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ABSTRACT We begin by reviewing the h is tory of Aaronson 1 s en t ry into the 
s tudy of dark matter and velocity dispersions. A short review of mass 
estimations and dark matter in sp i ra ls , small groups of galaxies, dwarf 
i r r e g u l a r s , and dwarf spirals fol lows. We then discuss velocity 
dispersions in the f ive dwarf spheroidals Fornax, Carina, Sculptor , 
Draco, and Ursa Minor. A new velocity histogram for Draco and Ursa 
Minor is shown. We then end with some questions and theoretical and 
observational needs. 

1 . PREAMBLE 

I would l ike to begin this paper by g iv ing you the h is tory of the 
beginning of a new era in s tudy ing the outer halo of our galaxy, and of 
s t u d y i n g the propert ies of dwarf spheroidal galaxies. This h is tory has 
been reconstructed by reading Marc Aaronson 1 s papers, s tudy ing the MMT 
observ ing logs, and from a conversation I had with him at the MMT, while 
making more observations for the veloci ty-d ispers ion project . We should 
all remember that a decade ago many outer halo velocities were good to 
only 50-100 km s " 1 , and even as recently as two years ago, the tabulated 
velocities of several ou t l y ing clusters and the Sculptor spheroidal were 
in serious e r r o r . 

It all begins rather innocently in September, 1980. Marc Aaronson 
obtained a transmission g ra t ing prism plate of the Draco dwar f , in order 
to search for carbon s ta rs . None were f o u n d . However, one s tar , now 
known as Draco C I , showed Ha in emission. Subsequent spectroscopy by 
John Stocke and Jim L ieber t , with the Steward 90" in Apr i l 1981, 
revealed it to be a carbon star with emission l ines. This carbon star 
is more l ike the warmer CH stars than the cooler carbon stars found in 
some of the southern spheroidals or the Magellanic Cloud c lus ters . A 
new search of the Draco plate showed three new C-star candidates, two 
which were reported as C2 and C3, and a t h i r d which was rejected 
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because Stetson (1980) had der ived a very low membership probabi l i ty for 
i t . ( In 1985 and 1986 we confirmed that C4 did have a velocity 
consistent wi th Draco membership, and was itself a very unusual carbon 
star ; it is the intr insical ly faintest C star known in a dwarf 
spheroidal . ) 

On May 10, 1981, Jim Liebert got a reasonably-high-resolut ion spectrum 
of C I , with the MMT spect rograph, which allowed a radial velocity 
accurate to 6 km s"^ to be measured from the observed wavelengths of H$ 
and Hell 4686. This velocity was the f i r s t modern-qual i ty one 
determined for a dwarf spheroidal s tar ; however, since C1 can be most 
easily understood if it is a b i n a r y , Aaronson, L ieber t , and Stocke 
(1982) said, in classic Aaronsonese, "our result might in pr inc ip le be 
the best ex is t ing determination of Draco 1 s radial ve loci ty . However, if 
the object is a b i n a r y . · · the emission line velocities could of course 
vary in wavelength." 

The second, more deliberate stage in obtaining high qual i ty velocities 
occurred on A p r i l 19, 1982, when Aaronson observed Draco C1 with the MMT 
Echelle. Unti l this date, he had never observed with the MMT. This 1 n 

4 5 m exposure, proved that the C2 bandheads could provide extremely 
accurate velocit ies, even with incredibly low S/N data, when correlated 
against a template carbon star of known ve loc i ty . Dur ing Spr ing 1982, 
good velocities were secured for all three C stars in Draco, and for the 
one in Ursa Minor. Marc (Aaronson 1983) then wrote his paper, "Accurate 
Radial Velocities for Carbon Stars in Draco and Ursa Minor: The First 
Hint of a Dwarf Spheroidal Mass-to-Light Rat io." A velocity dispersion 
based on only three stars was met wi th disbel ief , prompt ing others to 
t r y to prove him wrong by measuring dispersions in the southern 
spheroidals. Aaronson said, " I t is clearly of fa r - reach ing significance 
to obtain radial velocities for additional stars in Draco in order to 
confirm the velocity dispersion suggested above, since the present case 
for a large dispersion rests mainly with the observation for one star 
(Draco C3) . This will require measurement of accurate velocities for 
noncarbon s t a r s . " 

