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ABSTRACT. We w i l l b r i e f l y review the f o l l o w i n g q u e s t i o n s : 1 ) i s there 
compe l l ing ev idence f o r the e x i s t e n c e o f dark mat ter i n i n d i v i d u a l d i s k 
g a l a x i e s ? , 2 ) where i s t h i s dark m a t e r i a l ? , 3 ) how much o f i t i s t h e r e ? , 
and 4 ) what i s i t s shape? 

1 . EVIDENCE FOR DARK MATTER IN DISK GALAXIES 

The primary ev idence f o r dark matter i n d i s k g a l a x i e s comes from the 
observed extended r o t a t i o n curves . Using a now w e l l known procedure , 
p ioneered by K a l n a j s ( 1 9 8 3 ) , the r o t a t i o n curve o f the v i s i b l e 
components, assuming they have a cons tant m a s s - t o - l i g h t r a t i o , can be 
computed from the observed r a d i a l l u m i n o s i t y p r o f i l e , and compared to 
the observed r o t a t i o n curve . For g a l a x i e s wi th extended r o t a t i o n curves 
a d i s crepancy occurs in the outer p a r t s , where the r o t a t i o n curve due to 
the v i s i b l e components o f the ga laxy d e c l i n e s . Of course the more 
extended the r o t a t i o n curve , the s t r o n g e r the d i screpancy w i l l b e . This 
d i s crepancy i s u s u a l l y taken to i n d i c a t e the presence o f a dark h a l o . 

From K e n t ' s ( 1 9 8 6 ) work on the g a l a x i e s i n the sample o f Rubin e t 
a l . ( 1 9 8 5 , and r e f s . t h e r e i n ) . , i t i s c l e a r t h a t i n most cases the 
o p t i c a l r o t a t i o n curves do not extend f a r enough to show the d i screpancy 
c l e a r l y ( s e e a l s o F ig . 1 ) . Thus, as has been remarked b e f o r e by Van 
Albada and S a n c i s i ( e . g . 1 9 8 6 ) , the H I - r o t a t i o n curves o f r e g u l a r 
g a l a x i e s prov ide the b e s t ev idence f o r dark matter i n the outer p a r t s o f 
s p i r a l s . I f a l l the matter i s in the d i s k , l o c a l m a s s - t o - l i g h t r a t i o s o f 
over a 1000 are needed in order to account f o r the f l a t r o t a t i o n curves 
f a r out ( e . g . Bosma and Van der K r u i t 1 9 7 9 ) . 

2 . DISK/HALO DECOMPOSITION 

S e v e r a l authors have now p u b l i s h e d composi te d i s k / h a l o models o f 
s p i r a l s , in order to ga in more i n s i g h t i n t o the p r o p e r t i e s o f the h a l o e s 
themse lves , ( e . g . Carignan and Freeman 1 9 8 5 , Van Albada e t a l . 1 9 8 5 , 
B a h c a l l and Casertano 1 9 8 5 , Kent 1 9 8 6 , 1 9 8 7 , Athanassou la e t a l . 1 9 8 7 ; 
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Figure 1 . Mass model f o r NGC 4 8 8 . a. Rad ia l l u m i n o s i t y p r o f i l e from 

Boroson ( 1 9 8 1 ) , i n d i c a t i n g our b u l g e / d i s k decompos i t ion , b . Maximum disk 

mass model d e r i v e d f o r the o p t i c a l data a l o n e . Note t h a t no h a l o appears 

n e c e s s a r y . C. Maximum d i s k model d e r i v e d from the HI d a t a . In order to 

f i t the data we now have to add a h a l o ( i n t h i s c a l c u l a t i o n assumed to 

be i s o t h e r m a l ) to the bu lge and d i s k c o n t r i b u t i o n s . In bo th pane l s b and 

c the observed data p o i n t s are represen ted by open c i r c l e s , the bu lge 

r o t a t i o n curve by t r i a n g l e s , the d i s k by p l u s s i g n s , t h e i r sum by d o t s , 

