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THE RESOLUTION OF MESSIER 32, NGC 205, AND THE CENTRAL
REGION OF THE ANDROMEDA NEBULA*

W. BAADE

Mount Wilson Observatory
Received April 27, 1944

ABSTRACT

Recent photographs on red-sensitive plates, taken with the 100-inch telescope, have for the first time
resolved into stars the two companions of the Andromeda nebula—Messier 32 and NGC 205—and the
central region of the Andromeda nebula itself. The brightest stars in all three systems have the photo-

graphic magnitude 21.3 and the mean color index +1.3 mag. Since the revised distance-modulus of the
group is m — M = 22.4, the absolute photographic magnitude of the brightest stars in these systems is
Mpg = —1.1.

The Hertzsprung-Russell diagram of the stars in the early-type nebulae is shown to be closely related
to, if not identical with, that of the globular clusters. This leads to the further conclusion that the stellar
populations of the galaxies fall into two distinct groups, one represented by the well-known H-R diagram
of the stars in our solar neighborhood (the slow-moving stars), the other by that of the globular clusters.
Characteristic of the first group (type I) are highly luminous O- and B-type stars and open clusters; of
the second (type II), short-period Cepheids and globular clusters. Early-type nebulae (E-Sa) seem to
havelpopulatjons of the pure type II. Both types seem to coexist in the intermediate and late-type
nebulae.

The two types of stellar populations had been recognized among the stars of our own galaxy by Oort
as early as 1926. :

Credit: Angelo Secchi, 1870
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FIRST MENTION: POPULATION IIl STARS
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(changes of an

free-free transitions
electron’s energy near a proton), which
absorption and emission occurred main-
ly during the early, high-temperature
stage of evolutionary cosmology. As-

that the free electrons were
then at a temperature of 10% he and
R. H. Dicke showed that

background-radiation

suming

(Princeton)
quanta detected
today were emitted when the density of
the universe was about 101" g/cm?,
about 1000 years after the “big bang,”
and that 7,
A% That is, 7-cm quanta observed today
were 1400-A emitted about
101° years ago in larger numbers than
500-A quanta now detectable as 0.25-
cm background radiation. If 7, = 3°K
at A = 7 cm, Dicke and Peebles pre-
dict 7, = 0.2°K at A = 0.25 cm, in-
stead of the 3°K observed.

he calculations of early

should be proportional to

quanta

- - \
v

spheres of hot, young, Population

stars where the abundance Y is abot
40 percent. One hot, B2, Population-I
star in the globular cluster M13 ha
Y 20 percent, and the plot of ten

perature versus luminosity for old Popt

L . |

lation-I1 stars in another globular clus

ter, M3, is consistent with Y 13 per

cent. Since helium is found in stella

interiors and is returned to the inter
stellar medium by supernova explosion
it is generally concluded that the pri
mordial gas clouds, from which the fir
stars were formed, were pure hydrc
gen (Y 0). Woolf noted that thes
first-generation ‘“‘Population-III" sta
in our galaxy were probably large (|1
solar masses) and short-lived (abot
107 yr). They returned material to th
interstellar medium  with  vario
amounts of helium added, and thus ob
scure the original helium abundancg

Credit: Thornton Page, 1966
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BLACK BODY A5 POP 1lI?
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750Mo

—— BB Spectra
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EVOLUTIONARY TRACKS OF..POP [l STARS |
. ~‘. S 3 - s | :t.' ey o ‘.‘Lo‘.

S cHel W8 el a cHB cHeB cCB cNeB

Z=0 7= 0.0002
e ——— 1000

750 -

500 ’ 500 —_—

= core contraction . core contraction
pulsationally unstable ( pulsationally unstable
4.6 44 4.2 4.0 3. 3.2 5. 4.8 4.6 44 4.2 4.0
log(Tes/K) log(Tesi/K)
Credit: Guglielmo Volpato et al 2023
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ZAMS FOR Z=0 AND Z=0.0002
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ZAMS for Z=0 and Z=0.0002 TEFF= 61929.8
-ETRANS = 0.60DEX
—— 7=0 MDOT = -7.26628

MSTAR = 1G60.

Z=0.0002 | | oldstart options ----------~~~ -~~~
-0OLDSTART
LTESTART
———————————————————— abundagges ————
KM E A H S - - — - = = = - HRMHHHHK KK
HYDROGEN: 0.7514 {mass fraction)
CARBON: 3.639E-85 (mass fraction)
MITROGEN: 9.725E-86 (mass fraction)
OXYGEN: 8.8232E-05 (mass fraction)
NEON: 2.0238E-085 (mass fraction)
MAGMESIUM: &.8583E-06 (mass fraction)
SODIUM: 4.7101E-87 (mass fraction)
ALUMINIUM: 7.632E-87 (mass fraction)
SILICON: 9,549E-086 (mass fraction)
SULFUR: 4.443E-086 (mass fraction)
ARGOM: 9.616E-87 (mass fraction)
CALCIUM: 8.8002E-87 (mass fraction)
GENERIC: 1.90827E-85 (mass fraction)
———————————————————— stellar parameters -------------~—~~~--—---
DENSCON = 1.

