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ABSTRACT. The IR emission of 182 Ara.elian galaxies (AKN), included 1in the
IRAS Survey, is considered as an evidence of enhanced star formation rate
(SFR) in them. About 63% of the AKNs have far infrared luminosities (2 10*
erg-s'l) in 1-500 um IR spectral band. The distribution of log (fgo/fum)’
peaked at about 45 K, shows that IRAS AKNs are considerably warmer than
"normal" S galaxies. IRAS AKNs have a tendency to extend the relation
f'wo/f60 vs L&R/La.for "normal" S galaxies. They emit IR energy in 40-100
lm band up to seven times more than in optics. The mean ratio < LF”(LB>
for 148 IRAS AKNs with known redshifts is 3.63.

It is suggested that there are two IR emitting components in the IRAS
AKNs - a warm one connected with the UV-fluxes of the new-born massive
stars, reradiated by dust, and a cool one, originated from the dust in ga-
lactic disks and heated by the general interstellar radiation field. The
warm IR luminosities and warm IR fractions are determined on the basis of
IR color-color diagrams 0(25/12),0(60/25), and 0(100/60). The mean warm IR
fraction is 0.55 when the giain mass absorption coefficient model with
n=1.0 is used (or 0.72 if n=0.0 is adopted).

The dust mass responsible’for IR flux at 60 lm is derived to be about
105mo, assuming the dust clouds are optically thin, and using the dust tem-
perature Tdm36 K (deduced from the fso/floo ratio).

There is a relation between LIR and LB which points out that the most
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IRAS AKNs have rather enhanced SFR.

UK-usny4enue 182 ApakensHoBckux ezasnakmuk (AKN), codepsamuxcst B o063ope
IRAS, paccMampuBaemcss B KadecmBe JoKasame/bCmMBa nNOBHIEHHO2O meMna 3Be3d0-
obpazopanust (SFR) B Hux. Okoso 63% AKN nokaswBabm Bhcokue UK-cBemuMocmu
(2 10" erg s') B Aduanasowe 1-500 MEM. Pacnpedenenue log (fgo/f;oo) 2anak-
mux IRAS-AKN umeem MaxcuMyM oKosio ~45 K - U nokaswpaem, 4mo omu 2a/JaKmuku

"

BHa4Yume/NLHO merviee, 4eM "HopMasabHwe" S-zanakmuku. TIanaxmuru IRAS-AKN pacmu-
psiom B CmopoHy 60/blUX Be/quYUH 3aBUCUMOCHb MeXdy 1;00/f50uLm/L.B dns "Hop-
ManbHHX" cnupanel. OHU u3s/y4aom B duanagoHe 40-120 mxM do 7 pas Goabme, 4YeM
B onmuieckoM. CpedHee omHomeHue <%HR/ LB > dnst 148 eanarkmux IRAS-AKN c
U3BeCmHHMU KpAacHhMU CMelleHUSsMU cocmaBJsgem 3.63.

Mu npednonazaeM, 4mo B eanakmukax IRAS-AKN cymecmByom JSBe KOMNOHEHmN,
ussnydaomue B UK-obnacmu: zopsiias, cBsi3aHHass C Y&-nomoKoM Om HOBOPOXIEHHNX
MacCUBHNX 3Be30, nepeus/lyYeHHNM nhabl, U XOJ03Hasl, NOpPOXOeHHas nN/AbD B
2a/laKmuyecKux JUCKaX, HazpeBaeMol o6HNUM Mex3Be3JHNM paduayUOHHNM noJEM.
OcHoBHWBasiCb Ha UBemOBWX JduazpamMax B UK-obaacmu 0(25/12), 0(60/25), u
0(100/60), Mn Hamau napaMemps cocmapasiomux UK-ussiydeHUs dAs smux zaqaxmuk .
Aonss mennotd UK obnacmu cocmapasem 0.55, ecau ucnonbsyemcs Modedb A9 KO3P-
¢uyuenma noesiomenus ¢ n = 1 (uau 0.72, ecau n = 0).

