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Abstract. A sample of 61 Markarian galaxies detected in the CO line was compiled. Using available HI, H,, optical and radio
continuum data, the analysis of the gas kinematics and the star formation properties for this sample of galaxies was performed.

The main conclusion can be summarized as follows:

(1) The HI and CO line widths are well correlated. Interaction between galaxies has no influence on the CO line broadening. A
rapidly rotating nuclear disk in the galaxy might lead to the CO line broadening with less influence on the HI line.

(2) The atomic and molecular gas surface densities are well correlated with the blue, FIR and radio continuum surface bright-
ness; however, the correlation for molecular component is stronger.

(3) In general, the galaxies with UV-excess (Markarian galaxies) do not differ in their star formation properties from the non-UV

galaxies.
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1. Introduction

On the basis of luminosity alone, it is not possible to conclude
whether or not star formation occurs in a burst. The FIR to blue
luminosity ratio Lg./Lg provides a qualitative measure of the
current star formation rate, and it may be strongly affected by
extinction, while the gas emission in mm wavelengths is not
affected by extinction.

It is well established that in luminous IR galaxies the star
formation indicators, such as Lg,/Lg or the flux density ratio
at 60 and 100 microns f60/f100 are better correlated with
the molecular hydrogen than with the atomic hydrogen con-
tent (e.g. Young et al. 1989). The ratio Lg/My,, where My,
denotes the molecular hydrogen mass, is usually interpreted
as an indicator of efficiency of star formation (SFE) in galax-
ies. The SFE is independent of the Hubble type (Devereux &
Young 1991; Young et al. 1996) but depends on the environ-
ment of a galaxy (Sanders et al. 1991; Combes et al. 1994;
Young et al. 1996). This dependence is more pronounced in in-
teracting galaxies rather than in isolated ones. For the IR-bright
galaxies, there is a linear relation between H, and the dust con-
tent with SFE depending on the dust temperature of the warm
component (Young et al. 1989). However, when longer
wavelengths (mm range) were used in determining the dust
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content in IRAS-Mkn galaxies (Chini et al. 1992a), a strong
correlation between Lg,/Mg,s and temperature of the cold dust
was found. According to Andreani et al. (1995), the cold dust
emission is associated with both the molecular and atomic hy-
drogen phases.

The CO line area is used to estimate the H, gas mass of
a galaxy. The line shape and line width of the CO emission
involve information on distribution and kinematics of the gas
(Krugel et al. 1990; Chini et al. 1992b).

Since molecular gas appears to play a critical role in the
star formation process, it is of great importance to perform
CO observations for galaxies, in particular for those with
active starbursts.

Markarian galaxies exhibit a variety of activities, from star-
burst to nuclear, and this sample is one of the most suitable
samples for investigation of the gas properties and the star-
burst phenomenon in galaxies. Using available HI, H,, optical
and radio continuum data, we have analyzed the gas kinemat-
ics and the star formation properties of 61 Mkn galaxies. How
do the gas properties of galaxies with UV- and non-UV-excess
compare?

The value of the Hubble constant equal to 75 kms~! Mpc™!
is adopted throughout this paper. Section 2 presents a sample of
61 Markarian galaxies detected in the CO(1-0) line. In Sect. 3,
the gas-luminosity relations are discussed. The results obtained
are discussed in the final section.
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Table 1. Sample of 61 Mkn galaxies.

