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ABSTRACT. Clumpy i r r e g u l a r g a l a x i e s have been i d e n t i f i e d as g i a n t 
i r r e g u l a r s w i t h a clumpy s t r u c t u r e . I n v e s t i g a t i o n s in the v i s i b l e , UV, 
r a d i o c e n t i m e t r i c , X - ray and f a r i n f r a r e d demonstrated tha t the clumps 
are h y p e r a c t i v e b u r s t s of s t a r f o r m a t i o n , each e q u i v a l e n t t o a hundred 
g i a n t H I I r e g i o n s l i k e 30 Doradus or NGC 604. In s p i t e of t h e i r s t r o n g 
a c t i v i t y , t h e i r l i n e a r s i ze i s smal ler than h a l f a kpc , l ead ing to an 
" o l i v e j a r " model w i t h very p e c u l i a r phys ica l c o n d i t i o n s . These cou ld be 
r e l a t e d to the n o n - d e t e c t i o n of the 2.6-mm CO l i n e and to our d iscovery 
in a clump of the f i r s t known case of a s t r o n g , compact, v a r i a b l e r a d i o 
source which i s not a g a l a c t i c nuc leus . 

1 . GENERAL IDENTIFICATION 

Clumpy i r r e g u l a r g a l a x i e s were o r i g i n a l l y recognized from morphologica l 
c r i t e r i a : 5-10 h igh sur face b r i g h t n e s s compact clumps l o o s e l y s c a t t e r e d 
a l l over the body of the galaxy <Casini and Heidmann 1976a, b) ( F i g . l ) . 
Note tha t t h e i r morphology has no r e l a t i o n w i t h the one of m u l t i - n u c l e i 
gal ax i e s . 
They were d iscovered among UV-excess i r r e g u l a r g a l a x i e s as h a v i n g , 
s u r p r i s i n g l y , a wide 21-cm n e u t r a l hydrogen l i n e , c o n t r a r y to normal 
i r r e g u l a r s in which i n t e r n a l mot ions are moderate ( B o t t i n e l l i et a l . 
1973, 1975, Casini et a l . 1979) . 

Clumpy i r r e g u l a r g a l a x i e s are more luminous, more extended and more 
massive than c l a s s i c a l i r r e g u l a r s (Table I ) . Op t ica l spec t ra of the 
clumps show the t y p i c a l H I I r eg ion emissions l i n e s , w i t h e l e c t r o n 
temperatures 9 000 K, e l e c t r o n d e n s i t i e s around a hundred per cubic cm 
and a s l i g h t d e f i c i e n c y in 0 and S. Supernova remnants are i n d i c a t e d by a 
h igh t S I I J / H * r a t i o (Boesgaard et a l . 1982). 

2 . MASSIVE STARS AND IONIZED GAS 

C r u c i a l i n f o r m a t i o n s were ob ta ined from I n t e r n a t i o n a l U l t r a v i o l e t 
Exp lorer UV spec t ra of the clumps. Very good f i t s can be made w i t h 
m i x t u r e s of e a r l y type 08V main sequence p lus B8Ia superg iant s t a r s ( F i g . 
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Figure 2 . UV spectrum of Mkr 325 w i t h a s y n t h e t i c - f i t f rom a mix tu re of 
e a r l y s t a r s ; top r i g h t : s l i t p o s i t i o n on the g a l a x y . 
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2 ) . The clump average l u m i n o s i t y in the -far UV reaches 2 10**27 erg s * * - l 
H z * * - 1 ; t h i s means tha t one clump r a d i a t e s on the average a hundred t imes 
as much as the 30 Doradus g i a n t H I I reg ion and should have a 
c o r r e s p o n d i n g l y h igh l e v e l of s ta r -forming a c t i v i t y (Benvenuti et al . 
1979, 1982a, b ) . 

Such a high l eve l o-f a c t i v i t y was con-firmed by c e n t i m e t r i c r a d i o 
observa t ions w i t h the E-f-felsberg 100-m d ish <Fig .3 ) and at the Very Large 
A r r a y ( F i g . 4 ) . The clumps, which are imbeded in a steep spectrum 
envelope, have - f l a t s p e c t r a , suggest ing thermal emission -from an 
o p t i c a l l y t h i n gas. The ion ized gas mass is -found to be 10**8 s o l a r mass 
per clump and the corresponding Lyman continuum photon -flux reaches 5 
10**53 s * * - l (Heeschen et a l . 1981, Heidmann et a l . 1982, Yin et a l . 
1984). Note tha t these values are on ly lower l i m i t s because no 
c o r r e c t i o n i s made f o r an unknown i n t e r n a l absorp t ion in the clumps. 

