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ABSTRACT

We investigate the molecular gas content and the excitatimhfragmentation properties in the central region of thimakpalaxy
Messier 81 in both th&CO(1-0) and?CO(2-1) transitions. We have recently observed the twesttiams of CO in the M 81 center
with A, B, and HERA receivers of the IRAM 30-m telescope. Welfio CO emission in the inner300 pc and a weak molecular gas
clump structure at a distance of around 460 pc from the nacl@hbservations of the first two CO transitions allowed ustopute the
line ratio, and the averade; /|, ratio is 0.68 for the M 81 center. This low value, atypicaltbof the galactic nuclei of spiral galaxies
and of interacting systems, is probably associatedffogt gas with molecular hydrogen density that is not high ghda excite
the CO molecules. After analyzing the clumping propertiethe molecular gas in detail, we identify very massive giaaiecular
associations (GMASs) in CO(2-1) emission with masses df® M, and diameters of 250 pc. The deduceN(H,)/Ico ratio for
the individually resolved GMAs, assumed to be virializedaifactor of~ 15 higher than thetandard Galactic value, showing - as
suspected - that the X ratio departs significantly from thamfer galaxies with an unusual physics of the molecular gas.
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1. Introduction density-wave theory. This strong density wave is attridute
) the tidal interaction with the other galaxies of the M 81 gypu
The molecular gas content of Messier 81, one of the Nespecially M 82 and NGC 3077 (Kaufman et al. 1989).
est face-on spirals (SA(s)ab; de Vaucouleurs et al. |19943, h In general. interacting gala "es like M 81 possess hiaher
always been a puzzle as seen in the first observations general, | Ing galaxies li P '9
luminosity by almost an order of magnitude than non-

7 |
Solomon & de Zaltal(1975) and Combes gt al. {1977). The tugeracting galaxies| (Braine & Combes 1993; Combeslet al.

emission appears very weak in this galaxy, especially in i ! . i
central regions, and the molecular content seems to be Cg?gﬁéglasagg:afg ;tié éoé)i)ng?gn '\/ng.rltﬁ?se;gzsgneﬁegf?; ar\e
fined to the HIl regions in the spiral arms, between 4 and yp : ’

kpc from the center (Solomon et/al. 1987; Brouillet et al. 8,98 Kind of prototype of CO-poor galaxies, as is Andromeda or the

1991; Sage & Westpfahl 1991; Sakamoto et al. 2001). Two steEnter of _NGC 7331,a Iesser. extent. _
ies [Solomon & de Zafra 197%; Combes €tlal. 1977) searched M 81 is also a good candidate for exploring the problem of
the molecular gas in the center of M 81 but only found uppépe varying CO to H conversion ratio (% N(Hz)/Ico). This ra-
limits or failed to detect any - probably due to the low CO emidi0 is well-known for varying substantially in dwarf galasi, for
sion - so they did not draw any conclusions from this resuie T Which the metallicity is deficient (Rubio etlal. 1993; Tayédral.
first detection of the molecular gas in the center of M 81 wak98), while for galaxies like M 81 that are giants with notma
bylSage & Westpfahl (1991), who found that the peak intesitimetallicity, the problem of the low CO emission has not beein y
are a factor 4 lower than those observell by Brouillet et 88¢) explored much. The CO toztonversion ratio for M 81 is sus-
in the outer disk. After the weak detectionby Sage & WesthfaRected - on the base of the observations that are alrea(gylaiew
(1997), onlyl Sakamoto etlal. (2001) have studied the CO emis2f departing significantly from the meax (= 2.3 10°°mol
sion in the center of M 81 and also found a particular molecul@M “ (K km s7)7%, [Strong et al._1988), because galaxies with
gas physics. M 81 has also been studied in all componentd@®¥ CO content, such as M 31, NGC 55, or LMC, show a much
its interstellar medium (ISM), from radio (elg. Beck et @8%; largerX factor (Nakai & Kunt 1995).
Bietenholz et al._1996), through optical and UV (e.g. Ho et al In this paper, we assume M 81 galaxy at a distance of 3.6
1996), to X-ray bands (e.g. Pellegrini etlal. 2000). Mpc and adopHp = 70 km s Mpc™. We present the CO(1-0)
In addition to the weak CO emission, the HI profile also reand CO(2-1) observations of the central.5 kpc of M 81 car-
flects a central deficiency in atomic gas. The HI gas is abufied out at the IRAM 30-m telescope. The primary goal of this
dant only in the inner spiral arms of the galaxy (Visser 198®ork is to investigate the amount and distribution of the ecel
Allen et all[19977), and the shapes and the motions observedilar gas component in the central regions.
HI in the spiral arms quite clearly obey the predictions & th  The structure of the paper is as follows. In Sect. 2 the obser-
vations performed and the techniques of the data reductied u
Send offprint requests to: V. Casasola are described. In Sect. 3 we present the observationatseantl
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Table 1. Fundamental parameters for M 81 (at a distance of 3.6
Mpc adopted for M 81,1 is ~17.4 pc).

R.A. Dec \Y; v line

(J2000.0) (J2000.0) (kfs) GHz

09:55:33  69:03:55 -34 115.271 °CO(1-0)
230.538 12CO(2-1)

in particular, theRy; = 121/121 line ratio is studied and analyzed
for all the dfsets observed that give information on the physi-
cal properties of the gas in the M 81 center. The clumpy nature
of the molecular gas, the virial equilibrium, and the X-oabif

the resolved individual clouds are discussed in Sect. 4.r&ur
sults are compared with previous studies of the moleculairga

M 81 and discussed, giving their physical interpretatioBéct.

5. Finally, in Sect. 6 we summarize the main results.

Fig. 1. The field of our observations (white box, 40 arcsec in
) . size) superposed on a GALEX composite image of M 81. In the
2. Observations and data reduction figure, FUV is in the blue channel and NUV the yellow one.