the h a l o by diamonds, and the t o t a l by s o l i d l i n e s . 
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h e r e a f t e r ABP). S ince the m a s s - t o - l i g h t r a t i o o f the d i s k i s a f r e e 
parameter , there are v a r i o u s s t r a t e g i e s t o l i m i t the i n f i n i t e number o f 
p o s s i b l e models . The main ones are : 

a) Bes t f i t t i n g , i . e . l e a s t squares f i t s t o the observed curves (Kent 
1 9 8 6 , 1 9 8 7 ) . Even though t h i s i s e s t h e t i c a l l y p l e a s i n g , i t presupposes 
an a n a l y t i c a l form f o r the h a l o , which may not be the c o r r e c t one. 

b ) Maximum d i s k . This s o l u t i o n i s g e n e r a l l y f a v o r e d . Note t h a t there are 
two d i f f e r e n t s o l u t i o n s under t h i s name : 

- i ) t r u e l y maximum d i s k : The d i s k M / L - r a t i o i s taken as h igh as 
p o s s i b l e , and no a t t e n t i o n i s g iven to the h a l o p a r t i f i t e x i s t e d . The 
models o f K a l n a j s ( 1 9 8 3 ) and Kent ( 1 9 8 6 ) are examples o f t h i s . 

- i i ) maximum d i s k wi th no h o l l o w h a l o core : The M/L r a t i o o f the d i s k 
i s somewhat lower than f o r a t r u e l y maximum d i s k , so as to a l l o w a 
' r e a s o n a b l e ' r o t a t i o n curve f o r the h a l o (Van Albada e t a l . 1 9 8 5 , ABP). 

c ) Decomposi t ions wi th s p i r a l s t r u c t u r e c o n s t r a i n t s (ABP). From d i s k 
s t a b i l i t y theory we know t h a t a s u f f i c i e n t amount o f h a l o may p r o h i b i t 
s p i r a l s t r u c t u r e . In f a c t , the r a t i o o f h a l o to d i s k mass determines the 
m u l t i p l i c i t y o f the s p i r a l p a t t e r n (Toomre 1 9 8 1 ) . Thus f o r reasonab ly 
b i - symmetr i c s p i r a l s we can d e l i m i t the d i s k m a s s - t o - l i g h t r a t i o between 
a v a l u e below which m=2 s t r u c t u r e s are p r o h i b i t e d ("no m=2" m o d e l s ) , and 
a v a l u e above which m=l s t r u c t u r e s (asymmetries) are not suppressed 
anymore ("no m=l" m o d e l s ) . 

In p r a c t i c e , f o r a l a r g e number o f c a s e s , the requirement f o r a 
h a l o wi th no h o l l o w core and the requirement t h a t m=l s t r u c t u r e s are 
suppressed g i v e v e r y s i m i l a r models . Thus in t h i s rev iew we w i l l no t 
d i s t i n g u i s h between "no m=l" and "maximum d i s k wi thout a h o l l o w core 
ha lo" models . ABP a s s e s s e d the "no m=l" models and argued t h a t they 
appear to be v e r y reasonable decompos i t ions , f o r a v a r i e t y o f reasons : 

- they g i v e good f i t s t o the da ta . 

- they are c o n s i s t e n t wi th the number o f arms observed . 
- they are c o n s i s t e n t wi th the observed e x t e n t o f the s p i r a l s t r u c t u r e . 
- they are c o n s i s t e n t wi th the m=4 components observed i n the outer 
p a r t s o f some S c - g a l a x i e s . 

- they have reasonab le gas f r a c t i o n s . 

- they have reasonab le m a s s - t o - l i g h t r a t i o s , in agreement wi th o ther 
de terminat ions ( e . g . those by Van der K r u i t and Freeman, 1 9 8 4 , 1 9 8 6 ) , 
and wi th current s t e l l a r p o p u l a t i o n models . 