The envelope r a d i o emission i s probably synchrot ron r a d i a t i o n from 
h igh energy e l e c t r o n s produced by supernova even ts . Indeed HEA0-2 
E i n s t e i n o b s e r v a t i o n s of the clumpy galaxy Mrk 325 showed a very 
powerful X - ray emiss ion : 2 10**41 erg s * * - l in the 0 .5 -4 .5 kev band. 
T h i s i s a tremendous l e v e l , equ iva len t to 10 000 powerful SN remnants or 
to 1 000 X- ray b i n a r y s t a r s l i k e LMC X - l (Heeschen and Heidmann 1983). 

3. STAR FORMING ACTIVITY 

The o v e r a l l e lec t romagnet ic spectrum of Mrk 325 cou ld then be obta ined 
( F i g . 5 ) . A general comparison in the r a d i o , near IR, v i s i b l e , UV and 
X - r a y bands w i t h other major e x t r a g a l a c t i c H I I complexes showed tha t an 
average clump has a s t a r fo rming a c t i v i t y e q u i v a l e n t to 90 t imes the one 
of 30 Doradus, or 6 t imes more than a chain o-f g i a n t HI I reg ions such as 
NGC 5461 in the Sci galaxy Messier 101. Though the clumpy i r r e g u l a r 
galaxy Mrk 325 i s not more than 10 t imes b r i g h t e r than the Large 
Mage l lan ic Cloud, i t i s three orders of magnitude more a c t i v e in s t a r 
f o r m a t i o n (Heidmann 1983). 

4 . AN "OLIVE JAR" MODEL 

Most s u r p r i s i n g l y , h igh r e s o l u t i o n imagery of t h i s galaxy showed tha t the 
clumps have l i n e a r s i z e s not exceeding 500 pc ( F i g . 6 ) . T h i s means tha t 
though clumps have each a 100 t imes the s t a r fo rming a c t i v i t y of 30 
Doradus proper ( the T a r a n t u l a Nebu la ) , whose s ize i s 100 pc, t h e i r s i z e 
i s not l a r g e r than the 500 pc o v e r a l l dimension o-f the 30 Dor complex, as 
g iven f o r exemple by r a d i o continuum maps (Coupinot et a l . 1982). 

Th is leads to an " o l i v e j a r " model in which a clump would be a t i g h t 
package of 5x5x5, i . e . a hundred, 30 Dor proper c o r e s , each 100 pc l a r g e , 
c o n f i n e d w i t h i n a 500 pc volume ( F i g . 7 ) . Such a s t u f f i n g of a c t i v e 
r e g i o n s should produce very p e c u l i a r phys ica l c o n d i t i o n s through high 
s p a c e - d e n s i t i e s of energe t i c r a d i a t i o n s , s t e l l a r w i n d s , shock waves. 

Such p e c u l i a r c o n d i t i o n s may be r e l a t e d to our n o n - d e t e c t i o n of the 
2.6-mm CO l i n e in clumpy i r r e g u l a r g a l a x i e s : r e l a t i v e to neu t ra l hydrogen 
c o n t e n t , t h e i r CO emission is less than one t e n t h of the one of our 
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Figure 4. VLA m a p s of Mkr 8 at 6 and 20 - cm wave length . 

https://doi.org/10.1017/S0074180900096480 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900096480


HYPERACTIVE STAR BURSTS IN CLUMPY IRREGULAR GALAXIES 

Figure 6. H i g h - r e s o l u t i o n photograph and h i g h - c o n t r a s t deconvolved 
isophota l map of Mkr 325. 
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Galaxy; when compared to Messier 82 c e n t r a l s t a r fo rming reg ion our 
l i m i t s i n d i c a t e tha t the clump s t a r forming a c t i v i t y occurs in phys ica l 
c o n d i t i o n s more s i m i l a r to those of M 82 than to those of our Galaxy 
(Gordon et a l . 1982, Sofue et al . 1985). 

