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Abstract. We have obtained the first images of the 6.75 and InthisLetterwe presentthe initial results of a complete map

15um continuum emission in the Whirlpool galaxy with ISO-of M 51 using ISOCAM (Cesarskgt al. 1996) at 6.7pm and

CAM, the infrared camera of the ISOThese data reveal thel5um.

well-developed, spiral arms of the galaxy, in addition to diffuse

emission between arms and in the outer regions of the diﬁk

There is a striking correspondence with theflbemission and

the Hx emission over the galaxy. We tighten this link by lookin@road-band MIR mappingd 13’ x 13 field was mapped in

at the properties of the individual HIl regions and show that th&v2 (5 to 8 yum) and LW3 (12 to 17um) using ISOCAM,

15um emission traces massive star formation and is not affecthd infrared camera of ISO (Kessletral. 1966). A raster map

by extinction as is Id. The data show systematic mid-infrare@f 10x10 positions was constructed, with an array o0&k32

color variations perpendicular to the arms, which we interpretpisels, and 3 pixel field of view giving a spatial resolution of

two distinct dust components contributing to the mid-infraredl 5 — 8". Spacing between each successive positions of the

emission. We examine the implication of these color variationsster was 84in both directions, resulting in 12overlaps.

in light of our currentunderstanding of dust at these wavelength. Data were reduced with the CAM Interactive Analysis soft-
ware (CIAY. The basic steps, dark current subtraction and cos-

Key words: galaxies: individual: M 51 — galaxies: ISM —galaximic hit removal are described in Siebenmorgen et al. (1996).

ies: spiral — infrared: interstellar: continuum — stars: formaticfransients, due to detector memory effects (see Cesarsky et al.,

1996), were corrected with a double exponential method and an

inversion method (Abergel et al., 1996; Stark et al., 1996).

We took advantage of the large field observed to derive
the flat-field from the observations of the background regions.
The rms around the background level in the final images are
4.3 nJyl’? and 5.7uJdy/"2. Important sources of uncertainties
are, in decreasing order, transient effect corrections, photomet-
M 51 (NGC 5194) and its companion NGC 5195 constituteric conversion factors, and flat-field errors, giving a total esti-
textbook example of an interacting pair of galaxies. M 51 israted uncertainty of 20-30%.
grand-design spiral galaxy (Sbc I-Il in the Shapley-Ames cata- Ha mappingAs star formation plays a crucial part in deter-
log), somewhat perturbed by its companion. The arms are venining the MIR properties of galaxies,dHlata were obtained
thick, and obscuring dust lanes are seen all across the facéybne of us (G. Joncas) at the Monélyantic Observatory. The
the galaxy (see e.g. Sage, 1989). In the arms, star formatiohlis map was produced by scaling the star fluxes in the narrow
proceeding actively, as revealed, for example, by the UV ddtand image to their counterparts in the broad-band image and

Observations and Data Reduction

1. Introduction

of Hill et al. (1996). subtracting the R image from theeHmage. The point spread
- function was determined using images of stars in the field. For
Send offprint requests tmsauvage@cea.fr cross-comparison, we degraded the ishage to the LW3 res-

* Based on observations with ISO, an ESA project with instrumenggution (~ 8") and resampled it to 3" pixels.

funded by ESA Member States (especially the PI countries: France,

Germany, the Netherlands and the United Kingdom) and with partiéi- CIAis ajointdevelopment by the ESA astrophysics division and the
pation of ISAS and NASA. ISOCAM consortium led by the ISOCAM PI, C. Cesarsky, Direction
1 See Kessler et al. 1996. des Sciences de la Mate, C.E.A., France.
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Fig. 1. (a) The LW3 (1m) raster map of M 51. In order to reveal the low-level emission, the linear intensity scale was saturated well below
the maximum level in the image (i.e. the nucleus of NGC 5195). Numerous well-knoredions are detected all the way to the tip of the arm
overlaping the companion galaxy in the north, NGC 5195. The source NE of NGC 5195 is a memory effect. Black lines indicate the directions
along which the cuts in figure 3 are performed. (b) Am gtey-scale image with LW3 contours superimposed. Contours of the LW3 image start

at the & level and are spaced by #0The correspondence is so striking that the contours seems in fact to be thaseTdfdcorrespondence

breaks down at NGC 5195.