One more argument can be added to the above l i s t . For the handful 
o f s p i r a l s f o r which o b s e r v a t i o n s o f v e l o c i t y d i s p e r s i o n s extend beyond 
the innermost p a r t , one can c a l c u l a t e , wi th the h e l p o f the mass models , 
the r a t i o Q o f the r a d i a l v e l o c i t y d i s p e r s i o n to the minimum n e c e s s a r y 
f o r axisymmetric s t a b i l i t y (Toomre 1 9 6 4 ) . The v a l u e o f Q should be above 
1 , t o ensure axisymmetric s t a b i l i t y , and not exceed a maximum o f order 
2 . 5 , above which s p i r a l s t r u c t u r e would be s t i f l e d ( e . g . Athanassou la 
and Sel lwood 1 9 8 6 ) . For the ga laxy NGC 488 the Q v a l u e s , c a l c u l a t e d wi th 
the h e l p o f d i s p e r s i o n measurements o f I l l i n g w o r t h and Kormendy ( i n 
p r e p . ) and a r o t a t i o n curve obta ined from data o f Pe terson ( 1 9 8 0 ) and 
r e c e n t VLA 21-cm l i n e data by one o f us ( A . B . ) , are indeed i n the 
reques ted i n t e r v a l . 

Van Albada and S a n c i s i ( 1 9 8 6 ) and Kent ( 1 9 8 6 ) argued whether 
'bumps' on the observed r o t a t i o n curves r e q u i r e t h a t the maximum d i s k 
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s o l u t i o n should be adopted. We wish to p o i n t out here t h a t such an 
argument should be cons idered with c a r e . I t i s on ly r e l e v a n t f o r round, 
or n e a r l y round l e n s e s , r i n g s or p l a t e a u x , or f o r the mean axisymmetric 
motion due to o ther p e r t u r b a t i o n s , whi l e f r e q u e n t l y the bumps are 
observed on ly on s i n g l e l o n g - s l i t p o s i t i o n - v e l o c i t y diagrams, and can be 
t r a c e d back to non-axisymmetric components in the d i s k ( e . g . the 
c r o s s i n g o f an arm) . 

Thus the "no m=l" s o l u t i o n seems to do w e l l in a l l the t e s t s i t has 
been s u b j e c t e d t o . On the o ther hand the "no m=2" s o l u t i o n has gas 
f r a c t i o n s and d i s k M/L r a t i o s , on the h igh and the low s i d e r e s p e c t i v e l y 
(ABP). Furthermore, f o r the "no m=2" model o f NGC 488 ( s e e a b o v e ) , we 
found uncomfortably h igh Q v a l u e s . Some of these o b j e c t i o n s become l e s s 
s evere i f one shortens the d i s t a n c e s c a l e , and c o u l d be f u r t h e r eased by 
a p p r o p r i a t e changes in the a b s o r p t i o n c o r r e c t i o n s . Note t h a t then the 
M/L v a l u e s d e r i v e d in t h i s way w i l l not be i n agreement any more with 
those d e r i v e d by Van der K r u i t and Freeman ( 1 9 8 4 , 1986 ) from the 
v e r t i c a l s c a l e s o f d i s k s . Changes in the d e p r o j e c t i o n o f the observed 
d i s p e r s i o n s a f f e c t the Q v a l u e s . As th ings s tand now, we favour the "no 
m=-l" s o l u t i o n . The arguments are not p r e c i s e enough to a l l o w us to 
a s s e s s s o l u t i o n s in between t h a t and the "no m=2" s o l u t i o n . 

3 . SUMMARY OF HALO PARAMETERS 

In ABP we showed t h a t there i s a trend between the r a t i o o f h a l o mass to 

luminous mass and the i n t e g r a t e d c o l o r o f the g a l a x y . This had a l ready 

been d i s c u s s e d by T i n s l e y ( 1 9 8 1 ) : l a t e type s p i r a l s should have 

comparat ive ly more dark matter w i t h i n t h e i r o p t i c a l rad ius than do e a r l y 

type s p i r a l s . In v iew o f the i n t e r e s t i n t h i s t rend , we checked t h a t i t 

does not a r i s e a r t i f i c i a l l y from e i t h e r our mode l l ing procedures or from 

the f i d u c i a l rad ius w i t h i n which the masses are e v a l u a t e d . 