The t h i r d stage began d u r i n g the October 8-10, 1982, MMT observ ing r u n . 
F i r s t , Marc t r i ed to measure C-star velocities in Sculptor and Fornax, 
and fa i led . (We t r i ed again and succeeded with Sculptor in Sept, 1986.) 
T h e n , since monitor ing Draco CI at Ha took so l i t t le t ime, Marc switched 
to the magnesium t r ip le t set t ing at 5187A, and t r i ed the K-star Draco 
536, which fa i led , and two Fornax globulars , both of which failed (we 
later succeeded in 1984 and 1985). F inal ly , on October 10, 1982, he 
measured Draco 473, whose velocity correlated against tw i l ight sky was 
-285.6 km s~^, conf i rming that Draco d id have a large measured velocity 
d ispers ion. Again quot ing Marc, "Several in terest ing implications 
follow if Draco's mass-to- l ight ratio is really similar to that 
estimated above. F i r s t , in some fundamental sense, the dwarf 
spheroidals, puny as they are, would be confirmed as t rue galaxies and 
not just extended versions of globular c lus ters . Second, considerable 
support would be given to the notion that the Galaxy possesses a 
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massive halo. A f inal conclusion can be made re lat ing to the nature of 
the hidden matter i t s e l f . . . " 

Since the carbon stars and f i r s t Κ giants were observed, th rough May, 
1987, we have amassed a total of 76 separate observations of 36 s ta rs , 
18 each in Draco and Ursa Minor. I hope you can see the excitement that 
was in Marc's mind as he realized how s t ra ight forward it now was to get 
excellent velocit ies, and as he t r i ed to measure velocities of 
e v e r y t h i n g he could th ink of in every spheroidal the MMT Echelle could 
reach. 

2. THE SUBJECT OF DARK HALOS 

In 1987 there is very l i t t le host i l i ty to the notion that there is dark 
matter; what form it is i n , and whether i t ' s the same s tu f f on all size 
scales are of course less cer ta in . I th ink that we would all agree that 
there is an increase in M/L with radius in galaxies - If You Look Far 
Enough From Their Centers. 

Before t u r n i n g to the observational results in dwarf spheroidals, I want 
to mention the results for normal b ig galaxies, and for dwarf spirals 
and dwarf i r regu la rs . These notes are not meant to be comprehensive, so 
please forg ive me if I left out your work or your favor i te resu l ts . 

2.1 · Our galaxy 

O s t r i k e r , Peebles, and Yahil (1974) showed that a number of techniques 
implied that the mass of spiral galaxies increased with the separation 
of the probe being used to estimate the mass, and claimed that we had to 
change our notion of the mass of galaxies by about a factor of 10. They 
der ived a mass of the Milky Way to be 4 x 1 0 1 2 M 0 from the t idal radi i of 
the outer dwarf spheroidals, and that of the Milky Way-Andromeda system 
to be 5 x 1 0 1 2 Μ Θ from t iming arguments. 

Later , Hartwick and Sargent (1978) measured new velocities for a var ie ty 
of halo objects, and der ived a mass of 7.6 χ 1 0 1 Ί Μ Θ , assuming isotropic 
o r b i t s . Lynden-Be l l , Cannon, and Godwin (1983) decreased this estimate 
a factor of 3, get t ing 2.6 x l O 1 1 M 0 , from velocities of the Magellanic 
Clouds and dwarf spheroidals. Olszewski, Peterson, and Aaronson (1986), 
using a number of new observat ions, and a sample of halo objects beyond 
the LMC distance, der ived 5 χ 1 0 Ί Ί Μ Θ , for the isotropic case. (See also 
L i t t le and Tremaine (1987)·) There are st i l l several c lus te rs , 
Er idanus, Pal 14, and Pal 15, whose published velocities are uncer ta in ; 
it would also be good to know the velocities of distant halo s ta rs . 

2.2. Rotation curves of spirals 

It is important to acknowledge the work that Rubin and her collaborators 
have done on this subject. Rubin (1987) gives a review from the point 
of view of constra ining dark matter. Rubin et aL ( 1978a,b) and Rubin 
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(1979) discuss optical rotation curves . Rubin also gives credi t to 
Roberts (1976) as the f i r s t person to discuss f lat rotation curves . 