5. FAR-INFRARED EMISSION 

Though the hyperac t i ve nature of the clumps i s w e l l documented, most 
wanted data were s t i l l l a c k i n g in the f a r IR. F o r t u n a t e l y clumpy g a l a x i e s 
have been detected by the Inf raRed Astronomical S a t e l l i t e ( K l e i n et a l . 
1986) . They show a very s t r o n g maximum in the 100-jcm r e g i o n , comparable 
in shape to those of g i a n t H I I reg ions l i k e NGC 604 in M 33 or v i o l e n t l y 
s t a r fo rming g a l a x i e s l i k e M 82 ( F i g . 8 ) . Th is f a r IR emission is due t o 
thermal r a d i a t i o n from dust heated by the b u r s t i n g s t a r s , w i t h dust 
temperatures around 40 K. 

The dip in the spec t ra in the m i l l i m e t r i c range i s compat ible w i t h 
p r e v i o u s es t imates f o r the thermal r a d i o emission t o be about 207. of the 
one at 2.8 cm. Th is corresponds to a p roduc t ion r a t e of Lyman continuum 
photons reaching 6.7 10**54 per second f o r Mkr 297. Because of absorp t ion 
by dust the rea l r a t e i s s t i l l h i g h e r . The r a d i o to FIR f l u x d e n s i t y 
r a t i o s f o r Mrk 8 and 297 are s i g n i f i c a n t l y higher than f o r g a l a x i e s at 
l a r g e . Th is may be due to the la rge number of massive s t a r s in these two 
d u m p i e s , in agreement w i t h the IUE r e s u l t s . 

The FIR l u m i n o s i t i e s are very h i g h ; Mrk 297 emits over 10**44 erg 
s * * - l , i . e . 3 t imes the FIR l u m i n o s i t y of M 82. T h i s can be accounted f o r 
by 4 10**6 massive s t a r s of 10 s o l a r mass each. With an assumed l i f e t i m e 
10**7 y e a r s , t h i s y i e l d s an average s t a r fo rmat ion r a t e of 4 so la r mass 
per year , 10 t imes more than f o r an average "IRAS min isurvey" ga laxy . 

6. CATACLYSMIC EVENTS 

A supernova event every 2-3 years may then be expected . T h i s h igh 
a c t i v i t y l eve l might be r e l a t e d to the f i r s t known case of a non-nuc lea r , 
compact, s t r o n g , v a r i a b l e r a d i o source which has been r e p o r t e d in a 
galaxy (Heeschen et a l . 1983). In two year time t h i s source , Mkr 297A 
< F i g . 9 ) , unresolved by the VLA (smal le r than 100 p c ) , increased by a 
f a c t o r of 3 at 6-cm wave length , reaching a r a d i o power 6 10**21 W H z * * - 1 . 
T h i s i s 43 t imes the r a d i o power of the a l ready very powerful r a d i o young 
supernova 41.9+58 in M 82 (Kronberg et a l . 1985). T h i s k i n d of 
"hypernova" , l oca ted in a clump of Mkr 297, i s a new type of ca tac lysmic 
powerfu l event which may be generated by the p e c u l i a r phys ica l c o n d i t i o n s 
suggested by the " o l i v e j a r " model . 

7. SPATIAL SET-UP 

Clumpy i r r e g u l a r g a l a x i e s are ra re and f a r away o b j e c t s , d i f f i c u l t to 
observe; we know only h a l f a dozen of them and f o r t h e i r i n v e s t i g a t i o n we 
had to use instruments a l l over the wor ld among the best and most 
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Figure 7. A model of the " o l i v e j a r " model . A clump i s a j a r o-f o l i v e s 
and each o l i v e i s a T a r a n t u l a Nebula. 

101 1 1 1 1 1 1 r 

18 
LOG v [Hz] 

Figure 8. Overa l l spectrum o-f -four clumpy i r r e g u l a r g a l a x i e s , Messsier 
82 and NGC 604 in -flux d e n s i t y ( a r b i t r a r y ) u n i t s v s . Hz. 
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Figure 9. VLA map o-f Mkr 297 at 6-cm wavelength superimposed on i t s 
o p t i c a l image. 