Mkn i do \%4 Lﬁr LB PR MH] MH2 [CO WHI wCo T Env Tel Ref
©) ()  kms™' Lo Lo WHz! Mg Mg XKkms' kms! kms!
2 32 073 5476 10.66  10.29 9.45 9.39 7.5 167 106 0 p? I 1,2
35 47 135 935 9.08 9.21 8.00 7.60 1.0 96 41 3 i F 3
52 58 2.06 2252 9.80 8.70 8.73 23 96 60 -1 F 3
88 0 0.19 9180 10.53  10.32 21.95 9.35 9.81 3.1 121 100 3 i (6] 4
91 0 0.89 5101 10.56  10.05 9.40 9.58 6.0 201 113 3 i (6] 4
133 28 1.12 2010 9.58 9.81 8.63 8.56 8.2 95 83 4 I 1,2
158 68 1.73 2070 9.99 10.01 21.04 8.67 9.07 25.3 209 126 1 I 5
171 47 1.89 3033 11.38  10.60 22.83 9.78 60.0 150 9 ia I 6
188 43 175 2404 9.98 10.20 21.41 8.91 9.16 22.8 270 240 5 I 7
201 61 1.61 2511 10.57  10.07 21.74 8.81 9.05 16.4 87 149 10 I 7
213 54 1.63 3115 10.04  10.29 21.36 9.03 10.1 311 1 I 1,2
231 43 122 12300  12.10  10.98 23.70 10.42 16.0 197 5 ia I 7
266 29 1.16 8358 11.18  10.69 22.82 10.37 4.9 400 7 ia N 8
273 90 0.81 11274 11.87  10.87 23.30 10.44 19.8 494 4 ia I 7
281 32 315 2227 9.96 10.42 21.07 8.86 9.19 6.8 305 278 3 i F 9
286 27 0.85 7548 10.86  10.62 21.76 ~ 10.17 9.88 5.4 231 175 4 i (6] 4
297 40 0.89 4701 10.64  10.38 22.36 9.47 9.26 12.5 366 180 5 ia  NO 10
311 0 043 9190  10.70  10.37 21.86 9.12 9.60 1.9 194 124 6 i (6] 4
331 51  0.63 5351 11.11 10.07 22.19 9.93  10.06 16.1 264 281 3 ia (6] 4
332 24 142 2662 10.04  10.30 20.78 8.81 9.25 22.7 80 64 5 I 5
353 60 0.72 4861 1043 10.25 9.36 9.66 17.6 192 278 5 i I 1,2
363 59  3.82 2935 9.76 8.98 8.66 8.2 150 -2 NO 11
404 0.10 1320 9.82 21.25 8.96 11.4 280 F 3
439 12 2.09 988 9.26 9.58 20.24 7.97 9.08 22.5 62 70 1 I 12
496 90 1.37 8785 11.16 22,52 10.01 10.36 43 211 100 -3 ia N 8
518 0 048 9506  10.85  10.69 22.36 9.75  10.05 5.0 242 199 10 i (6] 4
533 24 113 8662  11.08  10.85 23.10  10.00  10.31 4.0 449 145 4 p N 8
534 60 130 5119 10.72  10.60 22.14 9.50 9.75 8.7 286 420 -2 p (6] 12
538 44 1.82 2801 1035  10.26 22.05 9.02 9.03 12.4 163 177 3 ia I 5
545 52 1.87 4635  10.78  10.79 22.17 9.46 9.60 17.0 376 364 1 p I 7
575 40 081 5295 1042 10.36 21.48 9.46 9.66 15.0 153 117 1 i I 1,2
602 44 132 2866 9.94  10.09 21.28 9.04 8.99 10.9 227 194 35 I 1,2
617 30 1.33 4723 11.27  10.44 22.48 9.39 9.56 14.8 250 255 5 ia I 7
620 44 346 1903 9.81 10.26 21.51 8.69 8.95 22.5 354 340 05 I 7
691 61 1.50 3297  10.14  10.36 21.62 9.14 9.00 8.4 143 100 4 p I 1,2
708 70  2.26 1897 9.74 9.85 21.11 8.65 9.03 27.1 242 197 5 I 5
731 49 239 1414 9.26 20.41 8.22 7.5 100 -1 i I 1,2
759 40 224 2066 9.76  10.16 21.82 8.78 8.70 10.7 208 167 5 I 1,2
769 64 198 1663 9.80 9.98 21.09 8.62 8.31 6.8 207 89 1 I 5
799 62 190 3028 1048  10.39 21.77 9.53 9.70 49.8 314 309 3 ia I 7
848 60 0.82 12053 11.54 22.83 10.09 7.8 93 -2 ia I 5
928 42 1.14 7316 11.07 22.65 10.33 59 259 -1 ia N 8
938 74 175 5772 11.16 22.51 9.66 9.78 16.7 418 347 3 ia I 7
1014 48893 12.14 24.01 10.70 0.2 130 N 13
1034 0 043 10047  11.33  10.39 22.65 9.94  10.46 26.4 261 450 6 I 7
1040 90  2.87 4914 1031 10.73 9.59 9.47 1.8 440 500 4 N 14
1050 54 1.10 4853  10.55  10.37 21.60 9.40 9.63 16.7 217 250 1 i I 1,2
1066 65 1.79 3605 10.56  10.29 22.02 9.44 19.3 271 -1 p? I 7
1073 21 1.04 6991 11.05 1091 22.63 9.49  10.03 8.9 253 260 3 p (6] 4
1088 21 1.75 4626  10.61 10.64 22.02 9.37 9.50 13.4 297 377 0 i I 7
1093 48 1.10 4441 10.71 22.05 9.92 9.74 6.1 359 253 1 p? S 5
1157 36 1.28 4495  10.09 9.31 9.02 8.0 259 110 0 NO 15
1194 53 1.88 4552 10.64  10.63 21.85 9.36 9.96 40.2 269 291 -2 i I 7
1259 44 2.00 2159  10.30 21.53 8.46 9.5 -2 NO 11
1341 49 221 1132 9.09 9.57 20.14 8.23 7.95 6.4 186 155 6 I 1,2
1365 40 0.76 5652 10.55  10.16 21.83 9.44 9.59 11.2 180 217 -2 i I 1,2
1376 90  2.90 1829 9.86  10.21 22.10 8.63 8.80 17.2 276 286 1 I 5
1379 58  1.46 2585 9.91 10.23 21.48 8.86 8.84 9.4 86 72 1.7 I 1,2
1405 26 137 4963 10.56 1091 9.48 9.83 11.1 281 280 -3 p? O 4
1466 43 438 1226 9.45 9.96 20.80 8.37 8.47 17.8 201 120 5 I 7
1485 45 3.14 2308 9.73 1040 8.91 8.79 10.5 286 240 3 I 1,2