The observations were made from 2 from 6 January 2006 and
from 31 March to 1 April 2006 at the IRAM 30-m telescope at
Pico Veleta, near Granada (Spain). We used tWiedint config-

urations for the two observing runs and we covered the den ; :
90” x 90", where at the distance of M 81/ & 17.4 pc. The IS related toT ;, the equivalent antenna temperature -corrected

receiver-cabin optic system of the IRAM 30-m telescope is Oéor rear spiIIover*and ohmic losses- reported above the atmo
timized to observe with up to four filerent receivers simultane- Ph‘?fe* byy = Ta/To, Whereq is the telescope mam-beam
ously (Wild[1999). efficiency, n defined as Fhe ratio between the beafiiceency
In the first observing run we used the A100, A230 g1oders and the forW'ﬁrddﬁc]ené:);Feff, 7 = Bet1/Fers. The beam ¢
. " which smufiiciency is usually derived from continuum measurements o
and B230 heterodyne receivers of the telescope, which &mu . . ; . L
neously observed)f/;\t both 115 GHz (A100 andelo()L at2 6 planets, while the forwardfgciency is obtained by pointing the

mm, wherel is the wavelength) and 230 GHz (A230 and 823031ntenna at dierent elevations and measuring fhp_of the_ sky
atd o 1.3 mm). We used the 1 MHz back-ends with fieetive at each step. The sky temperatures are successively fittad by

total bandwidth of 512 MHz at 2.6 mm and an autocorrelator g&(por}ential function of the air.mass, gnd the forwafttiency
1.3 mm. We also used the 4 MHz filterbanks with afeetive "~ derived with the atmospheric opacity. At 115 Giiz 0.79,

total bandwidth of 1024 MHz at 1.3 mm. These arrangemer\{i@"Ie Meer; = 0.57 at 230 GHZ_'

provided a velocity coverage of 1300 km'sn both the CO(1- The data were reduced with the GILDESoftware package.

0) and CO(2-1) lines, and all the measurements were perfbmg)me spectra W|t_h random,_ highly non-linear baselines were
in “wobbler-switching” mode. This observing mode has a mir§_up_p_ressed, and linear baselines were subtracted frohealkt
imum phase time for spectral line observations of 2 sec and™&ining spectra. In Tabld 1 the fundamental parameterséor t
maximum beam throw of 240 The advantage of the “wobbler-M 81 observations are summarized.

switching” mode is to give very flat baselines without anyie

in most cases. The half power beam widths (HPBW) aré 2 .

and 12 for the CO(1-0) and CO(2-1) lines, respectively, and the Molecular gas emission

typical system temperatures wev200 K at 115 GHz and400  The region observed with the A and B receivers of the IRAM 30-

K at 230 GHz. The positions observed with A and B receivers telescope in the two CO lines covers the central6 kpc of

were 81 for both lines. M 81. The size and the location of the region covered by our
In the second observing run, we used the Heterodym®® observations are shown in F[g. 1 as a square superposed

Receiver Array HERA(Schuster et al. 2004), a focal array®f lon a GALEX image of the galaxy. The CO emission, both in

SIS receivers, 9 for each polarization, tuned to the CO(@i&) CO(1-0) and CO(2-1) lines, comes fronfidrent regions of the

for M 81. The 9 pixels are arranged in the form of a centerdillegalaxy nucleus. In agreement with Sage & Westpiahl (199d) an

square and are separated by 2%he sampling was’g and a [Sakamoto et al! (2001), we find that the nucleus presents some

homogeneous mapping procedure was used to regularly sweeggions devoid of molecular gas, but also that there are o¢he

12x 12 pixel map, filling the intrinsic square of 66« 66”. The gions in which the CO is clearly detected and the signal @nsfr

typical system temperature wagt00 K. Also in this case we (Fig.[2).

used the “wobbler-switching” observing mode, and the pogt | particular, the centrat300 pc region is devoid of CO(1-0)

accuracy was 3” rms. The WILMA backend was used, provid-emission in agreement, for instance, with Brouillet et/088)

ing a 1 GHz bandwidth for each of the 18 receivers. The bangsd| Sakamoto et al. (2001), but there is a main molecular gas

contain %465 MHz (=930 MHz) channels spaced by 2 MHzclump structure at a distance of around 460 pc from the nscleu

of resolution. The total bandwidth corresponds to 1300 ki sin the northeast direction (Fif] 3), which is very similarthee

with a velocity resolution of 2.6 km™8. The map realized with

HERA included 144 positions. L httpy/www.iram.fyIRAMFR/GILDAS/

The line intensity scale throughout this paper is in units of
t]rd“b’ the beam-average radiation temperature. The vallgf
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Fig. 2. Map of the observed M 81 central region. Each spectrum haoaitsescale from -600 to 600 knTs, and a temperature
scale from -20 to 70 mK. The positions arfisets relative to the M 81 nucleus assumed of coordinatesdg® = 09" 55™ 335,
DECj20000 = 69 03 55”. Upper panel: Observations of thé2CO(1-0) line.Bottom panel: Observations of thé’CO(2-1) line
convolved to thé?CO(1-0) beam resolution (22

maximum intensity detected by Sakamoto etlal. (2001). In-adébserved with the A and B receivers. These observations con-
tion to the CO arc in the northeast direction, we also detectérm that the molecular gas emission in the M 81 center is at a
some emission to the southwest one. low temperature. Fig.]4 shows the spectral map and[Fig. 5 the
integrated contours obtained with our observations. HERA o
servations performed for tHéCO(2-1) line also reveal “islands”

of molecular gas in the nuclear region. There are regions-com

The observations done with the HERA receiver cover the cepf€tely devoid of emission, but also centralsets with a faint
tral ~ 1.3 kpc, similar at the central 1.6 kpc reported above but detectable emission. The pointings with sigrial®s have

3.1. HERA-receiver results
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Table 2. CO(J=1-0) and CQOJ=2-1) intensity lines where CO emission is detected (deiadével> 20°).

Offset Qfset Tm(1-0) AV(1-0) [Tw(l-0)dv Tmp(2-1) Av(2-1) [Tw(@-1)dv Ry

A (") AB(") [mK] [km s [K km s™] [MK] [kms™] [K km s
1) (2 3) 4) (5) (6) ) (8) )
-51.9 -30.1 29.04 74.01 2.15 10.23 83.21 0.85 0.40
-47.2 -19.1 30.16 59.01 1.78 12.73 82.55 1.05 0.59
-42.5 -8.0 28.34 88.23 2.50 14.55 115.60 1.68 0.67
-37.8 3.0 16.97 79.81 1.35
-36.2 -23.8 34.22 59.89 2.05 16.67 87.36 1.46 0.71
-31.5 -12.7 38.18 52.72 2.01 23.87 73.12 1.75 0.87
-26.8 -1.7 18.09 150.30 2.72 20.39 97.33 1.98 0.73
-25.1 -28.4 31.67 61.07 1.93 25.13 52.02 1.31 0.68
-20.4 -17.4 33.16 47.82 1.59
-19.1 47.2 31.85 56.16 1.79
-8.0 42.5 38.36 96.15 3.69 16.16 70.65 1.14 0.31
-1.7 26.8 68.42 102.50 7.01 40.16 102.10 4.10 0.58
3.0 37.8 27.99 152.80 4.28 24.86 116.50 2.90 0.68
6.4 -15.7 12.52 113.40 1.42
9.4 221 39.60 78.91 3.12
14.1 33.1 34.47 66.19 2.28 22.30 80.29 1.79 0.78
15.7 6.4 41.16 44.16 1.82 18.33 94.03 1.72 0.95
22.1 -9.4 31.75 96.58 3.07 20.61 121.10 2.50 0.81
26.8 1.7 21.40 67.65 1.45 22.95 58.55 1.34 0.93
33.1 -14.1 21.76 43.95 0.96
48.9 -7.7 58.60 32.25 1.89 19.20 52.02 1.00 0.53
53.6 3.3 47.86 55.29 2.65 35.44 61.72 2.19 0.83

