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Abstract. Near-infrared photometry of Cepheid va r i ab l e s in 
the Local Group galaxies, NGC 6822, IC 1613, and M33, and in 
the M81 Group galaxy, NGC 2403 has been used to determine 
new, independent d i s t ances to these ob j ec t s , which are 
almost unaffected by dust extinction and by differences in 
meta l l i c i t i e s among the galaxies. 

Introduction 
The advantages inherent in using the near-infrared Period-

Luminosity (P-L) r e l a t i o n have been discussed in some d e t a i l by 
McGonegal et_ a_l. (1982) and in var ious papers a t t h i s meeting. For the 
purpose of using the technique for more distant galaxies, i t should be 
s t r e s sed tha t i t i s the smal le r v a r i a t i o n of surface b r igh tness with 
temperature tha t a l lows nea r - in f r a red observat ions of Cepheids in 
ex t e rna l ga lax ies to be p r a c t i c a l . The i n t r i n s i c width of the Q band 
(1.65 um) P-L relat ion for random-phase observations has been shown to 
be approximately the same as that for fully phase-averaged _V (0.55 um) 
measurements. Thus, single-phase near-infrared observations of Cepheids 
in ex te rna l ga lax ies can lead to apparent d i s tance moduli which have 
about the same i n t r i n s i c unce r t a in ty as the best a v a i l a b l e in the 
o p t i c a l ; however , the l a r g e t e l e s c o p e t ime r e q u i r e d for such 
measurements i s an order of magnitude l e s s , and i t i s p r imar i ly t h i s 
consideration that makes the near-infrared technique so a t t rac t ive . In 
add i t ion , the sma l l e r e x t i n c t i o n in the nea r - in f ra red means tha t the 
unce r t a in ty in the t rue d i s t ance modulus to a galaxy i s l i k e l y to be 
smaller than in the optical . 

Over the past three yea r s , observat ions of Cepheids in s ix nearby 
ga lax ies have been ca r r i ed out. Welch et a l . (1984) have already 
discussed the continuing program to monitor the Cepheids in the 
Magellanic Clouds. This paper w i l l d i scuss four more d i s t a n t objects 
observed. 

Observations 
More than 90$ of the n e a r - i n f r a r e d o b s e r v a t i o n s of 

extragalactic Cepheids outside the Magellanic Clouds have been obtained 
with the Multiple Mirror Telescope (MMT), operated by the Smithsonian 
I n s t i t u t i o n and the Univers i ty of Arizona. The te lescope has a 
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c o l l e c t i n g a r e a e q u i v a l e n t t o a 4.5m c o n v e n t i o n a l t e l e s c o p e , and the 
s p e c i a l i z e d n e a r - i n f r a r e d p h o t o m e t e r b u i l t f o r t h e MMT i s t h e most 
s e n s i t i v e such system in the world. As an example of the s e n s i t i v i t y of 
t h e p h o t o m e t e r , a s i g n a l - t o - n o i s e r a t i o of one can be o b t a i n e d i n one 
hour of i n t e g r a t i o n f o r an o b j e c t of _J « 22 .3 . The mount f o r t he MMT i s 
a l t i t u d e - a z i m u t h , and chopping i s performed in e l eva t ion . This provides 
a s ingu la r advantage when observing Cepheids i n the crowded f i e l d s of 
e x t e r n a l g a l a x i e s . M u l t i p l e o b s e r v a t i o n s of a g iven Cepheid , when 
obtained severa l hours a p a r t , w i l l be made a t s i g n i f i c a n t l y d i f f e r e n t 
pos i t i on ang les , and the e f f e c t s of f i e l d crowding can be minimized. 

The four ga l ax ie s which have been observed a re the Local Group members 
NGC 6822, IC 1613, and M33. In a d d i t i o n , s e v e r a l Cephe ids in NGC 2403, 
which i s probably a member of the M81 group, were a l so measured. Fur ther 
d e s c r i p t i o n s of the observa t ions can be found in McAlary e t _al. (1983), 
McAlary, Madore, and Davis (1984), McAlary and Madore (19847, and Madore 
e t a l . (1984) . For t he Local Group members, the Cepheids a r e a l l 
b r i g h t e r than 19 magn i tude i n t h e n e a r - i n f r a r e d and were t h e r e f o r e 
observed in the _H band so as to minimize reddening and i n t r i n s i c s t r i p 
w i d t h . The e x t r e m e f a i n t n e s s of t h e Cepheids i n NGC 2403 n e c e s s i t a t e d 
o b s e r v a t i o n s in t h e J_ band, where t h e MMT p h o t o m e t e r i s about 0.7 mag 
more s e n s i t i v e . The o b s e r v a t i o n s a r e shown i n F ig 1, where t he s o l i d 
l i n e i n d i c a t e s t he c o m p o s i t e P-L r e l a t i o n d e t e r m i n e d by Welch e t a l . 
(1984). 