My onpedesnunu Maccy nsiau, omsemcmBeHHOU 3a UK-ussnyyeHue Ha 60 MKM, npu-
HUMasi meMnepamypy  nhjau Td ~ 36 K (HalideHHyo us fgo/f1oo)' B npednosoxenuu
o0 Masnol mosmuHe ob6/1aKOB 9ma Macca nopsidka 10 m@.

CymecmByem 3aBucuMocmb Mexdy ‘%R u lb' Komopasli noraswWBaem, 4Ymo meMn
3Besdoobpasopanus B 2ajsakmukax IRAS-AKN delicmpumesnbHO sB/AS€mCs NOBHWMEHHHM U

MHOZUEe U3 HUX SBJ/ISIOMCS 2a/lakmukaMu muna starburst.

1. INTRODUCTION

Surveys widely carried out in the laét decades in optics have produced large sets
of emission-line galaxies (ELGs). In the majority of the observed galaxies with emis-
sion lines in their spectra the line emission probably is an indicator of gas photo-
ionized by hot, young stars associated with the regions of active star formation. On
the other hand, most of the energy emitted by such stars at short optical wavelengths
is actually detected as reradiated by dust far-infrared (FIR) emission. That is
why, as have been noticed by Salzer and MacAlpine (1988) (hereafter their paper is
referred to as SM), the investigation of the FIR properties of samples of optically
selected ELGs is important for gaining a better knowledge of the energetics of these
galaxies, as well as for understanding the galaxy activity, both AGN-like and induced

by star-formation processes. The use of the database accumulated by Infrared Astrono-
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mical Satellite (IRAS) provides the best opportunity to select subsets of ELGs with
well manifested FIR properties.

One of the optical surveys carried out, which is not so popular as those of Marka-
rian and University of Michigan for example, is the list of Arakelian galaxies (AKNs)
(Arakelian, 1975). This survey contains 591 galaxies with relatively high surface
brightness (brighter than 22 mag-arcsec—2 in Zwicky photographic magnitude system).
More than half of AKNs (about 300 objects) show both the emission lines in their op-
tical spectra and excess in radio-flux at 408 MHz (Arakelian, 1975). There are some
evidences that the high optical surface brightness of AKNs may be caused by the lar-
ger abundance of young and blue stars or by their compactness. Both these reasons may
be responsible for more intensive general radiation field.

The present work considers the infrared radiation of a sample of 182 AKNs included
in Cataloged Galaxies and Quasars Observed in the IRAS Survey (Lonsdale et al., 1985)
which contains about 31% of the whole Arakelian’s list. 148 of IRAS-detected AKNs

have known redshifts, and 35 of them have well determined IRAS fluxes.

2. GENERAL PROPERTIES

We assume that the infrared radiation of the galaxies in question is due to dust
thermal reradiation of the stellar radiation field.
As indicators of the "infrared activity" of galaxies the IR luminosities LIR and
o

the ratio L!R/LB may be used, where LB is taken to be equal to va at A=4400 A. We

have used the calibration of Houck et al. (1984) in the blue region ff

log f_ = -7.54 - 0.4 m, (1)
B P

where fB is expressed in wm 2 and mp is the apparent photographic magnitude from Ca-
talogue of Galaxies and Clusters of Galaxies (CGCG - Zwicky'et al., 1?61—1968). Note
that these fluxes are about 5 times larger than those in standard B-filter (Soifer et

al., 1987).
2.1. Infrared luminosities and colors

Infrared fluxes fIR refer to the infrared emission between 40 and 120 pm which is

determined according to Dennefeld et al. (1985):

_ -14 -2
fIR =1.75 (2.55 f60+ 1.01 t}oo) 10 Wm ~, (2)

where fso and f}oo are the IRAS cataloged flux densities in Jy. We have used Eq.(2)
in order to compare our results with those of other authors for different kinds of
objects.

