85).

The purpose of this work is to derive the quantitativ,
efiects, on the abundance of He® and the ionization cor-
rection factors, when an ionizing flusx from a mixture of
different sturs is used, or when a combination of individ-
ual H it regions with different ionization degree is consid-
ered. Several numerical models have been constructed
for (a) nebulac photoionized by a mixture of ionizing
fluxes of O and B stars in different proportions, and (b)
combined models of two or more individual H 11 regions.

1061



1062

The modelisdesenibed in Scection 11 1 Section 111 the
obtained donzation stroctnres are presented. aud thee
resubts are divcnssed i Section 1N

1. Desceription of the Model

All thie maodels were caleulated with a computer code
which solves for the ionization and tenmiperature structure
of a steady-state spherically symmetrice nebala photoion-
ized by a central sonrce, under the asstnption of thermal
and statistical equilibrivm of all the microscopic pro-
cesses. The diffuse radiation is treated in the “on-the-
spot” approximation.

The elements considered are H, He, C, N, O, Ne., S,
Mg, and Si. The atomic data summarized by Mendoza
(1983) were emploved. A variety of charge-transfer reac-
tions (Butler and Dalgarno 1980; Butler, Heil, and Dal-
garno 1950), as well as dielectronic recombination (Nuss-
baumer and Storey 19583, 1984), were considered.

Qur models can be constructed with different radial
density distributions and any filling factor. Dust opacity
can be considered, if desired. The needed input parame-
ters are the chemical composition of the gas, the ionizing
flux distribution, and the density distribution.

For each ion X*™ the mean fractional abundance is
computed from

caem N(X*™)N.,dV 8
(X' = 'LI(K?)T)\:!T‘ . @
and also the mean ionic temperature from

comy _ JTNOCMIN AV
TOCT) - SRR "

where N, and T, are the electron density and the electron
temperature, respectively.

The integrated line emission of these nine clements is
calculated by adding the contribution of spherical coneen-
tric shells with radii ranging from a sinall fraction of the
Stromgren radius to a cutoff point specifiecd by an clectron
temperature smaler than 1500 K or an electron density

per H atom less than 1077,

111, TheH u Region Modcls
For this work, all the models were constructed with a

MIRIAM PENA

homoeencons density . ny, 100 ¢ 2 a Alline factor of
10 and the camne chemical compaosition The adopted
chenca? abanelances are B H 008 low €1

410 Jas N Somr foz ey 1l 36t foes N1

4.30. Jou sy 5o, and lou M1l 5.00, which
cian be convidered representative of a metal-poor eatra-
galactic H 0 region (Peimbert and Torres-Peimbert JU76,
Peimbeoert, Pena, and Torres-Peimboert 198S6).

It is swell known that in an Hn region, the helium
degree of ionization depends strongly on the oflective
temperature of the jonizing star, and particularly on the
ionizing flux distribution. It can be said, approaimately,
that a star with an eflective temperature less than
32,500 K produces an H 13 region with x(He”) = 0.0,
while a star with T4 greater than 35,000 K produces a
region with x(He') = 0.9, and in this last casc the pre-
dicted iy is less than unity (Stasiniska 1952). We want to
estimate the error introduced in the He abundance deter-
mination when the real ionizing flux is the mixture of the
fluxes of stars of different temperatures and a single-ioniz-
ing star modcl. with a similar ionization structure, is
assumed. For this we have combined the ionizing fluxes
of the coolest star able to produce x(He') = 1 (T q =
40,000 K) with the hottest star which does not ionize He
at all (T 4 = 30,000 K). The mentioned error will be a
maximum in this case.

In Table I we present the adopted stellar characteris-
tics; the relation between spectral type, effective temper-
aturc, radius, and Lyman-continuum photon flux were
extracted from the work by Cruz-Gonauzilez et al. (1974),
Panagia (1973). and Humphreys (1978). The masses and
the main-sequence evolutionary times were derived from
theoretical H-R diagrams of evolution models with mass
loss from Chiosi. Nasi. and Srecunivasan (1975) and
Muacder (1951 The ionising fluves swere taken from the
non-LTE atimosphere models of Mihalac (197250

Tonization structure models are presented in Table 1L
Models A, B, and C have a single ionizing star with Tq of
30,000 K, 37,500 K. and 40,000 K. respectively. As ex-
pected. x{(He™) - 0.01 for the 30,000 K star while x(He ")
= 0.95 for the hotter stars.