1. Contini (1996); 2. Contini et al. (1997); 3. Young et al. (1995); 4. Kandalyan et al. (1998); 5. Chini et al. (1992b); 6. Solomon et al. (1992);
7. Krugel et al. (1990); 8. Sanders et al. (1991); 9. Jackson et al. (1989); 10. Sofue et al. (1993); 11. Taniguchi et al. (1991); 12. Wiklind &
Henkel (1989); 13. Sanders et al. (1988); 14. Heckman et al. (1989); 15. Taniguchi et al. (1990).
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2. Results
2.1. A sample of Mkn galaxies detected in the CO line

The flux limited (60 < 1.95 Jy at 60 micron) sample of Mkn-
IRAS galaxies contains 155 objects (Kandalyan et al. 1995). In
order to investigate the gas properties of Mkn-IRAS galaxies,
we have extracted from the literature all the objects detected in
the '2CO(1-0) line (until May 2002). The total number of CO
detected Mkn galaxies is 65. The galaxies Mkn 463, 551, 673
and 1027 have been detected in the CO line (Gao & Solomon
1999), but the details of the line parameters, such as the CO line
intensity and line width, are not presented. For this reason, we
did not include these galaxies in our statistics. The optical, FIR
and HI data have been extracted from the LEDA and NED!
databases. Additional HI data are chosen from Martin et al.
(1991) and Kandalyan et al. (1997). The environment informa-
tion on galaxies are taken from Mazzarella & Balzano (1986);
Mazzarella et al. (1991); Mazzarella & Boroson (1993); Keel
& van Soest (1992). The radio continuum data are chosen from
Bicay et al. (1995) except those for Mkn 158, 188, 331, 404,
759, 1466 (Marx et al. 1994) and Mkn 213, 286, 439 (Stine
1992). For the environment and structure of a galaxy the fol-
lowing abbreviations are used: p—pair of galaxies, i—isolated
galaxy, ia—interactive galaxy. The notations: [-IRAM 30 m, F—
FCRAO 14 m, O-Onsala 20 m, N-NRAO 12 m, NO-NRA
45 m, S-SEST 15 m for the radio telescopes are used. Table 1
presents the list of 61 galaxies and is arranged as follows:
Column I: Markarian number of galaxy.

Column 2: Inclination angle in degrees (7).

Column 3: Angular diameter a, in arcmin.

Column 4: Heliocentric radial velocity V, in km s7L.