The interpretation of th®; = la1/la1 = [ Tmp(2- 1)dv

/meb(l — 0)dv line ratio is quite complex and usually simpli-
fled with standard assumptions. The main assumption is to sep-
arate the analysis of thigy; ratio into two limiting cases: the
optically thin case and the optically thick case. The anglg$
these two limiting cases for the CO molecule has shown two im-
portant things. First, for high temperatures, B¢ ratio asymp-
totically approaches a value of 4 in the optically thin cageaije

it only approaches 1 in the optically thick case. If 1 is thmiti

for an optically thick gasR,; ratios> 1 are signatures of opti-
cally thin CO emission. Second, in the optically thin linthe

R ratio does not drop below 1 until the excitation temperature
drops below 8 K. This situation is improbable, but not imposs
ble, especially if the excitation of the gas is subthermal.

The!?CO lines are optically thick in most galaxies, includ-
ing the Milky Way, but there are other galaxies where the prob
L 1], lemis still open, like M 82 -the interacting companion of M-81

40 20 0 —20 —40 (Loiseau et al. 1990) or NGC 3628 (Reuter el al. 1991). When
RA offset (arcsec) studying the line ratio for a large sample (118) of nearbyedpi
alaxies| Braine & Combes (1992) saw that subthermal excita
on or different gas filling factors are only required for explain-
ing line ratios less than 0.7.

With line ratios of 0.7, 0.8, and 0.9, the excitation temper-
atures are expected to be 7 K, 10.5 K, and 21 K, respectively.
. These low line ratios can be explained considering thatgtt hi
peak temperatures between 16 mK and 65 mK. There is g densities in the heating mechanism the dust-gas oabisi
correspondence between the emission in CO(2-1) found WERs more important than cosmic rays that ionized via for-
HERA receiver and with A and B receivers, as shown in Fignation of H, on dust grains. When neglecting the heating from
[6 where the distributions found with the two observing canfig gravitational collapse or magnetic sources and assumiag th

Dec offset (arcsec)

Fig. 3. Integrated®CO(1-0) emission. The contour levels are be[%
tween 0.701 to 7.01 K kys in steps of 0.701 K kys. The beam
of 22" is indicated at the bottom left.

rations overlap. gas in local thermal equilibrium ¢f = Tyn), Braine & Combe's
(1992) derived a relationship between gas temperature asid d
3.2. The CO(2-1) to CO(1-0) line ratio temperature at high densities. At gas densities df A=,

which is required to approximately thermalize the- 2 level
The combination of observations of the CO(1-0) and CO(2-df CO, and dust temperatures of 30 K, the equilibrium gas tem-
lines allow us to compute the line ratio and to study the ptalsi perature is 10 - 13 K. Considering that in the clouds the dust i
properties of the gas more in detail, such as excitation égerp probably warmer in the vicinity of OB stars and lower elserehe
ture and optical depth. the gas heated by the warm dust at 50 - 60 K will reach the ther-
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Fig.4.>CO(2-1) map of the M 81 central region observed with the HER#eiver. Each spectrum has a velocity scale from -600 to
600 km s and a temperature scale from -20 to 70 mK. The positionsfésets relative to the M 81 nucleus assumed of coordinates
RA 20000 = 09" 55™ 33%, DECy20000 = 6% 03 55".

Table 3. Ry, line ratio for spiral arms of M 81 by Brouillet et al. the diferent beamféciencies. In Tablgl2 the main results of the

1). aussian fits of the observations are listed. In this tablenons
1991 G ian fits of the ob i listed. In this tabl
(1) and (2) are thefsets fAa andAp) referred to the center of
Field Ofsets [Tpp(1-0)dv [Trp(2-1)dv Ry the galaxy, which coordinates are given in TdBle 1; colun3js (
(")) [Kkms] [Kkms™] and (6) are the beam-average radiation temperatigd {or
N1 (0,0) 114 211 1.85 the two transitions; columns (4) and (7) are the line-widthg
N5 (0,0) 1.52 0.70 0.46 for the two transitions; column (9) is th&1 = 151/110 convolved
(18'8) 1%; é'gg 8'28 line ratios; columns (5) and (8) are the CO intensities ottt
(izo’og 0.89 053 059 transitions obtained from Gaussian fits.
(2('02?1’8)) %gé i:gg %gg The first striking note is the low temperature both in CO(1-
N7 (’0,0) 253 1.23 0.49 0) and CO(2-1) transitions, which characterizes the eonissf
(20,0) 1.52 1.93 1.27 all observed positions in the M 81 central region. For thase d
(-20,0) 2.28 1.05 0.46 tections> 20, the average brightness temperature in CO(1-0) is
(0,20) 0.51 1.40 2.77 33.44 mK, while in CO(2-1) itis 21.47 mK.
(0,-20) 1.39 4.04 2.90
S2 (-10,0) 0.76 1.05 1.39 TheRy; ratios found in the central regions of M 81 are quite
(?2’6183 ggg i-ig éég low: where the CO(1-0) emission is particularly weak, tht o
(_20:0) Ton 140 0.85 the CO(2-1) line appears weaker offatiult to detect, producing

