
INTERSTELLAR MATTER IN ACTIVE GALAXIES 

ENDRIK KRÜGEL 
Max-Planck-Institut für Radioastronomie 
Auf dem Hügel 69 
5300 Bonn i, FRG 

In 1986 t h r e e papers [1,2,3] claimed t h a t for b r igh t IRAS ga lax ies t he i r 
luminosity L is propor t ional to t h e amount of i n t e r s t e l l a r ma t t e r M g a s 

they conta in . M g a s was der ived from t h e CO luminosi ty [1,2] and from 
the submm/mm dus t emission [ 3 ] . Both methods roughly agree and i t is 
found t h a t L / M g a s » 5. . . 10 in solar u n i t s . However, de ta i l ed comparison is 
s t i l l far from sa t i s f ac to ry . For example, for t h e five objects de tec ted in 
both samples [1] and [3] t h e dus t emission gives (for comparable beams 
and us ing the same d i s t ances ) on t he ave rage 2.5 la rger gas masses t h a n 
CO. This may be pa r t i a l l y expla ined by t h e fact t h a t t h e dus t also emits 
from regions of n e u t r a l hydrogen, whereas CO emission is r e s t r i c t ed to H 2 

clouds. Never the less , gas mass a re s t i l l con t rovers i a l . 
The br ight IRAS ga lax ies were genera l ly t h o u g h t to be nonac t ive . We 

inves t iga ted whe ther ac t ive ga lax ies would follow a similar re la t ion 
between L and M g a s . As our sample for ac t ive objects we chose Markarian 
galaxies because t hey were in i t i a l ly defined in a ve ry simple way: t h e y 
have a compact, blue core with emission l ines . Later i t was shown t h a t 
many of t h e Markar ians a re s t a r bu r s t ga lax ies and Seyfer ts ; q u a s a r s a re 
not among them. 

Up to now we h a v e observed t h e dus t cont inuum from 50 Markar ians 
on t h e IRAM 30m- te le scope a t 1.3 mm with a 12" beam and 15 of them 
also a t 0.87 mm [ 4 , 5 ] . We found t h a t also for them L α M a s , bu t 
L / M g a s

 Ä 1 0 0 » in s t ead of 5.. . 10 for t h e nonac t ive ga lax ies . Fur thermore , 
the coldest dus t component in t h e Markar ians has T d « 30 K, ins tead of 
15...20 Κ for t h e nonac t i ve br igh t IRAS ga lax ies . This implies t h a t , a t 
l eas t in a s t a t i s t i c a l s ense , one may di rec t ly conver t t h e 100 μπι emission 
of t he Markar ians in to gas masses , whereas for t h e nonac t ive ga lax ies 
most of t h e dus t is cold and does not show up in t h e IRAS bands . 

The cont inuum d a t a a re summarized in Fig. 1. It sugges t s t h a t t h e 
ra t io L / M g a s de termines whe the r a galaxy is ac t i ve or not . However, 
ser ious problems are connected with Fig. 1. We mention t h e following: 

a) t h e measurements from which the luminosi ty and t h e gas mass a re 
der ived genera l ly refer to different a r ea s on t h e ga laxy . 

b) t h e re la t ion L vs . M g a s may be ar t i f ic ia l . It a r i s e s for a f lux- l imi ted 
sample because d i s t a n t ga lax ies have to be s t rong in both L and 
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M g a s and t h u s au tomat ica l ly appear in t h e upper r igh t hand corner of 
Fig. 1. 

c) t h e gas masses may be ser ious ly wrong because t h e assumed c o n v e r -
sion of 1.3 mm flux (or CO luminosi ty) in to M g a s is fau l ty . 

d) t h e difference in L/M between ac t i ve and nonac t ive ga lax ies maybe 
an obse rva t iona l a r t e f ac t caused by t h e smaller beam employed in t h e 
measurements of t h e ac t ive ga lax ies . L / M g a s would be beam-s i ze 
dependen t if t h e luminosi ty is due to a compact source, which is 
sur rounded by an ex tended region of i n t e r s t e l l a r ma t t e r . 