Column 5: Logarithm of the FIR luminosity Lg,, in solar units,
calculated according to

log L = 5.5954 + 2log D + log (2.58 160 + £100), where 60
and f100 are the flux densities at 60 and 100 microns respec-
tively, in Jy, and D is the distance to the galaxy in Mpc.
Column 6: Logarithm of the blue luminosity, Lg, in solar units,
calculated according to logLg = 12.164 + 2log D — 0.4Br,,
where Br, is the total B magnitude corrected for galactic and
internal absorption.

Column 7: Logarithm of the radio continuum power Pr at 6 cm,
in WHz ™!, calculated according to

log Pr = 17.078 +21og D +1log F¢, where Fg is the flux density
at 6 cm in mly.

Column 8: Logarithm of the atomic hydrogen mass, My, in so-
lar mass, calculated according to

log Myy = 5.372 + log Iy; + 2 log D, where Iy is the integrated
HI line intensity in Jy kms~!.

Column 9: Logarithm of the molecular hydrogen mass My,,
in solar mass, which is calculated with use of the formula:
My, = 4.78 Lco, by taking the conversion factor from the
CO emissivity into H column density as Np,/Ico = 3 X
10®° cm™2 (Kkms™1)~! (Sanders et al. 1991). The CO line lu-
minosity is calculated according to formula:

! The NASA-IPAC Extra-galactic Database (NED) which is oper-
ated by the Jet Propulsion Laboratory, Caltech under contract with the
National Aeronautics and Space Administration (USA).
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Lco = 26.6 D*(Mpc) 62 (arcsec) Ico, where 6 is HPBW of the
radio telescope.

Column 10: Integrated CO line intensity Ico in Kkms™!.
Column 11: HI line width WHI, in kms™!, at half of the peak
intensity.

Column 12: CO line width WCO, in kms~!, at half of the peak
intensity. The line widths are corrected for the galaxy inclina-
tion angle.

Column 13: Morphological type (T) as in RC3.

Column 14: Environment and structure of the galaxy.

Column 15: Radio telescope used for the CO line observation.
Column 16: References for CO data. In the following discus-
sion, the correlations were considered as real if the probabil-
ity of random occurrence is less than 0.05. The flux densities
have not been corrected for redshift because all objects, except
Mkn 1014, have redshifts much less than 0.1.

2.2. The HI and H> gas kinematics

The gas kinematics of Mkn galaxies are studied by means of the
statistical analysis of the HI and CO line widths. Figure 1 shows
that there is a good correlation between WHI and WCO (corre-
lation coefficient » = 0.72 and its significance is p < 0.0001).
The relation presented in Fig. 1 indicates that the most part
of the CO emission is likely to be co-planar with the large-
scale galaxy disk. The same result was obtained previously
by Heckman et al. (1989) for a sample of Seyfert galaxies.
The dispersion in Fig. 1 may be due to several causes. Firstly,
the HI observations are usually carried out with a much larger
beam width of the radio telescope than that of CO observa-
tions. Hence, the number of individual clouds belonging to
the beam area is much higher for the HI observations than for
CO, so that the HI line width is a mean value from averaging
over many clouds and the velocity dispersion among individ-
ual clouds may vary from one galaxy to another. Secondly, the
dispersion in Fig. 1 could be also due to external and internal
causes such as the environment of the galaxy and the starburst
activity. It could be partly due to different behaviour of the gas
rotation in galaxies. The least square fit of the HI and CO line
widths data is

WCO = (0.71 +0.10)WHI + (59.4 £41.8).

We believe that, due to the gas motion, different samples of
galaxies show different slopes in the HI and CO line width re-
lation.

In Table 2 we report mean values of WHI, WCO, their
standard deviation and number for different types of galaxies.
Sofue et al. (1993) and Tutui & Sofue (1999) have suggested
that tidal interaction could disturb the outermost but not the
innermost regions of a galaxy. As a consequence, WHI for in-
teracting galaxies will be much broader than that for isolated
ones and no difference will be observed in WCO between the
two types of galaxies. It can be seen from Table 2 that there are
no significant differences between WHI, WCO for isolated and
paired+interacting galaxies, although for paired+interacting
objects, WHI is slightly higher than for isolated galaxies
(458-377 = 81 kms™"). It is noticeable that unclassified galax-
ies have smaller values of both WHI and WCO than those
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Table 2. Mean values of WHI and WCO for Mkn galaxies.
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Env WHI SD N WCO SD N
kms™! kms™!
Isolated 377 220 9 366 275 10
Paired+ 458 237 15 370 190 22
interacting
Unclassified 278 117 20 245 124 20
All 359 200 44 321 195 52
7y
’: 450 LI
-~ . ® e
£ 500} o« <3k
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Fig. 1. The HI and CO line widths relation.