a low Ry; value. The averagBy; ratio for the center of M 81
is 0.68, a value atypical of galactic nuclei. Actually, in GQr-
veys (Braine & Combés 1992) the central regions (inner kpc) o
mal equilibrium at temperatures of 15 - 20 K. The-2 level the galaxies have, on average; ~0.89, rarely reaching higher
of CO is populated at these temperatures, and Braine & Combatios (e.g. for NGC 3310). According to_Braine & Combes
(1992) computed that the expected line ratios are between (1992), this happens because the inner molecular gas is opti
and 0.9. In addition, it is important to remember that the Cgally thick in *?CO lines and is cool but not cold (¥ 10 K).
emission is not always thermalized and that the excitagomt Our low ratio for M 81 is lower than the average value of 0.89
perature may change along the line of sight and within a singbr galaxies similar in morphology and distance. In additiso-
beam. lated galaxies appear to have line ratios that are lower itihan
We computed thé&,; integrated intensity ratios for thefe teractingperturbed galaxies (Braine & Combes 1992). M 81 ex-
sets observed in the M 81 center, after smoothing48©(2-1) hibits a low value, despite being a classical example oféaute
data to the*>CO(1-0) beam resolution (22 and correcting for tion.
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with detections for the two lines and computed the corredpon
ing Ryy ratios after the transformation from detect®gto T,
0.8 needed for the comparison with our data. The results of tidas a
ysis are collected in Tablé 3. In this table, columns (1) &)dife
the fields and the corresponding coordinates respectiediyat
in Fig. 2 ofiBrouillet et al.[(1991); columns (3) and (4) are th-
tensities linedo andl; respectively computed from thg; de-
tected by Brouillet et al/ (1991); column (5) is tRe; = 121/110
- line ratio. Tabld_B shows that tH; line ratio spans in a wide
4 0.4 range of values, without a clear radial trend. For instative,
T regions N5 and N7, that are in the same area of the northeaster
spiral arm, show very dlierent values foRy;. This confirms the
“anomalous”R;; behavior of M 81 with respect to other spiral
galaxies.
In conclusion, M 81 is a galaxy with low intensity and an
anomalous behavior of CO lines. In this respect, it is simila
0 20 0 20 “10 0 to the central CO-poor galax_ies NGC 7331 (Young & Scaville
RA offset (arcsec) 1982;| Young et al. 1995), which h&b; ~ 0.54 (Israel & Bags
1999) and M 31, where similar low ratios have been found for
Fig. 5. Integrated?CO(2-1) emission. The contour levels are bendividual dark clouds in the central region_(Allen & Lequeu
tween 0.410 to 4.10 K kys in steps of 0.410 K kys. The beam [1993). In this case, the authors attributed this fact to ahsrb
of 12 is indicated at the bottom left. mal excitation of the gas, at least for the CO(2-1) transitio
These low ratios may be understood if coming from cool or cold

40 co(2-1) I ! diffuse gas with a molecular hydrogen density (x)jHhot high

40 co(2-1) I ! We used Fig. 2 of Brouillet et al. (1991) to study only the field

Dec offset (arcsec)

enough to excite the CO molecules.

4. Clumping properties of the gas

There is evidence that molecular clouds have a high degree of
0.s internal fragmentation on all scales: this medium is defiagd
clumpy. Regan et al! (2001) and Helfer et al. (2003), used the
BIMA SONG survey -a systematic imaging survey in CO(1-0)
emission of a sample of 44 nearby spiral galaxies- to study th
794  molecular gas emission in the centers and inner disks okigala
] in their sample with a resolution of’6 Their CO maps display a
| remarkable variety of molecular gas morphologies, and e C
4 0.2 surface brightness distribution shows substructures aiitten-
; sions of a few hundred parsecs. Sakamoto et al. (1999) found a
similar result with a CO aperture-synthesis of the cenargians
I of 20 nearby spiral galaxies using the Nobeyama and Owens
40 20 0 _20 _40 0 Valley millimetric arrays with a typical resolution of'4In many
RA offset (arcsec) galaxies they detected CO clumps of subkiloparsec sizattagat
_ o ) defined as giant molecular associations (GMAS).
Fig. 6. Integrated?CO(2-1) emission detected with the HERA | Figs [§ andb it appearsfiltult to distinguish individual
receiver superposed on tH&CO(2-1) emission found with A gyryctures, such as molecular clouds -probably presedtesti
and B receivers. The contour Ievelg are the same as shownBe their characteristic parameters (dimension, mass, 8
Fig.[3 between 0.410 to 4.10 K kmin steps of 0.410 K kf8  gt,dy the molecular gas structure on a small scale, it isssacy
and the intensity levels detected with A and B receivers are, ,se specific tools to identify single CO clouds.
grey scale. The beam of 13s indicated at the bottom left. The  There are several fierent methods of decomposing clumps
intensity _peaks detected with the two observing configanati i, 5 3-dimensional space; i.e. position-position-velpspace,
agree quite well between them. and all the techniques developed allow characterizatiothef
clumpy structure: size, line width, and one of the most impor
tant parameters of a clump, the mass. The algorithms géyneral
Studies of the disk in single galaxies show, in generalsed to study the clumpy nature of the gas are GAUSSCLUMPS
lower line ratios than those in the galactic nuclei. IC 34{Stutzki & Guesten 1990; Kramer etial. 1998) and GAUSSFIND
(Eckart et all 1990), NGC 6946 (Casoli etlal. 1990), and M 5Williams et al.| 1994). GAUSSCLUMPS decomposes the 3-
(Garcia-Burillo et al. 1993) are examples in which Reg ratio dimensional data cubes into a series of clumps, where each
typically decreases from1 in the galactic nuclei to 0.4-0.6 in clump corresponds to a peak position and is assumed to have a
the spiral arms. Gaussian shape. GAUSSFIND works on the 3-dimensional data
To test if Ry in M 81 shows a similar trend and the ratiocubes as the eye would find a data set by using local maxima.
decreases, which is necessary to use data in the literatueee Usually, the results of the two algorithms agree with eatteiot
is only one observational study on M 81 with data of the spiréth general, GAUSSCLUMPS is able to more easily find low-
arms in both CO(1-0) and CO(2-1) lines (Brouillet et al. 1991mass clumps than GAUSSFIND; and since M 81 shows a weak

Dec offset (arcsec)
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Table 4. GMAs identified in the M 81 center with GAUSSCLUMPS.