In the ABP sample on ly a d i s k , a h a l o and, whenever p r e s e n t , a 

b u l g e component were taken i n t o account f o r the mass models . The n e g l e c t 

o f the gas c o n t r i b u t i o n , as e x p l a i n e d i n t h a t paper , a r t i f i c i a l l y 

i n c r e a s e s the h a l o mass, and t h i s e f f e c t w i l l be o b v i o u s l y more 

important f o r g a l a x i e s wi th a l a r g e gas content i . e . p r i m a r i l y l a t e 

t y p e s . This would enhance the above mentioned t r e n d . We have thus 

r e c o n s i d e r e d the q u e s t i o n us ing two s m a l l e r , but more homogeneous 

samples , f o r which good q u a l i t y HI data are a v a i l a b l e . The f i r s t one i s , 

t o a l a r g e e x t e n t , a subsample o f the ABP one, and has a v a i l a b l e 

photometry in the b l u e band. For the second one we used photometry in 

the red band from Kent ( 1 9 8 7 ) . For both samples we have c a l c u l a t e d mass 

models i n which the gas d i s t r i b u t i o n i s e x p l i c i t l y taken i n t o account 

and p l o t t e d the r a t i o o f h a l o to s t e l l a r mass as a f u n c t i o n o f ga laxy 

c o l o r . The trend sugges ted by T i n s l e y i s a t l e a s t as c l e a r as i n the ABP 

sample . Adding the gas to the s t e l l a r mass does not a l t e r t h i s trend 

s i g n i f i c a n t l y . 

For both samples we have repeated the e x e r c i s e c a l c u l a t i n g the mass 

r a t i o s w i t h i n o ther r a d i i , l i k e the Holmberg rad ius or a dynamica l ly 

d e f i n e d rad ius ( e . g . a m u l t i p l e o f the rad ius a t which the d i s k r o t a t i o n 

curve reaches i t s maximum) and f i n d t h a t the trend s t i l l e x i s t s . 
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Figure 2 . R a t i o o f h a l o mass to s t e l l a r d i s k + b u l g e mass , e v a l u a t e d a t 

R 2 5 , as f u n c t i o n o f c o l o r , f o r the two samples d e s c r i b e d i n the t e x t . 

The r e l a t i o n between the luminous and dark m a t e r i a l seems very 
t i g h t , and in f a c t has l e a d to the n o t i o n o f a ' c o n s p i r a c y ' between the 
two, i n order to g i v e f l a t , f e a t u r e l e s s r o t a t i o n curves ( B a h c a l l and 
Casertano 1 9 8 5 ) . There are s e v e r a l ways i n which t h i s c o n s p i r a c y can be 
expres sed (ABP) , e . g . by a t rend between the c e n t r a l d e n s i t y o f the d i s k 
and t h a t o f the h a l o , and by the f a c t t h a t h a l o e s o f e a r l y type g a l a x i e s 
seem more concentra ted than those o f l a t e t y p e s . The compress ion o f h a l o 
m a t e r i a l during the format ion o f the d i s k may p l a y a c r u c i a l r o l e here 
( c f . Blumenthal e t a l . 1 9 8 6 ) . 

4 . GALAXIES WITH LOW SURFACE BRIGHTNESS DISKS 

Although g a l a x i e s wi th low s u r f a c e b r i g h t n e s s d i s k s are no t v e r y w e l l 

r e p r e s e n t e d in the samples u s u a l l y d i s c u s s e d f o r r o t a t i o n c u r v e s , they 

might shed some l i g h t on p r o c e s s e s which are a l s o important i n 'normal' 

g a l a x i e s . In Bosma e t a l . ( 1 9 8 7 ) new data are p r e s e n t e d f o r the ga laxy 