F i g . 1 N e a r - i n f r a r e d P-L r e l a t i o n s f o r a) NGC 6822, b) IC 
1613, c) M33, and d) NGC 2403. Photometr ic u n c e r t a i n t i e s for 
t h e Loca l Group g a l a x i e s a r e abou t t w i c e t h e s i z e of t he 
symbo l s . The s o l i d l i n e i s t he c o m p o s i t e P-L r e l a t i o n 
d e t e r m i n e d from Cepheids in the M a g e l l a n i c Clouds and 
g a l a c t i c c l u s t e r s . 
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The d i s t ances to the four ga l ax ie s were determined by incorpora t ing the 
observat ions i n to a m u l t i p l e l i n e a r regress ion f i t which a l so included 
the g a l a c t i c c l u s t e r Cephe ids ( C a l d w e l l 1983) and t h o s e in the 
M a g e l l a n i c c l o u d s . The d i s t a n c e s a r e g iven in Table 1. These compare 
favorably with most o the r de te rmina t ions with the exception of NGC 6822, 
where the e x t i n c t i o n appears to have been underest imated in most o p t i c a l 
s t u d i e s , and f o r NGC 2403 , where our d i s t a n c e i s even l a r g e r than t h a t 
found by Tammann and Sandage (1968). Recently, however, Sandage (1984) 
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has es t imated the d i s tance modulus to be 27.9, in good agreement with 
our r e s u l t . Our r e s u l t for M33 a lso d isagrees with tha t of Sandage 
(1983). At l e a s t par t of t h i s must be r e l a t ed to h is low value for the 
foreground and internal ext inct ion toward the Cepheids in the galaxy, 
but there may also be residual zero-point errors in his re-analysis of 
the photographic photometry of Hubble (1926). 

The Red Supergiant Calibration 
Beyond the realm of the Cepheids, d i s tance moduli are not 

well determined. I t i s now generally conceded that the diameters of HII 
regions are not re l iable indicators , and Sandage (1984a) has shown that 
the br igh tness of the blue superg ian t s wi thin a galaxy i s a strong 
function of the galaxy's in t r ins ic luminosity. In a series of papers on 
the superg ian ts of nearby ga lax ies Humphreys (1984, and references 
the re in ) has asse r ted tha t the absolute v i sua l magnitude of the 
brightest red supergiants is a constant for a l l galaxies, with My=-8.0. 
Since we now have a cons i s t en t se t of d i s t ances for 6 galaxies with 
de ta i l ed searches for supe rg ian t s , t h i s hypothesis can be properly 
t e s t ed . Fig. 2 shows how the _V and jC magnitudes of the 3 b r igh t e s t 
supe rg ian t s , corrected for ex t i nc t i on , r e l a t e to the absolute _B 
magnitude of the galaxy, corrected for foreground ex t i nc t i on and 
inclination effects. I t i s immediately apparent that , while the mean V̂  
magnitude i s approximately -8.0, there i s de f ina t e ly a trend toward 
brighter supergiant magnitudes with higher luminosi ty ga lax ies . This 
effect i s even more pronounced in the j( band. 

This should not be viewed as discouraging for distance work. The slope 
of the relat ion i s very shallow, and far removed from that of a distance 
degenerate case. When a l e a s t - s q u a r e s so lu t ion i s run on the data , i t 
gives hope that the dispersion of the f i t may not exceed 0.15 mag. Since 
the red supergiants can be detected out to the distance modulus of the 
Virgo c l u s t e r , such an unce r t a in ty would be a grea t improvement over 
present techniques. 

Table 1 Distance Moduli of Nearby Galaxies 

Galaxy No. Cepheids (m-M)H E(B-V) (m-M)0 

LMC 
SMC 
NGC 6822 
IC 1613 
M 33 
NGC 2403 

39 
25 
9 
10 
15 
5 

18.54 + 0.06 
18.91 + 0.06 
23.49 + 0.13 
24.10 + 0.14 
24.28 + 0.14 
28.14 + 0.211 

0.08 + 0.04 
0.08 + 0.04 
0.36 + 0.06 
0.03 + 0.03 
0.2: + 0.1 
0.06 + 0.03 

18.50 + 0.07 
18.89 + 0.07 
23.30 + 0.13 
24.08 + 0.14 
24.17 + 0.15 
28.09 + 0.21 

(m-M)j 
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Fig. 2 Absolute magnitude of the three brightest red super-
giants in a galaxy in the V_ and K_ bands as a function of the 
absolute 13 magnitude of the galaxy. The open circle is 
represents the local galactic neighborhood. The two points 
shown for NGC 2403 (connected by a line) indicate the range 
in absolute luminosity possible if the candidates proposed 
by Sandage (1984) are shown to be supergiants. 
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Conclusions 
The advent of modern infrared techniques ha3 allowed a 

s i g n i f i c a n t improvement in our e s t ima te s of the d i s t ances to nearby 
galaxies. There are only two more objects, M31 and NGC 300, which can be 
observed in this manner, and observations of both are planned. The major 
problem with photometry of Cepheids in ex te rna l ga lax ies i s f i e ld 
crowding, and this accounts for more than one-half of the uncertainty in 
d i s tance modulus. In the next year the infrared Astronomy group a t 
Steward Observatory hopes to have in operation a near-infrared CCD. If 
the Cepheids can be detected with t h i s device , d i s tance moduli for 
galaxies out to 4 Mpc will be obtainable with 0.1 mag accuracy. 
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