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ABSTRACT

Aims. We characterize the molecular gas content (ISM cold phasieyCO emission of a redshift-limited subsample of isalate
galaxies from the AMIGA (Analysis of the interstellar Mediwof Isolated GAlaxies) project in order to provide a compaini sample
for studies of galaxies in fierent environments.

Methods. We present th&CO(1-0) data for 273 AMIGA galaxies, most of them= 186) from our own observations with the IRAM
30m and the FCRAO 14m telescopes and the rest from the literdtVe constructed a redshift-limited sample containialggjes
with 1500 km s? < v <5000 km s* and excluded objects with morphological evidence of pdssitteraction. This sample(= 173)

is the basis for our statistical analysis. It contains gakxith molecular gas massédy,,, in the range of 10f — 10'° M. It is
dominated, both in absolute number and in detection ratepbgl galaxies of typd@ = 3 -5 (Sb-Sc). Most galaxies were observed
with a single pointing towards their centers. Therefore pedormed an extrapolation to the total molecular gas mgssated in the
entire disk based on the assumption of an exponential ligion. We then studied the relationships betwkp and other galactic
properties (g, D3, Lk, Lrr, andMy)) .

Results. We find correlations betweehly, and Lg, D§5, Lk, and Lgr. The tightest correlation ofy, holds with Lgr and, for

T = 3 -5, with Lg, and the poorest witﬁ)gs.The correlations with.rgr andLy are very close to linearity. The correlation with

is nonlinear so thamy,/Lg increases withLg. The molecular and the atomic gas masses of our sample shewamgy correlation.
We find a low mean value, loy{y,/Mu) = -0.7 (for T = 3 - 5), and a strong decrease in this ratio with morphologicpétyrhe
molecular gas column density and the surface density oftdrdarmation rate (the Kennicutt-Schmidt law) show a tigbtrelation
with a rough unity slope. We compare the relationsvif, with Lg and Ly found for AMIGA galaxies to samples of interacting
galaxies from the literature and find an indication for anamdement of the molecular gas in interacting galaxies obup.2-0.3
dex.
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1. Introduction vironment dects the amount of the molecular gas. Galaxies in
. . . . clustersi(Kenney & Young 1989; Boselli et al. 1997, Scottlet a
A major and longlasting debate in astronomy involves thg , ey and groups (Verdes-Montenegro ét al. 1098; Lea et
relztlve rlolt_as of natusrel af.‘?‘ 1’1?}”?— In ga'ap’ (fﬁrm?’"é% 1998) seem to have a normal molecular gas content, evenftihoug
and_evolution (e.g. sulentic _1376; _Larson & Tinsley hey can be highly deficient in atomic gas. On the other hand,
Joseph & Wright 1985; Bushouse 1987). Although it is broad bme authors| (Braine & Combés 1993: Combeslet al. 11994
accepted that gala_xy gvolutlon ;strongly”depends_ on the- eM¥asasola et al. 2004) find an enhanced molecular gas content
ronment, the quantitativeffect of “nurture” on certain galactic in interacting galaxies, in contrast to the results of Peted.
properties is still a matter of debate. . 1997), who concluded that the molecular gas content isfaot a
The molecular gas content is an important quantity of @.teq by interaction in strongly interacting pairs or \iguster
galaxy because it is directly related to its capacity for & %alaxies.
mation (SF). We still need to determine, however, how the en- To clarify the role played by the environment, a well-defined
*+ Ful Tables 1, 4 and 5 are only availapleS@mple pf isolatgd ga]axies is needgd to serve as a zero level
in electronic form at the CDS via anonymous ftpOf studies dealing with thefect of interactions. Most pre-
to cdsarc.u- strasbg.fr (130.79.128.5) or via Vious studles_ investigating thc_e properties of moleculss @
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?]| /A+A/ and isolated and interacting galaxies (Solomon & $age 1988g Sag
fromhttp://amiga.iaa.es/k 1993; Boselli et al. 1997; Nishiyvama & Nakai 2001; Helfer et a
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2003;| Leroy et all 2009) have generally not defined any veayVirtual Observatory interface with fiiérent query modes has
clear criterion for isolation. Perea et al. (1997) carriettCO been implemented.

study comparing isolated and interacting galaxies. Thein-s In the present paper we present and analyze CO observations
ple of isolated galaxies is composed of 68 galaxies from vaf a redshift-limited subsample of this catalogue. The jo&bd

ious sources, selected in a much less rigorous way than taracterize the properties of the molecular gas, traced®y
present study and biased towards infrared-luminous abjébe of isolated galaxies and to provide a reference sampledidies

only survey explicitly focusing on isolated galaxies, anghar- investigating the role of the environment.

ticular on galaxies from the Catalogue of Isolated Galgxges

the one by Sauty et al. (2003). They present the CO data of 99

optically-selected spiral galaxies with recession véiesiup to  2- 1he sample

14000 km s* and briefly compare the properties of the molecy=; 5 study of the molecular gas content we had to restrict
lar gas mass to the blue luminosity and atomic gas mass. A ggs number of galaxies, since observation of the entire- opti
tailed analysis of the properties of that sample is, howevetr cally complete samplen(~ 700) required too much telescope
presented there. The largest previous CO survey was the ECRfine We chose to build a redshift-limited subsample byctele
Extragalactic CO survey (Young etial. 1995) observin§00 jnq galaxies with recession velocities in the range of 158000
nearby galaxies. The majorfterence with respect to the presenty, s1. The completeness limit of of the AMIGA sample of 15
study is that it did not consider the isolation of the galaxXis a mag corresponds to blue luminosity of logLg(L.) = 8.55 and
criterion. Furthermore, it only contained bright galax{eg&her log10(Lg/Ls) = 9.60 at the distances derived for these veloc-
Mg corr < 13 mag, oiFeg,m > 5 Jy OrFi0q.m > 100 Jy) whereas jties with a Hubble constant of 75 knt'sMpc-t. The range
our samples also includes fainter objects. ~was chosen in order to avoid (i) very nearby galaxies for Wwhic
The project AMIGA (‘Analysis of the interstellar Medium the condition of isolation is not reliable (Verley eilal. 2@ and
of Isolated GAlaxies”, Verdes-Montenegro et al. 2005) wag) distant galaxies which are fiicult to detect in CO. The re-
started to provide such a reference sample by characteHgiction in velocity provides us with a sample probing a oed
ing the properties of the interstellar medium (ISM) and stailume in space.
formation (SF) in isolated galaxies in the local Universe. There are 278 galaxies in this velocity range in the CIG. We
It is based on the Catalogue of Isolated Galaxies (Clfave CO data for 201 of these objects, mostly from our own ob-
Karachentseva 1973) which is composed of 1050 galaxies irvations (180 galaxies) with the 30m telescope of thétiist
cated in the Northern hemisphere. The AMIGA project ige Radioastronomia Milimétrica (IRAM) at the Pico Veletad
presented in_Verdes-Montenegro et al. (2005). A consideralith the 14m Five College Radio Astronomical Observatory
amount of work has been done since then in order to refifleEcRAO), and the rest from the literature. We then excluded
the sample. This work includes the revision of all CIG posthose galaxies that were identified by us in a visual inspacti
tions (Leon & Verdes-Montenegto 2003), the determinatibn @f optical images as having signs of a possible present dr pas
POSS2-based morphologies and the identification of ga&axiteraction (see description of Talile 1 for more details fu t
showing signs of possible interaction (Sulentic et al. 06 criteria). This leaves us with 173 isolated galaxies with @@
the reevaluation and quantification of the degree of ismtati iy the velocity range between 1500 and 5000 kth Ve refer
(Verley et al. 2007a.b). The results of this project corsiy g this sample as the redshift-limited CO sample and we \si#l u
find that the AMIGA galaxies have the lowest SF activity af for the statistical analysis throughout this paper.
well as the lowest presence of Active Galactic Nuclei (AGN) Additionally, we have CO data for 72 galaxies outside this
in the local Universe. This is obtained both from the faraméd ye|ocity range. Six galaxies are from our own observatiorit(
(FIR) luminosity derived from IRAS data (Lisenfeld etlal.®), velocities between 5000 and 5500 knt)sand the rest is from
and the radio continumm emission_(Leon €t.al. 2008), whigRe literature. Thus, in total, we hat’CO(1-0) data for 273 CIG
are both SF tracers. The rate of AGN candidates, derived frgglaxies. We refer to this sample as the total CO sample;isind |
IRAS colors and radio continuum emission of the AMIGAhe corresponding data in Tablgs 1 &hd 5, but we do not use it fo
galaxies is lowest compared to similar studies from thedite any statistical analysis.
ture (Sabater et al. 2008). Optical photometric analysiSibf  “Recently, an update of the basic properties of the galaxies
Sc galaxies in the AMIGA sample showed that most galaxig$ the AMIGA sample was carried out for the blue magnitude,
have pseudo-bulges instead of classical bulges, and a compgtical isophotal diametéd,s, velocity, and morphology and in-
ison with samples of spiral galaxies selected without timite. teraction degree based on higher resolution images (froBSSD
criteria revealed that the isolated galaxies tend to hageta or our own images). The details are described in Espada et al.
bars, are more symmetric, less concentrated and less clunipyprep.). In order to provide a self-contained data settier

(Durbala et all 2008). These findings strongly support that tpresent paper, we list in Tadlé 1 the basic data relevantior t
AMIGA sample represents the most isolated galaxies in the igtal CO sample. The columns are:

cal Universe where secular evolution is dominant. Espadé et
(in prep.) study the HI content and (Espada et al. 2011) fourid CIG: Entry number in the Catalogue of Isolated Galaxies
the smallest fraction of asymmetric HI profiles in the AMIGA  (CIG).
sample when compared with any sample yet studied. 2. Dist: Distance in Mpc, based ¢#y = 75 km s Mpc™.

The revised AMIGA sample is reasonably completeB0- 3. Vel: Recession velocity in knté.
95%) down to mcr < 150 mag (Verdes-Montenegro et al. 4. Dys: Isophotal optical major diameter at the isophotal level
2005) and it is currently one of the largest sample of neasby i 25 mag arcsec in the B-bandD.s, in arcmin from the Lyon
lated galaxies in the Northern hemisphere. It consists lafxigss Extragalactic Database (LEDA).
whose structure and evolution have been driven largely or eB. i: Inclination from LEDA.
tirely by internal rather than by external forces at leasirdpthe 6. T(RC3): Morphological type T(RC3) as determined by our
last 3 Gyr [(Verdes-Montenegro et al. 2005). The data aregbein morphological revision, given in the RC3 numerical scale
released and periodically updated at KHttpmiga.iaa.es where  (de Vaucouleurs et al. 1991).
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Table 1. General data for the total CO sample.

CIG Dist Vel Dos i T(RC3) Inter loglsg) log(Lrr) log(Lk)
[Mpc] [kms™] [ [] [Lol (Lol [Lkol

1) (2 3) 4 (6 (6 ) 8 9) (10)

1 96 7299 139 65 5 1 10.57 10.28 11.23

4 31 2310 329 84 5 0 10.36 10.08 10.98

6 61 4528 0.70 65 7 1 9.80 9.82 10.21

10 63 4613 1.05 63 5 0 9.78 <9.44 10.09

The full table is available in electronic form at the CDS arahi http//amiga.iaa.es.

