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(Abstract)

I nfrared em ssion of 182 Arakelian gal axies with high surface
bri ghtness included in the I RAS Survey is considered as an
evi dence for enhanced star formation rate. About 63 % of them have
high infrared lumnosities Lrr0 >> 10* erg.s' in the region
between (1 — 500) mkm The distribution of |og(feo/fi00) shows that
t he Arakelian gal axies are warner than the "normal” S gal axi es
with clearly definitely pick placed at about 45 K. , The gal axi es
with high surface brightness tend to extend the relation fi0/feo
versus Lir /Lefor "normal"™ S galaxies and emt up to seven tines
nore energy in the infrared regi on between (40-120 nkn). The nean
ratio Lrr /Le for 145 Akn Gwith infrared radiati on and known
redshifts is ca. 3.63.

| f the dust clouds are optically thin the nmean val ue of the dust
mass whi ch radiates at 60mkm Must(60nkm) is ca. 9.10° M. The
connecti on between Lir and Lg points out that the nost gal axies
wi th high surface brightness have constant or increased star
formation rate.

1.1 ntroduction

Arakel i an gal axi es (AknG are a sanple which contains 591 gal axi es
whose surface brightness are larger than 22 mag per sqr s in the
systemnear to this of Hol nberg. More than half (~ 300 objects)
have em ssion lines in their spectra and excess in radio flux at
408 MHz, Arakelian (1975). The high surface brightness in the
optical region is connected with occurrence of young and bl ue
stars rather than with their conpactness. This is the reason for
nore intensive general radiation field.

The present work considers to the infrared radiation from 182
Arakel i an gal axi es included in Catal oged Gal axi es and Quasars
detected in the I RAS survey, 1985. This sanmple is 32% fromthe
whol e Arakelian's list. 145 of them have known redshifts, 36 of
t hem have good determ ned | RAS fl uxes.

2. GENERAL PROPERTI ES

We shall suggest that the infrared radiation of the galaxies in
guestion is due of thermal reradiation by dust of the stellar



radi ation field. The nature of the IR radiation in Akn Gw | be
di scussed in details by Yankul ova and Petrov, 1990 (to be
publ i shed).

I ndi cators for the "infrared activity" of galaxies are the

lum nosities in the infrared Lir and the ratio Lir /Ls, where Lgis
taken to be equal of vf, at |anbda 4400 A . W have used the
calibration of Houck et.al.(1984) in the blue region Fg

(1) Lg Fe = - 7.54 - mp /2.5 [ Wnf].

Note that these fluxes are about 5 tines larger than those in
standard B-filter Soifer et al. (1987 ).

Infrared fluxes Firrefer to the infrared em ssion between 40 and
120 nmkm whi ch is determ ned accordi ng to Catal oged Gal axi es and
Quasars Cbserved in the | RAS Survey, 1985, Appendi x B

(2) Fir = 1,26.( 2,58.10%. fg+ 1,00.10" f100).10%° [Wnf],

where feso and fio0 are the I RAS catal oged flus density in [Jy]. In
order to have possibility to conpare the results with those of

ot her authors for different kinds of objects we'll use this
definition.

Following Belfort et al.(1987) we have estimated the total far
infrared em ssion fromabout 1 to 500 nkm Frr by expression

(3) Frr = 1,75.10-14 .(12,66.f12 +5,0.f25 +2,55.fe0 +1, 01. f 100)

in [Wnf], where fmmare the IRAS flux densities in [Jy]. The
| um nosities Lg, Lir and Lrr are conmputed for H = 75 km's. Mpc.

Figure 1 shows the distribution of the total far infrared

lum nosities Lrr for the all Arakelian gal axies with known
redshifts. They are 145 objects. It should be noted that about 63%
of the all Arakelian galaxies with IR radiation have Lqgr0>>10%
erg.s’'. In fact this means that the Akn gal axi es belong to ELIRS
(extremy lumnous far infrared sources) Harvit et al.(1987)
because they have | arge values of IR radiation between 1 to 500
nmkm and | ow i oni zed optical spectra.

On the figure 2 we have presented the col or-indices feolf 100

di stribution for galaxies with high surface brightness (Akn G.

For conparison the same one has been presented for three other
sanpl es of galaxies - "normal" spirals fromthe Virgo cluster

gal axies with | ow surface brightness (LSBG - G Hel ou (1985) and

bl ue conpact em ssion |ine gal axies (BCELG picked out fromthe
Mar karian lists (Kunth and Sevre, 1985). The | ower horizontal axis
is labeled with [ og(feo/ f100) and upper axis with the correspondi ng
col or tenperature.

The mean val ue of the infrared color feo/ fi00 fOr the sanple of Akn
Gis log(feo/ f100)= -0.34 and the nean value of the ratio Lir/Ls ~
1. 32.