NGC 5 9 6 3 . This ga laxy has a f a i r l y ' s t a n d a r d ' r o t a t i o n curve and gas 

d e n s i t y p r o f i l e , s i m i l a r to those o f NGC 2 4 0 3 , 3198 or 6 5 0 3 . Y e t i t s 

outer d i s k has low s u r f a c e b r i g h t n e s s ( s e e Romanishin e t a l . 1 9 8 2 ) . From 

t h e i r mass mode l l ing Bosma e t a l . d e r i v e a v e r y c o n c e n t r a t e d h a l o , wi th 

a core rad ius about twice as smal l as f o r Sc g a l a x i e s wi th comparable 

r o t a t i o n curves and gas d e n s i t y p r o f i l e s . The model has two d i s k 

components, a gaseous and a s t e l l a r one. Assuming t h a t the gas has a 

c o n s t a n t v e l o c i t y d i s p e r s i o n o f 8 km/s and u s i n g a maximum d i s k model as 

d i s c u s s e d in s e c . 2 , we c a l c u l a t e d the s t e l l a r v e l o c i t y d i s p e r s i o n 

n e c e s s a r y f o r marginal d i s k s t a b i l i t y , as f u n c t i o n o f r a d i u s . We f i n d 

t h a t t h i s i s h igh i n the inner h igh s u r f a c e b r i g h t n e s s p a r t and on ly o f 

order 8 km/s in the outer low s u r f a c e b r i g h t n e s s d i s k , i . e . a v a l u e very 

s i m i l a r to the gas v e l o c i t y d i s p e r s i o n . One can thus s p e c u l a t e t h a t the 
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Figure 3 . Radius a t which the minimum 

s t e l l a r r a d i a l v e l o c i t y d i s p e r s i o n 

n e c e s s a r y f o r axisymmetric s t a b i l i t y 

drops below 8 km/s , compared to the 

o p t i c a l rad ius R 2 5 

R ( d l s p = 8) (kpc) 

gas d i s k o f t h i s ga laxy i s and has been a lmost Jeans s t a b l e , whence the 
absence o f s t a r format ion and the low s u r f a c e b r i g h t n e s s o f the d i s k . 

A s i m i l a r e f f e c t may determine the outer edge o f the d i s k o f every 
g a l a x y . Us ing maximum d i s k models , we have e v a l u a t e d f o r g a l a x i e s in the 
two samples mentioned i n the preceed ing s e c t i o n the rad ius a t which the 
minimum s t e l l a r r a d i a l v e l o c i t y d i s p e r s i o n drops be low 8 km/sec . In 
f i g u r e 3 we show the t i g h t r e l a t i o n between t h i s rad ius and the o p t i c a l 
r a d i u s . F a l l and E f s t a t h i o u ( 1 9 8 0 ) have found a s i m i l a r c o r r e l a t i o n and 
have argued t h a t o u t s i d e t h i s rad ius the gas i s Jeans s t a b l e and does 
no t form s t a r s . 

5 . SHAPE OF THE HALO 

U n f o r t u n a t e l y dynamical arguments are not t i g h t enough to a l l o w us to 

determine p r e c i s e l y the shape o f the h a l o , even i f we n e g l e c t 

c o m p l e x i t i e s due t o non-axisymmetries ( s e e Binney 1986 f o r arguments 

about t r i a x i a l h a l o e s ) . We w i l l thus p r i m a r i l y focus the f o l l o w i n g 

d i s c u s s i o n on whether the h a l o i s more s p h e r i c a l or more d i s k l i k e . 

a ) From s t a b i l i t y arguments a lone one cannot conclude anything about the 

shape o f the dark h a l o . A s p h e r i c a l h a l o i s indeed w e l l known to 

s t a b i l i z e ( O s t r i k e r and P e e b l e s , 1 9 7 3 , e t c . ) , but i t i s wrong to 

r e v e r s e the argument and conclude t h a t the h a l o has t o be s p h e r i c a l in 

order t o s t a b i l i z e . Athanassoula and Sel lwood ( 1 9 8 6 ) have shown t h a t a 

h o t d i s k by i t s e l f can ensure s t a b i l i t y , wi thout h e l p from a s p h e r i c a l 

h a l o . 

