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ABSTRACT

The mass-luminosity relation for spiral and irregular 6?59
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galaxies found by Pskovskii and a similar relation betweensz// " . <o
the mass of neutral hydrogen and the luminosity noted here

lead to a relation between the total mass and the mass of

neutral hydrogen for these galaxies, Several hypotheses

have been advanced in order to understand this relation,

Poveda (1961) discovered that the dust-poor stellar
systems obey & mass-luminosity relation, which has further
been confirmed by Pskovskiib(lgés). If we denote by :nf and
éi respectively the mass and the photograpric luminosity
of a galaxy, their relations can be written eas
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For spir.. and irregular galaxies Pskovekil nas Icund
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was derived from empirical results of 12 galaxies whose
total masses, Bjt,, have been determined directly plus
another 13 galaxies of which only the masses Bﬁf}f of
neutral hydrogen are known through the observations of the
21 cm, line. 3Since both the total masses and the masses of
the neutral hydrogen in the first 13 galaxies have been deter-
mined, Pskovskii has reduced from them an empirical relation
between the ratio mH /Lfc and the photographic magnitude
qu? of the galaxy. From this relation, he is able to derive
the total mass of each galaxy from the mass of its neutral
hydrogen for the second 13 galaxies,

Pskovskii's procedure is legitimate, and his‘Zﬂf-oi:
relation for spiral and irregular galaxies interesting, but
we would like to take a different look at the problem. While
the luminosity of a dust-poor stellar system is perhaps con-
tridbuted by the red giant stars and stars on the horizontal
branch in the H-R diagram, the dominant source of luminosity
in & spiral or an irregular galaxy consists without doubt of
the early-type and super-giant stars that are relatively young.
In other words, the luminosity of the spiral system comes
mainly from the stars that are recently formed out of the v
gaseous medium, If so, one would expect a reiation between
the mass of neutral hydrogen &?fu (instead of the total mass
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this reasonin,, we have plotted in Figure 1 the relation
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for 26 galaxies listed in Pskovskii's paper. The least-square
solution which was obtained on the 7094 computer by Mr. Clarence
Wade, Jr, at Goddard Space Flight Center, from the empirical

points in the figure gives

1ogmH = 4.06 - 0.28 Mf’? (2)

which is represented by the straight line in the figure, It
corresponds to relation (1) with o = 1.43. If h4f2‘ is
solved in terms of log EZfH in the least-square solution, we
obtain Ol = 1,19, Whichever ¢l value we take, the relation
thus found is now easy to interpret because the more neutral
hydrogen a spiral or an irregular galaxy contains, the more
bright young stars will be formed which increase the luminosity
of the entire galaxy.

Actually the total luminosity cii of a spiral or an. irreg-
ular galaxy is composed of two sources: (1) éﬁm due to the
young stars just emerging from gaseous media we have discussed,
and (2) 5té. due to the older stars (main-seQuence stars of
spectral type A and later, and population II giant stars). The
lumirosity arising from the first source 1s a function of BECF
while the luminosity arising from the second source has a de-
pendence on Zﬁt“@ﬁfﬁ . If the photographic luminosity of tne:e
¥inds of gelaxieris indeed derived mainly from the first source,
the result of OL = 1.43 in proportionaiity (1) indicates that
the number of young stars prevalent at any time in the galaxy
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irncreases sligntly faster than the mass of neulral hydrozen,
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Thls showg in turn that the rate of formation of stars also
increases fascer than the gaseous matter available,
Presumably o may be related to the mode of star forma-
tion in the interstellar clouds. If stars are formed inside
the cloud, (L may be nearly equal to one. If, on the other
hand, formation should be favcrable at the boundary of two
colliding clouds, perhaps ¢ would be equal to two. Being
between one arnd two the determined ¢ value seems reasonable.
The fact that both JJC~J, and :m’ - L, relations
exist only shows that TJC and MH are correlated. From
the thirteen spiral galaxies whose :}af and mﬂ are known,

we have found by the least square solution that

- N Y
log mﬂ = 1,55 + 0.74 log u‘l} (3)
or ?jfﬂ oiuyj‘io o Th Egucticns {2) and {J) icad tu ths

relation obtained by Pskovskii.
The ZE/)t "B/O’CH relation simply shows how neutral hydrogen

has been depleted through the age by star fomation in galaxies

of different zasses, We may offer three tentative hypotheses

for the existence of this relation:

(1) A chance coincidence, For each galaxy -an at any

,L,H

time must depend in general upon the total mass and its age,
It is & two-variable function, That mﬁ is only a function
hows that 1t 1s a coincidence if the galaxXies were
not formed at the same time. As a result of the age differenc

the dezrece of compositeness (Morzen 1959) would De Cill
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for different systems, The chance of this coincidence perhaps
is very small.

(2) Formation of stars in the galaxy taking place mainly
in the early stage. If so, the m— MH relation was the
result of the initial batch of star formation. In the later
stages the gas shed by evolving‘stars may roughly balance its
depletion through star formation, In other words,'zafh in
each galaxy is roughly in a state of equilibrium and the (- -53@1
relation will be only slightly modified as time goes on., Con-
sequently evern. though the galaxies may be formed at different
times, the same ZUC-—ZN§1 relation will persist at any time.
Also the aafk-yii relation will not change greatly with time,

(3) Stars forming gradually in each galaxy but all galax-
les formed at about the same time. In such a case there will
be a M—WCH relation at any given time but the form of this
relation changes with time, Whether the Z@f} —ét, relation
will remain the same depends upon the manner in which the rate
of star formation varies with the decreasing Z?CH .

If either hypothesis (2) or (3) turns out to be correct,
it appears that star formation in the spiral or irregular
galaxies at any time depends dominantly only upon 2@fk and
perhaps &lso 3Zf; . It follows that the morphological seguence
of galaxies according to the standard classification must
result from scme parameters, such as the angular momentum per
unit mass, etc,, which do not play a determining effect on stan

formation., We may slso conclude that the spirsel (or irrezular
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gaiaxy and the elliptical galaxy are not genetically related,
namely they do not form an evolutionary sequence, because
none of the spiral (or irregular) galaxies in the mass range
considered has exhausted its neutral hydrogen while many
elliptical galaxies exist in that same mass range.

The ratio Bafﬁ/‘%ﬂi decreases with JJ{. . This would
show that the proportion of aath with respect to the total
mass decreases more rapidly with time in more massive galax-
ies than less massive ones, Such a suggestion is consistent
with & > | in the ZETQ'—ét: relation obtained préviously.

Both hypotheses (2) and (3) represent idealized cases,
Actually, pernaps there is a high rate of star formation in
the beginning which determines the initial Z?C-'i?qH rela-
tion. But in the late stages star formation continuously:
depletes Eﬁfﬁ at an appreciable rate, Consequently the
m—mh relation is significantly, though perhaps not.
drastically, modified. If the galaxies were formed at differ-
ent times, this would produce a scatter of points from the
33{;-376H relation.

Finally it is a pleasure to acknowledge my sincere thanks
to Drs. D. N, Limber, D, E. Osterbrock, snd A. Poveda for
valuable discussions and communications, and to Mr, Clarence
Wade, Jf. for obtaining the least-sguare solutions on the
IBM computer at Goddard Space Flight Center., A part of this
investization is supported by National Aeronautics and Space

adminizstration under a research grant,
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Legend
Fig. 1 - An empirical relation between the mass of neutral
hydrogen JZCH and the photographic absolute magnitude
for spiral galaxies, The solid line that represents equation
(2) in the text was derived from the 26 empirical points

shown in the figure.,