Following Belfort et al. (1987), we have estimated the total far infrared emission
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fFIRfrom about 1 to 500 pm the expression

-14 -2
fFIR— 1.75 (12.66 f12+ 5.0 fzs + 2.55 fso + 1.01 fmo)lO Wm “. (3)

The distribution of the total FIR luminosities LFIR for a sample of IRAS-detected
AKNs with known redshifts (consisting of 148 objects) is shown in Fig. 1. All the lu-
minosities, L, LIR, LFIR, have been computed assuming a pure Hubble flow with H0= 75
km/s/Mpc and q,= 1.0. It should be noted that about 63% of all IRAS-detected AKNs
have LFIR> 10% erg/s. In fact this means that these AKNs belong to ELIRS (extremely
luminous far infrared sources - see Harvit et al., 1987) because they have both

strong IR radiation within 1-500 pm band and low-ionized optical spectra.
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Fig. 2. Distributions of the fso/fmo ratio of four different samples of IRAS-
detected galaxies: (a) "normal" spirals in Virgo cluster, (b) galaxies with low sur-
face brightness labeled as LSBG, (c) blue compact emission line galaxies labeled as

BCELG, and (d) all 182 IRAS-detected AKNs discussed here.
Fig. 2d shows the distribution of the color index ratios fﬁo/f100 for our sample

of 182 IRAS-selected AKNs. For the sake of comparison the same distributions for

three other samples of galaxies are also presented in Fig. 2. These are the distribu-
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tion of "normal" spirals in Virgo cluster, the distribution of galaxies with low sur-
face brightness (LSBG - see Helou, 1985), and the distribution of blue compact emis-
sion line galaxiés (BCELG) picked out from the Markarian lists (Kunth and Sevre,
1985). On this diagram the lower horizontal axis is labelled with log (fso/floo)' On
the upper horizontal axis of Fig. 2 the corresponding color temperature is marked
when fv~ v"Bv(T) and n=0 grain absorption model is accepted.

The mean infrared color for the sample of 148 IRAS-detected AKNs with known red
shifts is <log(f60/floo)>=-0.34 and the mean ratio <LIR/LB>=1.32. The corresponding
values for the "normal" S galaxies are <log(f60/fmo)>=—0.43 and <L1R/LB>=0'4 (see de
Jong et al., 1984). It may be seen that the IRAS-detected AKNs are warmer than the
"normal" S galaxies, with distribution peaking clearly at T ~ 45 K. It can be seen
also that the IRAS AKNs have a distribution of temperature color index fso/Fmo simi-
lar to that of the BCELGs (Kunth and Sevre, 1985).

The infrared colors floo/fsovs the, indices of activity LIR/LB for the sample of
148 IRAS-detected AKNs with known redshifts are plotted in Fig. 3. On this diagram 35
objects with well determined IRAS fluxes at 60 and 100 Jm are marked by circles. The
region occupied by the "normal" S galaxies picked out from the Virgo cluster is out-
lined by a solid line. In the same Figure the BCELGs would have occupied the upper
right parf_. Thus, IRAS-selected AKNs extend the same relation for the normal S gala-

xies (see Kunth and Sevre, 1985).
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Fig. 3. Relation between the IR color <m d & i J
floo/fso vs the index of IR activity 50‘00 L ‘+++ |
LIR/LB for all 148 IRAS AKNs with known Eﬂ VO \?\
redshifts. 35 objects with well deter- r AN ]
mined IRAS fluxes are noted by circles. ~0.40 + \\ 4
The region occupied by the "normal" S >
galaxies in Virgo cluster is outlined | ./
by solid line (Jong et al., 1984). i 7 P —
log(f100/fe0)

The ratio fm/fE has been adopted by many authors as a convenient measure of the
infrared activity of galaxies. The mean ratio of 148 IRAS-selected AKNs with known
redshifts is <LFIR/LB>=3.63. In F'ig.3 there is a tendency of increasing of the dust
temperature derived from fzoo/feo and the galaxies become warmer with the IR activity

(LIR/LB ratio). This has been already mentioned by de Jong =t al. (1984) for the
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"normal" S members of Virgo cluster. IRAS-detected AKNs tend to extend this relation
and the BCELGs show the same tendency. At temperatures 40-50 K IRAS-detected AKNs
emit up to seven times more energy in the infrared than in the optical blue band. It
should be noted that the region occupied by IRAS-selected AKNs coincides with the one
occupied by the BCELGs. This result probably points at higher star formation rate