of isolated objects and significantly smaller than those for the
paired+interacting galaxies. This fact is simply due to obser-
vational bias since, on the one hand, these objects are much
fainter by global parameters such as Lg, Lgr, Mur, Mu, (see
Table 1) than classified galaxies, and, as a result, they have
smaller line widths. On the other hand, because of the rela-
tive faintness of these objects, it is difficult to classify them.
Nevertheless, when a part of unclassified galaxies were in-
cluded in the group of isolated objects and another part in
the group of paired+interacting galaxies, we still did not find
significant differences for WHI and WCO between two main
groups. Therefore interaction must have little influence on the
HI line broadening and no influence on the CO line broadening
in Mkn galaxies, although this problem needs a more detailed
investigation based on a statistically significant and homoge-
neous sample.

The observed integrated CO line profiles in external galax-
ies result from the convolution of the antenna beam pattern with
intrinsic emissivity distribution for which the velocity varies
across the beam. The line profile contains information on the
distribution and kinematics of the gas.

In general, the HI and CO lines are broadened by the veloc-
ity dispersion among individual clouds and/or by galactic rota-
tion. Most of galaxies have an HI line width larger than that of
CO. The CO emission is generally concentrated within the cen-
tral few kpc, while the HI gas distribution shows a depression in
the central region of galaxy. The CO gas indicates the rotation
and/or velocity dispersion among clouds in the innermost re-
gion including any rapidly rotating nuclear disk, whereas the
HI gas indicates the rotation and velocity dispersion of the
outer disk. Furthermore, superposition of individual clouds in
the beam area is higher for HI observations than that for CO.
Thus, in general, for a standard rotation curve (e.g. Sofue 1996,
1997, and the comprehensive review of Sofue & Rubin 2001),
we should expect an HI line width larger compared to the CO
line width. Observationally, there exist galaxies with FWHM

of the CO line larger than that of the HI line (Kandalyan 1997,
Tutui & Sufue 1999). In these galaxies there may exist a rapidly
rotating nuclear disk and/or expanding molecular gas due to
the input of kinetic energy from supernovae and stellar winds
associated with a starburst (e.g. NGC 1365, 4258). When the
molecular gas in the central part of a galaxy has clumpy struc-
ture (Sakamoto et al. 1999; Regan et al. 2001), then the veloc-
ity dispersion among individual clouds will increase the line
width. In the case of lack of the high velocity HI clouds in the
central region of a galaxy, the FWHM of the CO line will be
larger than that for the HI line. A bar or oval distortion could
lead to CO line broadening and increased the star formation ac-
tivity in a galaxy. Tutui & Sofue (1999) argue that the CO line
widths of the fast rotating galaxies tend to be larger than the HI
line widths, while the HI line widths of slow rotating galaxies
tend to be larger than the CO line widths.

Let us now discuss the difference between the HI and CO
line widths. Figure 2 shows the histogram of (WHI-WCO)
for Markarian galaxies. One can see that most of galaxies
have WHI > WCO. However, according to Fig. 2, there ex-
ist galaxies with WHI < WCO. For the galaxies Mkn 201,
353, 534, 1034, this difference is significant (higher than 0.01)
and it is about 0.05 for Mkn 1088 and 1365. The inequality
WCO > WHI may indicate the existence of a rapidly rotating
nuclear disk in the galaxy and, as a consequence, the rotation
curves of these galaxies could have a peak in the central region
(<1 kpc), as in case of NGC 3031, 3079, 5236, 6946 (Sofue
1996, 1997). The high angular resolution observations of the
HI and CO are essential in testing this hypothesis.