7. Inter: Code for morphological signs of a possible intdoec 3. CO observations and analysis

0: No signs of large distortions which cannot be clearly ex- ) _ . .
plained by e.g. dust. We carried out CO(1-0) observations with the FCRAO _and with
1: At least one of the following signs of possible interantio the IRAM 30m telescope. We observed galaxies with isophotal
asymmetric, lopsided, distorted, confirmed pair in the NagigmetersDzs< 100" at the 30m telescope and galaxies with
Extragalactic Database (NED) orlin Verley et &l. (2007b), ifP25= 100’ atthe 14m FCRAO telescope. In this way we tried to
tegral sign shape, warp, tidal features (tail, bridge,lghel ~ OPtimize the agreement between beam size and optical céasnet
2: Merger-like morphology or superposition of two galaxiesa”d minimize the fraction of missing flux in the observations

8. log(Lg): Decimal logarithm of the blue luminositgs, in done with a single pointing. We observed 100 galaxies at the
units of solar bolometric luminosities. We calculateg, FCRAO radio-telescope and 101 at the IRAM 30m telescope.

from the flux, fg, asLg= vfg, wherev is the central fre- In order to check the consistency of the results we obserged 1
quency of the blue band. galaxies at both telescopes.
9. log(Lrr): Decimal logarithm of the far-infrared luminos-
ity in units of solar bolometric luminosities, taken froms ; opservations
Lisenfeld et al.[(2007) and adapted to the revised distances’
used in the present papegr is is computed from the IRAS 3.1.1. IRAM 30m telescope
fluxes at 60 and 100m, Fgg and F1gg), as logler/Le) = ) )
andFIR = 1.26x 10-14(2.58F o+ F100) W m2 (Helou et al. Meter telescope on Pico Veleta using the dual polarizaten r

1988). ceivers A100 and B100, together with the 5¢2 MHz filter-
10. log(Lk): Decimal logarithm of the luminosity in the K-band,banks. The observations were done in wobbler switching mode
in units of the solar luminosity in th&s-band (ke = with a wobbler throw of 120 in azimuthal direction. Pointing

5.0735<10%2erg s1), calculated from the extrapolated mag¥as monitored on nearby quasars every 60 — 90 minutes. The
nitude in theKs (2.17um) band from the 2MASS Extendedintégration time on source was typically 0.5 to 1.5 hourse Th
Source Catalogué (Jarrett etlal. 2000). The magnitudes wE}8an system temperatures was 320K onTthescale. All CO
available for 250 galaxies of our sample. We calculated t/$@€ctra and intensities are presented on the main beamrntempe
Ks luminosity, Lk, from the total (extrapolateds flux, ¢, ~&ture scale Tmo) which is defined admp = (Fer/Ber) X Ty
asLx = vfc(v), wherey is the central frequency of thés- 1he IRAM forward dficiency, Fe, was 0.95 and the beam ef-
band.Lk is a good measure of the total stellar mass. ficiency, Bes, 0.75. The peak intensities of our sources ranged
between about 10 and 80 mK{p).
Most galaxies were observed at the central position with a
single pointing. The galaxies with the strongest emissichea
] ] o center (19 galaxies) were mapped along the major axis with a
In Fig[l we present some of the basic characteristics of tgacing of 18, until a root mean square (rms) noise of about 3

CO samples and compare them to those of the optically complg{k was reached for a velocity resolution of 10.6 km.s
samplel(\erdes-Montenegro etlal. 2005). The lattet (712) is

composed of CIG galaxies witig in the range of 11 - 15 mag
and is 80 - 95 % complete. The mairfférence between the CO3.1.2. FCRAO 14m telescope
and the optically complete sample is the larger spread oritgl

of the latter (Fid.lLa). The CO samples are at a lower velpci X X
: e ; : . EQUOIA, a 4x 4 pixel array operating from 85 to 115 GHz.
especially the redshift-restricted sample. This leadsdiiatly pWe used the so called “beam switching” mode, in which the tele

lower optical luminosity (Fifl1b) of th mpl in ; "
ower optical luminosity (FiglLb) of the CO samples since t scope switches position between the source and a reference p

number of lumin j is higher at larger distan o ; g : :
thue I\El)glrr?qulijst biglsJS objects is higher at larger dista CeStduesmon 89.2 apart in azimuth. Two of the pixels in the array al-

ternated between the ON- and the OFF-position, doublinigién t

The distribution of the morphological types (fFiy.1c) isywerway the dfective integration time.
similar in all the three samples. All samples are dominated b  The typical observing time per object was about 2 hours.
spiral galaxies. The relative number of early type galagless The pointing was checked between the observationsfigrdnt
(-5)-0)is 8% for the optically complete sample and 13% for theources using a nearby quasar. The mean system temperatures
CO redshift-restricted sample. The distribution is peakedind was 380K (onthd, scale). All CO spectra and luminosities are
galaxies with type§ = 3 - 5 (63% for the optically complete presented on the main beam temperature s@alg) (vhich is de-
sample and 51% for the CO redshift-restricted sample). fined asTmp = T, /Ber. The main beamficiency isBey = 0.45.

e observations at the FCRAO were done with the receiver
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osl T ] Table 2. List of papers from which the CO data have been com-
piled.
a)
Bibl. code Article Telescode N
1 This work 1,2 189
0.2 F M N 2 Young et al. (1995) 2,5 25
“ 3 Braine & Combes (1993) 1 11
=z - — 4 Sauty et al. (2003) 1,3,5 99
> 5 Elfhag et al. (1996) 3,4 15
- 6 Sage (1993) 5 7
The codes for the telescopes are listed in Table 3.
Table 3. Main parameters of the used radio-telescopes.

0 2000 4000 = 600D 8000 10 Code Radio-Telescope Diameterfppaw (115 GHz)  JyKZ

vel [km s ]

0.3 — —_— IRAM 30m 21 5
FCRAO 14m 45 20

SEST 15m 43 19

Onsala 20m 33 12

NRAO Kitt-Peak 12m 55 32

02 , — | 1 The conversion factor from.J, in K to flux in Jy.

Z
UOAWN R

N/Ntot
I
I

M 1 3.1.3. Literature data

0.1 F - We furthermore searched the literature and found CO(13) da
— | I for 131 objects, 87 of them had not been observed by us. We list
e o the references for these data in TdHle 2. Some galaxies Were o
] served at several telescopes. Table 3 provides informabont

; —. ] the telescopes used in thefdrent surveys: the antenna size (col-
T umn 3), the half power beam width (HPBW) (column 4) and the
Lo L] gt)anversion factor J¥X (on the Ty, scale) at 115 GHz (column

0.3 ——— —— —— .

2 3.2. Data reduction

I 1 The data from both telescopes were reduced in the standgrd wa
0.2 — using the CLASS software in the GILDAS packBg&he data

r 1 reduction consisted in dismissing poor scans, flagging bad-
nels, subtracting a baseline and averaging the spectranéor t
same object and position. In most cases a constant baselme w
subtracted and only in a few cases the subtraction of a linear
baseline was required.

N,/Ntot
I

0.1 -

3.3. Spectra and integrated intensities

The CO(1-0) profiles of the detections and tentative detesti
observed by us at the IRAM 30m and FCRAO 14m are shown in

T [RC3] Appendix A (Fig[Ad and Fid_AR, respectively). The spattr
Fig.1. Basic properties (nhormalized distributions) of th%hapes observe<t:i arz ¥ﬁr31.d'ver$d(ath80th smgle.gnd doutkegea
redshift-restricted CO sample € 173, full black line), total CO INes are present and the fine widins span a wide range.
sample, excluding possibly interacting objeats=(234, dashed 1 he velocity integrated intensityeo = J T dv (in K km
blue line) as well as the optically complete sampie=( 712, s 1), was calculated from the spectra with a velocity resotutib
Verdes-Montenegro et &l. 2005, dotted red line). a) Reoessil0.6 km s* for the IRAM spectra, respectively 13.1 km'sor
velocity, b) optical luminosity, lod(s) and c) morphological the FCRAO spectra by summing up all channels with significant
type (T(RC3), as in the RC3 catalogue). emission. Its error was calculated as:

error (co) = o(Weo 6Veo)? [K km s,

whereo is the rms noise of the spectruM/co is the CO line

We observed each galaxy with one pointing at their central p@idth, andsVco is the spectral resolution. For undetected galax-
sition. The peak intensities of our sources ranged betwkeuta

10 and 80 mK Tpp). L hitpy/www.iram.fyIRAMFR/GILDAS




U. Lisenfeld et al.: The AMIGA sample of isolated galaxies. X 5

ies, we calculate aBupper limit, assuming a line width of 300the observations in arcsefi.e. Q = 1.1303 for a single point-

kms?, as: ing with a Gaussian beam of FWHMIg). We do not include the
12 . mass of heavy metal (mostly helium) in the molecular gas mass
1u1.(CO) = 3x 0(30®Vco) ™ [K km s™7]. Most of our objects were observed at the central position in

a single pointing since the mapping of the entire galaxy @oul
have been too time-consuming. We therefore might have dhisse

1. Entry number in the Cata|ogue of Isolated Galaxies (C|Ggart of the CO emission for galaxies where the emission imor
An asterisk added to the number means that the detectio¥éended than the beam. This fraction depends on the galaxy
marginal. In our statistical analysis we treat marginakdet Size, inclination and on the telescope beams. It is thusssecg

In Table[4 we list the following items:

tions as upper limits. to correct for this loss, and we do this by extrapolatihg, ob-
2. Off. «: RA offset from the center in arcsec. served in the central beam to the total mass in the galaxiien t
3. Off. §: Declination dfset from the center in arcsec. next subsection we explain how we carried out this corractio

4. rms: root mean square noise in mK for a velocity resolution
of 10.6 kms* (IRAM), respectively 13.1 kms (FCRAQ). 551 Aperture correction
5. Ico: velocity integrated CO line temperatufeTmb dv, in K

km s, and its error.
6. Vco: mean velocity of the CO line, in knTs.
7. Wco: zero line-width of the CO spectrum, in km's
8. Tel: radio-telescope code, as listed in Table 3.

In order to apply an aperture correction, we need to prebet t
distribution of the CO emission. CO maps of nearby spiraxgal
ies (Nishivama et al. 2001; Regan et al. 2001; Leroy et alg§200
have shown that the radial distribution lgh(r) in galaxies can
be well described by an exponential function with a scalgtlen

le:

In order to check the relative calibration between the IRApG 'c0(") = 10€XPET/Te). 2)
and the FCRAO 14m telescope and to guarantee that these tWorhe co scale lengthe, is well correlated and similar to the
data sets are comparable, we observed 15 galaxies withédeth toptical exponential scale length (Regan ét al. 2001; Letay e

scopes. We expect a ratio of the velocity integrated int&ssi 5008). |t also correlates, although less tightly, with thical
of Ico-1ram/lco-Fcrao = 1 for emission homogeneogsly filling radius at the 25mag isophotes. [Leroy et al. (2008) derived
the beams, antto-iram/Ico-rcrao = (Orcrao/Oram)” = 4.5, for spiral galaxies from the THINGS survey a mean value of
where ®rcrao and Oraw are the FWHM of the respective , _ _/r,."~ 0.2. We derived the same mean value dofrom
beams, for a point-like emission. the data of Regan etlal. (2001) for 15 spiral galaxies obseinve
Four galaxies (CIG 66, 181, 281 and 330) were detectgeh gmA Survey of Nearby Galaxies (BIMA-SONG) and from
at both telescopes. The ratiosleb-iram /Ico-Fcrao range be- he gata of Nishiyama & NaKai (2001) for 25 spiral galaxies ob
tween 1.1 and 2.3, consistent with the value expected i goryeqd with the Nobeyama 45m telescope. We also used the data
concentrated emission. Six galaxies were detected at IRAN}, Young et al. [(1995), who studied the molecular gas content
but only tentatively detected (CIG 176, CIG 355) or und&€ict 5 gistribution in a sample of 300 nearby galaxies, to deriv
(CIG 217, CIG 561, CIG 609, CIG 622) at the FCRAO. Theher, They found a mean ratio between theetive CO diam-
lower limit for Ico-iram /Ico-rFcrao in five cases was betweengiar b, the diameter within which 70% of the CO emission
0.94 and 3.6, consistent with the expected range of valwes. situated, and the optical diameter®go/Das = 0.5. For an