Number Aa A6 Vo To AX;  AXp @ Av dv/dr Oy
["] [ [kms™] [K] [ ["] []  kms™] [kms™]  []

(1) @ B (4) ® 6 @O © 9) (10) (11)

1 6.9 20.0 6.13 0.07 158 19.2 837 17.2 1.67 88.2
2 9.4 88 23831 006 120 121 5.9 121 2.76 -111.8
3 -148 -16.1 133.76 0.05 120 121 1013 12.1 2.29 -106.3
4 71 273 13212 0.05 120 172 945 13.9 2.05 -69.7
5 44 -20.2 34163 0.05 120 121 36.9 12.1 1.72 -138.2
6 8.9 27 52409 005 120 190 438 14.3 2.04 -90.2
7 -17.3 -20.6 -21.47 0.04 12.0 17.2 485 13.9 1.40 -86.3
8 92 -282 26409 004 120 121 569 121 3.04 -149.6
9 -15.7 -20.2 18501 0.04 120 16.8 651 13.8 1.69 44.6
10 -147 -27.0 263.61 0.04 120 121 63.6 121 4.41 28.6
11 7.9 9.0 30.24 0.04 12.0 13.0 121.2 12.5 3.42 -33.7
12 16 272 56.42 0.04 120 236 888 151 1.39 -105.3
13 84 -155 316.24 0.04 120 121 87.7 12.1 5.83 4.7
14 9.2 -14.9 82.50 0.04 120 121 226 121 3.62 115.8
15 -32.9 -9.2 -22.05 0.04 129 200 81.0 15.3 1.04 -18.8
16 -145 219 -22.41 0.04 190 121 293 145 2.18 42.0

CO emission, we decided to use GAUSSCLUMPS. In additiod,2. GMAs masses

;his algorithm can work with the package GILDAS, alreaddeseizor an optically thin gas, or at the other extreme for a com-
ere. (

pletely optically thick gasl (Kramer etlal. 1998), the massaof
molecular association is proportional to the fitting partare

of GAUSSCLUMPS: the molecular association intensity, the
molecular association velocity width, and the spatial FWW4HM

along both two principal axes:
The first application of GAUSSCLUMPS to CO(2-1) data obs 9 WO principal ax

4.1. Identification of molecular associations

tained using HERA receiver found 27 molecular associationsM o T X Av X AXg X AXo. Q)
the central 1.3 kpc; however, it is necessary to fix the cairgs Wi . i th h h
to check misidentification. The algorithm forces the unhesd e now present mass computations in the two hypotheses

clumps to have a size corresponding to the spatial and vel§&!oW: For the estimation in the optically thin case. We adog

ity resolutions, so if the 3D size of a clump is exactly equatayleigh-Jeans approximation, whef€Tex) = Tgph iy ~

to the resolution in each axis, this clump could be an artefadex, Since Tex > 15 K. LTE is also assumed, meaning that
With a beam of 12, only clumps with the intrinsic FHWM size Tex is the same for all levels. The total CO column density
A¢ > 107 are realistic, so all the other clumps have been diblco is related to the populatioN; of level i by Ni/Nco =
carded. The second constraint is on the intrinsic brigistteas-  giexp[-Ei/kTe] /Q, whereg; and E; are the degeneracy fac-
perature, which must be at least 5 times the noise level of tigg and the energy of the levglandQ the partition function is
original map, T> 0.035 K [Stutzki & Guesten 1990). After ap-Q(T) = 2kT/hvio = T(K)/2.76. This total CO column den-
plying these constraints, the number of molecular assoagt Sity, derived from the integrated intensity of the CO(2ith¢] is
found in the M 81 central region has become 16 and their progven by the following equation, in the optically thin limit

erties are listed in Tabld 4. In this table, column (1) is thMdAG N

number; columns (2) and (3) are the GMA center positions r O —12x108x Tex (K) meb (K) dv(km/s). (2)
ferred to the center of the galaxy, which coordinates arergin mol /cr?)

Tablel1; column (4) is the GMA center velocity; column (5) isthe corresponding molecular mass (taking into accounaimli
the GMA peak intensity; column (6) and (7) are the GMA spatig
FWHMs along the two principal axis; column (8) is the orienta

tion of the first principal axes; column (9) is the GMA velgeit M - 1.2x 10 Mk, M X Tex (K)

FWHM; column (10) is the GMA internal velocity gradient; eol (Mo) (Mo) N(*2CO)

umn (11) is the direction of internal velocity gradient. 9 fmeb (K) dv (km/s) dA(cr?). 3)
Considering that the Gaussian-shaped molecular associa-

tions have two principal axes, we find a mean intrinsic din terms of fitting parameters in Talile 4 ($ee Chi & Fark 2006)

ameter for all molecular structures identified of”14~250 and when assuming an excitation temperatur€f 15 K, an
pc). Molecular structures with these dimensions are defa®edabundance ratidi(H,)/N(*2CO) ~ 10%, and a distance of 3.6

GMAs. The maximum GMA peak intensity is 0.070 K, the meampc, Eq. [3), valid in the optically thin case, becomes
intensity is 0.046 K and the mean velocity FWHM 13.5 krh.s

Summing up the area corresponding to the intrinsic FWHNMyin ~ Trp Av AX;  AX
extent of the fitted GMAs in the selected field, one obtaingal o) T K X ks X ™ X ™ x 105. (4)
area covered by GMAs that is from 2.2 to 4.5 times smaller than
the field, therefore the filling factor of the GMAs is low, athouln this hypothesis, the ratio between the observed peaktsrig
0.3. ness temperature and the excitation temperature is thegfilli
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Table 5. Properties of the GMAs derived by application of GAUSSCLUMP

Number  Refs Miin ~ Mmick  Muir Qi X
10° 10° 10° 107t
[pc] [Mo]  [Mo]  [Mg] [mol cm™2 (K km s7)~7]

(1) (2 (3) 4) (%) (6) (7)

1 151.88 3.83 7.20 8.54 11.86 2.29
2 105.08 1.11 2.08 2.92 14.07 2.71
3 105.08 0.92 1.73 2.92 16.89 3.26
4 125.28 1.50 2.83 460 16.27 3.14
5 105.08 0.92 1.73 2.92 16.89 3.26
6 131.67 1.71 3.21 5.12 15.93 3.07
7 125.28 1.20 2.26 460 20.34 3.92
8 105.08 0.74 1.38 292 2111 4.07
9 123.81 1.17 2.19 448 20.43 3.94
10 105.08 0.74 1.38 292 2111 4.07
11 108.91 0.82 1.54 3.23 21.04 4.06
12 146.74 1.79 3.37 6.36 18.86 3.64
13 105.08 0.74 1.38 292 21.11 4.07
14 105.08 0.74 1.38 292 2111 4.07
15 140.06 1.66 3.11 6.23 20.03 3.86
16 132.22 1.40 2.63 5.28 20.10 3.88

factor of the porous molecular associations, on the ord& oimass of the GMAs is .22 x 10°M,. The masses computed for
x1073. Applying Eq. [3), we find very small molecular associaall GMAs are listed in Tablgl5.
tion masses contained in a low mass range, frad@ ¥ 10°M,, That the masses obtained through the optical thin hypathesi
to 3.83x 10°M,, with a mean value of. 81x 10°M,. The masses are much lower than those calculated in the optically thakec
computed for all molecular associations are listed in TBble is not “anomalous”: instead, it is expected that the optibad
this table, column (1) is the GMA number as defined in Tableypothesis underestimates the masses, since GMAs have a ric
[, column (2) is the fective radius of the GMAs; columns (3),substructure of subclumps with high column density. The sub
(4), and (5) are the masses of the GMAs computed in the optlumps are probably optically thick, as is generally theecas
cally thin limit, in the optically thick limit, and using theirial external galaxies, as suggested by the Rf§tO emission com-
theorem, respectively; column (6) is the ratigr = M\ir/Mgs monly observed. Anyway we decided to also analyze the opti-
for each GMA, wheréMgps = Myiick; column (7) is the derived cally thin case because M 81 represents an extraordinasydab
X conversion factor for each GMA. tory where all possibilities should be considered even ifsual