The number of Mkn galaxies with a broad CO line width
is insufficient for statistical analysis, but it is interesting that
these galaxies are either barred or peculiar objects regardless of
whether the galaxy is isolated, interacting or merging. Note that
the velocity in barred spirals increases more steeply with radius
than in unbarred ones. In the circumnuclear region of barred
galaxies, the velocity field of the CO gas can have many differ-
ent behaviours. For example, the velocity field in NGC 3504 is
consistent with purely circular motion (Kenney et al. 1993),
while in NGC 4314, both circular and non-circular motions
have been observed (Benedict et al. 1996). The disk rotation
curves of barred galaxies show dispersion larger than those
of normal galaxies (Sofue et al. 1999). Recently Regan et al.
(1999) have detected the high velocity (higher than circular ve-
locity) streaming CO gas in seven barred galaxies. Objects with
relatively broad CO emission will be very important for the
study of the gas kinematics and dynamics of the central region.

3. Gas content — luminosity relation
3.1. Surface densities versus blue surface brightness

In the following discussion we will deal with quantities Sy =
Mwu /A, Su, = Mu,/A, S4 = La/A, Sp = Lg/A and Sr =
Pr/A normalized to surface area A of a galaxy instead of My,
Muy,, Lg, Lg and Pg, in order to avoid the size effect. The
blue luminosity is a tracer of the past star formation on the
time scale of Gyr, whereas the FIR luminosity is a tracer of
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Table 3. Regression coefficients between surface densities and surface brightness. The slope (), correlation coefficient (r) and probability (p)

that there is no correlation between the two variables are indicated in each box. The standard error is indicated in parentheses.

log S log S g log Sr log S
log S S =0.97(0.18) § =0.45(0.06) S =0.28(0.08)
(all) r=0.64(0.09) r=0.76(0.08) r=0.51(0.12)
p<3x107° p<107° p <0.002
log S S =0.950.29) § =0.65(0.21) S =0.39(0.26)
(isolated) r=0.700.19) r=0.69(0.23) r=0.50(0.35)
p <0.01 p <0.01 p=0.17
log S S =0.350.59) § =0.57(0.21) S =0.48(0.26)
(paired+ r=0.18(0.31) r=10.65(0.22) r=0.50(0.27)
interacting) p = 0.59 p <0.02 p=0.09
log S S =1.33(0.31) § =0.73(0.09) S =0.57(0.10) S =1.06(0.14)
(all) r=0.56(0.11) r=0.78(0.08) r=0.65(0.10) r=0.77(0.10)
p<10™ p<107° p<107° p<107°
log S S =1.23(0.35) S =0.64(0.22) S =0.5000.21) S =0.87(0.22)
(isolated) r=0.73(0.19) r=0.68(0.19) r=0.64(0.23) r=0.77(0.18)
p < 0.005 p <0.01 p=0.04 p < 0.002
log Su, S =0.33(0.53) S =0.48(0.21) S =0.36(0.18) S =0.62(0.17)
(paired+ r=0.2000.28) r=0.580.24) r=0430.21) r=0.750.19)
interacting) p =0.54 p < 0.05 p =0.06 p<5x1073

MNumber
o)

-200 -100 L] 100 200 300
(WHI-WCO ) (km/s)

Fig. 2. Distribution of the HI and CO line widths difference.

the recent star formation on the time scale of Myr. We made
use of multiple regression analysis to correct the distance effect
(Malmgquist bias). The corrected regression coefficients are pre-
sented in Table 3. In order to have a sufficient number of objects
in each morphological group for statistics, we have included
paired and interacting galaxies in one group. From Table 3,
one can see that the HI and H, surface densities are correlated
with the blue surface brightness for isolated galaxies only, and
correlation between these quantities for the whole sample is
completely due to isolated galaxies. We can conclude that, for
isolated galaxies, both Sy and Sy, depend linearly on the past
star formation activity.

3.2. Surface densities versus surface FIR brightness

Now we discuss the relationships between the gas surface den-
sities and the FIR surface brightness. The corrected regression
coefficients are presented in Table 3. The FIR surface bright-
ness is well correlated with the HI and H, surface densities
for both isolated and paired+interacting galaxies. This sug-
gests that, with an increase in the gas surface density, the FIR
surface brightness increases irrespective of the galaxy environ-
ment. Another interesting result is the non-linearity of the re-
lation between the HI gas surface density and the FIR surface

brightness. This is contrasted with the almost linear relation
between the H, gas surface density and the FIR surface bright-
ness. This indicates that the recent star formation activity ex-
hibits stronger dependence on the H, gas phase than on the HI
phase. Furthermore, recently, Wong & Blitz (2002) used the
azimuthally-averaged data for seven CO-bright spiral galax-
ies and found that the SFR surface density exhibits a much
stronger correlation with the H, gas surface density than with
the HI gas surface density. Moreover, there exists a quasi-linear
relation between the SFR and H, surface densities. Therefore
the star-forming gas in these seven galaxies exists predomi-
nantly in the molecular form. It should be noted that the mean
values of Lg;, Lg, My and My, do not differ significantly for
isolated and paired+interacting Mkn galaxies.