CIG 217 this value is highetl ¢o-iraw /Ico-rFcrao = 6.1) than exponential distribution one can derive tii3to x 0.5 = 2.5re.
the theoretical upper limit. Since the detection at IRAM haSThus, their data also yield,/rps = 20525 _ % —02.

high signal-to-noise ratio, the most likely reason is anarnd D25x0.5

estimate of the upper limit of the FCRAO data. There is one Finally, we use the data of the 19 galaxieé _(aII Of. the_m with
object with a detection at the FCRAO and only a tentative d lorphologicaltypd’ > 2) mapped along the major axis with the

tection at IRAM (CIG 433), and one with a nondetection AM 30m telescope asa furthe_r test. Althqugh our data is not
IRAM (CIG 268). The ratio of the intensities in both cases i uficiently detailed to fit the radlalldlstrl.butlon (we havg only
lco-iram/lco-rFcrao = 0.3, indicating an underestimate in the -5 detec;ed spectra alo_ng the major a;qs), we can use isto te
IRAM data. In the remaining three cases, both observatiamewWhether (i) an e_xppne_ntlal (_j_lstrlbutlon ISa reasorjable:nhes
either no detection or tentative detections. tion of the CO distribution, (ii) the scale length deriveddither

We conclude that there is very good agreement between gdies isin agreementyvith our data, ar_1d (iif) the predircifor
detected values at both telescopes, and in most cases fwith € extrapolated!/IHz are In agreement with our mappe_d V?"“e_s-
exception of three galaxies) also for objects only deteatehe For the first two tests, we fitted an exponential distribution

telescope. This gives us confidence that the calibratiometito @ndep(_andently to each side qf the CO distribution along the m
data sets is consistent jor axis. From the 38 resulting fits, there were only six cases

where no exponential fit could be applied within the errosbar

In five cases we derived > 0.4, in seven cases®< a < 0.25,
3.5. Calculation of the molecular gas mass in three cases < 0.15 and in 17 cases, the majoritylB < « <
0.25. Thus, our data are in general consistent with the value of
found by other studies.

In summary, we conclude that an exponential distribution of
the molecular gas distribution witla = ro/ro5 = 0.2 is a good
M, [Mo] = 75lcoD?Q, (1) approximation based on the CO maps for nearby spiral galaxie

available up to date and also consistent with our data. Wptado
where Ico is the velocity integrated CO line intensity in Kthe same value for both spiral galaxies and early type galax-
km s1, D is the distance in Mpc an€ is the area covered by ies. In early-type galaxies, the molecular gas extent ismbess

3.4. Comparison between IRAM and FCRAO data

The molecular gas mas$/(,) is calculated using a Galactic
conversion factor of N(k)/lco = 2.0 x 10?°°cm (K km s71)~1
(e.g.Dickman et al. 1986) yielding:
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Table 4. Velocity integrated?CO(1-0) line intensities, mean velocity and line widthstloe CIG galaxies observed by us.

CIG Off. « Off. 6 rms lco Vco Weco Tel.
[”1 [ [MK] [Kkms™] [kms?] [kms™]

(1) (2) (3) (4) (5) (6) (7) (8)

10° 0 0 3.47 0.50:0.15 4980 180 1

27 0 0 421 3.540.23 4586 287 1

27 13 8 7.21 <1.22 - - 1

29" 0 0 5.24 0.49:0.16 4162 92 1

The full table is available in electronic form at the CDS arahf|http//amiga.iaa.es.

known. However, for our study, this uncertainty is not inpat
because the number of objects with< 0 is low (h = 23, with
eight detections) and we focus on our results and conclagion
spiral galaxies, in particular of typds= 3 - 5, which dominate
the sample.

We now use these results to calculate the aperture correc-
tion which we define as the ratio between the total (extrapd)a
molecular gas maddy,, and the molecular gas mass in the cen-
tral pointing, M, centes

fap = MHZ/MHz,center (3)

30 - ]

20 | — N

N galaxies (IRAM)

20 ]

N galaxies (FCRAO)

'I_'he total molecular gas mass is calculat_ed by spatially inte 10 ( h 7
gratinglco(r) from Eq.[2 and using E@l 1. This yields : | SR
My, [Mo] 75D2f I (r)2xdr 4) 0 ]

0

75D? f loexp(r/re)2rdr = 75D?1g2xr2.
0

N galaxies (literature)

Similarly, we calculaté\ly, cenierby convolving the exponen- T —H_,_'_'_‘ ]
tial CO intensity distribution with a Gaussian beam. Thislgs: ol == =]

1 2 3 4 5

aperture correction factor f

M M.1 = 75Dl [ 00 Fig. 2. Histogram of the aperture correction facty, for galax-
tzcentel Mo] = 75 0 fo dxfo dy ®) ies observed by us with the IRAM 30m telescope (upper panel),

_ 2x\2 | (2ycos() 2]) _ Vy? with FCRAO (middle panel) and for galaxies taken from the lit
exp( In(2) [(®B) * ( O ) eXp e J? erature (lower panel).

wherei is the inclination of the disk. The integration of Ed. 5 is

carried out numerically. inclination is seen, showing that no apparent bias is intced
Thus, the correction factofa, =Mp,/Mp, centes depends on by the aperture correction. The mean mass ratiaGs With a

the ratio of the scale length and the beam sigé9g, as well as standard deviation of 0.3.

the galaxy inclination. Fig.[2 shows the distribution o, for

the galaxies in our sample. The correction factors are gdiger

low: 81% of the galaxies havky, < 2, and 92%f,, < 3. Only 4. Results

nine galaxies have a correction factor above 5. All of theen ay

nearby (v< 1000 km s?) galaxies with a large angular size™

(between 4and 20) that are not included in our redshift-limitedin Table [ we listMy, for the individual galaxies. If observa-

sample. tions from diferent references were available for a single galaxy,
In order to carry out test (iii) we compared for the 19 galaxwe inspected the spectra and discarded those of pooretyquali

ies, that were mapped along their major axis with the IRANh case of similarly good data we gave preference to mapped

30m telescope, the extrapolat®dth, to the mapped molecular observations or to observations from the telescope withgeta

gas mass which we extrapolated to the mass in the entire gliskdeam in order to avoid flux loss. For the 44 objects that haa dat

assuming azimuthal symmetri(;, mapextra)- Fig.[3 presents the from the literature and were also observed by us, our data was

ratio of these two masses as a functiome andi. For most ob- in general of better quality, with the exception of threeeuit

jects, both masses agree reasonably well, with ratiosmgrigg- (CIG 512, CIG 604, CIG 626). The columns in Taljle 5 are:

tween 0.5 and 1.3. There are only two outliers, with ratiosiad

2. These galaxies (CIG 84 and CIG 28) have a very flat CO di4- CIG: Entry number in the Catalogue of Isolated Galaxies

tribution along the major axis so that our extrapolatiosuas- (CIG).

ing an exponentially decreasing distribution, underestéathe 2. log(Mu,) center: Decimal logarithm d¥l,, towards the cen-

true amount of molecular gas. No trend with neitbeg nor the tral pointing in solar masses, derived from Eq. 1. An asterix

1. Molecular gas content
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Fig. 3. Ratio between the molecular gas mass, mapped along the
major axis with the IRAM 30m telescope, and extrapolated to .
the entire disk assuming azimuthal symme( mapextra) and L -
the molecular gas mass extrapolated from the central pgias o L 1.1~ [~ H L
explained in Sect. 3.5.MM4,) as a function of diameter (a) and 7 8 9 10 "
galaxy inclination (b). 109(Myz) [Mo]
Fig.4. Histogram of the molecular gas madd,,. Galaxies
Table 5. Molecular gas mass flagged as potentially interacting were excluded. The fok |
corresponds to all detections £ 131), the gray filled histogram
CIG log(M,) [Mo | Tel.  Ref. shows detections in the redshift limited sample< 89) and
center mapped  extrapol. the dashed lines shows tentative or nondetections in tishifed
1 ) ®) (4) ®) (© limited sample i = 84).
1 9.47 0 9.58 3 4
4 8.96 9.08 9.26 2 2
6 <8.14 0 <8.14 5 4
10 7.88& 0 8.13 1 1 10 k- i
The full table is available in electronic form at the CDS amdnf
http;//amiga.iaa.es.
denotes tentative detections that are treated as uppés iimi =
the statistical analysis. E
3. log(My,) mapped: Decimal logarithm of the mappiég, in =
solar masses, calculated in the following way: for the data <
from the literature, the angular separation between thie ind
vidual pointings was always larger than the beam size so that
the totalMy, could be calculated as the sum of the individ-
ual pointings. For our own observations with the IRAM 30m . 1
telescope, the spacing between the individual pointing was 7 E SO S0eSe  Sb Sc Sd ¥ Smim -
15", which is smaller than the FWHM of the beam (250 T
that in this case we had to take the overlap of the individual -5 O S 10

pointings into account. We calculated the mappgg from Morphological type T(RC?)

Eq. [ wherdo is taken as the mean value of thefeient Fig.5. The molecular gas mass for the redshift-limited sam-
pointings, and® is the total area covered by the mappingple as a function of morphological type. Triangles denote th
approximated as 21x 36", 21’ x51”, 21" x 66", 21" x81” mean value and its error for a range of morphological types an

for 2, 3, 4, and 5 pointings, respectively. squares the median value, as listed in Table 6. The error bars

4. log(My,) extrapol.: Total (extrapolatedl), in solar masses, in the x-direction denote the range of morphological typesro
calculated as described in Section 3.5.1. An asterisk ésnotvhich the mean and median have been taken.
tentative detections that are treated as upper limits isténe
tistical analysis.
5. Tel.: Radio-telescope code, as in Tdlle 3.
6. Ref.: Bibliographic code, as in Taljle 2. lated with the package ASURV that takes into account the uppe
limits. Here and throughout the paper we use the ASHRACk-
Fig.[ shows the distribution of loty{., 3, for detections in age which applies survival analysis in the presence of upper
the total and redshift-limited CO samples and for nond@iast |ower limits and calculates the mean value based on the Kapla
in the latter. The distributions in the total and in the refish peier estimator.
limited samples are very similar. The melsliy, of the redshift-
limited sample is log{ly,) = 8.30+ 0.08 (see Tablgl6), calcu- * Astronomy Survival Analysis (ASURV) Rev. 1.1 is a general-
ized statistical package that implements the methods miesdeby
2 Here, and in the following, we always use to the extrapolatéfeeigelson & Nelsdn (1985) and Isobe €t al. (1986), and isribeestin
molecular gas mass in our analysis and dendtif for simplicity. detail inLIsobe et all (1990) and Lavalley et al. (1992).
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Fig.[d shows the distribution of the molecular gas massasa |, . T

function of the morphological type. The mean and medianesalu | °' 77
are listed in Tablgl6. Our sample is dominated by spiral gesax =
of typeT = 3-5 (Sb-Sc). Not only is the total number of objects™
greatest in this range, but also the detection rate. Thevefee "¢
can derive the most reliable results for these types. Bathdo =
lier and for later types, the detection rates are very lovkintga <

a detailed analysis flicult. The molecular gas mass is largest
for spiral galaxies off = 3 — 5, and decreases both for earlier
and later types. There are eight early-type galaxies, & 89
and SOa, with detections iMy,, and five of them have unusu-
ally high molecular gas masses in the range of those forlspita
galaxies (CIG 332, CIG 481, CIG 498, CIG 733 and CIG 1015% o |