In the optically thick case, the molecular mass of the molefor similar galaxies.
ular associations is determined by tigdensity (Ny,) using the
standard X conversion factor value{ = 2.3x 10?°° mol cnt? (K » .
km s1)L,[Strong et &l 1988)\, = X [ Tcou-o)dv. Since we 4.3. Virial equilibrium
resolve single GMAs in the CO(2-1) transition, using the mean alternative way of determining GMA masses is to compute
Rz1 = 121/110 value computed herdzg; = 0.68), theH, density their virial mass. Assuming a balance between the totaltkine
can be expressed by energyT of a GMA and the gravitational potenti&l, and ne-
glecting external pressure, the virial madg, of the clouds can
be calculated using the formula

NH, _ X i
(mol/cm?) (ni?lync];f) X R21fTCO(2—1)(K) dv(km/s)
Myir = K x Dg x AV? ®)
= 3'4X1020fTCO(2—1)(K) dv(km/s), (5)

where My;; is in Mg, De is the dfective diameter in pc of the
and the corresponding molecular mass is equivalent sphere of radil® = (Ax;Axp/4)%°, andAv is in km
s (Solomon et dl. 1987). We assume that the cloud is a sphere

M g s oM with a power-law ¢ = 1) density distribution. In this case, the
(Mg) (Mg) constant K in formulal{8) is equal to 95. The rougher assump-
tion of uniform density((B) would have instead producedli4.
X ffTCO(H) (K) dv (km/s) dA(cn). (6) Here, the hypothesis of spherical shape for the cloud mékes t

o ) . ~ formula independent of the galaxy inclination.
In terms of fitting parameters in Taljle 4 and assuming a distan A comparison between the virial mass and the mass com-

of 3.6 Mpc, Eq.[(6) gives the GMA mass in the optically thickuted from the observed intensity linédds) in the optical thick

limit: hypothesis is informative for the physical state of the dgu

Mk Tro Av AX;  AX 197 10° @) their optical thickness, and for the actua: X (H)/1(CO) con-
= — X X X x 1.97x 10°. i

M) ® & ™ ) version factor.

The virial masses of the 16 GMAs we identified span from
Applying Eq. [7), the GMA masses range fron8&8 x 10°M,  2.92x 1P to 8.54x 10°M,, with a mean value of.31x 10°Ms.
to 7.20 x 10°M,, with a mean value of.26 x 10°M,. The total In calculatingM,;;, we have neglected the mass of the atomic
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hydrogen My, = 0) since Allen et al.[(1997), studying the HI  In practice, we computed the X ratiel(H)/lco) deriving
profile in M 81, found a deficiency of atomic hydrogen in théheH; density from the virial massesl(Hz) = Myir /(my, X dA),
central~3 kpc, and the HI emission only begins to be significantheremy, is the mass of the hydrogen molecule aiddthe area
in the inner spiral arms beyonéb kpc from the nucleus. occupied by the cloud), arldo is the CO observed intensity. For
We also checked that the stars do not contribute significanthe individually resolved GMAs of M 81, assumed virialized,
to the mass inside the volume of a GMA. In the hypothesis that found that theX conversion factor takes a much higher value
the H, mass is computed from the virial mass, resolved GMAban the mean Galactic value for all clouds, ranging freh®
have mean surface densities ranging from 84/pd to 118 to ~18 times higher than thgtandard X and a mean value of
Mo/pc® with a mean value of 91 Mpc?. The mean value of X = 3.6 x 10? mol cnT? (K km s71)~1. The X conversion factor
the mass-to-light ratio of visible matter expected for M 81 ivalues computed for all the GMAs are listed in Tdble 5.
M/Lg = 5.5 Mo/L (see Tenjes 1994). From the exponential sur- Qur X factor values are high, not only if compared to the
face brightness distribution of the stellar disk of the g@lave  standard Galactic factor, but also with respect to valuesido
then deduced a mean stellar surface density of 3fM in the in other nearby galaxies where the X ratio has been obtained
region. In addition, if we consider that GMAs normally have @ith the same method we used. Studying a sample of nearby
thickness of about 50 pc while the stars are distributedgiores  spiral and dwarf irregular galaxiés, Arimoto ef al. (1996)ided
that are at least ten times thicker, the actual mean volurglies X values using CO data found in the literature and computed
density is negligible with respect to the molecular denisisjde  the corresponding virial mass. They found galaxies withbot
a GMA. values lower and higher than in the Galaxy, such as M 31 with
All the GMAs have a virial mass> of the mass computed X = 1.8x 10?° mol cnt? (K km s71)~1, M 33 with X = 4.1x 10%°
from CO observations, and the mean ratjp = Myir/Mobs COM-  mol cnr? (K km s1)~2, and IC 10 where&X = 6.6 x 10°° mol
puted for our GMAs iswir ~ (10— 20) > 1. Theay ratios cm2 (K km s1)~1. Even if they found high X values, thesg-
computed for all the GMAs are listed in Talle 5. to-CO conversion factors are smaller than our X ratios olethi
for M 81.|Arimoto et al.[(1996) found X ratio (=3.1 x 10?* mol
cm2 (K km s71)71) only for the SMC within the same order
of magnitude of M 81. They specify that this value has been
The value of the conversion factor between khecolumn den- obtained by considering virial masses and CO luminosites f
sity of the molecular hydrogeN(H;) and the CO integrated larger-scale complexes in the SMC and that this higivould
intensity X = N(H,)/lco) is still subject to debate. Usually be due to a smaller amount of CO in &dse medium that is
the standard value of X found for the Milky Way is universally metal dependent, as well as photo-dissociated by the stdvhg
adopted for all the galaxies and for all the regions of theesarfield, and can be present only in dense molecular clouds.
galaxy X = 2.3 x 10?°° mol cn1? (K km s )72, [Strong et all.
1988). This assumption often turned out not to be completely
correct. . . . _ 5. Discussion
The X conversion factor is determined by various factors,
such as the metallicity, the temperature, the cosmic ray defil. Comparison with previous works
sity, and the UV radiation field (see Maloney & Black 1988; . . .
Boselli et al.[2002). For instance, galaxies with lower retaOur molecular gas detections in the center of M 81 agree Wwith t
licity generally have a higheX factor; when studying 5 local Only two works present in the literature that report CO eriss
group galaxie<, Wilsori (1995) found that the conversiotofac IN the nuclear region of this galaxy (Sage & Westgfahl 1991;
increases by a factor of 4.6 when metallicity decreasesadtaf 'Sakamoto etal. 2001). In comparison with the giant molecula
10. TheX value also changes with the morphological type of tHlouds (GMCs) in the outer regions of M 81 (Taylor & Wilson
or lower than, the Galactic one, while extremely late-typiests the M 81 center is particularly cold and unusual. The masses
or irregular galaxies tend to show higher valles (Nakai & &unve find for GMAs in the CO(2-1) map are similar to the higher
1995). A dependency of thé conversion factor oo is also Masses observed in M 33 (Wilson & Scoville 1990), and higher
suspected: galaxies or observed positions with lew(Ico < than whatis measured in the SMC (Rubio et al. 1993).
20-40 K km s?) show a higheX. An example of this behavior Our first result is that the nuclear region of M 81 (within
is the galaxy M 51, wherk:o < 20 K km s and theX derived ~300 pc) appears devoid of CO emission, in agreement with
value is a factor 2.6 lower than the mean Galactic value (&pe FBrouillet et al. (1988) and Sakamoto et al. (2001). Howewer,
3 of/Nakai & Kund 1995). detect CO emission outside the 300 pc radius. This supports
Since M 81 shows atypical properties for its molecular ga#)e claims of_Sage & Westpfahl (1991) who, found CO emis-
the CO to H conversion ratio is also suspected of departing si§ion when observing oneffset towards the center galaxy with
nificantly from the mean Galactic value and in general froat ththe NRAO 12m telescope and a beam of’§5ee Fig. 1 of
of galaxies with the same morphological type. Thus, M 81 reage & Westpfanl 1991). There is a good correspondence be-
resents an exceptional laboratory to explore the variatfdthe tween our velocity profile and theirs.
X-ratio. A more useful and interesting comparison can be done be-
We derived theX conversion factor for all individually re- tween our results and those of Sakamoto et al. (2001). Inldeta
solved molecular associations assuming the virial equilib the “pseudoring” that we detected-at460 pc from the nucleus
for single molecular complexes and using the large velapidy in the northeast direction (Fifl 3) corresponds to the marim
dient (LVG) approximation for the formation of the CO lineintensity of. Sakamoto et al. (2001). Observing the centital k
(Young & Scoville! 1984; Sanders et al. 1984). This method hasrsec with the Nobeyama Millimetric Array-NMA (resolutio
also been used to derive the conversion factor in nearby spf-6.9”x 5.8” that corresponds te 120x100 pc at the distance
ral galaxies such as M 31, M 33, and the Magellanic Clouds M 81), they produced maps only for th&CO(1-0) line. Since
(Wilson & Scoville[1990, 1992; Arimoto et al. 1996). they made interferometric measurements, with an FWHM pri-