For conparison the "normal" S gal axies investigated by de Jong et
al . (1984) have | og(feo/f100) = -0.43 and Lir/Ls ~ 0.4. The



di stribution of |og(feo/fi00) shows that the Arakelian gal axies are
warmer than the "normal"” S galaxies with clearly definitely pick
pl aced about at T ~ 45K . At the sanme figure we can see that the
Arakel i an gal axi es detected by | RAS have the distribution of
tenperature color index feo/ f100 Simlar to that of the blue conpact
em ssion |line gal axi es Kunth, Sevre (1985).

Figure 3 presents the relation between the infrared col or fio0/feo
versus the index of activity Lir/Ls for the sanple consisted of 145
Arakel ian gal axies with known redshifts. On this diagram 36

obj ects whose I RAS fluxes at 60 and 100 nmkm are wel |l determ ned
are noted by circles. The region occupied by the "normal" S

gal axi es picked out the Virgo cluster is drawn by uninterrupted
line. On the same diagramthe bl ue conmpact em ssion |ine gal axi es
woul d have occupi ed the upper right region and they continue the
sanme relation for the normal S gal axi es Kunth and Sevre (1985).

The ratio Fr/ Fs has been adopted by many authors as a conveni ent
way of measuring the infrared activity of gal axies and the nean
value of this ratio for 145 Akn Gwth known redshifts is LIR LB
~1.32. The ratio Lrmr/ Ls for the sane objects is Lrr/ Le ~3.63. Dust
tenmperature fromfio/ feo i NCreases and the gal axi es becone war nmer
with increasing of the infrared activity (ratio Lir/Lg) which has
been di scovered by de Jong et al.(1984) for the "normal" S

gal axies fromthe Virgo cluster. The gal axies with high surface
brightness tend to extend this relation and so do BCG and at
tenperature in the range 40 - 50 K they emt up to seven tines
nore energy in the infrared region (between 40 and 120 nkm) than
in the blue region. It should be noted that the region occupi ed by
t he high surface brightness gal axi es coincides with that one
occupi ed by the blue conpact gal axies with em ssion |ines.

Maybe this result points out higher rate of star formation in

t hese gal axies than in normal spirals and irregul ar gal axi es. 36
Arakel i an gal axi es whi ch have good determ ned | RAS fl uxes are
mar ked on the two col or diagram |l og(feo/ fi00) and | og(fio/fo2s) -
figure 4. Helou's (1986) nodel is superinposed there.

Except for galaxies with Seyfert - |ike nucleus far infrared
radiation is a result of thermal radiation frominterstellar dust
grains heated by starlight. In Helou' s nodel FIR consists of two
conmponents: cirrus |ike conmponent C(7n) which is heated by the
general radiation field and warm conponent A(7n) connected with
active star formation regions. Curve Din the Helou' s nodel is
from Desert's cal cul ati ons who cal cul ates the em ssion from dust
particles of various sizes and the heating radiation field which
is altered froman intensity conparable to the sol ar nei ghbor hood
(point X) to one simlar to that found in a region of active star
formati on (point Y). The second noted curve H was conputed from
Hel ou's two conponent nodel and represents the |ocus of points in
the color — color diagramthat have equal contributions fromthe
war m and cool conponents. The circles labeled B and S are the
adopted colours of the "starburst” and "seyfert" conponents used



to synthesize the observed far infrared spectra by Rowan -

Robi nson, (1987). Most of the gal axies fromthe sanple of 36
Arakelian gal axies with well determ ned | RAS fl uxes are situated
bet ween two curves D and H on the Figure 4. This fact points out
that those are objects with higher rate of star formation. The
ratio |R/'B increases fromdown right corner to upper |eft corner.

Now we wi |l consider some objects which are situated above the
curve D.

Akn. 312. W find this object to be an interesting one. It
lies imMediately on the curve Din the region with high SFR Akn
312 is an elliptical object with jet Arakelian, (1975). The em ssion
lines are very bright - Doroshenko, Terebizh (1975)

Akn.564. This is a known Seyfert galaxy with striking
evi dence of nucl eusof Seyfert galaxies. In the spectrumof this
object it is observed strong Hx the wi de of which is about 100 A -
Arakelian et al.(1976).

Akn 381. The radiation of this object in the infrared region
exceeds nearly 6 tinmes that one in the visual region. This is an
elliptical blue object with an envelope. It is observed that
em ssion line of Ho wwth nean intensity and weak lines of [N I]
AN6548/ 83 Arakelian et al.(1976).

There is strong em ssion of Hx and nean intensities of [N ]
AN 6548/83 and [SII1] aAx 6717/31 in the spectra of the objects Akn
291, 409, 497, 490, 541 Di bay, Yesi pov (1975,1976) and Di bay et. al.
(1976) .

The mass of the radiated dust is determned mainly fromthe | ower
t enperature dust conponent at Tg from feo f100, because BA(Tq)
decreases rapidly with decreasing of the tenperature. For
optically thin em ssion the dust nmass emtting at a given

wavel enght is given by

(4) Must (A) = 4nRg? * f, /4nBy(Td) *K(2),

where Rg is the distance fromthe Earth to galaxy, f, is the
observed flux density at wavelength 2, Td is the dust tenperature
deduced from feo f100, K(2) = Q2)/(4/3)ac [cnf/g] is the mass
absorption coefficient and QA)~A" is the absorption efficiency of
t he dust.