4.2. Relation of My, to other parameters

In the following we investigate the relations betwddn, and
Lg, Dos, LrRr, Lk and My;. The first two quantitiesL(B, D25)
were chosen because they are in general available for amygal
and are therefore useful to predict the expedted. Lrr is very oa(Ly) [L.] 0a(Ly) [L.]
closely related toMy, because of their common relation to SF. el e Sl e
Lk is dominated by the emission of low-mass stars which arég. 6. My, vs.Lg for the redshift-limited CO sample = 173),
the result of the long-term SF history of an object and detencluding all morphological types, and for groups offdient
mine the gravitational potential which influences the Skviigt  morphological types. The dashed line gives the best fit tisec
Finally, we compardl, to My, in order to derive the molecular- (derived with ASURV) for all morphological types and theidol
to-atomic gas mass ratio as a function of morphological.type line is the best fit for th& = 3 - 5 sample.
The results of the regression analysis as well as the Spearma
rho correlation coicient derived in this section are listed in T VIR
Table[T, and the mean and median values of the ratios for dif- I
ferent subsamples are in Table 6. We use the package ASURV o5 |-
to calculate the bisector regression line applying the Sitlsm
binning method/(Schmiit 1935) as the only methdteed by
ASURV able to deal with censored data in both the dependent
and the independent variaBle

. L

4.2.1. Optical luminosity

Fig.[d shows the relation betweé,, andLg, for the the en-
tire redshift-limited sample and for subsamples dffetient mor-
phological types, together with the the best-fit bisectgres-
sion lines. The high number of upper limits for galaxies qfey

|
o
T

‘Og<MH2/LB>[Mo/Lo]

T = (-5)-2andT = 6-10 impedes the calculation of a reliable oL |
regression line for these individual subgroups. Howevemuate - E SO SbeSe  Sb Sc Sd Smim |
that there is no apparent deviation from the mean best-fieseg 7‘5 E— O‘ E— 5‘ S w‘o
sion for all morphological types for these two groups. A slop Morphological type T(RC3)

considerably larger than 1 is found for the correlation lesv ) ]

My, andLg, in agreement with Perea ef al. (1997). This meadd. 7. The ratio betweehgandMs, as a function of morpho-
that the ratioMy,/Lg tends to increase withg. Even though l0gical type. Triangles denote the mean value and its eoor f
the scatter around the best-fit is large, so that no strong-cord range of morphological types and squares denote the median
lation exists betweeMy,/Lg andLg, we confirm the variation values, as listed in Tablé 6. The error bars in the x-direatie-

of My,/Lg by finding that the mean values is indeed higher fdtote the range of morphological types over which the mean and
high Lg than for lowLg: for galaxies (all morphological types) median have been taken.

with Lg< 109 L, (n = 123 galaxiesp = 68 upper limits) we

obtainMy,/Lg=-1.36+ 0.05 and for galaxies withg> 10" L, o ) )

(n/n =50/11) Myy,/Lg= —1.10 + 0.06. The corresponding num-ratio is highest for galaxies of type = 3 — 5. It is however re-
bers for theT = 3 — 5 subsample are1.16+ 0.06 (Lg< 1010 Markable that galaxies of type SO and SOa with detection©in C
Lo, n/n =48/16) and-1.04+ 0.05 (Lg> 10Y° Lo, n/n =40/5). have much higher values dfy,/Lg, in the range pf spiral gala>.<_
This trend has to be taken into account when using this ratiol§S of typeT = 3—5, than early-type galaxies with nondetection
an indicator of an enhancementid;,. in CO. _

The ratio betweeMy, andLg is shown in Figl¥ as a func- _ In order to check whether the extrapolation of the molec-
tion of morphological type. The values are listed in TabIgife  Ular gas mass to the entire disk has introduced any biases, we
show in Fig[B the relation betweevi,;, andLg only for galax-

4 The Schmitt method was partially reimplemented and wrajied  i€s with fay < 1.5. No significant dference compared to the
Python. It can be found at htffamiga.iaa.gsoftwargpython-asurv.  entire redshift-limited CO sample can be seen, and thefliest-
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Fig.8. My, vs.Lg for galaxies in the redshift-limited CO sample
with an aperture correction factor of less thigp< 1.5 (n = 78). .
The solid line is the best fit bisector line derived with ASURV 1 o —

for this restricted sample, and the dashed lines gives,dor-c log(D2s) [ kpc
parison, the fit for the entire redshift-limited CO sample.

4

Dy -
v -

2
2
log(Das)[kpe

Fig.9. My, vs. square of the optical isophotal diamet®s,

, for the redshift-limited CO samplen(= 173), including all

. ] o morphological types, and for groups ofi@rent morphological
regression cdécients are the same within the errors (Télle 7jypes. The dashed line gives the best fit bisector (derivell wi
We found this good agreement between entire redshiftdiehit ASURV) for all morphological types and the solid line is the

CO sample and the subsample of galaxies Vidth< 1.5 for all  pest fit for theT = 3 — 5 sample (see Tabl@ 7).
correlations studied. Therefore, in the following subke we

do not show thefap < 1.5 correlation separately, but we list in
Tabled 6 anf[l7 the mean values and the regressidficients
for this subsample.

4.2.2. Optical isophotal diameter

Fig.[d shows the relation betwedw, and D3, for the entire
redshift-limited sample and for subsamples dfefient morpho-
logical types, together with the best-fit bisector regi@ssines.
For early-type galaxiesT( < 0) only a very poor correlation is
visible, whereas galaxies of tyde= 6 — 10 seem to follow the
same correlation as those of type= 3 - 5.

The correlation betweekly, andD3,, has the lowest corre-
lation codficient ¢ ~ 0.5) among those considered in this paper
(TablelT). Although the bisector slope is formally largeariHL,
we do not find a variation dfl,/D3; with increasing optical di-

) [Mo/kpc?]

2
25

Myip/D

ameter. This shows that for this poor correlation the regjoes ST ‘ ‘ ‘ ‘
slope has to be taken with caution. e o s 0
Fig.[10 shows the ratid,/D3; as a function of morpholog- Morphological type T(RC3)

ical type. The values are listed in Table 6. The ratio is hagfer . . 5 -
spiral galaxies of typd = 3 — 5. Similarly to My,/Ls, SO and Fig. 10. The ratio betweeMy, and D3 for the redshift-limted

S0a galaxies with detections in CO have high valuedgf/D2 sampleasa func_tion of morphological type. Triangl_es deret
25 mean value and its error for a range of morphological types an

i}lr:I/IaDrzt%ftrt]r?es?]grf];g;é%;igﬁ?;gﬁu%fhtfoﬂﬁe; 3 - 5, whereas squares the median values, as listed in Table 6 The errer bar
2/ =25 in the x-direction show the range of morphological typesrove
which the mean and median have been taken.
4.2.3. Luminosity in the K-band

Fig.[I3 shows the relation betwedf,, and Lk, for the entire most galaxies with CO nondetections have upper limitsMgg
redshift-limited sample and for subsamples dfetient morpho- that lie considerably below it.

logical types, together with the the best-fit bisector regien The ratioMy,/Lk is shown in Fig[IR. It is lowest for early-
lines. The relation is close to linear. The correlation ispgood  type galaxies (up td = 2), and increases for later types by a fac-

(r = 0.73) for spiral galaxies of typ& = 3 — 5. The distribution tor 3-5. FromT = 3 on, the ratio is approximately constant and
of the emission from spiral galaxies of later typ&s£ 6 — 10) does not show the decrease it showsNty,/Lg and MHZ/D§5.

is consistent with this correlation. However, early-tyadagies Early-type (E-S0s) galaxies have a lower mean molecular gas
(T < 0) show a very poor correlation. Only the objects with C@ass peLk than spiral galaxies. This is caused by galaxies not
detections follow the same correlation as spiral galaxiesreas detected in CO, whereas, as seen before, SO and SOa detected i



10 U. Lisenfeld et al.: The AMIGA sample of isolated galaxiXs

Table 6. Mean and median values.

Sample <log(My,)> <log(2) > <log(F2) > <log(t2) > <log(#2) > <log(E) > <log(SFE)
25
Me] [Mo/Lo] M o/kpc?] [Mo/Lkel [Lo/Me] [yr ]
median median median median median median median
n/Nyp n/Nyp n/Nyp n/Nyp n/Nyp n/Nyp n/Nyp
@) 2 (3 4) 5) (6) ) (8)
E-Im (T=(-5) - 10) 8.3@0.08 -1.280.04 6.06:0.05 -1.840.05 -0.94 0.05 0.720.03 -8.94
8.61 -1-10 6.22 -1.58 -0.73 0.64 -9.02
17379 17379 17379 15765 15363 9722 9722
E-Im (f5 < 1.5) 8.32:0.12 -1.29:0.06 6.06:0.07 -1.8@-0.06 -0.96-:0.08 0.8@:0.06 -8.86
8.51 -1.07 6.29 -1.55 -0.76 0.69 -8.97
76/42 7642 7642 6533 6633 3912 3912
E-SOaT=(-5) - 0) 8.03:0.12 -1.450.11 5.720.13 -2.320.10 -0.46:0.21 0.95-0.08 -8.71
8.35 -1.16 6.27 -2.06 -0.25 0.94 -8.72
2315 2315 2315 2215 g3 60 60
Sa-SabT=1-2) 8.42:0.18 -1.430.19 5.760.20 -2.2%0.19 -0.580.21 0.62:0.06 -8.97
8.66 -1.32 5.89 -2.06 -0.53 0.63 -9.03
9/5 95 95 95 84 63 63
Sb-Sc = 3-5) 8.72:0.06 -1.1@:0.04 6.26:0.05 -1.66-0.04 -0.72+£0.06 0.63:0.03 -9.03
8.87 -1.01 6.37 -1.58 -0.60 0.62 -9.04
8821 8321 8321 8720 8519 6810 6810
Scd-Im (T= 6-10) 7.780.15 -1.4%0.05 5.720.05 -1.620.06 -1.380.07 0.92:0.09 -8.67
8.26 -1.15 6.01 -1.37 -1.07 0.63 -9.03
5338 5338 5338 3925 5237 179 179

Mean value and its error calculated with the program ASURMWiferent subsamples, and (below) median value (calculatatrtigethe upper
limits as detections). For the mean and median value oMaglLrr) and logMs,/Mu;) only galaxies with detection ibg g or My, respectively,
were taken into account, since ASURV cannot handle bothngome lower limits. Below: Total number of galaxies and numiifeupper limits in
My, taken into account for the means and median.

10 - [ 1
b all types t T=(-5)-2 e L v
L /
L % ¥
— 9 - L /
° v
= L %% v Vv —
g + / 52 ¢ —1F B
= T /%% <
g &r 1T />/< % N <
/ v =
i ~ o~
L 1 4 _
7k L 7 ] N
Ee bl b = oL i
°r [ 1=6-10 /] ©
L =6— , - 9
[ X 7
L « X s
= 9 — ’
= L X v>§ |
— B v
3 i L 5% =3 r 8
= [ v VW%QS £ SO S0aSa  Sb Sc  Sd  SmlIm
8 - 2 -
© | W XX | | P | |
r o 1 -5 0 5 10
[ v / ] Morphological type T(RC3)
[ L ‘7?‘ L1 ! i . . .
s . 5 - » Fig.12. The ratio betweeMy, andLk as a function of morpho-

log(L) [Lke] log(Lo) [Lxo] logical type. Triangles denote the mean value and its eor f

a range of morphological types and squares denote the median
values, calculated treating upper limits as detectiondisted

in Table[6. The error bars in the x-direction denote the rasfge
?norphological types over which the mean and median have been
taken.