(SFR) in these galaxies than in normal spirals and irregular galaxies.
2.2. Dust masses

The IR emission of the dust is caused mainly by the dust component with low tempe-
rature (about 30 K for the cirrus emission). In the optically thin case the mass of
the dust emitting at a given wavelength is determined as

M (A) = 4anr® f
ust g

a /4EBA(T§)KA’ (4)

A

where rg is the distance to the galaxy, f, is the observed flux density at wavelength

A, Td is the dust temperature, KA=QA/(4§3)ap cmz/g is the mass absorption coeffi-
cient, and QA~K_" is the absorption efficiency of the dust. We assume that the dust
is a mixture of graphite and silicon particles with density p=2 g/cma, whose radii a
are equal to 0.1 and 1.0 pm. We adopt n=1 and the corresponding mass absorption coef-
ficients are based on the recent grain models of Drain and Lee (1984).

The dust masses generating the observed IR-flux at 60 m have been obtained using
Eq. (4), where the dust temperatures ’I‘d were deduced only from f?o/floo ratio if n=1
grain absorption model is adopted. By this way we found that the mean dust mass of
IRAS-detected AKNs is ﬂ%ust(60 jm ) ~ 105m®.

A correlation might be expected between the ratio LIR/LB which characterizes the
starburst activity and the dust mass radiating at 60 and 100 Pm. Such a correlation
for 148 IRAS-selected AKNs with known redshifts, if only the graphite grains of 0.1
mm are taken into accouﬁt, is shown in Fig. 4. In fact this correlation is not seen

clearly and its Pearson correlation coefficient is about 0.60.
2.3. Star formation rates

The star formation rate is considered from a point of view of the relation between
LIR and LB (see Gallagher and Hunter, 1987). This relation for above mentioned 148
AKNs is presented in Fig. 5. Most of them are between the lines of constant SFR and
starburst. Some of them are obviously below the latter. This indicates an increased
SFR in the IRAS-detected Arakelian galaxies

Following Gallagher and Hunter (1987), we can make a raw estimation of SFR:
dﬁﬂ/dt=2.5-10_10B_16-LFIR M per year, (5)

if the mass of the warm stars is near to 10 MEY Here B~0.5 and it depends both on the
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new-born star effective temperature and on galaxy’s geometry. The part ® of the inf-
rared radiation, which is connected with the young stars, must be <1.0, and according
to our estimation it is about 0.55 (n=1, dust grain absorption model adopted). As a

result it was obtained dfi/dt ~ 8 ﬂHO per year.
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3. RESULTS

The mean color temperature for the total sample of 182 IRAS-selected AKNs based on
the tgo/floo ratios is about 36 K and it differs from 185.5 K, the temperature based
on the flz/f25 ratios (all values are determined within the n=1 dust grain absorption
model). So we may expect that the IR radiation generated by dust reradiation of the
UV photons of new-born massive stars originates in two differently situated dust
clouds. Following Hunter et al. (1986), and for convenience only, we will refer to
them as the "near-dust" and "far-dust" IR components.

The "near—dusp" IR component is connected with the radiation at 12 and 25 pm com-
ing from hot dust located in (or at least very near) the HII regions situated around
the new-born massive stars. The mean dust color temperatures, derived from the ratio
f&z/fzs’ concern these regions.

The "far-dust" IR component is related mainly to the radiation at 60 Um and less
to that at 100 pm. This radiation arises in warm dust associated with neutral gas
outside of the ionized gas region or in the associated neutral molecular gas clouds,
out of which the HII regions have formed. The mean color temperatures, derived from
the ratio fso/f&oo’ concern the dust, which is essentially responsible for the
"far-dust" IR component.

There is a third IR component which is cooler than the "far-dust" one. It origi-
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nates from the dust in galactic disks heated by the general interstellar radiation.
Thus, it resembles the "cirrus" radiation in our Galaxy. As in the Milky Way, we con-

sider the dust temperature of this IR component to be about 30 K.