Two recent results point out examples of measuring spiral galaxy 
rotat ion curves to a radius well beyond that practical a few years ago. 
F i r s t , van Albada et aL (1985), reminded us that in general , optical 
rotat ion curves do not exist for radi i of more than about 3-4 disk scale 
lengths , a radius inside of which we do not even expect to see the 
decrease in rotat ion velocity for Keplerian o r b i t s . They also remind us 
that neutral hydrogen rotation curves do go out far enough in some 
galaxies that a dark halo is an inescapable conclusion. Van Albada 
et jH . 's rotat ion curve for NGC 3198 extends to approximately 11 disk 
scale lengths. At 30 kpc , the modelled amount of mass in dark matter is 
substantial ly greater than in visible matter. 

Kent (1986) has shown with new surface photometry of a large number of 
galaxies with rotation curves , that indeed optical rotation curves do 
not teach us much about dark matter. He also pointed out that models of 
some specific galaxies need no dark matter; presumably a number of 
people are making HI rotat ion curves of these galaxies. 

2.3. Other mass estimators 

2 . 3 . 1 . Satellites 

Dressier , Schechter, and Rose (1986) argued that a number of faint 
galaxies seen in the f ie ld of the ' isolated' el l iptical NGC 720 were 
indeed gravi tat ional ly bound to i t . Just as in the case of the Milky 
Way, the velocity dispersion and radius of the system of companions can 
be used as a gauge of the mass of the ent ire system. The companion 
galaxies are substantial ly less luminous and less massive than NGC 720, 
yet the mass of the group is calculated to be approximately 40 times 
that of NGC 720, again indicat ing a large dark halo mass. 

2 .3 .2 . Binary pairs 

Lake and Schommer (1984) have created a sample of nine nearby isolated 
b inary pairs of dwarf i r regular galaxies. Recognizing that this 
procedure is d i f f i c u l t , and after t r y i n g to account for 'opt ica l ' as 
opposed to 'phys ica l ' pa i rs , remaining contamination, and velocity 
measurement e r r o r s , they conclude that dwarf i r regulars have large 
mass-to- l ight ra t ios . 

Sharp (1987) raises a number of objections to the use of b inary pa i rs . 
Since good rotation curves are becoming more common, today we enjoy the 
l u x u r y of being able to wait to see how this method will be viewed when 
many more pairs are analyzed. 

2 .3 .3 . Rotation curves of dwarf i r regulars and dwarf spirals 

As the image tube revolutionized measuring rotation curves 10 to 15 
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years ago, the sorts of measurements discussed below were made possible 
by technology changes: CCD detectors to measure the optical p ro f i les , 
and very sensitive radio arrays to measure the HI r o t a t i o n curves . 

Sargent and Lo (1987) have presented HI data for about a dozen dwarf 
i r regu lars fa inter than tAy= -14. The velocity dispersion expected for 
hot gas is of the same order as the line width of these galaxies; for 
some, no rotat ion could be deduced. For the seven faintest galaxies, 
M/L was of order 10-30, a fact which could not be blamed on enormous 
reservoirs of neutral hydrogen . LGS 3, which has an absolute magnitude 
of - 9 . 4 , M/L about 30, and very l i t t le H I , may be a t ransi t ion object 
between i r regulars and spheroidals. Certainly if it were allowed to 
fade for several more Gyr , it would have an M/L similar to that which 
Aaronson and Olszewski (1987a) deduce for the spheroidals Ursa Minor and 
Draco. 

Comte, Lequeux, and Viallefond (1985) have made similar VLA measurements 
of the rotat ion curves of DDO 47 and Sextans B. They f i n d large 
mass- to- l ight ra t ios , 62 and >90, respect ively , in concordence with the 
above-quoted results by Sargent and Lo for other dwar fs . 

At the Dark Matter Conference, Kormendy (1987) discussed work he has 
done with Bosma and Souviron on the f a i n t , Mß= -14 .5 , dwarf spiral DDO 
127. The rotat ion curve is st i l l r i s ing at 7.5 disk scale lengths. 
This scale length is so small that no 'maximum d i s k 1 model will f i t the 
data. 