Fig.11. The relation betweerM,, and L for the redshift-
limited CO samplerf = 173), including all morphological types,
and for groups of dferent morphological types. The dashed lin
gives the best fit bisector (derived with ASURV) for all mooph
logical types and the solid line is the best fit for the= 3 -5
sample (see Tablé 7).

4.2.4. FIR luminosity, SF rate and efficiency

A good correlation is known to exist betwebty, andLgr (e.9.
Young & Scoville 1991) because both quantities are direetly
lated to SF: the molecular gas as the fuel for SF bad as a
tracer for SF based on the heating of the dust by newly bors.sta
CO have higher values dfl,,/Lk, in the same range as spiralFig.[13 shows the relation betwedfy, andLgg, for the entire
galaxies. redshift-limited sample and for subsamples dfatient morpho-
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Table 7. Correlation analysis

Sample n Nup slope intercept slope intercept  corr. fioe
(bisector) (bisector)  Nin, dep.) M4, dep.) r
@ @ ©® 4 ®) 6) 7 ®
MH2 VS.Lg
E-Im (T=(-5) - 10) 173 79 14%0.08 -5.6%0.77 1.120.08 -2.420.83 0.66
E-Im (f4p < L5) 76 42 1.320.10 -4.240.94 1.060.10 -1.720.98 0.63
Sb-ScT =3-5) 88 21 1.4%0.10 -5.120.97 1.080.10 -1.621.02 0.65
My, Vs. D5
E-Im (T=(-5) - 10) 173 79 1.440.05 5.1&¢0.50 0.880.09 6.360.23 0.52
E-Im (fyp < L5) 76 42 1.320.08 5.4%0.71 0.9%0.11 6.380.26 0.47
Sb-Sc (3-5) 88 21 1.340.09 5.5@0.93 0.720.10 6.820.27 0.53
MH2 VS. Lg

E-Im(T=(-5)-10) 157 65 1.080.07 -2.240.72 0.720.07 1.130.74 0.64
E-Im (fyp < 1.5) 65 33 092009 -1.540.96 0.620.09 1.410.95 0.66
Sbh-ScT =3-5) 87 20 1.180.07 -3.4920.78 0.950.08 -1.140.85 0.74

My, vs. Lrr

E-Im (T=(-5) - 10) 172 97 1.160.08 -2.140.72 0.980.06 -0.460.61 0.80
E-Im (fs < 1.5)" 75 48 1.1%0.13 -2.091.23 0.820.11 0.281.04 0.71
Sb-ScT =3-5) 88 30 1.040.06 -1.0&0.55 0.960.06 0.290.58 0.82
ZsER VS.ZH2

E-Im (T=(-5) - 10) 172 97 0.880.07 -2.7&0.20 0.82-0.07 2.250.20 0.65
E-Im (f3 < 1.5) 75 48 1.0&0.14 -2.7£0.38 0.5%0.10 1.530.31 0.56

Sh-ScT =3-5) 88 30 0.880.07 -2.820.21 0.840.08 2.3920.22 0.71

The entries are: Column 1: Subsample considered. Columatat fumber of galaxies in the respective samples. ColunNugber of galaxies
with upper limits inMy, andor Lgr. Column 4: Bisector slope and its error of the best-fit regjoesline derived with the Schmitt binning method
in the ASURV package. The slope and intercept are definedgdd)le= intercept+ log(B) x slope, whereA is My, or Zy, andB is Lg, Lk,
Leir, (D2s)? or Zseg, respectively. Column 5: Bisector intercept and its ef@miumn 6 and 7: Slope and intercept and their errors of theflies
regression line derived with the Schmitt binning methodhiea ASURV package adoptinigs, Lrr , Lk D§5 or Xsrr @s independent variable.
Column 8: Spearman’s rho correlation foaent, calculated with ASURV.

* Only galaxies for which the aperture correction facfigg,(see Sect. 3.5.1), is less than 1.5.

CIS ‘%//‘ij‘ R For early T < 0) and late T = 6 — 10) type galaxies, the dis-

all types

% ] tribution of My, vs. Lgr is consistent with the correlation found
< Aoxo for galaxies of typdl =3 - 5.

< e S % ] Fig.[14 shows the ratibrr/My, as a function of morpho-

T %{ 1 logical type. Early-type galaxies have a higher value, ibtyss

- Kby - due to a large fraction of their FIR emission not being heated
I ] by young stars but by the general interstellar radiation fiebr

1 1 late-type spiralsT > 6) the mean ratio increases again, but the
[ R low number of values and detections make any firm conclusion
7 difficult.

< 5 ] These values and trends lofir/ My, are consistent with ear-
v N lier results of_Young et al. (1996) who studied them in a sam-
¥ X% 1 ple of 120 galaxies included in the FCRAO survey. They used a
T % ] higher value of N(H)/Ico = 2.8 x 107° cm™2 (K km s71)71, but
T 5%}% £ . 5 also define the FIR luminosity in the range between300um
1 7 1 which is, according to their prescription, betweer0.1 — 0.2
1 1 dex higher. Since both fierences roughly compensate, their val-
‘ R B ues ofLir/My, are comparable to our valugsr/My,. They
a(leg) [L] oa(Lew) (L] find very similar values oLgr/My, for different morpholog-
ical types as we do. They obtain value betweesbQ@ 0.08
Flg 13. MHZ_ VS. L!:|R for for the redSh|ft'||m|ted CcO Sample and 061 + 0.06 for morph0|ogica| typeg' =3-5 (n = 45),
(n = 173), including all morphological types, and for groupgigher values (between?D + 0.13 and 153 + 0.24) for later
of different mOfphOlOglcal types. The dashed line gives the b%e ga|axies'( =6-10,n= 19), and, for earlier Spira| types
fit bisector (derived with ASURV) for all morphological type (T = 1 - 2,n = 14), mean values (65 + 0.20 and 063+ 0.09)
and the solid line is the best fit for tie = 3 — 5 sample (see that are similar to galaxies of type= 3 — 5. Their sample only
TablelT). includes three galaxies of type S0-S0a and no ellipticabdes,
so that we cannot compare earlier types.

Lrr is a good tracer for the star formation rate (SFR) due to
logical types, together with the best-fit bisector regi@s$ines. two reasons: (i) young stars are formed in dense regionsevher
We find a good correlations with a roughly linear slope (TEDle dust opacities are high and (ii) the dust extinction curvakse

[M.]

log(Mys,)

<
¥

[M.]

log(My,)
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10 - -+ -
all types X X1 7 =(-5)-2 .

10g(My2)

log(Lpr/Mpz)

10g(My2)

SO S0aSa ¥ Sb Se¢ Sd  Smim A

1 Lo
-5 0 5 10 L
Morpholagical type T(RC3) 7+

Fig. 14. The ratio betweethrr and My, as a function of mor-
hological type. Galaxies with upper limits at both wav . .

gre efclude){jr.) Triangles denote Ft)kl?e mean value and itgg:or'?'g' 15. The relation betweeM, andMy for groups of difer-

a range of morphological types and square signs denote the fiat morphological types.

dian values, as listed in Talile 6. The error bars in the xetiva N o N

show the range of morphological types over which the mean and "F N7 ]

median have been taken. I ]

in the ultraviolet so that the radiation from young, massita's
is preferentially absorbed. Therefotg,r as a good SFR tracer
especially for actively SF galaxies. It has to be used witheo
caution in galaxies with a low SFR where dust heated from ofg
stars can contribute tio-r, or in galaxies with a low metallicity <
and thus a low dust opacity (elg. Bell 2003). -r

Keeping these limitations in mind, we use the formula of
Kennicutt (1998) to calculate the SFR:

HZ/MH\>

SFR(Moyr™) = 45x 10 *Lir (ergyr ™), (6) LLE 0 sese s
-5 0
Morphological type T(RC3)

<]
X
<] <fph] xK B
O P < <X X RO
. «emi«ﬁ z

where Ly is the total FIR luminosity in the range 8 -10Q6n.

This formula assumes a Salpeter Initial Mass Function. We Cqrjg. 16. The My,/My ratio as a function of the morphological
vert this to a value based on the Kroupa (2001) IMF by devidingpe. Triangles denote the mean value and its error for aerang
by a factor 1.59 (Leroy et &l. 2008). In our analysis we SR,  of morphological types and squares denote the median values
calculated following the formula given hy Helou et al. (1988 a5 listed in Tabl€l6. The error bars in the x-direction detinée

which estimates the FIR emission in the wavelength range @hge of morphological types over which the mean and median
42-122.5:m. We estimate |z from Lgr using the result of Bell have been taken.

(2003) that on averaggd ~ 2x Lgr for a heterogenous sample
of normal and starbursting galaxies. Adopting this factat the

conversion to the Kroupa IMF we calculate the SFR from thf2 5. Atomic gas mass

L|:|R as:
Fig. [I3 shows the relation betweéviy, and My, for differ-
ent groups of morphological types. The correlation with, is
4 1, . much poorer than the other correlations considered heth, wi
SFR(Mpyr™) = 4.5x2x @10 Lrr(ergyr) (7)  a Spearman correlation ddieients ofr = 0.44,0.44,0.29,0.57

for the entire redshift-limited sampl&, = (-5)-2,T =3-5
andT = 6-10, respectively. In most galaxid4y is higher than
Mu,. Some diferences can be seen for th&elient morpholog-
We derive an average SFR for galaxies of type= 3 -5 ical types: Early type galaxie3 (= -5 — 2) have a high number
of ~ 0.7 Mgyr~t. The ratioLrr/Mp, is proportional to the star of upper limits in bothMy, and My, The upper limits mainly
formation eficiency (SFE), defined here as the ratio betwegopulate the lowMy, andMy, part of the diagram, whereas the
SFR andMy,. The mean value of the SFE for galaxies of typdetections have values My, and My, comparable to those of
T =3-5is10° yr ! (Table[®). spiral galaxies. Late-type galaxieb & 6 — 10) are shifted to-

2.2 x 107 1% pr(Lo).
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wards higheMy; ( 2 10° Mg) but lower (< 10° Mg) My, with  dependent variable, O(X), and minimizing the distance of the
a large number of upper limits in the latter. Galaxies of nharp My, measurements from the best-fit regression line. The regres-
logical typesT = 3-5 have both high atomic gas and moleculasion parameters areftirent for both methods because of the
gas masses { 10° M) with a low number of upper limits in scatter in the data and thefigirence is larger for poorer cor-
My, and almost none iMy;. relations. The O(¥X) fit is the appropiate regression for pre-
Fig.[18 displays the ratioy,/My as a function of mor- dicting My, from Lg, whereas the bisector regression is the best
phological type, showing a strong variation with The high- estimate for the underlying correlation between two patanse
est values are found for early-type galaxies, up te O (albeit (Isobe et al. 1990). For a sample covering the same lumjnosit
with a high uncertainty due to the high number of upper lijnitsrange, O(YX) is the best way for predicting the expectif, .
For later typesMu,/My, is decreasing strongly. The mean raFor samples with a élierent luminosity range, however, the bi-
tio Mu,/My is significantly lower than 1 for all morphologicalsector fit is better since it provides a more reliable extiatm.

types.