5.05 5.00 4,95 4.90 4.85 4.80 4.75 . LOG L = 6.103
IleO(Teff/K) VELPAR: VFINAL (KM/S)= 4533.92 VMIN= 12. BETA=2.0 BMAX=1000. XXXXXXX

MR KM MHKMHNKNKH . o v e e e HHEMK . oo nu s HHHHK . . o HHRKN . o e e w s WRMHNKK
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COMBINED SED: Z=0 AND Z=0.0002
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ZAMS 100Mo SEDs
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100Mo Z2=0.002
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UV SPECTRA: Z=0 AND 7=0.0002
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ZAMS 100Mo IUE SHORT
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Z=0.0002
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VISUAL SED COMPARISON
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ZAMS Z=0 PoWR

—— 100Mo
150Mo
200Mo

—— 300Mo
500Mo

—— 750Mo
1000Mo

ZAMS Z=0 Black Body

2.0 2.5
log10(ALA])
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IONIZING FLUXES

750 Mo

—— PoOWR spectra
—— BB Spectra

log10 Q(H) for
PoWR Model:

51.14

Hel
___L;/T-I__

//

logy1o Q(H) for
Black Body:

50.73
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lonizing Flux Ratios: Model vs.BB

A comparison of lonizing Fluxes —o- g:g) )
e

for Pop I1I model by PoWR and = Q(LyW)

a Black Body i g::eﬁ;)
e

Work Stellar Q(H) Q(Hel) | Q(Hell) | Q(Nelll)

Mass| M|
Pop IIT 19.94 19.74 18.68 18.43
100M,,
Black Body 19.50 19.20 18.08 17.69
Pop III 50.20 50.01 19.18 18.95
150M,
Black Body 19.77 19.50 48.48 18.13
Pop III 50.39 50.20 19.30 19.08
200M,
Black Body 19.96 19.67 18.59 48.22
Pop III 5H0.64 50.47 19.30 19.09

3000,
Black Body 50.19 19.94 18.99 18,66 Mass of Star [M o ]
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IONIZING FLUX RATIOS

A comparison of Ionizing Fluxes
for Pop III model by PoWR and
D. Schaerer (2002)

Work Stellar Q(H) Q(Hel) Q(Hell) | Q(LW)
Mass| M|
D.Schaerer (2002) 51.20) 51.05 00.45 01.23

PoWR 1000M,,

Q(Hel)
—— Q(Hell)
—— Q(Lyw)

19.94 19.74 18.68 50.49
D.Schaerer (2002) H).86 50.71 nl.11 50).89
HO0M,
PoWL 2(.91) 50.75 19.38 50).14
D.Schaerer (2002) H0.60 50.43 49.75 al).64
300M,,
PoWL Hl).64 50.47 49.30 49.93
D.Schaerer (2002) 5,36 50.18 49.51 50.39

2000, 200 300 400 500 600 700 800 900 1000
PoWR 50.39 50.20 19.30 149.74 Mass of Star [M @ ]

Oi, PoWR/Oi, Schaerer, 02
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[ONIZING FLUX RATIOS
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lonizing Flux Ratios: Z=0 vs. Z=0.0002

A comparison of lonizing Fluxes ] —o— OQ(H)

for Pop III model: Z=0 vs j Q(Hel)
—— Q(Hell)

7=0.0002 : —e— O(Nelll)

= Q(LyWw)

0.0002

Metallicity Stellar Q(H) Q(Hel) Q(Hell) | Q(Nelll)| Q(LW)
Mass| M|
Z=0 19.94 49.71 18.68 48.13 19.33
100M,
Z=0.0002 19.95 19.62 45.79 44.76 19.33
Z=0 50.20 50.01 19.18 48.95 19.53
150M,
Z=0.0002 00.25 49.92 416.64 45.91 49.53
Z=0 50.39 20.20 49.30 49.08 49.71
200M,
Z=0.0002 50.43 50.11 47.89 47.34 19.74

0/Qi z

Qi z

200 250

Mass of Star [M © ]
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CONCLUSIONS
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- Black bodies underestimate the ionizing fluxes of Population III stars.

- Low metallicity models considerably differ in the ionizing fluxes as
compared to zero metallicity models.

- Low metallicity models show additional features in the Spectra that might
not actually be observed for Population III stars.
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