45

44

41

Fig. 5. The IR luminosity LIR between 40 and 120 Um vs the blue luminosity LB (solid
line). The lines of constant SFR, the starburst line and the line of declining SFR

are superimposed as dashed lines according to Gallagher and Hunter (1987).
3.1. Emission at 60 and 100 Jm

As it was noted above, only 35 IRAS-selected AKNs have well determined IRAS
fluxes. We include them in a separate subset sample. Their IR emissions have been as-
sumed to be proportional to mev(T) where BV(T) is a Plank function. Two black-body
model spectrum has been adopted for the emission at 60 and 100 pm. There are the
"cirrus" black-body radiation at 30 K, and the black-body emission of the warmer
"far-dust" component, whose temperature is 50-120 K (Sekiguchi, 1987).

The IR color-color diagram a(60/25) vs a(100/60) for IRAS AKNs of the subset is
shown in Fig. 6, where the loci of the two—blaék—body models have been plotted: (a is
the slope of power-law spectrum fV ~ v%). The dust temperatures TH(6O,1OO) and warm
fractions at 60 Jem, fr:oum’ and at 100 pm, frzw“m, related to the "far-dust" compor
nent, have been determined from Fig.6. These fractions for each galaxy of the subset

are presented in Table 1.
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3.2. Emission at 12 and 25 {m

The IR color-color diagram 0(25/12) vs 0(60/25), shown in Fig. 7, has been used in
the same manner as above. The emission at the wavelengths A<40 Um has been formed as
a sum of two black-bodies with two different temperatures. The first one is about 50
K and it is representative of the "far-dust" component. The other one ranges from
150 to 290 K and represents the influence of the hotter "near-dust" component (i.e.
the IR emission of the galactic dust, which is located closely around the new-born
massive stars). By means of Fig. 7 for each galaxy of the subset the temperature
TH(12, 25) and the warm fraction at 25 pm, fr:sum’ relating to the "near-dust" IR

component, have been determined. These quantities may be seen in Table 1 too.
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Almost all of the emission at 12 and 25 Um is due to the warm IR emission. When

: W W W R
the warm fractions frxooum’ frsoum and frzspm at given wavelengths are known, then,

by means of Eq.(3), the total warm IR luminosities L:IR and the total warm IR frac-

tions L:IR/LFIR have been calculated. All these quantities for IRAS AKNs, included

in the subset,
<" /L > =o0.55 if n=1 model is used, and <Y /L > = 0.72 if n=0 is adopted.
FIR FIR FIR ~FIR

There is a high correlation between the warm IR fraction and UV color U-B for IRAS

are presented in Table 1. The mean total warm IR fraction deduced is

AKNs of the subset. This correlation is shown in Fig. 8 and its Pearson correlation

coefficient is about 0.9.
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As it is seen from Table 1, the larger part of the emission floo(l—frrooum) at
100 Pm is due to the cooler "cirrus" dust component, which is warmed up by the gene-
ral interstellar radiation field. By means of the Eq.(4) the mean dust mass, respon-
sible for the "cirrus" emission, has been found to be about 2-.10° fmo.

Most of the emission at 60 pUm for essential part of the galaxies in the subset
originates in the "far-dust" component, which is connected with the neutral molecular
gaseous clouds and the dust associated with neutral gas outside of the HII regions.
The mass of this dust component for each subset galaxy has been obtained as above

with temperatures Tw(60,100) given in Table 1, and its mean value is about

1.5.-10* m .
(0]
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Table 1. IRAS-detected AKNs with well determined IR fluxes - the data