3.3. Surface densities versus radio continuum surface
brightness

It is well known that the linear relation between the radio con-
tinuum and IR emission in galaxies is a consequence of the star
formation activity. It is assumed that the cosmic rays arise to-
gether with ionizing radiation during the star formation. The
ionized gas emits thermal radio emission, while the cosmic ray
electrons interacting with a magnetic field emit synchrotron ra-
dio emission. Thus, the radio continuum and IR emission are
due to the star formation activity. On the other hand, the star
formation activity is related to the gas content of a galaxy.
Therefore, the study of the relationship between the radio con-
tinuum emission and the gas content of galaxies is of interest.
The regression coefficients corrected for the distance effect are
reported in Table 3. One can see that both phases of the gas
are related to the radio continuum surface brightness, but Sg
is related to S'y, more strongly than to S ;. When isolated and
paired+interacting galaxies are considered separately, the con-
fidence levels of the relationships are not very high. However,
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it could be due to the small number of objects in each group,
especially for the group of isolated galaxies (11 objects). Thus,
the radio continuum emission in Markarian galaxies is related
to both phases of the gas, but the relation to the molecular gas is
much stronger than to the atomic one. In general, the results of
Sect. 3 are in good agreement with those of Casoli et al. (1996).

4. Discussion

A great number of articles have been devoted to investiga-
tion of the gas properties of galaxies (e.g., review by Young
& Scoville 1991). In particular, gas-to-luminosity relations of
various types of galaxies have been studied extensively. The
results of comparison between the gas content and luminosity
reveal different effects. For example, in the FIR luminous ob-
jects (log Lg; = 10.5), the HI content is not correlated with the
FIR luminosity, while for fainter objects, there exist a strong
correlation between these quantities (Kandalyan et al. 1997).
In nearby spirals, the HI content is unrelated to the H, con-
tent (Braine & Combes 1992), whereas in the IRAS-selected
galaxies there is a strong correlation between them (see, e.g.,
present section; Young et al. 1989; Andreani et al. 1995). Thus,
gas phase to gas phase and gas phase to luminosity relations
in the galaxies are different and very complicated and depend
on many internal and external factors such as the environment,
luminosity, morphology, star formation history etc.

Up to now, the atomic and molecular hydrogen properties
have been investigated on the basis of either optically- or IRAS-
selected samples of galaxies. The different samples reveal dif-
ferent gas-to-luminosity relations in the galaxies. For instance,
IRAS-selected samples are biased toward galaxies with recent
or present star forming activity, while in the optically-selected
samples, the past star forming galaxies dominate. In Table 4 we
summarized the main results of the comparison of the HI, H,
surface densities and surface brightness obtained from various
samples of galaxies, where B, FIR and R denote the blue, far-
infrared and radio continuum surface brightness, respectively.
The first line in each box corresponds to Sy;, and the second
line to Sy,. The presence of either HI or H, indicates the ex-
istence of a correlation between the surface density and cor-
responding surface brightness. “n” indicates the absence of a
correlation between two quantities. An empty field means that
the relation has not been considered. Bold letters indicate that
the considered correlation is stronger than the relationship be-
tween the two other variables in the same box. When several
articles were available in the literature for each sample, the re-
sults were combined and in the references the most recent pa-
pers are presented. Table 4 includes only five samples which,
in our opinion, represent the main samples studied for the CO
emission so far. We have used the following abbreviations:
“Nearby” — optically selected nearby galaxies; “Starburst” —
optically selected starburst galaxies; “UV-IRAS” — Markarian
galaxies detected by IRAS; “IRAS” — IRAS selected galaxies;
“Cluster” — clusters’ galaxies. These samples are comprised
mainly of spiral galaxies. Several important conclusions can be
drawn from Table 4. (a) For all samples, the FIR surface bright-
ness is correlated with the molecular hydrogen surface density
more strongly than with the neutral hydrogen surface density.
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Table 4. Comparison of star formation activities of different samples.