4.4. The Kennicutt-Schmidt law

4.3. Expected molecular gas content in a gala . . .
P uiarg na gaiaxy We used our data to calculate the Kennicutt-Schmidt law, i.e

We showed in Sect. 4.2 that good correlations exist betwhgn the relation between the disk-averaged gas column density a
and other parameters of a galaxy( Lk andLgr) and a some- the disk-averaged SFR per ar&ggr. Fig.[I7a shows the rela-
what poorer correlation Wit§5. In Table[T we list, apart from tion with the molecular gas column densiB,, and Fig[IVb
the linear regression parameters, also the Spearman’®rhe ¢ with the total (molecularatomic) gas column densit¥yz, 4.
lation cosdficient and in Tabl€l6 the fferent ratios depending The surface densities were calculated by dividing the SER, r
on the morphological types. All these relations can be useddpectively the (extrapolated) molecular or total gas magshe
study diferences in the molecular gas content of other samptglaxy surfaceD§5/4. A clear correlation exists with the molec-
like e.g. interacting galaxies, with respect to isolateldgjes. ular gas, but none with the total gas, showing a lack of corre-
The best correlation exists betwebhy, andLgr(r > 0.8). lation with the atomic gas column density. Our findings are in
Lrr is thus a very reliable way for predicting the expectedgreement with previous results based on spatially redalnal-
molecular gas content in a galaxy. Howeuarr might not be ysis (Wong & Blitz|2002; Bigiel et &l. 2008; Verley etlal. 2()10
a good parameter when searching for variation$/pf in in- showing that the SFR is strongly related to molecular gag.onl
teracting galaxies becauser itself, tracing the SFR, is easily The best-fit regression yieldgsrr o« 2097 (Table[T). This
affected in such an environment. A very good, and roughly ligjope, close to unity, is again consistent with the resufts o
ear, correlation also exists betwekly, andLk for galaxies of [Wong & Blitz (2002) and Bigiel et al/ (2008) for a spatially-re
typeT = 3 -5 (r = 0.73). The luminosity in the K-band as asolved analysis.
measure of the total stellar mass is leffiscted by recent events
thanLgr or Lg and thus a good normalization parameter when .
searching for changes My,. This correlation is, however, poor®- Discussion

for early type galaxiesT( < 2), where the undetected objectSye compare our data to that of other samples of “normal” galax
have ratlos\/IHZ/LK well below the values for spiral galax_|es Withies and also search for firences in samples of interacting

T > 3 (see Fig. 11 and Tabllé 6) so that for those typess not  gjaxies. The samples of normal galaxies that we consider ar
recommened as a measure of the expedtagd There is also made of not obviously interacting galaxies, which are hawvev

a good correlation betweedy, andLg (1 ~ 0.65). The ratio ggjected without a clear isolation criteria, and some cfetsam-
M,/Lg is however not constant, but increases withwhich  ha5 contain, e.g. several cluster galaxies. In all thesepeo-

has to taken into accountin any comparison. Finally, the@&lo j5ons we have adjusted the molecular gas masses to our defi-

correlation ( ~ 0.5) exists with the isophotal diameter which isjiion, j.e. same conversion factor and no consideratiothef
not a very reliable parameter for predicting, . helium fraction.

Apart from using the ratio oMy, to another parameter, we
can use the correlations, defined by the linear regressi@mpa
eters listed in Tablg]7, for predicting the expechdd, and de- 5.1. Comparison to studies of normal galaxies
termine whether a deficiency or an excesdvif, exists in an

L . . . 5.1.1. Relation between molecular gas, FIR and blue
object in comparison to isolated galaxies.

We define the deficiency iMy, in an analogous way to the luminosity
definition inMy, of[Haynes & Giovanelli (e.q. 1934): The nonlinear relation betweeMy, and Lg has been found
by other groups as well (see Perea etal. 1997, and references
Def(My,) = 10g(MH, predicted — 109(MH,.observed- (8) therein), with similar slopes as found by us. Their study was

based on a smaller number € 68) of galaxies selected with
a\AfeSS rigorous criterion with respect to the environmeheyr
discussed the cause of the nonlinearity and conclude tlat th
rametersX, (Ls, D2, Lk Of Lrg) as: most Iikely_reas_on is extinctiqmzecting Lg and in_creasing with
1 AEBy Hog BKETERIR) @S galaxy luminosity. They predicted that the relation betwbg;,
10g(MH, predicted = intercept + slope x log(X). (9) and luminosities at longer wavelengths should be more finea
' This prediction is confirmed by the nearly linear relationrid

whereintercept andslope are the parameters of the best fit listethetweenMy,, andLk in our analysis.
in Table[T. These definitions allow us to directly take tife&t We compared our mean valuet,,/Lg for galaxies of type
of a nonlinearity of a correlation into account. T = 3-5toresults for a large sample of normal galaxies, studied

In Table[T we have given the values for two types of regreby |Bettoni et al.|(2003). They searched the literature fdaxga
sions: The bisector fit and the fit obtained by takMg, as the ies with data for their ISM properties, excluding galaxieghw

Note that in this definition, a positive value of D®ff,)
means a deficiency and a negative value means an excess
can derive the predicte®ly,, M, predicted from any of the pa-
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The relation betweeMy, and Lgr in nonstarburst galax-
ies has been found to be close to linear in other studies (e.g.
Perea et al. 19917; Gao & Solomion 2004), in agreement with our
results.

kpcgz]

25|
I 5.1.2. Gas depletion time

We derived in Sect. 4.2.4 the SFE (defined as the/BFR. The
SFE is directly related to the molecular gas depletion tirag,

by reep= SFE™. The gas depletion time for our sample has a
mean value of log(gep) = 8.9 yr for the entire redshift-limited
sample and logge) = 9 yr for galaxies of typel = 3 -5
(see Tabl€l6), with a spread of values roughly ranging betwee
log(tdep) = 8.5 yr and logtuep) = 9.5 yr (see Fid. 14).

This value can be compared to those found in recent surveys.
Bigiel et al. (2011) derived a mean gas depletion time of 2.35
Gyr from spatially resolved observations of 30 nearby gakx
in the HERACLES survey. This values includes a helium frac-
I ] tion of a factor 1.36, thus givingge= 1.7 Gyr without helium.
2L T=35 4 They furthermore showed that this value is consistent with a

i Xy 1 wide range of molecular gas depletions times from the liteeg
x X 2 albeit with a large standard deviation of 0.23 dex. This &alu

— o 1 is only slightly higher than our value for isolated galaxi€ke
—2o5r XL 7 < » & small diference could be due to the fact that our value is global,
« P A ox xq ] and thus might encompass some FIR emission not directly asso

a ¥ <V, ] ciated to SF from the outskirts of the galaxies, whereasaheev

L * %§% Kﬁ@ ] from|(Bigiel et al. (2011) is from a spatially resolved study.
¢

—1

Mg yr

log(Zser)

-39

Saintonge et al! (2011) studied the molecular gas depletion
@ ] time, 7q4ep, for a volume limited sample of 222 galaxies with
i 7 ] 0.025 < z < 0.05 observed in the COLD GASS survey. They
S0 x % ] found values for the gas depletion time in the range of ropghl
b) ] log(Tgep) = 8.6 yr and 9.5 yr, with a mean value tfep= 1 Gyr
I ] (for alChabrier((2003) IMF which gives a mass comparable to
B S B within ~ 10% to the Kroupa IMF). Both the range and the mean
. 0 1, 2 agree very well with our values.
109(Zzm)  [Mo pe’] They furthermore found a good correlationwqf, with M.
Fig.17. Panel a): The relation between the surface density agind with the specific SFR, SSFRSFRM... We tested both cor-
the molecular gas and the SFR per area for morphologicastypelations with our data. We did not find a similarly good cerre
T = 3-5, calculated by dividing the molecular gas mass and thagion with Lk (which is in a good approximation proportional to
SFR derived fronlg g by the surface of the galaxieg(D,s/2)?.  the stellar masbl.) although our sample covered a similar range
The full line shows the bisector best fit for this sample, arel t of stellar masses, up to severafi®,. Taking into account all
dashed line the best fit to the sample of all morphologicat$yp morphological types, we found evidence for a weak trendr¢gor
Panel b: The same relation with the total (atomicmolecular) lation codficientr = 0.25) which completely disappeared when
gas surface density. The blue triangles show the galaxitrs wiestricting the sample & = 3 -5 (r = 0.08).
either an upper limit in HI or in CO. The gas surface density We could confirm with our data the existence of a correlation
for these galaxies has a lower and an upper limit which for tietweernrgepand sSFR. This correlation is however expected be-
galaxies in this figure are very close together (within ttze sif cause bothrge, and the sSFR depend on the SFR, ardand
the triangle). Mu, show a good correlation. Thus, the respective ratios are ex-
pected to correlate.

-1
log(Tger) [My yr pe

_ . . . . 5.1.3. The molecular-to-atomic gas ratio
a known pecularity (interacting, disturbed, galaxies withar

rings or counterrotation) and with active galactic nuclieir The value oMy,/My in galaxies as a function of morphological
sample includes 177 galaxies of type= 3 — 5 with CO(1-0) type has been controversial. In a large survey of spiraggda
data (160 detections and 17 upper limits) with values oflley( [Young et al.|(1995) mapped a sample of about 300 galaxies with
between 9 and 11. They derive a mean value (adapted to the FCRAO telescope. Young & Knezek (1989) studied the de-
convention for the calculation of thély, andLg) of Mp,/Lg= pendence oMy, on My, for that sample. They derived a conti-
—0.92+ 0.04 for these galaxies. When restricting the rangegof nous decrease dfl,/My from early to late-type galaxies with

to log(Lg) = 10 - 10.6, the mean value i€.82+ 0.05, about 0.2 mean values above 1 for early types. Casoli et al. (1998} stud
dex higher than the corresponding value for the AMIGA sampled the molecular gas properties of a large<528), heteroge-
(see Tal.18). showing that AMIGA galaxies have a lower molenous sample of galaxies, composed of data from the litezatur
ular gas content. When comparing their values WJD%S a andtheir own observations. Their data consisted both of@ep
similar difference is found. galaxies and of objects where only the central position hesahb
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observed. In agreement with_Young et al. (1995), they found a
decrease irMy,/My; from early to late-type galaxies, but ob- I

tained much lower values fd,,/Mui, especially for early-type I

spirals. In Fig[ZIB we compare our results to these two ssudie i % %

and furthermore to the THINGS sample (Leroy et al. 2008) and 0+

the Nobeyama survey (Nishivama & Nakai 2001). Bettoni et al.

(2003) (not included in the Fig.18 ) provide values for a skemp

of 427 normal galaxies in agreement with Casoli et al. (1998)

T > 0 and higher values (by 0.5-1 dex) for< 0. % B |
The data from all studies show a decrease oMag/My gas -1 i % 7

mass towards late morphological types. A pronounced step in - 3 AMICA 1

the ratio takes place at ~ 6. The low values found for late-type L A Casoli et al.

galaxies could be due to twdfects: (i) late-type galaxies are X Young & Knezek

richer in HI (Haynes & Giovanelli 1984) or (ii) they have a lew 8 h‘eo‘r‘y it?‘ o

molecular gas content. A comparison My and My, to the N S

blue luminosity or the optical diameter shows that bafieets I 0 5 10

take place: The ratidMy/Lg (respectlverMH|/D ) increases Hubble type

for typesT > 6 by ~ 0.2—- 0.3 dex wherea®y,/Lg(respectivel . .