W

AKN  Type m logL”R/LO logL”R/LB Td(60/100) Tso,1oo
[X] K1

55 S pec 13.6 0.0190 10.891

77 S 13.2 0.0160 10.936 0.66 34.6 70.2
80 SB 15.2  0.0350 11.594 1.06 35.4 67.5
88 S pec 13.5 0.0150 11.039 0.93 37.8 66.0
89 SBa 13.9 0.0165 10. 858 0.80 38.3 68.3
120 = 14.6  0.0330 11.000 0.65 35.0 120.0
136 - 12.5 0.0120 10.756 0.50 38.4 64.3
147 S 13.2 0.0110 10.321 0.36 36.3 66.5
185 Sa 10.4  0.0030 9. 456 -0.49 38.4 60.8
193 - 15.4 = = - - 68.0
214 S 12.5° 0.0110 10.504 0.26 36.2 68.3
257 Sc 12.1  0.0053 9.976 0.27 35.0 64.0
258 Sa? 12.9 0.0140 10. 493 0.41 35.0 70.5
288 Sb 8.9 0.0019 9.862 -0.34 30.2 77.0
291 SB 12.6 0.0070 9.851 0.04 36.6 79.0
301 S 14.4  0.0220 10. 601 0.56 31.0 120.0
312 = 13.7 0.0180 10.788 0.60 44.1 71.2
342 Sc 11.6  0.0044 10.151 0.35 33.6 71.5
351 - 14.3 0.0130 10.671 0.97 35.0 67.5
365 Sc 10.9  0.0020 9.758 0.36 32.0 73.2
368 Sb 13.4  0.0020 8.681 0.28 32.1 97.7
381 ~ 14.9 0.0230 10.953 1.03 42.5 60.8
393 Sb 12.0  0.0030 9.426 0.12 31.0 93.7
409 - 15.2  0.0210 10.588 0.95 38.3 77.2
428 pec 12.9  0.0050 9.632 0.24 35.0 70.2
432  SBO 14.1 0.0190 10.939 0.78 39.7 70.7
449 S pec 11.9  0.0090 10. 466 0.07 34.9 68.8
490 comp 14.3 0.0350 11.108 0.89 36.7 71.0
497 - 13.6  0.0070 9. 650 0.24 42.8 70.0
517 S pec 13.5 0.0160 10. 490 0.33 34.4 72.7
534 Sab 13.9 0.0170 10.964"° 0.90 33.7 74.0
536 S pec 14.4  0.0260 10.828 0.61 34.2 78.0
538 - 15.4 0.0190 10. 699 1.15 37.7 69.2
541 S pec 13.9  0.0220 10.921 0.64 35.7 65.8
564 SB 14.4 0.0254 10.726 0.54 44.7 90.7
585 S comp 14.3 0.0171 10.855 0.92 34.5 67.8
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Table 1 (continued)

W W W W W W

AEN frsoum frlOOum Td(12/25) T12,25 frzsum LFIR/LFIR . LFIR/LFIR
[K] [X] n=1 n=0

S5
77 0.44 0.12 173 198 0.67 0.45 -
80 0.48 0.15 161 186 0.63 0.47 -
88 0.61 0.23 168 190 0.68 0.58 0.74
89 0.62 0.23 166 184 0.73 0.61 0.76
120 0.42 0.07 200 208 0.95 0.79 0.85
136 0.64 0.26 169 194 0.65 0.61 0.76
147 0.53 0.18 190 224 0.65 0.54 0.71
185 0.65 0.28 180 226 0.54 0.61 0.77
193 0.81 0.44 = 217 0.79 - -
214 0.53 0.17 181 207 0.68 0.54 0.70
257 0.46 0.14 162 202 0.50 0.42 0.62
258 0. 46 0.13 189 217 0.69 0.50 0.66
288 0.10 0.02 174 292 0.27 0.13 0.37
291 0.28 0. 06 202 238 0.69 0. 40 0.58
301 0.25 0.04 201 212 0.92 0.61 0.69
312 0.78 0.38 149 158 0.84 0.77 0.88
342 0. 36 0.09 179 212 0.62 0.39 0.59
351 0. 46 0.14 185 221 0.62 0.47 0.65
365 0.23 0.05 199 278 0. 46 0.29 0.51
368 0.22 0.04 187 202 0.83 0.45 0.60
381 0.78 0.43 186 222 0.62 0.75 0.88
393 0.12 0.02 193 237 0.60 0.26 0.47
409 0.60 0.19 198 211 0.84 0.70 0.80
428 0.45 0.12 194 226 0.68 0.50 0.66
432 0.67 0.26 156 167 0.80 0.66 0.79
449 0.45 0.13 187 219 0.65 0.47 0.65
490 0.54 0.17 204 233 0.75 0.61 0.74
497 0.75 0.35 208 230 0.81 0.80 0.88
517 0.42 0.11 210 247 0.70 0.51 0.66
534 0.36 0.08 174 198 0.68 0.40 0.59
536 0.40 0.09 212 240 0.77 0.55 0.68
538 0.59 0.21 186 208 0.74 0.62 0.76
541 0.50 0.16 234 300 0.62 0.56 0.72
564 0.76 0.30 166 170 0.94 0.85 0.91
585 0.43 0.12 182 218 0.61 0.44 0.63