Models D and E of Table 11 represent single 1 11 re-

TAELE I
The idopted Main Sequence Stellar Characteristics
Sp log Tefsf log P./R. log MM log N _. s
(phot s~ %) 1ot vy
o6V 4.60 1.01 1.48 49.01 6.8
o7.5v 4.57 0.94 1.40 48.70 7.8
EOV 4.48 0.88 1.30 47.63 11.6
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H 11 Region Corg loxes

A B c D E F G
Tonizing stars BOV 07.5v ocv 3 (BO)+O6 10 (BO) +06) - -
low TL/high T 3:1 10:1
R (pe) .68 2.3e 3.14 3.14 3.20 - -
Ly, (10°* erg s °) .51 20.3 43.6 44.7 48.6 45.1 48.7
B
xH") .96 .97 .97 .97 .97 .97 .97
x(8a™) .01 .08 .99 .99 .99 .97 .90
x (") .97 .34 .27 .27 .28 .29 .33
x )y .00 .62 .68 .68 .70 .66 .62
x(0") .96 .34 .25 .25 .25 .27 .31
x©*™") .00 .62 .72 .72 .72 .70 .65
xme*™) .00 .86 .92 .92 .92 .89 .83
xts™) .38 .08 .07 .07 .o8 .08 .10
x(s*™) .62 .67 .52 .52 .52 .57 .57
t©") .80 1.15 1.30 1.28 1.26 1.24 1.16
t©™) .68 .90 1.00 1.00 1.00 1.00 1.00
3727/mHg 2.45 3.77 4.07 3.96 3.89 a.01 3.90
5007/Hg 0.00 3.36 5.25 5.03 4.61 5.07 4.70
i - .99 .98 .98 .98 1.00 1.08
(1-6.25 x(©"H~? 1.32 1.09 1.07 1.07 1.06 1.07 1.08

gions ionized by a mivture of BO (30,000 K) and OG
HO.000 K stars. Tnomodel 1, thie proportion is 3.1, swhich
corresponds to a mass distribution of ionizing stars ac-
cording to a normal initial mauss function (IMF). For high-
mass stars, the IMF can be approximated by

G)dm ~mdm 5)

where the derived valdes of y vary between 2.3 and 3.4 -

(e.g., Miller and Scalo 1979; Lequeux 1979; Garmany,
Conti, and Chiosi 1982; Serrano and Peimbert 1981).
According to this the number of BO to O9 stars (17-25 3R.)
relative to the number of stars earlier than O6 (30-50 W)
varies between 1.7 to 3.1.

In model E, the proportion of cool to hot stars is 10:1; it
would correspond to a very anomalous initial mass func-
tion (db (M) ~ M~ *) or to an evolved OB association, where
the most massive stars have already left the main se-
quence while the less massive ones are still in this phase
(age between 6 and 10 million yvears).

We can see that in model D and model E, the ionization
structure is very similar to that produced by the O6 star

alone. This is to be espected since the O6 star radiates
considerably more ionizmg photuns than the BO star (see
Table 1), and the combined flua distribution beyond the
He ionization threshold is dominated by the hottest star,
Two models corresponding to clusters of individual Hn
regions are also presented in Table 11 Model F has been
obtained by the combination of three low-ionization H 11
regions (model A) and one of high ionization (model C).
This model represents a complex of unconnected Hn
regions produced by individual stars with a mass distribu-
tion according to a normal IMF. In model G, the propor-
tion of low- to high-jonization regions is 10:1, correspond-
ing to an evolved OB association or to an anomalous INMF.
The fractional abunduance of the different ions was cal-
culated according to
cemy _ 0V (XTT) + WV x (XTTY
x(X™") = —““'“~—”"‘.L = ‘.“—”—-——— . 6)

and the ionic temperatures are

AV 3 (XN + Vi, (™ T(X™)
nVix (X77) + Vyx, (XT7)

rXxX-") = (D)
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where the suffixes L and H refer to the low- and high-ion-
ization regiol respectively, and nis the
individual H 15 regions excited by a B0V star.