3. MIR Morphology of the M 51 Disk Bersier et al. (1994) and Petit et al. (1996) compared ihe H
nd UV (200@) morphology of M51 and observed broader
V arms as well as a systematic displacement between the two

ﬁ’nages; the UV peaks being shifted by 7*Hdbwnstream from

e Ha peaks. They interpret this as being due to the combined

effects of (1) stars required to produce UV light live longer than

ionizing stars and (2) extinction is likely to be higherin the arms
than in the interarm region.

In figure 1a we present the raster map of M51 in the L
(15um) band, with a linear intensity scale. The most strikin
feature in this image is the spiral pattern. The arms are
tremely well defined and can be followed fram25” beyond
the nucleus to the outskirts of the galaxy, having cireled50
forthe western arm, and 540 for the eastern arm, all the way
to the east of NGC 5195.

There is also definite diffuse emission in the interarm region,
evidentin the contours which begin at thelével, in figure 1b. Let us then use this marked difference of spatial distribution
In fact, on azimuthally averaged radial profiles, emission is stiletween ionizing and hot, non-ionizing star to investigate the
detected 170away from the nucleus. Thus the MIR disk is abeating sources for LW3 emission. The width of the arms in the
large as the FIR disk and extends well into theridg of M51  LW3 image is~ 15" FWHM (see figure 3), i.e. similar to the
(see Smith, 1982). FWHM of the Hx arms. No systematic displacement is seen

The nuclear region of M 51 also presents interesting struzetween the H and LW3 maps. Therefore it appears that LW3
ture: the arms seem to connect to a ring-like structure that sisrimore strongly linked to the ionizing stars than to the non-
rounds a sharply peaked source, probably heated by the A@BNizing UV emitting ones. This may reflect the fact that only
in M51. in or near HI regions will grains be hot enough to contribute

In figure 1b we compare theddand LW3 images of M51. a continuum emission in the LW3 band (seen as an emission
There is almost a one-to-one correspondence: all theeions  increasing with wavelength). In softer radiation environments,
correspond to peaks in the MIR map. This clearly emphasizée emission detected in LW3 is rather low (see Boulade et al.,
the link between the two emission processes: star formatiori896) or even decreasing with respect to the wavelength (see
the main provider of energy for the dust particles we detectBoulanger et al., 1996). Thus, the LW3 emission does seem
15um. The correspondence does not exist toward the compartmtrace star formation well. It is also detected outside af H
galaxy inthe north, NGC 5195, wheredik in absorption while regions, yet at much lower levels. Whether this dust is heated by
the MIR image show a strong point-like source (see Bouladetké broader UV arms or by the local stellar population remains
al., 1996). to be analyzed.
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L L L L L L B R scatter in both graphs is due to the determination of the LW3
flux.

Although the distribution of points shows some similarity,
a correlation is present in figure 2a and not in figure 2b: the
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g C &8 hd ] LW3/Ha ratio increases with Awhile the LW3/S¢m ratio does
5 i . . Py ] not appear to depend on the extinction (the correlation coeffi-
% | st 4 i cients are respectively 0.79 and 0.15). In fact, when the H

o’ o emission is corrected for extinction with/Athe LW3/Hx ratio
becomes quite constant. An interpretation of these trends con-
sistent with the tight spatial correlation shownin section 3is the
following: LW3 is indeed mostly reprocessing of the radiation
from young ionizing stars but, not surprisingly, it is uneffected

- by extinction, contrary to H. As the derivation of the thermal

- . radio flux is not straightforward and implies observations at dif-
- . ferent radio wavelengths, LW3 could prove an efficient way to
¢ derive star-forming properties wherAs 2 1 — 2 (see Vigroux

et al., 1996).
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5. Infrared Colors of M51