4. DISCUSSION

The members of the subset have been plotted on the two-color diagram lOg(fso/fum)
against log(flgdks), which is presented in Fig. 9. Helou’s (1986) model has been
superimposed there.

With exception of the galaxies with Seyfert-like nuclei, the far IR radiation is a
result of thermal reradiation from interstellar dust grains heated by starlight. The
FIR model, proposed by Helou (1986), consists of two components - a cirrus-like one

and a warm one, connected with active star forming regions. To trace curve D in his
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paper, Helou (1986) used an estimation made by Desert (1986) of the emission from
dust particles of various sizes and convenient heating radiation field. The last one
was altered from-an intensity comparable to the solar neighbourhood (point X), to one
similar to the intensity found in the regions of active star formation (point Y). The
other curve H was computed from Helou’s (1986) two-component model and it represents
the locus of points in the color-color diagram, where the contributions from the warm

and cool components are equal.

0.20 Sy® _

0.00

log(fso/floo)
S
3

-0.40 |-

~0.60 \ A

__0480llljlll|l)lllllllll'lllll
-1.00 -0.80 -0.60 =040 -0.20 0.00 0.20

log(fIZ/f25)

Fig. 9. IR color-color diagram lo‘g(fso/fmo) against lOg(fm/fzs)' Helou’s (1986) mo-
del is superimposed there. The circles labelled as SB and SyG mark the colors of the
"starburst" and "Seyfert" components adopted by Rowan-Robinson (1986). See text for

more details.

Most of the galaxies on this diagram, where the ratio Lm/LB increases from the
lower right to the upper left corner, are placed between curves D and H. This indi-
cates that the IRAS-detected AKNs are objects with enhanced star formation rate.

The objects lying definitely above the line D on the Helou diagram have been con-
sidered as the most interesting ones in the subset. These will be listed below in
more details. In Table 1 their names are given in bold. The abbreviations in cross-
references of their names refer to the following catalogues or surveys: N=NGC
(Dreyer, 1888), I = IC (Dreyer, 1908), A = Second Reference Catalogue of Bright Ga-
lax_ies (Vaucouleurs et al., 1976) - anonymous galaxy, U - UGC (Nilson, 1973), Mk =
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Markarian Survey (Markarian, 1967; Markarian et al., 1981), Zvi, ZWG = Zwicky compact
galaxy (2Zwicky, 1971), MCG = Morphological Catalogue of Galaxies (Vorontzov-
Veliaminov et al., 1962-1964).

Akn 193 - an object with unknown redshift. According to IRAS fluxes the warm frac-
tions are fr" = 0.81 and fr" = 0.79. On the color-color diagram a(60/100) vs

60pm 25{um
0(25/60) given by SM, where different types of ELGs are presented, this galaxy lies
in the starburst region.

Akn 312 = U 6665 = Mk 1304. An elliptical object with a Jjet (Arakelian, 1975),
whose optical emission lines are very bright (Doroshenko and Terebizh, 1975). Akn 312
lies just on the curve D in the region with high SFR. Its total IR emission is about
6~1010-Lo and the corresponding warm fraction is 0.78. On SM diagram this object is
situated in the starburst region.

Akn 381=I 3581. An elliptical blue object with an envelope, showing medium Ha
emission and weak [NII] AA 6548/83 one (Arakelian et al., 1976). Its vigorous IR ra-
diation LFIR~ 9.10" LO exceeds nearly 6 times the luminosity in the blue visual
band. The corresponding warm IR fraction is about 0.75. But on SM diagram this galaxy
lies definitely below the starburst region.