MHJ&R) dgcreayses by 0.3 0.5 dex {You:a/&Blgnezpe 7 198391) Fig. 18. Comparison of our values fovly,/My; (black stars) to

Casoli et all 1998; Bettoni et/al. 2003). Our data show theesadh\0S€ from the literature: Casoli et al. (1998) (blue triasy
behaviour. The strong decreaseMf,, /)LB and MHZ/D could 'Young & Knezek|(1989) (red crosses), Leroy et al. (2008)&blu

be due to a real decrease in the molecular gas mass or dugI es) and Nishiyama & Nakal (2001) (magenta squaresy. Th
the fact that late-type galaxies tend to have lower mettdic molecular gas mass have all been adapted to common conver-
so that we probably underestimate the tidg, by using the sion factor of 2x 10°°cm2 and no consideration of the helium

2
Galactic conversion factor. mass.

log(Myp/ M)

Although the general trends in the data sets are the same,
with a pronounced and continous decreaseéVipf,/My; from
early to late-type galaxies, there are consideralferdinces be-
tween the dierent samples (see Fig.]18). Théeliences are up 5.2 1. |s the molecular gas content enhanced in interacting
to an order of magnitude for elliptical, lenticular and gegipe galaxies?
spiral galaxies (up td@ ~ 3), and less (up to 0.4 dex) for later
type spirals. There is in general a good agreement between $everal studies in the past have concludedithatin interacting
values found by Casoli et al. and ours, the match being vergd gogalaxies is enhanced_(Braine & Combes 1993; Casasola et al.
for early-type galaxies (up toT0) whereas for later-type galax-2004; Combes et 5. 1994), based on a higher valudgfLg
ies our values lie somewhat below. The results from the THEN®r My,/D3, compared to noninteracting galaxies. However, we
survey (Leroy et al. 2008) are also in agreement with the afatafound that the ratioMy,/Lg increases withg and this trend has
Casaoli et al., and only slightly higher than our values. Tésuits to be taken into account when comparing isolated and irtterac
by'Young & Knezek|(1989) arid Nishiyama & Nakai (2001) givéng samples. Indeed, Perea et al. (1997) found fi@ince in
much higher values than the other surveys. This could bealughe correlation betweenMy, and Lg for samples of isolated,
the sample selection. In the sample_of Young & Knézek (198strongly and weakly perturbed galaxies.

FIR or optically bright galaxies were selected, so that & G® We use the sample of Casasola etal. (2004) of interact-
emission can be expected. Furthermore,[the Young & Knezielg galaxies to search for a possible excessvin, with re-
(1989) survey contains objects from the Virgo Cluster, dnd-c spect to AMIGA galaxies. Their sample includes 153 galaxies
ter galaxies are known to be HI deficient on average. Clusi®ith molecular gas data from fliérent sources. Casasola €t al.
galaxies were excluded |n_Casoli et al., and are not presentfound that the mean ratio d¥l,/Lg for spiral galaxies was,
our sample either. A selectioiffect can also account for the dif-depending on the morphological type, between about 0.2 and
ference between the samples of Nishivama & Nakai, Leroy.et &l0 dex higher than for a sample of 427 noninteracting galax-
and our data. The sampledfer in the mearLgr/Lg with the ies from|Bettoni et al.|(2003) and concluded thdt, was
Nishivama & Nakai sample being the FIR brightest with a meanhanced in interacting galaxies. However, since their-sam
log(Lrr/Lg) = 0.10+0.07 whereas the Leroy etlal. and our sanple of interacting galaxies is on average 0.5 mag brighter, a
ple show lower values (lotgr/Lg)= —0.51 + 0.06, respec- higher My,/Lg is already expected due to the higher luminos-
tively log(Lrr/Lg)= —0.49+ 0.03). Since galaxies with a higherity. We furthermore include the samples of strongly and viyeak
log(Lrir/Lg) tend to have a higheévl,/My;, the observed trend perturbed galaxies from_Pereaet al. (1997) in this test. The
is understandable. weakly perturbed sample has 43 galaxies and includes slasse
1, 2, and 3 of_Solomon & Sage (1988) and class 2 objects

A noticeable point is that the medm,,/My, of the AMIGA  from the luminous IRAS sample of Sanders etal. (1991). The
sample represents for all morphological types the loweit lih  strongly perturbed sample has 35 galaxies and includes inte
all samples. For late-types, the AMIGA galaxies have the lovaction class 4 of Solomon & Sage (1988), interaction cla8ses
estMy,/My, even though théy, is extrapolated unlike other and 4 of Sanders etlal. (1991) and closely interacting peora f
studies that are usually based on a central pointing onlis TiCombes et all (1994).
is in line with the low molecular gas content that we found in We searched for a possible enhancemenlgf in compar-
comparison to the samplelof Bettoni et al. (2003). ison toLg and toLk in these samples, both by applying the de-

5.2. Comparison to studies of interacting galaxies
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ficiency parameter and by comparing the ratios. The meanval- - =~~~ " T /]

ues are listed in Tablg 8. We note that the interacting sanple A Perea-SPER X x
are more luminous (by about 0.5 dex) in badth and Lk than | e Perea-WPER *
the AMIGA sample so that we have to extrapolate the relations L x Cosasolo p

found for the AMIGA galaxies to higher luminosities. For the 0
calculation of the deficiency parameter we therefore uséithe I
sector fit as the best fitting method for extrapolations. We us®
the fits for the AMIGAT = 3 — 5 subsample to compare to:N
the weakly and strongly perturbed samples WPER and SPER,
since spiral galaxies are the better comparison for theseehc
star-forming objects. For the Casasola et al. sample irdtiom I
about the morphological types are available and we are able t 8L
the analysis both for the entire sample andffes 3-5, using the i
values for the corresponding morphological types in AMIGA.
When comparing the rativy,/Lg we restrict the galaxies that

log

we consider to the same rangelgf in order to avoid &ects A L N 7

caused by the nonlinearity in the correlation. For the rdyigh 9 10 11

linear My,/Lk ratio this is not necessary (we checked that no log(Lg) [L.]

difference inMy,/Lx was present for low and highk in the _ .

AMIGA sample). Fig. 19. The molecular gas mass Msg for different sample of

Fig[T9 showsMly, vs. Lg for the three samples compared ténteracting galaxies: Galaxies of type= 3—5 from the sample
the bi%ector fit of tHﬁe AME;GAT —3_5 sarrﬁ)ple. An 2xcess of |Casasola et al. (2004) and a sample of weakly (WPER) and

of My, is visible for both the Casasol = 3 — 5 and SPER strongly (SPER) perturbed galaxies from Perea let al. (199&)

sample. This is confirmed by the mean value of the deficien?ﬂaﬂtelfl.bom thﬁ molecular 9‘}5 massesL@;mb (;]ur definition.

(Table[B), both for the Casasola et#l.= 3 - 5 and the SPER | '€ 'U!l lin€ Is the regression it obtained for the AMIGA =

sample a clear excess (i.e. a negative value of the deﬁoiewﬁcy3 — 5 sample from Tablel7.

My, is found. This excess in the SPER sample was not found

in |[Perea et al. (1997) due to theffdrent regression line they _ ) )

used. For the WPER sample, on the other hand, no deficiency ABfl the importance of comparing the same morphologicatype

excess is found. When comparing the ratlg,/Lg we confirm = since there are generally largeéfdrence between early type and

the higher values for both the Casasola and the SPER sampRital galaxies, in particular favly,/Lk.

with mean values of about 0.3 dex higher than for the AMIGA What influence has the fact that the molecular gas masses in

T = 3 -5 sample. The value d¥l,,/Lg for the WPER sample these samples are not aperture corrected as in the AMIGA sam-

is compatible with AMIGA within the errors. The entire (i.e.ple? We do not expect thigfect to be very important in inter-

all morphological types) Casasola et al. sample has a vdlueagting galaxies where the SF and thus the molecular gaslyisual

Mu,/Ls compatible with AMIGA, showing the importance oftend to be more concentrated to the central regions. However

taking the morphological type into account. we can make an estimate of the importance of thiisot for
When doing a similar analysis based bg (see Fig[2D), the Casasola etal. samplg. The median_angular diametee of th

we find again no indications for an enhancementMp, for galaxies of typel' = 3 -5 in this sample is 9Q If we assume

the WPER sample nor for the total Casasola sample, neitfat the galaxies were observed only at the central posititn

from the deficiency nor from the ratio. There is a clear exceddeam size of 30(the typical beam size of the radio telescopes

in My, for galaxies of typel = 3 — 5 from the Casasola sam-Used in surveys) the predicted aperture correction aqcgri

ple, quantified both in the ratio, which is about 0.3 dex high®ur prescription is between a factor of 1.2 and 1.4 (for edige-

for T = 3 - 5 AMIGA galaxies, and in the deficiency parameand face-on galaxies, respectively). Thus, in this casedta

ter. Also the SPER Samp|e shows a h|gh'm'2/|_K ratio than the molecular gas Content WOUld be 008-015 dex hlgher. THus, i

AMIGA sample, however, no indication of @y, excess from the molecular gas in the interacting galaxies of the Caaash-

the deficiency parameter. The discrepancy between the tiio irPle are distributed in a similar way as in isolated galaxies,

cators (mean and deficiency) is probably due to the small eamgifference would strengthen the finding tih4t, is enhanced in

size and the small amount of the molecular gas excess. We sitigs sample of interacting galaxies. It also shows the irtgrare

gest to rely in this case oMy,/Lk as the more robust indicator. of mapping the molecular gas in galaxies in order to be able to
In summary, by comparing the molecular gas masgdo COmpare dierent samples in a relyable way.

and Lg and using both the deficiency and the ratids,/Lk

andMy,/Lg we found the clearest evidence for an enhancemeyly 5 |s | .o and the SFE enhanced in interacting galaxies?

of My, in the Casasola sample of interacting galaxies of type

T = 3-5, which is the largest comparison sample in our studwe use the same samples as in the previous subsection to look

Evidence for an enhancement was also found for the Perea séon-a possible enhancement bfr in interacting galaxies. In

ple of strongly perturbed interacting galaxies (SPER). Mo eFig.[21 L is compared to the blue luminosity. We include the

idence for any enhancement was found for the Perea samipést-fit regression line found for the AMIGRA = 3 -5 sample

of weakly perturbed interacting sample (WPER). Based on theesented in_Lisenfeld etlal. (2007) (Table 6, logg) = 1.35x

presentdata, it is not entirely clear where th@adences between log(Lg)-3.98). We see a clear excesdgfg with respect to this

these samples come from. A possible reason could be a lowegression line for the three samples, the strongest faathmple

degree of interaction in the WPER sample. We would like tof strongly perturbed galaxies (SPER). The excess can e qua

point out the importance of matching the luminosity rangewh tified by calculating thegr deficiency, defined in an anologous

comparing parameters with a nonlinear correlationMas/Ls, way as theMy, deficiency. The values are listed in Table 8 and
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Table 8. Deficiencies 0My,, Lrr andLgr/My, in interacting sample and AMIGA

