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The radio-infrared correlation in galaxies
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The radio—infrared correlation holds within galaxies down to scales of about 50 pc
(Hughes et al. 2006, Tabatabaei et al. 2007a). It was explained as a direct and linear re-
lationship between star formation and IR emission. However, one fact making the IR-star
formation linkage less obvious is that the IR emission consists of at least two emission
components, cold dust and warm dust. The cold dust emission may not be directly linked
to the young stellar population. Furthermore, understanding the origin of the radio-IR
correlation requires to discriminate between the two main components of the radio con-
tinuum emission, free-free and synchrotron emission. Although cosmic ray electrons orig-
inates also from the star forming regions (supernovae remnants; final episodes of massive
stars), the synchrotron-IR correlation may not be as tight as thermal-IR correlation
locally, as a result of convection and diffusion of the cosmic ray electrons from their place
of birth. The magnetic field distribution may further modify the correlation.

We present a multi-scale study of the correlation of IR with both the thermal and
non-thermal (synchrotron) components of the radio continuum emission from the nearby
galaxies M33 and M31. Using the Spitzer MIPS IR data at 70 um and 160 ym, we de-
rive extinction maps which are used to correct Ha and to separate the radio thermal and
nonthermal components at 20 cm, following Tabatabaei et al. (2007b). Our scale-by-scale
analysis in M33 using wavelet functions showed that the correlation is almost perfect on
all scales between the radio thermal emission and the warm dust emission. The thermal
radio—cold dust in M31 is not as tight as that in M33 on scales smaller than 2kpc, in-
dicating different dust heating sources: young massive stars in M33 but the interstellar
radiation field in M31. The synchrotron—IR correlation is better in M33 than in M31 lo-
cally, however, it is better in M31 than in M33 globally. Tabatabaei et al. (2008) showed
that M33 is dominated by strong turbulent magnetic field in star forming regions. In
M31, however, Fletcher et al. (2004) found a stronger large scale regular magnetic fields
than the small scale turbulent field. Therefore, the different scale-dependency of the
synchrotron—IR correlation in M33 and M31 can be explained by their different magnetic
fields and hence the propagation of cosmic ray electrons. Regarding that the star forma-
tion rate per area in M33 is about 10 times larger than that in M31 (Tabatabaei et al..
in prep.), we conclude that the magnetic fields and cosmic rays enhanced in star forming
regions can cause a good correlation between the synchrotron and IR emission locally.
This phenomena should be visible in late-type galaxies with on-going star formation and
pronounced in starburst galaxies.
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