b ) Binney e t a l . ( 1 9 8 7 ) argue t h a t f o r our Galaxy the a x i a l r a t i o o f the 
h a l o p o t e n t i a l i s i n between 0 . 3 and 0 . 6 , prov ided t h a t the k inemat ic s 
o f the h a l o m a t e r i a l i s l i k e t h a t o f extreme p o p u l a t i o n I I s t a r s , the 
h a l o i s a p e r f e c t s p h e r o i d , and the combined d i s k / h a l o p o t e n t i a l i s o f a 
S t a c k e l form. The f i r s t h y p o t h e s i s may w e l l no t be v a l i d , p a r t i c u l a r l y 
i f the h a l o m a t e r i a l i s non-baryon ic . Furthermore m o d e l l i n g procedures 
may i n f l u e n c e the r e s u l t , as argued by Sommer-Larsen ( 1 9 8 7 ) , who showed 
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tha t round models , prov ided t h a t they are not c o n s t r a i n e d to be s c a l e -

f r e e , can be f i t t e d to the a v a i l a b l e da ta . 

c ) The p o l a r r i n g s around SO g a l a x i e s may g i v e some ev idence on the 

shape o f dark h a l o e s (or f o r m i n i m a l i s t s : on ly on the shape o f the dark 

h a l o e s around these g a l a x i e s ) . Schweizer e t a l . ( 1 9 8 3 ) p r e s e n t e d data 

f o r A 0 1 3 6 - 0 8 0 1 and showed tha t the mismatch between the d i s k v e l o c i t i e s 

and the p o l a r r i n g v e l o c i t i e s d i d not exceed 10 - 15 % and t h e r e f o r e 

argued f o r an a x i a l r a t i o o f the p o t e n t i a l o f l a r g e r than about 0 . 9 . 

More r e c e n t r e s u l t s by Whitmore e t a l . ( 1 9 8 7 ) f o r 3 such g a l a x i e s 

i n d i c a t e v a l u e s o f 0 . 8 6 ± 0 . 2 1 , 1 . 0 5 ± 0 . 1 7 and 0 . 9 8 ± 0 . 2 0 . For 

A 0 1 3 6 - 0 8 0 1 the data are good enough to a l l o w a d i s k / h a l o decompos i t ion , 

from which we f i n d t h a t from the d i s k a lone we g e t an a x i a l r a t i o o f the 

p o t e n t i a l o f about 0 . 7 in the r e g i o n o f i n t e r e s t . The h a l o around t h i s 

ga laxy has thus to be s u b s t a n t i a l l y rounder to produce the agreement 

between the d i s k and r i n g v e l o c i t i e s . 

d) The warping o f the H I - l a y e r has been p u z z l i n g t h e o r e t i c i a n s f o r some 
time now, and most favour a s o l u t i o n i n v o l v i n g a h a l o . However, so f a r 
t h e i r i n v e s t i g a t i o n s have not prov ided us wi th a p r e c i s e , sharp t o o l 
d e l i n e a t i n g the shape o f the h a l o . 

e ) The f l a r i n g o f the H I - l a y e r may prov ide i n t e r e s t i n g c o n s t r a i n t s on 

the shape o f the dark h a l o . For NGC 891 Van der K r u i t ( 1 9 8 1 ) a l r e a d y 

argued t h a t the o b s e r v a t i o n s cou ld be b e t t e r d e s c r i b e d by a model wi th 

c o n s t a n t d i s k M/L and a h a l o , r a t h e r than by a model i n which a l l the 

mass i s i n the d i s k and i t s M/L v a r i e s wi th r a d i u s . However, i n h i s 

models he t r e a t e d the gas as t e s t p a r t i c l e s , and n e g l e c t e d the h a l o and 

bu lge mass. These two assumptions w i l l a r t i f i c i a l l y i n c r e a s e the f l a r i n g 

in the outer p a r t s o f the d i s k in the d i s k + h a l o models , s i n c e there 

the g r a v i t y r e s p o n s i b l e f o r keeping the gas near the p lane i s due mainly 

to the gas i t s e l f , whi l e the h a l o c o n t r i b u t i o n to the v e r t i c a l f o r c e 

should not be n e g l e c t e d . 