A similar exceptional case can be seen in the dwarf i r regular DDO 170. 
(Lake, Schommer, and van Gorkom have graciously allowed me to show two 
of their f igures at this conference, and to mention their work in this 
paper. The f igures can be seen in their paper (Lake, Schommer, and van 
Gorkom 1987).) This dwarf has Mß ~ -16, and is hydrogen r i c h . The 
rotat ion c u r v e , obtained at the VLA, is also slowly r i s ing at about 7 
disk scale lengths . Aga in , the disk cannot alone account for the 
' r i s i n g 1 part of the rotat ion c u r v e , and a maximum disk model simply 
doesn' t w o r k . Most of the rotation curve is therefore determined by the 
dark matter, and assuming an isothermal halo, the halo parameters are 
relat ively well determined. DDO 170 yields a core radius of 3 kpc for 
the dark matter, which is similar to the 2 kpc found by Kormendy, Bosma, 
and Souviron for DDO 127. The mass-to- l ight rat io at the last point in 
DDO 170's rotat ion curve is >30; as it fades with time, the halo may 
resemble the proposed halo of a dwarf spheroidal . 

DDO 170 has the added attract ion of having a smaller dwarf companion, 
also detected at H I , at about 50 kpc projected rad ius , with a velocity 
separation of 80 km s " 1 . As I discussed above, isolated b inary pairs of 
dwarf galaxies are useful for allowing us to measure the total mass 
wi th in the system. The systemic velocity of the companion to DDO 170 
falls on the best f i t halo model of the rotat ion curve of DDO 170. If 
th is is not a chance optical p a i r , then the orb i t of the companion 
implies a total mass of about 1 0 " M 0 . This of course simply comes from 
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the rotat ion speed at 50 kpc . Since the luminosity of the system is 
only a few x10 8 L 0 , the total mass-to- l ight ratio is about 100, on a 
scale of about 50 kpc . 

3. DWARF SPHEROIDAL GALAXIES 

Since Aaronson announced that the velocities of 3 carbon stars in Draco 
d i f fe r by 30 km s ~ 1 , there have been a number of d i f ferent attempts to 
measure velocity dispersions in the spheroidals. The changing detector 
technology has helped tremendously; as I will outl ine below, both 
red-sensi t ive CCDs and mult i -object spectroscopy are being used. The 
intensif ied Reticon is st i l l p rov id ing important spectra , and photon 
count ing is extremely important when the resultant s ignal - to-noise will 
be low, as in Echelle work . I will f i r s t outl ine the observational 
si tuat ion in the f ive spheroidals studied to date, then end by making 
some comments about what new data and analysis may be needed. 

3 . 1 . Fornax 

The f i r s t three studies of the Fornax velocity d ispers ion, by Cohen 
(1983), and Seltzer and Frogel (1985), and Aaronson and Olszewski 
(1986), involved either measuring the dispersion of the globulars or of 
only a very few of the approximately 50 known C stars (Westerlund, 
Edvardsson, and Lundgren 1987). The best guess for the velocity 
dispersion is about 6 km s " 1 , which implies a mass-to- l ight rat io not 
t e r r i b l y d i f fe rent from that of the Galactic g lobulars . The Fornax C 
stars have ages, deduced from their bolometric magnitudes, of as young 
as 2 Gyr . Clear ly , when comparing various resu l ts , it should be 
remembered that we are sampling d i f ferent stellar populations and 
generations. 

Paltoglou and Freeman (1987) have provided exc i t ing new observat ions. 
They obtained velocities of approximately 40 Κ giants in Fornax, 20 each 
in two patches along the major axis of the galaxy, using the AAT 
mult iple-object spectrometer. They tested for the rotat ion of Fornax, 
which at 1 core rad ius , is smaller than about 3 km s " 1 , and consistent 
wi th zero. The resultant velocity dispersion is 5 km s " 1 , similar to 
the earlier resu l ts . 

This sort of work is an obvious approach when the integrat ion times are 
ve ry long. It would be f u n to get data even fa r ther from the center of 
Fornax, since dwarf i r regulars seem to have rotation velocities of about 
10 km s~1 for a galaxy about 1 kpc in size. 