4.4. The N(Hz)/lco conversion factor
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Table 6. Comparison of the results obtained applying the apertumgphetry at the FUV-GALEX image of M 81 in flerent
regions observed in CO(1-0).

Reference do Fruv Go lco/Fruv
1014 0%
[Kkms?] [ergenm2stA- [K km s™Y/(erg cm2 st A-1)]
Brouillet et al. (1998) 25.90 1.37 0.51 18.88
Knapen et al. (2006) 20.26 1.48 0.35 13.65
This paper 53.50 1.13 0.31 47.18

mary beam of 1and a beam of 7”7, extended emission seenconfirms the unusual scenario in the molecular gas progastie
with the 22" IRAM CO(1-0) beam is filtered out. M 81.

In spite of this, the total mass of molecular gas that we

find, assuming the sanstandard X-factor value of Strong et al. }

(1988), is quite comparable to that |of Sakamoto et al. (2006'2' The X-factor problem

our resolved GMAs in CO(2-1) emission have a total mass ©he X-factor peculiarity does not appear to be due to a particu-
3.22x 10°M,, only a little bit lower than~ 1 x10'M,, found by lar metallicity, since M 81 has a metallicity of=0.03, without
Sakamoto et all (2001) for the “pseudoring” in CO(1-0) emisny evident gradient from the central region to the outek dis
sion. In addition to the result of Sakamoto et al. (2001), whiiong et al! 2000). This “normal” metallicity value wouldger
found the molecular gas mainly located in a lopsided distribduce aX conversion factor similar to that of the Milky Way.
tion in the northeast direction, we also detected some @mnissSome regions in M 81, however, have higher metallicity ared ar
towards the southwest. Our peak temperatures fof4G®(1- mostly located in the spiral arms and HIl regions. But in gahe

0) line are very low, ranging from15 to ~64 mK, lower than our estimate of thx-factor appears significantly high.

the average peak brightness temperatufe3 K) of each GMA A possible source of error may be the assumption of a fully
found by Sakamoto et al. (2001). This is compatible with tifte d virial equilibrium for the observed clouds. Under this hype
ferent beam sizes, the synthesized beam of the interfeesmeis, we calculated th¥-factor usingX = M,i;/Lco, where the
being 10 times smaller in surface. Myir has been computed with E§J (8), abgb is the CO lumi-

Another useful comparison can be made with molecul@esity derived from our observations. Application of theiali
clouds identifications in other external galaxies. The masgheorem to complex molecular structures may not be conplete
(~ 10°M,) and the diameters-(250 pc) of the CO clouds iden- appropriate, even if the expected deviation cannot be hiae
tified in M 81 are not much unusual for giant galaxies of tha factor~2. However, if the GMAs are not virialized and the
same type (Taylor & Wilsdn 1998). Even if in general the GMC8andard X factor is applied, the molecular content of M 81
and GMAs in the galaxies of the Local Group are very similayould be exceptionally low, so M 81 would be peculiar in both
there is evidence of variations in the properties of the g Cases.
clouds of galaxies of dierent morphologies, which range from
early-type spirals (M 31 and M 81) to late-type spirals (M 3
of Scd morphological type) and from dwarf irregulars (IC 10
to dwarf ellipticals (NGC 205). For the variety of chara@écs The reason for the non-typical results on the molecular gas i
found in clouds of galaxies of these sub-morphological $ypeM 81 is probably the exceptionally low CO excitation temper-
Taylor & Wilson (1998) conclude that in general very lat@ey ature that seems to characterize the center of this galaky. W
galaxies should have smaller and less massive GMCs than ead the molecular gas absent or subthermally excited in thelM 8
type galaxies. Our results agree with this conclusion. center?