AMIGA Casasola et al. (2004) Perea et al. (1997)
all types T=3-5 alltypes T=3-5 WPER SPER
< def(Mu, )> (L, bisec.) 0.0£0.04 0.040.04 0.130.07 -0.3%0.07 -0.020.07 -0.250.08
n/Nyp 17379 8821 15335 689 430 350
<log(Mp,/Lg)> (for 10!° <Lg> 10'%¢) -1.10:0.06 -1.040.05 -1.120.08 -0.7%0.08 -0.920.06 -0.7%0.08
n/Nyp 5011 405 8513 396 240 190
< def(My, )> (Lk, bisec.) -0.140.19 0.0%0.04 0.020.08 -0.1&0.06 0.120.07 -0.020.05
<log(Mu,/Lk)> -1.8%#0.05 -1.660.06 -1.76¢:0.08 -1.340.07 -1.6%0.07 -1.4%0.05
n/Nyp 17379 8821 13229 606 430 320
<def(Lpir)> -0.020.04 -0.0%0.04 -0.320.02 -0.440.03 -0.420.08 -1.040.09
n/Nyp 172/75 8820 6280 3400 430 350
<log(Lrr/Mh,) > 0.72:0.03 0.630.03 0.820.05 0.7%0.05 0.980.07 1.330.05
n/Nyp 97/22 6810 10515 514 430 350
T
AR [ ]
A Perea—SPER X x 1 12 - A Perea—SPER A .. ’
o Perea—WPER e ] | ® Perea—WPER . “ > )
A

Casasola 1 r x Casasola ook % <AL A
L x

log(Myp) [M]
log(Lrr) [Lo]

WO““H““12‘ 8
log(Ly) [LO,K] log(Lg) [Lo]

Fig. 20. The molecular gas mass (adapted to our conversion f&ig. 21. The FIR luminosity vs. blue luminosity for fierent
tor) vs.Lk for the same samples as in Hig] 19 . The full line is theamples of interacting galaxies: Casasola et al. (2004y &mir
regression fit obtained for the AMIGA = 3 - 5 sample from ral galaxies with typd = 3 -5 are shown, in order not to over-
TableT. load the plot), and a sample of weakly (WPER) and strongly
(SPER) perturbed galaxies from Perea e1 al. (1997). Thérell
is the regression fit obtained for the AMIGRA = 3 — 5 sample
from|Lisenfeld et al..(2007).
confirm the visual impressions of an excesd jr of about an
order of magintude for the SPER sample.

The large excess ibgr together with a smaller (or no) ex-

cess inMy, results in a higher value of SFE Lrir/Mu, COM-  \We presented molecular gas masses, based on CO obseryations
pared to the AMIGA sample for the strongly and weakly pefor a sample of 273 isolated galaxies and we performed attati
turbed samples. Comparing these values to the results éor g3 analysis for a redshift-limited sample of 173 isolatathgies
AMIGA sample we find an increase of about a factor 5 for thgith recession velocities between 1500 and 5000 ki Bhe
strongly perturbed sample and of about 2 for the weakly peshservations covered in most cases only the central posifio
turbed Sample. The SFE in the Casasola Sample is similaeto me ga|axies_ In order to correct for the missing molecuks g
AMIGA sample. mass outside the observed area, we derived and applied an ape
For higher infrared luminosities, the value bfr/My, iS ture correction assuming an exponentially decreasing G&. di
known to increase strongly. Sanders et al. (1991) studied ¥We obtained the following results:
molecular gas content in luminous infrared galaxies, naggi
from Lig = 10'° L, to several 1& L., and showed that the 1. We compared the molecular gas mass fiedént parameters
ratio Lir/My, increases strongly with IR luminosity and with  (Lg, Lk, D35 andLgg) in order to characterize the relations
the degree of interaction. Whereas for isolated, low-Iwsity followed by isolated galaxies and establish a baseline that
(Lir< 10 L) galaxies they found values bfg/My, similar to can be used to find possible deviations for interacting galax
ours,Lir/My, increases by a factor of about 10 for galaxies with ies. We concentrated our analysis on the morphologicastype
Lir~ 102 L, which are mostly advanced mergers. Similarly T = 3 -5 (Sb-Sc) which represents the bulk of our sample
high values oLgr/My,~ 50 have been found by Solomon etal.  (51% of the galaxies are of these types) where also the de-
(1997) for ULIRGS. tection rate of CO (74%) was highest.

6. Conclusions and Summary
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2. We found good correlations with these parameters, rquglioselii, A., Gavazzi, G., Lequeux, J., et al. 1997, A&A, 3822

linear in the case ofx andLgr and nonlinear folLg and
D§5 . The tightest correlations are withygr and, for spiral

galaxies withT = 3 — 5, with Lx, whereas the correlation

Braine, J. & Combes, F. 1993, A&A, 269, 7

Bushouse, H. A. 1987, ApJ, 320, 49

Casasola, V., Bettoni, D., & Galletta, G. 2004, A&A, 422, 941
Casoli, F., Sauty, S., Gerin, M., et al. 1998, A&A, 331, 451

with _D§5 is the poorest. Due to the n(_)nlineari_ty of the corehabrier, G. 2003, PASP, 115, 763
relation, the ratioMy,/ Lg changes withLg which has to Combes, F., Prugniel, P., Rampazzo, R., & Sulentic, J. WA,188.A, 281, 725
be taken into account when comparing it to other samplé$, Vaucouleurs, G., de Vaucouleurs, A., Corwin, Jr, H. G.ale 1991,

We describe a deficiency parameter, defined in analogy t

the deficiency parameter for the atomic gas as tiemrince

Third Reference Catalogue of Bright Galaxies, ed. de Vaecns, G., de
Q/aucouleurs, A., Corwin, H. G., Jr.,, Buta, R. J., Pature|,&fFouque, P.
Dickman, R. L., Snell, R. L., & Schloerb, F. P. 1986, ApJ, 3826

between the logarithm of the expected molecular gas massbala, A., Sulentic, J. W., Buta, R., & Verdes-Montenedra2008, MNRAS,
and the logarithm of the observed molecular gas mass. The90, 881

expected molecular gas mass can be calculated from any

the parameters studied by uss( Ds, Lk, Lrr) using the
correlation cofficients listed in Tablgl7.

ag, T., Booth, R. S., Hoeglund, B., Johansson, L. E. BS&dqyvist, A.
996, A&AS, 115, 439

Espada, D., Verdes-Montenegro, L., Huchtmeier, W. K., €2@11, A&A
Feigelson, E. D. & Nelson, P. I. 1985, ApJ, 293, 192

3. We applied these relations and the resulting expressi@®, Y. & Solomon, P. M. 2004, ApJ, 606, 271

to three samples from the literature (Perea 2t al.

Casasola et al. 2004). For the sample of Casasola et al.

1997aynes, M. P. & Giovanelli, R. 1984, AJ, 89, 758
gﬁ’ﬁer, T.T., Thornley, M. D., Regan, M. W., et al. 2003, ApJ85, 259

u, G, Khan, I. R., Malek, L., & Boehmer, L. 1988, ApJS, €81

the sample of strongly interacting galaxies of Perea edval., |sope, T., Feigelson, E. D., Akritas, M. G., & Babu, G. J. 1980J, 364, 104

found clear evidence for an enhancemenigf in compar-

Isobe, T., Feigelson, E. D., & Nelson, P. |. 1986, ApJ, 30® 49

ison toLg andLg, while for a sample of weakly interactingJarrett, T. H., Chester, T, Cutri, R., etal. 2000, AJ, 11B&

galaxies from Perea et al. nofidirence with respect to the

AMIGA sample was found. A possible reason for thiffeli-

Joseph, R. D. & Wright, G. S. 1985, MNRAS, 214, 87
Karachentseva, V. E. 1973, Soobshcheniya Spetsial’nojrofsitheskoj
Observatorii, 8, 3

ence could be a higher degree of interaction in the first tw@nney, J. D. P. & Young, J. S. 1989, ApJ, 344, 171

samples.
4. We derived a mean molecular gas depletion timg, (de-

fined asMy,/SFR), of logfdep) = 9.0 yr for spiral galaxies

(T = 3-5) and a slightly lower value of logfep) = 8.9 yr for

Kennicutt, Jr., R. C. 1998, ARA&A, 36, 189

Kroupa, P. 2001, MNRAS, 322, 231

Larson, R. B. & Tinsley, B. M. 1978, ApJ, 219, 46

Lavalley, M., Isobe, T., & Feigelson, E. 1992, in AstronoailiSociety of the
Pacific Conference Series, Vol. 25, Astronomical Data Asial$oftware and

all morphological types (both values for a Kroupa IMF), in  Systems |, ed. D. M. Worrall, C. Biemesderfer, & J. Barnes§ 24

reasonable agreement with other studies of nearby gala

(Bigiel et all2011; Saintonge et/al. 2011).
5. No good correlation was found betwekly, andMy,. The

Xijeen, S., Combes, F., & Menon, T. K. 1998, A&A, 330, 37
L

eon, S. & Verdes-Montenegro, L. 2003, A&A, 411, 391
Leon, S., Verdes-Montenegro, L., Sabater, J., et al. 2088485, 475
Leroy, A. K., Walter, F., Bigiel, F., et al. 2009, AJ, 137, 467

ratio between the molecular and the atomic gas mass deroy, A. K., Walter, F., Brinks, E., et al. 2008, AJ, 136, 278
creases significantly from early to late-type galaxieshwit-isenfeld, U., Verdes-Montenegro, L., Sulentic, J., e2807, A&A, 462, 507

a difference of up to a factor of 10. The ratify,/My of the

AMIGA galaxies is well below 1 for all morphological types
with a mean value of lodn,/Mui) = -0.72 for galaxies of

Nishiyama, K. & Nakai, N. 2001, PASJ, 53, 713
Nishiyama, K., Nakai, N., & Kuno, N. 2001, PASJ, 53, 757

'Perea, J., del Olmo, A., Verdes-Montenegro, L., & Yun, M. $97, ApJ, 490,

166

type T = 3 - 5. We compared our values to those of othetegan, M. W., Thornley, M. D., Helfer, T. T., et al. 2001, AB&1, 218
noninteracting samples and found that the AMIGA galaxiggbater, J., Leon, S., Verdes-Montenegro, L., et al. 208,486, 73

had the lowest values for all spiral galaxies.

6. We used our data to compare the disk averaged surf

densities of the molecula¥y,, and molecularatomic gas,

Sage, L. J. 1993, A&A, 272,123
Saintonge, A., Kafimann, G., Wang, J., et al. 2011, ArXiv e-prints

@fders, D. B., Scoville, N. Z., & Soifer, B. T. 1991, ApJ, 3768

Sauty, S., Casoli, F.,, Boselli, A., et al. 2003, A&A, 411, 381

Zh,+Hi, to those of the SFRyser. We found a good correla- Schmitt, J. H. M. M. 1985, ApJ, 293, 178

tion between the logarithms af, andXsgg, with a slope
close to 1. No correlation with 0Egpr With Xy, 11 was
found.

Solomon, P. M., Downes, D., Radford, S. J. E., & Barrett, J1997, ApJ, 478,
144

Solomon, P. M. & Sage, L. J. 1988, ApJ, 334, 613
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Appendix A: CO Spectra
Fig.[AJ shows the CO(1-0) profiles of the detections andatent

tive detections observed by us at the IRAM 30m telescope and

Fig.[A.2 those observed at the FCRAO 14m telescope.
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Fig.A.1. CO(1-0) spectra for the galaxies detected with the IRAM 3Bfadcope. The x-axis represents the recession velocity
in km s* and the y-axis the main beam brightness temperaimgdn K. The spectral resolution is 20.8 km'sin most cases
except for some individual galaxies for which a higher ordowesolution was required to clearly show the line. The(fed) line
segment shows the line width of the CO line adopted for therd@hation of the velocity integrated intensity. The dastidack)

line segment is the HI line width at 20% peak levelgAAN asterisk next to the name indicates a marginal detection
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Fig.A.1l. (continued)
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Fig.A.1l. (continued)
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