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CHAPTERR VI 

LetterLetter to the Editor 

Thee Mean Velocity Dispersion of Very Low-mass Stars and the Stability 
off  the Galactic Disk 

R.. F. A. Staller 

Astronomicall  institute. University of Amsterdam, 

Receivedd December  3. 1975 

Summary.. Recently (Staller, 1975) stars of very low mass 
0.01-0.077 M0) has been introduced to explain the 
existencee of the low-velocity M-dwarfs. The low 
velocityy dispersion of about 10km/s has raised two 
>roblems.. Firstly, the contradiction caused by the low 
velocityy and the high age for common M-dwarfs. In 
thee second place the velocity dispersion of 10km/s is 
tooo tow for the stabilization of the galactic disk. The 
irstt problem has been treated in the paper referred to 
ibove.. The second problem is considered here. 
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;.. Introduction 

Recentlyy Staller (1975) developed a hypothesis to 
:xpiainn the rich population of M-dwarfs with small 
peculiarr velocities found in the direction of the galactic 
x>larr caps. These low-velocity M-dwarfs are thought 
oo be contracting stars with masses of 0.01 to 0.07 MQ. 
Thesee stars will not manifest themselves on the main 
sequence.. Because of their very small mass degenerate 
>bjectss will be created, which will cross the main 
sequencee and cool to the black dwarf stage. With this 
lypothesiss it is possible to explain the phenomenon of 
hee low-velocity stars. When the contracting objects 
iree still visible, they must be very young. 

Inn this note the problem of the stability of the galactic 
üskk will be treated. The stability criterium established 
>yy Toomre (1964), requires a minimum velocity disper-
sionn of about 30 km/s, for all the stars. Recently Bier-
nannn (1975) has derived a value of 21 km/s, which is 
elevantt for the low-velocity M-dwarfs. Here it will be 
ihownn that the mean velocity dispersion of the low-
ifelocityy M-dwarfs together with all objects that are 
ii  I ready invisible, is greater than the minimum velocity 
iispersionn of 21 km/s. Thus the stability of the galactic 
liskk is preserved. 

lendlend offprint requests to: R. F. A. Staller 

2.. Results 

Too derive the mean velocity dispersion we first have to 
knoww how the velocity dispersion, o% is varying with 
agee r. For our purpose we can use the relation tr^r1'3 

foundd by Spitzer and Schwarzschild (1953). Wielen 
(1974)) concludes from a study of the kinematics and 
agess of stars taken from Gliese's catalogue, that this 
relationn is in reasonable agreement with his results. 
Furthermoree we will assume that the birthrate of our 
starss is constant over the time intervals that are to be 
consideredd here. To obtain the mean velocity dispersion 
aa we use the following expression 

T T 

aa = k(T-t)'1 JT1/3<*T (i) 

inn which t is the age of the contracting stars presently 
visiblee (see Staller, 1975), T is the age of the galaxy 
(heree taken to be 10'° year), and Ac is a constant de-
pendingg on t and on the velocity dispersion of the stars 
att the moment they are visible, <r0, i.e. 

kk = <r 0r
l/3. (2) 

Inn our calculations we assumed six values of o0, from 
100 to 15 km/s, according to the observed velocity 
dispersionn (Murray and Sanduleak, 1974; Schmidt, 

Tablee I . Mean velocity dispersion of very low-mass stars for  different 
valuess of the observed velocity dispersion, as function of initia l times 

tin tin 

l xx 108 

2x10" " 
3x10" " 
4xx 10s 

5xx 10" 
6xx I08 

7xx 10* 
8xx 10" 
9xx 10" 
I xx 10" 

100 km/s 

35.1 1 
28.0 0 
24.7 7 
22.5 5 
21.0 0 
19.9 9 
19.0 0 
18.3 3 
17.6 6 
17.1 1 

111 km/s 

38.6 6 
30.8 8 
27.1 1 
24.8 8 
23.1 1 
21.9 9 
20.9 9 
20.1 1 
19.4 4 
18.8 8 

122 km/s 

42.1 1 
33.6 6 
29.6 6 
27.0 0 
25.2 2 
23.9 9 
22.8 8 
21.9 9 
21.2 2 
20.5 5 

133 km/s 

45.6 6 
36.5 5 
32.0 0 
29.3 3 
27,3 3 
25.9 9 
24.7 7 
23.7 7 
22.9 9 
22.3 3 

144 km/s 

49.1 1 
39.3 3 
34.5 5 
31.5 5 
29.4 4 
27.9 9 
26.6 6 
25.6 6 
24.7 7 
24.0 0 

155 k 

52.6 6 
42.1 1 
37.0 0 
33.8 8 
31.6 6 
29.9 9 
28.5 5 
27.4 4 
26.5 5 
25.7 7 
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1974).. For each a0 we determined a for initial times 
varyingg from 108 to 109 year (Staïler, 1975). The results 
iree given in Table 1, Columns 2 to 7. 

Inn fact, also stars with r<r should be dealt with in 
Equationn (1), yielding (because r=0) 

*=3/4*T 1 /33 (3) 

withh the assumption that CT=/CT1/3 is a reasonable 
approximationn for young stars. However, the difference 
betweenn the results given in Table 1 and those which 
cann be calculated with Equation (3) are small, because 
t<T. t<T. 

3.. Discussion 

Consideringg the lower limit of the velocity dispersion 
{211 km/s) needed to stabilize the galactic disk as given 
byy Biermann (1975), it is clear from Table 1 that almost 
alll  a's are larger than this minimum. For <r0 = 10km/s 
stabilizationn is achieved up to 6 x 10" year and for 
aaQQ = 11 km/s up to 8 x 108 year. If we take, however, 
likee in Staller's paper, a mean mass of 0.04 M© we can 
seee from Table 3 of that paper that fto„  the time during 
whichh the stars are visible on their contraction and (part 
of)) their cooling tracks should always be smaller than 
55 x 108 year. Considering this condition we can conclude 

thatt the mean velocity dispersions in Table 1 are 
yieldingg a stable galactic disk, i.e. all <Ts are greater 
thann 20 km/s. 

Itt should also be noted that we took a constant 
birthratee over the interval (f, T). It is actually more to 
thee reality that in the beginning, when the galaxy was 
growingg to its present state, the birthrate was larger. 
Thiss implies that there are more older, invisible objects, 
i.e.. black dwarfs. Because of this high age they will 
increasee the mean velocity dispersion, yielding an even 
betterr condition for stability of the galactic disk. 
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