Finally, we know that, in the Local Group and in sys- A possible link could exist between low CO emission and
tems in interaction with the Local Group, macroscopic proghe lack of ultraviolet emission that appears to charazgethie
erties of molecular clouds are related by power relatigrshi M 81 central region. The ultravioletimage of M 81 realizedtwi
first noted byl Larson[ (1981) and then studied in detail dje satellite Galaxy Evolution Explorer (GALEX) clearlyshs
Solomon et al/(1987). In particular, Solomon €tlal. (198t)yfd a lack of recent star formation, traced by the UV emissiothé
a tight relationship between the Galactic dynamical mdhcu nuclear region that we observed in CO.
cloud masses, measured by the virial theorem, and the CO lu- The existence of a link between molecular gas and far-
minosity (Myir « (Lco)®8Y). For several external galaxies, thigultraviolet (FUV) emission can be justified consideringtttie
power law is even valid if with little variations of the powerinterstellar medium is excited, dissociated, and ionizgdhe
index (Rand & Kulkarni 1990; Rand 1995; Rosolowsky & BlitZzFUV photons produced by young O and B stars. Atomic gas
2005). It is interesting to test if M 81 also shows non-typican the ISM recombines into molecular form mainly through the
behavior in this case. Our very weak CO detections corrasparatalytic action of dust grain surfaces. Hydrogen nucleleye-
to CO luminosities of the order of magnitude*Il0km st pc> peatedly from the moleculaHg) to the atomic phase and back
with virial masses within an order of magnitude oM, (see again at rates that depend on the incident FUV flux, the total
Tableg[®). Comparing our results with the Fig. 2 of Solomonl st avolume density of the gas, and the dust-to-gas ratio. Theract
(1987), we can see that with theo = 10 K km s pc? virial  of the FUV flux that interacts with the surface of the molecula
masses we infer are overestimated by more than one ordeclofuds can stronglyféect their physics and chemistry by heat-
magnitude with respect to the typical trend in our Galaxy, bing, dissociating, and exciting the gas.
also in external galaxies. This result agrees with the atéhas In regions of the ISM where the physics is dominated by
given by thea,;, ratios calculated in Sect. 4.3, and in general EUV photons -called photodissociation regions (PDRs)fulse

.3. Heating of the gas
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information can be obtained on the physical state of thergas f 6. Conclusions
observations of the spectral lines emitted by the excitechat

and molecules in those regions. The physics of the molecular gas suggested by the obsamgatio

reported in this paper shows M 81 to be a galaxy that is not only

In M 81 the possibility that low CO emission and weak FUMCO-poor in its central region, but that also has moleculauds
flux are correlated has already been proposed by Knapeh ewdth unusual properties, if compared to galaxies with samlis-
(2006). When observing a region of the western spiral arm fiances and morphological type. The absent or very weak molec
M 81, they explained the lack of or very weak CO(1-0) emissiotilar gas emission in the nuclear region, the Rwline ratio, and
observed far from FUV sources, as a consequence offioisint @ particularly highX conversion factor value are its main pecu-
heating and excitation of the molecular gas. Usually, aiatke liarities. TheN(Hz)/Ico conversion factor has a mean value of
CO emission is instead interpreted as due to the absencessf mé = 3.6 x 107 mol cnt? (K km s71)~%, 15.6 times higher than
surable quantities of molecular gas or due to a low densisy g@e X value of Strong et al. (1988) derived for our Galaxy.
not heated sficiently to detect it. The limit of this interpreta-  All unusual results found for the molecular component in
tion, based on the linear proportionality between the C@aser the M 81 center are probably due to an excitation process of
brightness and the column density of the molecular hydragenthe gas non-typical for giant spirals in the Local UniverBee
to neglect &ects linked to local heating mechanisms. If the exspiral arms of this galaxy are CO-poor, and it has been stegdes
planation of Knapen et al. (2006) is correct, the flux of casmthat the FUV surface brightness is too low to heat the mo&cul
rays and the FUV surface brightness would be too low to hegds component. The low CO emission we found in the center
the ISM, and in particular, the molecular component. It isposuggests that the gas in the nucleus is also subexcitedewveth
sible that this correlation of low-FUNOw-CO is also applicable weaker FUV emission. We conclude that the lack of excitation
to the central region that we observed. of the gas, more than the absence of molecular gas, is the caus

of the low CO emission there.

To verify this interpretation, we performed aperture pleto

etry in the FUV emission on three fields already observed fgknowledgements. The observations reported here were made using the travel

. ; : ; unds of RadioNet Networking Activities. V. Casasola isgded to acknowl-
CO: our central region of 1.6 kpC, the field of splral arms O.Bedge the hospitality and stimulating environment providgdhe Observatoire

served by Brouillet et al! (1998), and that - aga_'m on t}’](:""’E‘;F”rde Paris-LERMA, where part of the work on this paper was damingd her stay
arms - observed by Knapen et al. (2006). The fields selectedi®paris, thanks to Grant Vinci and the EARA agreement. Thiecas would like
the spiral arms are the same of Fig. 2 of Knapen et al. (2008)thank the anonymous referee, whose comments have befehfosémprov-
We used the FUV-GALEX image of M 81 expressed in intensit{9 the original version of the paper.

and already sky-subtracted and performed the aperturephot
etry using the task QPHOT of IRAF, able to do a quick ape
ture photometry. This procedure allowed us to know the FU
flux emitted in regions observed in CO(1-0) and hence to corﬁten, E-jniLEQUEUJx,'j- 1B99r33 Ar;{J, ‘élgi Lth TP 1987, 487, 171
pute the ratio between the two emissions iffatent fields, but [ &3 N ' aufman, M. 2004, Apd, 608#1

of similar dimensions, of the galaxy. The aperture photoynety;imoio, N Sofue, Y., & Tsujimoto, T. 1996, PASJ, 48, 275

was done with a radius of 40for our central region and for Beck, R., Krause, M., & Klein, U. 1985, A&A, 152, 237

the one observed by Knapen et al. (2006) with the Nobeyar®iatenholz, M. F., et al. 1996, ApJ, 457, 604
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