Sample B FIR R Sur Reference

Nearby HI HI n 1,2,3
H2 H2 H2 n

Starburst HI  HI 4
H2 H2 H2

UV-IRAS HI HI HI 5
H2 H2 H2 H2

IRAS HI HI 6,7,8
H2 H2 H2

Cluster HI HI n 9
H2 H2 H2 n

1. Braine & Combes (1992); 2. Sage (1993); 3. Elthag et al. (1996);
4. Jackson et al. (1989); 5. Present work; 6. Young et al. (1989);
7. Sanders et al. (1991); 8. Andreani et al. (1995); 9. Casoli et al.
(1996).

This suggests that, during present or recent star formation, the
molecular phase of the gas plays an immediate part in the star
formation.

(b) The strong correlation between the HI surface density and
the FIR surface brightness for all samples indicates that, in
present or recent star formation, the neutral hydrogen phase is
also important. Of course, in some galaxies, a part of the FIR
emission could originate in the diffuse atomic medium and not
be related to the star formation regions. Thus, we can conclude
that both phases of the gas are important for star formation.
Casoli et al. (1996) arrived at the same conclusion.

(c) It is clear from Table 4 that both phases of the gas are re-
lated to the past star forming indicator S 5. But now the molec-
ular phase does not dominate in this relation for all samples, as
it was in the case of Sg;. Only in the “UV-IRAS” and “IRAS”
samples did S g correlate with Sy, more strongly than with S y.
Hence, both components of the gas are important for the past
star formation activity.

(d) Unfortunately, the radio continuum data were not available
for all samples of Table 4. Nevertheless one can see that there
is a strong correlation between Sg and Sy, . In the “UV-IRAS”
sample, the radio continuum surface brightness is correlated
also with the atomic hydrogen surface density. The universal
correlation between the radio continuum and FIR emission,
which is observed from normal galaxies to quasars, is due to the
star formation activity (e.g. Kandalyan 1996). Therefore corre-
lation between Sg and Sy, has the same origin as the former
relation. From this point of view the observed relation between
Sr and Sy for the “UV-IRAS” sample may indicate that the
FIR and HI emissions in these objects are basically due to the
star formation while in the “Nearby” and “Cluster” samples a
part of the FIR and HI emissions could be related to the diffuse
interstellar medium.

(e) It is very difficult to understand the absence of correlation
between Sy and Sy, for “Nearby” and “Cluster” samples. In
fact, if we believe that both components of the gas are impor-
tant for star formation, we expect to observe a relationship be-
tween them. Perhaps for some samples this relationship is too
weak to be observed. But the absence of correlation definitely
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does not depend on the environment of a galaxy (field or cluster
objects).

(f) Table 4 shows that Markarian galaxies do not differ in star
formation properties from other galaxies. The resemblance of
“Nearby” and “Cluster” samples is noticeable.

5. Conclusions

The main results of this work may be summarized as follows:
1. A sample of 61 Mkn galaxies detected in the CO(1-0) line
was compiled for investigation of the star formation activity.
These galaxies were selected from the complete sample of
Markarian objects detected by IRAS. The HI, H,, optical and
radio continuum data available from the literature are presented
for 61 galaxies.

2. The HI and CO line widths are well correlated. Although the
HI line width for interacting objects is slightly larger than that
for isolated galaxies, it is proposed that interaction has little in-
fluence on the HI line broadening in Markarian galaxies. The
galaxy interaction has no influence on the CO line broadening.
3. It was suggested that the rapidly rotating nuclear disk in a
galaxy could lead to a CO line width greater than the HI line
width.

4. The HI and H; gas phases are well correlated with both the
past and present star formation indicators such as the blue, FIR
and radio continuum surface brightness. However, the molec-
ular phase is related to these indicators more strongly than to
the atomic phase. The gas phases are also correlated. In some
relations, the isolated and interacting galaxies have different
behaviour (see Table 3).

5.In general, the galaxies with UV-excess (Markarian galaxies)
do not differ in their star formation properties from the non-UV
galaxies.
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