3.2. Carina 

There have been three studies of Car ina's velocity d ispers ion, all based 
on only a few carbon s ta rs . Cook, Schechter, and Aaronson (1983) have 
unpubl ished data on f ive C s ta rs . Godwin and Lynden-Bel l (1987) have 
measured s i x , and Seitzer and Frogel (1985) have also measured s ix . 
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Godwin and Lynden-Bel l (1987) argue that all three groups have 
underestimated their measuring e r r o r s , and that for each g r o u p , the 
measured dispersions of 6 to 12 km s " 1 , when corrected for e r r o r s , 
really imply a t r u e Carina dispersion of about 1 km s " 1 . I th ink that 
th is is s l ight ly un fa i r , since the Godwin and Lynden-Bel l data have the 
largest e r r o r s . However, the important point is that single-epoch 
studies of a small number of s tars , which may have atmospheric j i t t e r or 
may be b inar ies , probably have larger e r rors than are estimated. Also, 
work ing at the observational limit of a telescope may make er rors 
d i f f i c u l t to estimate c o r r e c t l y . 

If the Cook, Schechter, and Aaronson, and the Seitzer and Frogel 
relat ive velocities are averaged together , the dispersion of Carina 
drops to about 3.5 km s " 1 . The individual stars in the two data sets 
are not ordered by velocity in the same way, so it does seem that there 
is something to worry about in the data collected to date. Clear ly , 
what is needed is a good multi-epoch study of the Κ g iants , which may be 
d i f f i c u l t , since the Carina direct ion does have some foreground 
contamination, and since no color-magnitude diagram has been publ ished 
for the ent i re body of Carina. When enough years have passed, a 
proper-mot ion study to weed out foreground contamination would be 
usefu l . 

3.3. Sculptor 

Sculptor is a galaxy from which we will learn much. Only s l ight ly 
fa r ther away than Draco and Ursa Minor, it is , however, substant ial ly 
b r i g h t e r and more massive. Aga in , there are three studies of the 
d ispers ion . Seitzer and Frogel (1985) measured three C s tars . 
Armandroff and Da Costa (1986) have publ ished velocities for 16 Κ 
g iants , have unpubl ished new data for a similar number, and have more 
observ ing time coming up in late 1987. Aaronson and Olszewski (1987b) 
recently measured velocities for seven carbon s ta rs . All three groups 
get similar velocity dispersions of about 6 km s - 1 ; Aaronson and 
Olszewski formally get about 11 km s " 1 but claim that one 
extreme-velocity star is probably a b i n a r y , since two observations 
separated by two months give velocities d i f f e r i n g by 4.6 km s ~ 1 , or 4σ, 
for that s tar . 

The approach Armandroff and Da Costa are tak ing is d i f fe rent from that 
in all of the Aaronson and Olszewski work . Armandroff and Da Costa are 
t r y i n g to measure velocities accurate to 5 km s~ 1 per observat ion, 
s t u d y i n g many stars to beat down the er ror in the d ispers ion. There is 
a very good reason for t h i s ; at Cerro Tololo, the 4m telescope, RC 
spect rograph, a ir -Schmidt camera, and GEC CCD system offers good 
t h r o u g h p u t at the calcium t r ip le t at 8500A. ( T h i s , by the way, is the 
setup used by Seitzer and Frogel . ) Observations take only 20 min per 
s tar ; wi th the MMT Echelle we spend 1.5 hours per s tar . Also, it makes 
sense to observe red stars in the r e d ; t y p i c a l l y , Shectograph-type 
systems must observe bluer where image tubes have good quantum 
ef f ic iency. Armandroff and Da Costa's mult i -epoch data will be v e r y 
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exc i t ing to see. 

To date, Armandroff and Da Costa claim a velocity dispersion of 6*2 
km s " 1 , which yields a mass-to- l ight rat io of 6. This M/L is greater 
than that found for Galactic globulars; they quote a mean globular 
c luster global M/L of 2.8 based on the most recent studies available. 
While it is d i f f i cu l t to address how d i f ferent 6 is from 2.8 given the 
number of uncertaint ies in t u r n i n g a velocity dispersion into a 
mass-to- l ight ra t io , the Sculptor result is i n t r i g u i n g and in te res t ing . 