We suggest that the dust is a mxture of graphite and Silicate
particles with radii a = 10 mkm and densities ¢ = 2 g/cn?. Based on
the recent grain nodel of Drain and Lee (1984), we adopt n = 1 and
K(60 nmkm) = 250 cnf/g. W use the I RAS fluxes at 60 mkm which are
wel |l determined at this frequency to estimate the dust nmass Must(60
nkm). We find that the nean value of the dust mass Muwst60 nkm) is ~
10°Mb. The dust mass eval uated by this way is a low limt of the
dust clouds which radiate FIR and they are optically thin at 60
and 100 nkm



It may be expected that there is a correlation between the ratio
Lir/ Le and the dust nmass which radiates at 60 and 100 nkm This
relation is shown on Figure 5 and Pearson correl ation coefficient
is ~ 0.60.

3. Star Formation Rate

The star formation rate is considered fromthe point of view of
t he connection between LIR and LB. This relation for all Arakelian
galaxies with infrared radiation is represented on the Figure 6,

According to Gallagher and Hunter (1987) the line 2 corresponds to
constant SFR and the line 3 corresponds to a burst in the star
formati on. The nost gal axies are situated between the lines 2 and 3
and above the latter. This points out for increased star formation
rate in Arakelian gal axi es.

Fol |l owi ng Gal | agher and Hunter (1987) we can made a rough
estimation of star formation rate

(5 Mur = 2.5 10" gt d* Lir[ M per year ] ,

if the mass of the warmstars is ~ 10 Mb. In this expression g ~
0.5 and it depends on the newborn star effective tenperature T+ and
on gal axy's geonetry . The part & of the infrared radiation which
is connected with the young stars is & < 1.0. According to Figure
4 for Arakelian gal axies we can assune that & ~ 0.75. As a result
we obtain dMdt ~ 10 Mo per year.

4. Concl usi on

About 63% fromthe Arakelian gal axies included in the |IRAS survey
have large infrared |um nosities Lmr0>> 10* erg.s-1 in the region
bet ween 1-500 nmkm

The distribution of |og(feo/fi100) shows that the Arakelian gal axies
are war nmert hant he"normal "Sgal axies with clearly definitely pick

pl aced about at T ~ 45 K Arakelian gal axi es detected by |IRAS have
the distribution of tenperature color index feo/f100 Simlar to that
of t he bl ueconpact em ssion |ine gal axi es.

The nmean value of the ratio Lir/Ls for 145 Arakelian gal axies with
| R and known redshifts is Lig/Ls ~ 1.32. The ratio Lrr/Ls for the
same objects is ~ 3.63. The gal axies with high surface brightness
tend to extend the relation fiooffso versus Lig/Lg for "normal" S
gal axies and enmt up to seven tines nore energy in the infrared
regi on between (40 - 120 nkn).

The neag val ue of the dust mass which radiate at 60 nkm Miust ( 60k
is ~ 10° M.

The connection between Lir and Ls points out that the nost gal axies
wi th high surface brightness have constant or increased star
formation rate.



CAPTI ONS FOR FI GURES

Figure 1. Distribution of the total far infrared lumnosity
between 1 to 500 nmkm for the sanple of Akn Gwi th high surface
bri ght ness.

Figure 2. Distribution of the f(60nmkn) to f(100nkm) ratio for the
consi dered sanple of Akn Gwith IR em ssion (|l ower panel); blue
conpact em ssion |line galaxies (BCELG; galaxies with | ow surface
bri ghtness (LSBG; "normal" spirals fromthe Virgo cluster.

Figure 3. The rel ation between the infrared col or fi0o/ feo versus the
i ndex of activity Lig/Ls for the sanple of 145 AknGal w th known
redshifts. 36 objects whose IRAS flux are well determ ned are
noted by circles. The region occupied by the "normal" S gal axi es
pi cked out the Virgo cluster is drawn by uninterupted |line de Jong
et (1984).

Figure 4. Infrared color - color diagramplotting the ratio

| og(feo/ f100) against the ratio |log(fi2/f2s). Helou's (1986) nodel is
superinposed there. The circles |labeled B and S are the adopted
colours of the "starburst” and "seyfert" conponents in Rowan -

Robi nson (1986) .

Figure 5. The dust mamss which radiates at 60 and 120 nkmin sol ar
units versus the ratio of infrared um nosity between 40 and 120
nkmto blue lum nosity Le.

Figure 6. The infrared lumnosity Lir between 40 and 120 nkm ver sus
the blue lumnosity Ls. According to Gallagher and Hunter (1987)
the line 2 corresponds to a constant SFR, the |line 3 corresponds
to a burst in the star formation.
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