Akn 409 = ZuwG 217.024 = MCG 07-27-056. A compact elliptical object, showing strong
Ha and medium [NII], [SII] optical emissions (Arakelian et al., 1976). On the Helou
diagram Akn 409 lies above the line D. It shows a strong IR emission L?IR~ 4~1010LO
and the corresponding warm fraction is about 0.7. This galaxy is well situated on
the SM diagram just in the starburst region.

Akn 490 = I Zw 129 = A 1554+42 = U 10099 = MCG 07-33-016 = Mk 1101. A quite sym-
metric blue object, which shows strong Ha and medium [NII] optical emissions (Arake-
lian et al., 1976). Akn 490 is well situated in starburst region on SM diagram too.
The IR emission is very strong - about 1.3.10" Lo' The estimation of its warm frac-
tion is 0.61.

Akn 497 = U 10200 = MCG 07-33-039 = Mk 1104. A compact object with non-symmetrical
red envelope which shows strong HOC and weak [NII] emissions (Arakelian et al., 1976).
The IR emission is relatively weak - about 5-109Lo, and the corresponding warm frac-
tion connected with starburst events is 0.8. The IR properties of Akn 497 are very
similar to those of Akn 490, the former object discussed.

Akn 541 = I 4763 = U 11290. A Peculiar very blue spiral with strong Ha and medium
[NII] emission (Arakelian et al., 1976). The total FIR emission Lopg~ 8°107°L_ ex-
ceeds about 4.5 times its blue luminosity. The corresponding warm IR fraction is
0.56.

Akn 564 = A 2240+29 = U 12163 = MCG 05-53-012. A well known Seyfert galaxy, show-
ing strong and yide (about 100 A) Ha emission (Arakelian et al., 1976). About 0.85 of
its IR emission is due to the starburst processes. On SM diagram this galaxy lies
definitely in the Seyfert region.

All of the above mentioned objects call for more attention because of their vigo-
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rous IR luminosities and their fairly large warm fractions, which are intimately as-
sociated with the starburst activity. All these galaxies are blue compact objects,
showing rather strong optical low-excitation emission-line spectra. It seems to be
very likely they all are starburst galaxies. There are good reasons to intend a more

comprehensive observational program to investigate them in more details.

5. CONCLUSIONS

On the basis of the discussion above the following.conclusions have been made:

1. About 63% of IRAS-detected AKNs show high total IR luminosities Lszlou
erg~s-1 in 1-500 pm IR spectral region.

2. The distribution of IOg(fGO/fIOO) shows that the IRAS A‘KNS are warmer than the
"normal” S galaxies with a clear peak at about T=45 K (n=0 model). The temperature
color index fso/fwo of IRAS AKNs is distributed similarly to that of the BCELGs.

3. IRAS-selected AKNs tend to extend the relation floo/fso vs LIR/LB for "normal"
S galaxies and emit up to seven times more energy in the IR spectral band between 40
and 120 pm. Its mean ratio <LFIR/LB> of FIR luminosities to blue ones is about 3.63.

4. It is very likely that in IRAS-detected AKNs there are two IR components - warm
one, connected with the UV fluxes of new-born massive stars, reradiated by dust, and
cool one, originated from dust in galactic disks, which is heated by the general in-
terstellar radiation field. The ability to deduce total warm IR luminosities L:IR and
warm IR fractions L:IR/LFIR rests on IR color-color diagrams «(25/12), @(60/25) and
0(100/60). The mean warm IR fraction is <L:IR/L >~0.55, if the grain mass absorp-

FIR
tion coefficient is n=1.0, or <Lw /L > =~0.72 if n=0.0.
FIR FIR
5. If the dust clouds are optically thin, the dust mass of IRAS-detected AKNs,
which is responsible for IR flux densities observed at 60 pm, is derived to be
5
Uﬂdust(60 pm)~10 fIIIO.
6. There is a correlation between LIR and LB, which indicates that the most

IRAS-detected AKNs have enhanced rather than constant star formation rate.
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