Aaronson and Olszewski show that warm carbon stars do give a good 
velocity d ispers ion, especially if binaries can be weeded out . They 
argue that Jura 's (1986) reasoning, that Mira optical velocities may not 
be center-of-mass velocit ies, therefore all C stars are bad to use, not 
to mention M stars and even Κ s tars , has no theoretical or observational 
jus t i f i ca t ion . The nice t h i n g about Κ giants is that so much velocity 
work has been done on them by the DAO g r o u p , SAO g r o u p , Gunn and 
G r i f f e n , and the CORAVEL g r o u p . (See the many papers in IAU Colloq. 88, 
Stellar Radial Velocit ies.) There are also very many more Κ stars than 
C stars in a dwarf spheroidal; if the stars are b r i g h t enough, one 
should observe the Κ g iants . 

3.4. Ursa Minor and Draco 

This is the f i f t h year in which we have devoted several n ights of MMT 
time to de r iv ing the velocity dispersions in Draco and Ursa Minor; in 
fac t , I was at the MMT as Jeremy read this t a l k , successfully observing 
more stars in these galaxies. Since Aaronson last showed the histogram 
of velocit ies, at the Dark Matter Conference, we have concentrated on 
two specific areas: get t ing more epochs for the stars which define the 
extremes of the d i s t r i b u t i o n , and adding new s tars . We have not t r ied 
to der ive orb i ts for those stars which seem to be b inar ies . 

Figure 1 shows the histogram of velocit ies. Each box represents a star; 
the number inside the box is the number of d i f fe rent observ ing runs on 
which the star has been observed. Stars which we believe to be velocity 
var iables, probably b inar ies , have their velocity extrema connected by a 
solid l ine. These stars are not used in the dispersion calculat ion. 
The velocities of all of the measurements of the nonvariable stars agree 
to wi th in their e r r o r s , whose approximate size is noted in the f i g u r e . 
The dispersion in each system t u r n s out to be ~10 km s~1 , wi th a 
resul tant M/L >SQ for each galaxy. 

The MMT Echelle and intensif ied Reticon system gets better every year; 
in 1986, the image tube dark count , which defines our integrat ion time 
and fa int l imi t , was decreased to about 1 count per second on the a r r a y . 
This is about the count rate for a V= 17.5 s tar . We have slowly started 
to observe fa inter s ta rs , bu t mostly have been adding to this plot with 
newly discovered g iants . The fa inter giants are also b luer , with weaker 
l ines; the giants are already weak- l ined, since the mean metal abundance 
of each galaxy is about 1/100th solar. 
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Figure 1. Histogram of velocities of stars observed in Draco and Ursa 
Minor th rough May, 1987· Inside each box is the number of 
epochs a star has been observed. Single boxes represent 
those stars whose measured variat ions are smaller than the 
estimated velocity e r r o r s ; the measured extrema of the 
variables are noted. The C stars are also noted. 

These stars lie outside the limits of the proper motion surveys done by 
Stetson (1980) for Draco, and by Cudwor th , Olszewski, and Schommer 
(1986) for Ursa Minor. In each case, the f ield of the survey was 
defined by the f i rs t -epoch Hale Observatory 200" telescope plates; the 
f ie ld is not very d i f ferent from the core radius of each galaxy. We 
have been p ick ing new stars by f i n d i n g stars whose colors would place 
them on the respective giant branches, then obtaining low resolution 
spectra of about 20 stars at a time with John Hi l l ' s MX (multiple 
object) Spectrometer, on the Steward Observatory 90". It is easy to 
tell late G and Κ dwarfs from giants; we then observe the giants on the 
MMT. We have observed two dwarf f ield s ta rs , and in each case should 
have known bet te r . We have also found two distant halo giants which 
have velocities quite d i f ferent from those in the two spheroidals. One 
important success of the MX work , is that one new member star is the 
visual ly br ightes t member of Draco; it lies outside the region which has 
been studied in the past . It will be important to get IR photometry of 
th is s tar . 

We hope to observe 30 stars per galaxy eventual ly . To date the 
d is t r ibu t ions of velocities are consistent with gaussians; however, they 
are st i l l marginally consistent with f lat d is t r ibut ions of velocit ies. 
With more epochs, we are able to limit the types of binaries which might 
be ar t i f ic ia l ly in f la t ing the t rue dispersions to the observed ones. As 
we pointed out before (Aaronson and Olszewski 1987a), a sample of 50% 
binaries with random inclinations and the f ield star spectrum of 
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secondary masses and orbi ta l e l l ipt ic i t ies cannot create a dispersion of 
10 km s " 1 from a t rue 1 km s " 1 d ispers ion. Tremaine (1987) has 
independently come to the same conclusion. One can st i l l create ad hoc 
types of b inar ies , for instance a 5 Μ Θ black hole with a giant in an 
incredib ly el l iptical o r b i t , which would damage our d i s t r i b u t i o n . Gunn 
and Gr i f f in have pointed out that all of their standard stars have shown 
evidence of being b inary after being observed for enough years; all we 
can do is continue to observe, and hope interest stays h igh enough to 
persuade suspicious time allocation committees. 