F igure 10. H i g h - r e s o l u t i o n photograph of KU6 1624+413, a new poss ib le 
clumpy i r r e g u l a r g a l a x y . 
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s o p h i s t i c a t e d ones. We searched f o r more such g a l a x i e s (Casin i and 
Heidmann 1978, B a r b i e r i et a l . 1979). The most p romis ing case is the UV-
excess Kiso galaxy KU6 1626+413 ( F i g . 1 0 ) , an i r r e g u l a r 20 kpc ac ross , 
w i t h absolute magnitude - 2 1 , c o n t a i n i n g ten blue clumps and having the 
same FIR l u m i n o s i t y as Mkr 297 (Maehara et a l . 1987a). 

At the s t a r t our searches have been biased towards p a i r e d Markar ian 
g a l a x i e s ; as a mat ter of f a c t two d u m p i e s , Mkr 7 and 8, are in a 
p a i r and a lso Mrk 296 and 297 which fur thermore are in the same galaxy 
group as the Seyfer t " S e x t e t " . In order to get a c l e a r e r view of the 
neighborhoods of clumpy g a l a x i e s we are us ing d i f f e r e n t s e l e c t i o n 
c r i t e r i a w i t h the Kiso work (Maehara et a l . 1987b). 

The near ly s imul taneous t r i g g e r i n g of hyperac t ive clumps across a l l 
of the body of a galaxy i s of course a major problem. In a deep 
photographic i n v e s t i g a t i o n we d iscovered a f a i n t arc 22 kpc away from the 
clumpy galaxy Mkr 325 (Dettmar et a l . 1984) which may be i n d i c a t i v e of 
t i d a l i n t e r a c t i o n . However there does not seem t o e x i s t a unique 
e x p l a n a t i o n f o r our d i f f e r e n t cases. 

8. CONCLUSION 

The s e r i e s of i n v e s t i g a t i o n s r e p o r t e d here have lead t o the 
i d e n t i f i c a t i o n of g a l a x i e s w i t h a p e c u l i a r morphology which are producing 
very intense b u r s t s of s t a r f o r m a t i o n , among the most intense known today. 
They r a i s e important problems f o r the quest ions of f o r m a t i o n and of 
e v o l u t i o n of g a l a x i e s as w e l l as of s t a r s ; at the same time they b r i n g 
new i n f o r m a t i o n s which might be r e l e v a n t f o r these m a t t e r s . 

For f u r t h e r i n s i g h t in the p e c u l i a r phys ics of the hyperac t ive 
c lumps, we e labora ted a proposal f o r the d e t a i l e d i n v e s t i g a t i o n of a 
s e l e c t i o n of them w i t h the F a i n t Object Camera of the Hubble Space 
Te lescope, the r a d i o clump Mkr 297A being one of them (Heidmann et a l . 
1984). 
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ZINNECKER: Y o u drew attention to the first non-nuclear variable radio 
source (in Mrk 297) and the possibility of a cataclysmic event. The 
timescale for variability (̂  2 years) would be consistent with a col
lision of two massive stars which I have shown can occur in the core 
of giant extragalactic H II regions (see IAU Symp. No. 116). The col
lision should be associated with considerable X-ray emission. Are 
there any observations of X-ray emission from this source? 

HEIDMANN: Unfortunately not. Though we obtained 40 000 seconds of ob
serving time with the EAJl&tQsln satellite we could use only 4 000 be
cause of the end of its carreer. Furthermore, clumpy galaxies are 
too far away fro the Exo&at instruments. 

MAEHARA: In the course of the Kiso survey, about 3 000 and 1 800 UV-excess 
galaxies have been detected and catalogued, respectively. It is shown 
from the follow-up observations of bright samples that this survey 
is a fainter extension of Markarian fs one, that is, most of these 
galaxies are starburst galaxies of various types. 

HEIDMANN: Yes, and I would like to add that in our last year work with 
Japanese colleagues on this KISO survey, we found a possible case of 
clumpy galaxy out of three KUG's only. So it looks as a very good 
survey. 

SOFUE: Could you compare the IR, Radio, and Optical luminosities of 
CIG fs with those of normal galaxies tikz tkd Hitky Way OK M37? 

HEIDMANN: The IR luminosities of CIG's reach 3 times the M82 one. For 
the radio centimetric power they reach up to 10 times the M82 level. 
So a CIG can be looked at as a collection of clumps, each of them 
being typified by the M82 inner few hundred parsec star forming re
gion. As for the optical comparisons with spiral galaxies it can be 
said for example that though the Sci M101 galaxy and the CIG Mkn 325 
have comparable optical levels, the latter has a star forming ac
tivity 15 times larger. 
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