To check t h e re l i ab i l i ty of p rev ious gas mass de te rmina t ions (item c) 
we compared, us ing iden t ica l beams, M g a s der ived from dus t emission a t 
1.3 mm and from t h e C O ( 2 - l ) luminosi ty [ 6 ] . The convers ion of opt ical ly 
t h in mm-dus t emission in to gas mass is s t ra igh t forward , bu t i t con ta ins 
t h e d u s t - t o - g a s r a t io , where we used t h e ga lac t ic va lue , and the poorly 
known dus t emiss iv i ty £; fo r tuna te ly , ε is not l ikely to change from one 

G a s m a s s 

Figure 1. Logarithm of gas mass from 1.3 mm dus t emission vs . log IR 
luminosi ty (> 10 μτη) in solar u n i t s . (Nonactive) br igh t ga lax ies : big filled 
squa re s ; (ac t ive) Markar ians with 1.3 mm cont inuum da t a : small filled 
squa re s ; Markar ians with IRAS d a t a only: small open s q u a r e s . For the 
l a t t e r t h e 1.3 mm flux h a s been ex t r apo la t ed from t h e IRAS bands . 
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galaxy to ano ther . How t h e CO luminosi ty cover t s in to M g a s , on t he o the r 
hand, is not fully unders tood , pa r t i cu la r ly for ex t r aga l ac t i c objects. 
Among o ther problems, a neces sa ry assumpt ion for t h i s convers ion, namely 
t h a t t h e clouds a re v i r ia l ized , may not be fulfilled [ 7 ] . Never the less , t h e 
comparison between t h e two methods for ob ta in ing M g a s gave agreement 
within a factor of t h r e e . 

Item d) can be clarif ied by es tab l i sh ing t h e mm-size of t he ac t i ve 
ga lax ies . If t he i r angu la r e x t e n t is not la rger t h a n t h e 12" beam used in 
the measurements of M g a s in Fig. 1 t hen t h e s epa ra t i on between ac t ive 
and nonac t ive ga lax ies in t h a t figure should be rea l . To t h i s we end 
performed cont inuum and CO measurements with SEST, which has twice 
the beam of t h e IRAM 30m. Prel iminary r e s u l t s ind ica te [8] t h a t t h e 
i n t e r s t e l l a r ma t t e r in t h e Markarian ga lax ies is , indeed, ve ry concen t ra t ed 
to t he cen te r , t h u s corrobora t ing Fig. 1. 

Devereux and Young argued during t h i s conference t h a t t h e r e ex i s t s a 
very cold dus t component in t h e ac t ive ga lax ies , which con ta ins » 90% of 
the t o t a l dus t mass, bu t pa s se s unde tec t ed even a t 1.3 mm. Therefore, 
they say , our dus t cont inuum measurements a t 1.3 mm grossly u n d e r r a t e 
the t o t a l gas mass of t h e ac t ive ga lax ies . This proposi t ion can be 
checked. Let us assume t h a t 50% of t h e measured flux a t 1.3 mm is due 
to t h i s hypo the t i ca l ve ry cold component. This implies t h a t i t s t e m p e r -
a t u r e must be well below 10 K. A minimum h ea t i n g source to all g ra ins is 
the FIR rad ia t ion field peaking a t s 100 /im, which p e n e t r a t e s even t h e 
most opaque clouds. Consider as an example M82 (L = 3 1 0 1 0 L Q ; ha l f -
power size a t 1.3 mm of 300 pc χ 600 pc [9]) and s i l i ca t e s gra ins af ter 
Draine, which h a v e a t 100 μπι an absorpt ion efficiency Q = 150a ( radius 
a in cm). It is t hen easy to convince oneself t h a t in t h e s t rong FIR field 
dus t t empera tu re s can under no c i rcumstances drop below 20 K. This 
r e su l t can be scaled to t h e Markar ians . At a mean d i s t ance of 60 Mpc our 
12" beam has a r ad ius on t h e ga laxy of 1.8 kpc. As t h e Markar ians are 
typica l ly 10 t imes more luminous t h a n M82 the r a t io L/R 2 s t a y s u n -
changed and one expec ts again minimum grain t e m p e r a t u r e s above 20 K. 
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