We have argued before that atmospheric motions and binaries are not 
causing the large dispersions. It is very unl ikely that we are catching 
both galaxies being destroyed by the Milky Way t ide , since at 10 km s"^ 
the crossing time is less than 10 8 years. We hope to f i n d enough stars 
far from the center to test for ro ta t ion . However, rotat ion does not 
save the day for small M/L; if these galaxies were to be hypothesized to 
have M/L ~ 1 , they cannot be ro ta t ing fast enough to produce the observed 
d is t r ibu t ions without substantial hidden mass. Thus they must have 
large M/L , even in th is case. 

We also note that small velocity dispersions, of <λ km s ~ 1 , have 
been found in open clusters by Bob Mathieu (1983; the data are now 
presented in Mathieu et a[. 1986), wi th identical Echelles and 
detectors , and identical software. The stars are b r i g h t e r and have been 
observed more o f ten , but our results d o n ' t seem to be a fundamental 
l imitation of the equipment. 

4. FINAL DISCUSSION WITH QUESTIONS 

If we assume, for lack of a plausible a l ternat ive , that some k ind of 
dark matter is causing the d is t r ibu t ion of velocities in Draco and Ursa 
Minor, what sort of understanding do we come to? What sort of questions 
do we need the theoreticians to concentrate on? What new observations 
do we need? 

Imagine Ursa Minor to have a large velocity d ispers ion. Without dark 
matter, Ursa Minor would have a dispersion of 1 km s"" 1, so to f i r s t 
order all the dispersion is being caused by the dark matter. If we now 
place th is dark matter about Fornax, which is about two orders of 
magnitude more massive than Ursa Minor, Fornax should also have a large 
d ispers ion. We can change the ratio of core radius of the dark matter 
to the core radius of the s ta rs , but it would be nice to appeal to other 
observat ions. More work on the dwarf spirals and dwarf i r regulars can 
help , but how do we br idge the gap between well studied objects l ike DDO 
170, which is considered puny but is incredibly b r i g h t e r and more 
massive than Ursa Minor? LGS 3 does have about the r i g h t magnitude, but 
the velocity f ie ld has been described as ' c h a o t i c . 1 The parameters of 
its halo cannot be deduced from these data. We also need to make 
self -consistent models, because use of a King model carries the implicit 
assumption that the core radius of the dark matter is the same as that 
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of the b r i g h t matter. 

The dark matter might also be in remnants. This idea has gained in 
p lausib i l i ty late ly , especially because McClure et a[. (1986) have noted 
systematic luminosity funct ion differences in globular c lusters of 
d i f f e r i n g metal l ic i ty . No matter what form the dark matter is 
eventual ly shown to be i n , Ursa Minor and Draco are exceptional 
objects. 

Is it possible that Ursa Minor simply possesses a velocity anisotropy so 
that the observed dispersion gives the wrong M/L? Models made to date 
are for b ig ell ipticals and seem to imply that even modest anisotropies 
are unstable to bar format ion. 

For Ursa Minor, especially, we need to make star counts which bet ter 
constrain the core and tidal rad ius . We need to determine whether the 
spheroidals are relaxed systems, and/or how they have been affected by 
the Milky Way. We need to get absolute proper motions of these systems, 
so we can see what the orb i ts are l i ke . We need more e f f ic ient , 
mult iple-object Echelle spectrographs. We need more telescope time and 
b igger telescopes. And most of a l l , we need more scientists l ike 
Marc Aaronson, with lots of ideas, and the energy to see them to 
f r u i t i o n . 

This work was par t ia l ly supported by NSF grant AST86-11405. EO also 
thanks Peter Str i t tmatter for suppor t . Bob Schommer is thanked for many 
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sadness for all of us associated with Marc Aaronson. Marc died before 
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