We can conclude that in model F| the He amount to
3% of the total He present in the womzed region bat the @,
is still approximately one, On the othier land, in model G,
x(He™ 0.10 and the i is 1.O8. A similar result was
derived by Dinerstein and Shiclds (1956) by combiningza
low- and a high-ionization H 1 region model, under the
assumption that 12% of L(HB) comes from the low-ioniza-
tion component. This assumption is equivalent to having
more than 12 isolated low-temperature sturs for each hot
star which corresponds to a very old OB association or toa
very anomalous IMF.

nimnber of

IV. Discussion

The ionization structure of two possible types of giant
H 11 regions has been presented in Table 1L The first type
represents a single giant H 0 revion jonized by an OB
assoviation (models D and E). The derived results imply
that ull the He inside the Stromgren sphere is singly
ionized when the hottest ionizing star is earlier than
O6 V. This certainly must be the case in extragalactic Hn
regions where the ionizing OB associations are dis-
tributed according to a normal INMF and are younger than
6 million years. In this case the igis less (but very close) to
unity, and the use of an iy = (1-0.25 x(O*))"' (Peimbert
and Torres-Peimbert 1977) tends to overcorrect for the
presence of He® and consequently the total He abun-
dance is overestimated.

A different picture arises when H 11 region complexes,
formed by unconnected H 11 regions of different joniza-
tion degrees, are considered. In this second type of giant
H 11 region, the integrated amount of He® grows propor-
tionally to the number of low-ionization regions included.
However, the i is very close to unity when the uncon-
nected H 1 regions are ionized by single stars whose
masses are distributed according to a normal IMF| as in
model F. In this case the number of low-ionization H 1t
regions is not enough to increase the iy ubove 1.00.

On the other hand, the i could be as large as (1 —0.25
x(O*) 'ifamuch larger number of low-ionization regions
is considered, as in model G. The ionization degree of the
heavier elements also decreases, and it is similar to that
produced by a star with lower Ty, as in model B, Never-
theless, some spectral differences between a single Hn
region and an H i1 region complex with similar ionization
structure would be observable: (@) The ionictemperature,
T(O ), is approximately 1000 K hivher and the T{O 0y
T (O 1) ratio is lower for the H 1 oregion comples model
than for the sinusle one. A similar behavior is expected tor
the other ions. by The HB cemission cqaivalent width
would be smaller for the H o region comples, because the
low-ionization regions contribute only a few percent tothe
total HB huminosity, but the excess of B stars con-

tribute significant amounts to the optical continuum and
have larger Balmer-absorption equivalent widths than
the O stars. (3 For an H 1 region comples, a smaller
filine factor is to be eapected. taking into acconnt the

neutral zotes located oanone the anconnected Hn re-
gions,

Morcover, it is very unlikely that anomalous propor-
tions of low-teimperature stars are present in extragalactic
i regions. This could only occur when the INMF is very
abnornd or when the jonizing OB association is older
than 7 million years. Some arguments that permit us to
reject these two possibilities can be given, for example: (a)
The observational evidence has shown that metal-poor
estragalactic H i regions have normal IMF  (e.g..
Lequeux et al. 1951; McCall, Rybsky, and Shiclds 1985;
Scalo 1986) with larger upper-mass limits for regions with ]
larger underabundances of heavy elements. (b) Some age
determinations of (axtragalactic H 1 regions (Copetti, Pas-
toriza, and Dottori 1955; Tarrab 1955) show that most of o
them are younger than 5 x 10" yr. (¢) The luminosity of an
H i region decreases with age, and if most of the extra-
galactic H 11 regions were old, they would have been
brighter in the past. The observed giant H 11 regions are
generally the brightest available and therefore they must
be the youngest among them.

In conclusion, we can say that an iy = 1.00 seems to be
adequate for those giant H 11 regions which show a high
degree of ionization, even for the case of a mixture of

unconnected H 11 regions of different degrees of ioniza-
tion.

1 would like to thank M. Peimbert, S. Torres-Peim-
bert, and J. Fierro for very useful discussions and helpful
suggestions. This is contribution No. 196 of Instituto de

Astronomia, Universidad Nacional Auténoma de México.
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