The LW2 and LWa3 filters sample two different kinds of emis-
(b) sion: the LW3 filter (12-18m) collects mostly continuum
N B B R S A emission as well as, if present, [Nell] (12:8) and [Nelll]
: . . L , i \ (15.5um). The LW2 filter (5-8..xm) collects almost exclusively
Av (Nakai & Kuno) emission from the so-called PAH bands at 6.2, 7.7 andr8.6
The LW2/LW3 ratio should thus reveal information on the heat-
Fig. 2. (@) The LW3/Hx ratio (mJy/10** erg cni?) versus A from  ing sources and emission mechanisms.
Nakai & Kuno 1995. Although the scatter is large, and can be mostly T demonstrate color variations in the disk of M 51, we plot
attributed _to uncertainties in th_t=T LW3 flux, a clear trer_ld is seen fa | \W2/LW3 ratio in figure 3 in two cuts perpendicular to the
a correlation of the two quantities (= 0.79). (b) Variation of the o) 2rmg of M 51 (identified on figure 1a). On these cuts it is
LW3/Sscm(thermal) ratio with A.. In this case, no correlation is seen . . . .
(r = 0.15). clear that the ratio drops in the arms or in the nuclear region.
More generally, the LW2/LW3 ratio decreases as the mean MIR
brightness increases, i.e. in the star forming regions.
4. HIl Regions in M51 This behavior already implies that the emission sampled at
LW2 and LW3 comes from two distinct components of the dust
In this section we combine our data onrHegions with that phase. Otherwise, as the interstellar radiation field decreases,
of van der Hulst et al. (1988) to examine the nature of the lidhe would either observe a decrease of the ratio, corresponding
between LW3 flux and star formation. We extracted the L\W3 cooler temperature in the case of grains in thermal equilib-
flux for 23 Hir regions that could clearly be isolated on our mapium, or a constant, in the case of impulsive heating. A possible
Photometry was performed by summing the flux inside radii agxplanation for the observed behavior is the following: in LW3
justed to each source and subtracting an estimated backgrowwldetect the short wavelength edge of a continuum provided by
Since determining where the background is to be taken is #hét small grains with a nearly thermal behavior, heated by ion-
most difficult step in determining the flux, we used two methzing photons as shown in section 3 and 4. As the heating flux
ods: one assuming the same background for all sources, @nshs, their temperature decreases and therefore the emission
another with the background as the median of the flux outsit#is exponentially, such as in the case of classical black-body
the integrating radius. We find that the correlations we presesmhission. In the LW2 band we collect feature emission. If this
here are independent of the method used. emission comes from PAHSs, then the impulsive heating mech-
For all these Hi regions we compile the ddand thermal anism implies that their emission will follow rather linearly the
6 cm radio fluxes from van der Hulst et al. (1988) andffom decrease of the heating intensity, leading to an increase of the
Nakai & Kuno (1995). Both K and Scm are related to the LW2/LW3 ratio (see e.g. Bsert et al., 1990). We should point
ionizing stellar population although onlydtan be effected by out, however, that the observed color behavior can also be ex-
extinction. Infigure 2 we compare the variation of the two ratigdained if the grains emitting in the LW2 band can be heated
(a) LW3/Ha and (b) LW3/Scm for our sample with A&. Given by non-ionizing or even optical photons (see e.g. Guillois et al.,
the uncertainties involved both in the correction of transie@h®96). Indeed one can expect that away from the star forming
effects and in the extraction of source photometry, most of thegions, these dominate the radiation field.
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Fig. 3. The LW2/LW3 ratio along cuts perpendicular to the spiral arms
at the locations indicated in figure 1a. The top panels show the bright-
ness profiles normalized to their respective peak LW?2 flux (continuous:
LW2, dotted: LW3) and the bottom ones the color profile. It is quite
clear that arm crossing is associated with a decrease of the ratio. Given
that the cuts are taken respectively at 4hd 90 of the scan direc-

tion, these behaviors are extremely unlikely to be caused by transients
effects.

Note that the color trends in M 51 are also found in Galactic
Hir regions (Cesarsky et al., 1996) and that the color of the
interarm regions ~1.2-1.4, is similar to that observed in the
halo parts of thep Oph cloud (see Abergel et al., 1996).

6. Conclusions

The ISOCAM observations of the M 51 disk in the LW2 and
LW3 filter reveal a well defined, spiral galaxy. Diffuse emission
is also detected in the interarm region as well as in the outer
parts of the disk. Comparison withdHdata shows that current
star formation plays a crucial part in the heating of the dust de-
tected in LW3. Furthermore we show that the LWa&/Hhtio is
clearly correlated to the visual extinction, implying that in star
forming regions, LW3 has the potential to provide a valuable
estimation of the input of ionizing stars. We also show that def-
inite color variations occur, indicating that the LW2 and LW3
emission probably comes from two different dust components.
Whether LW2 is as tightly related to recent star formation as
LW3 is unclear until the bearers of this emission and their heat-
ing mechanism are definitely identified.
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