These assumptions can be e a s i l y r e l a x e d . We thus reran the case o f 

NGC 8 9 1 , assuming, l i k e Van der K r u i t ( 1 9 8 1 ) , t h a t bo th the gas v e l o c i t y 

d i s p e r s i o n and the t h i c k n e s s o f the s t e l l a r d i s k do not v a r y wi th 

r a d i u s . The r e s u l t s no longer show such a c l e a r c u t d i s t i n c t i o n between a 

"no m=l" model wi th s p h e r i c a l h a l o , and an a l l - d i s k model . L u c k i l y , f o r 

o ther g a l a x i e s the s i t u a t i o n i s more f a v o u r a b l e . For M31 we f i n d t h a t 

the f l a r i n g f o r a s p h e r i c a l h a l o model i s about t h a t r e q u i r e d i n the 

Brinks and Burton ( 1 9 8 6 ) model , which gave a r e a s o n a b l e f i t t o B r i n k s ' s 

o b s e r v a t i o n s . 

In order to ge t a f e e l i n g o f how much i n f o r m a t i o n on the shape o f 

h a l o e s can be obta ined from a s u i t a b l y s e l e c t e d sample o f edge-on 

g a l a x i e s , we have run models wi th parameters taken from those o f 

r e p r e s e n t a t i v e g a l a x i e s wi th more f a c e - o n o r i e n t a t i o n s . We have found 

t h a t the d i f f e r e n c e s between s p h e r i c a l and d i s k h a l o s can be t a l e -

t e l l i n g , prov ided the measurements extend out f a r enough i n r a d i u s . An 

example f o r a model wi th the parameters o f the w e l l s t u d i e d g a l a x y NGC 

3198 i s shown in F i g . 4 . Here we compare, f o r three d i f f e r e n t v a l u e s o f 

the s t e l l a r d i s k t h i c k n e s s , the f l a r i n g o f the HI d i s k f o r maximum d i s k 
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τ 1 r 

Radius (kpc) 

Figure 4 . P r e d i c t e d f l a r i n g o f the HI d i s k i n NGC 3198 f o r maximum d i sk 

+ h a l o models (upper curves ) and f o r a l l - d i s k models ( lower curves ) 

+ h a l o models (upper three c u r v e s ) , and f o r a l l - d i s k models ( lower three 
c u r v e s ) . The d i f f e r e n c e between the two s e t s i s v e r y c l e a r and thus 
o b s e r v a t i o n s o f t h i s g a l a x y , or o thers wi th s i m i l a r parameters , should 
enable us to put s t r i n g e n t c o n s t r a i n t s on the shape o f the h a l o . Note 
a l s o the occurrence o f a smal l 'knee' or change o f s l o p e around a radius 
o f 28 kpc . We found such f e a t u r e s in s e v e r a l c a s e s , and they c o u l d 
always be e x p l a i n e d by changes i n s l o p e o f e i t h e r the s t e l l a r luminos i ty 
or the gas d e n s i t y p r o f i l e . We w i l l address the h a l o shape problem 
f u r t h e r wi th s p e c i f i c o b s e r v a t i o n s in the near f u t u r e . 

6 . CONCLUSIONS 

In c o n c l u s i o n , we th ink t h a t the ev idence f o r dark matter ( b a r r i n g some 

s u i t a b l e form o f modi f i ed dynamics) i s q u i t e s t r o n g , and t h a t , us ing 

composi te d i s k / h a l o models and apply ing dynamical c o n t r a i n t s , we have 

a l r e a d y made a reasonable inroad in u n r a v e l l i n g some o f the p r o p e r t i e s 

o f the dark h a l o e s . We need to sharpen our t o o l s on two outs tanding 

q u e s t i o n s : the shape, f o r which we have g iven some h i n t s , and the 

e x t e n t o f the h a l o . 
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