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ABSTRACT

Planckallows unbiased mapping of Galactic sub-millimetre and millimetre emission from the most di� use regions to the densest parts of molecular
clouds. We present an early analysis of the Taurus molecular complex, on line-of-sight-averaged data and without component separation. The
emission spectrum measured byPlanckand IRAS can be �tted pixel by pixel using a single modi�ed blackbody. Some systematic residuals are
detected at 353 GHz and 143 GHz, with amplitudes aroundŠ7% and+13%, respectively, indicating that the measured spectra are likely more
complex than a simple modi�ed blackbody. Signi�cant positive residuals are also detected in the molecular regions and in the 217 GHz and
100 GHz bands, mainly caused by the contribution of theJ = 2 � 1 andJ = 1 � 0 12CO and13CO emission lines. We derive maps of the
dust temperatureT, the dust spectral emissivity index� , and the dust optical depth at 250µm � 250. The temperature map illustrates the cooling
of the dust particles in thermal equilibrium with the incident radiation �eld, from 16Š17 K in the di� use regions to 13Š14 K in the dense parts.
The distribution of spectral indices is centred at 1.78, with a standard deviation of 0.08 and a systematic error of 0.07. We detect a signi�cant
T Š � anti-correlation. The dust optical depth map reveals the spatial distribution of the column density of the molecular complex from the densest
molecular regions to the faint di� use regions. We use near-infrared extinction and H� data at 21-cm to perform a quantitative analysis of the spatial
variations of the measured dust optical depth at 250µm per hydrogen atom� 250/NH. We report an increase of� 250/NH by a factor of about 2
between the atomic phase and the molecular phase, which has a strong impact on the equilibrium temperature of the dust particles.
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Pernu and Elzein From Neuroscience to Law

FIGURE 3 | A taxonomy of the different philosophical accounts of free will [adapted from Elzein and Pernu (2017)].

decisions and our actions, cease to exist. Therefore, just pointing
to someneural correlates of our mental states or processes cannot,
by itself, force us to conclude that those neural correlates, rather
than the mental states that they ground, should be designated as
the proper causes of our behavior.

This point is rather trivial: if we assume physicalism, the view
that we are biological, and ultimately physical entities, as it has
been assumed here, then we can be sure that we will always
�nd neural correlates for our psyche and behavior. And yet,
the neuroscienti�c literature is rife with studies demonstrating
the structural and functional di�erences of the brains of various
di�erent types of people, such as string players non-string
players (Elbert et al., 1995), Braille readers and sighted (Sterr
et al., 1998), taxi drivers and non-taxi drivers (Maguire et al.,
2000), musicians and non-musicians (Gaser and Schlaug, 2003),
jugglers and non-jugglers (Draganski et al., 2004), pedophiles and
non-pedophiles (Cantor et al., 2007), hetero- and homosexuals
(Ponseti et al., 2007; Savic and Lindström, 2008), adolescence-
limited and life-course persistent antisocial behavior (Carlisi
et al., 2020), murderers and non-murderers (Sajous-Turner et al.,
2019), among others. It is often unclear what the import of these
studies is. We can assume, as we already knew that these people
are behaviorally homogeneous, that their brains, that ground
their psyche and behavior, are in some respects homogeneous.
Therefore, such an observation does not, by itself, support the
idea that the behavior of these types of people is somehow
essentially – more than in other, “normal” people – dependent
on such neural factors.

Consider, to connect this issue to the topic at hand, the
example of the vivid social and behavioral gender di�erences
in criminology: it is well-known that men commit substantially
more crime than women, across cultures (e.g., Rowe et al., 1995;
Burton et al., 1998; Carrabine et al., 2004; Walker and Maddan,
2013). We also know that there are numerous signi�cant
physiological di�erences between the two sexes, including neural
di�erences. Should we now conclude that men are more prone to
crime than women, and, more importantly, should we maintain
that it is the brains of men, rather than their conscious decisions,
that make them commit these crimes, and that men are therefore
less culpable than women for their criminal behavior, or maybe
exempt from it altogether? This is not a generally accepted way of
reasoning. But why not?

The question, of course, is this: how do the observed
correlations between certain types of neural and mental states
arise? There are two di�erent, but connected issues here. First,
there is the metaphysical issue of how we should understand
the mind and its neural basis to be connected to each other.
Second, there is the more pragmatic, or methodological issue of
how we should determine the right order of causes and e�ects
in this context. The �rst issue is more fundamental. Suppose
that dualism is the right metaphysical view. Suppose, in other
words, that the mental and the physical are wholly distinct from
each other. Then the issue of how the neuroscienti�c (physical)
evidence should bear on psyche and behavior would not arise at
all: the mental realm would evolve according to its own laws (if
any). Or suppose, in contrast, that the mental and the physical
are identical. In this case both neuroscienti�c and psychological
evidence would be completely translatable to each other (as they
are assumed to be referring to one and the same thing).

Both dualism and the identity theory seem unacceptable to
scienti�cally informed common-sense: neither are the mind and
the body wholly distinct, nor are our mental notions completely
translatable to neural ones (andvice versa) (cf. Pernu, 2017).
But what could the third way be? According to non-reductive
physicalism – arguably the received view in current philosophy –
the mental is dependent on the physical, but non-reductively so.
That is, according to this view, there is always some physical
(neural) basis for mental states, but the mental cannot be reduced
to, or identi�ed with, its physical basis. What, more concretely,
could this then mean? Typically, the connection between the
two is supposed to be understood in terms ofrealization: the
mind – its mental functioning – is realized by neural processes.
The often-used analogy is the distinction between software and
hardware in computation (e.g., Block, 1995): the mind is, close to
literally, a software run by the hardware of the brain; the mind
is what the brain does. It follows from this that although the
mind, to be able to function, must always be realized in some
physical way – like a computational software must be run by some
hardware in order to be functional – it can be realized in di�erent
physical ways – like a computational software can be run by
di�erent types of hardware. So, mental states must be physically
realized, but they can bemultiply realizedby a variety of physical
states, and are not therefore reducible to, or identical with them.
This is how, according to this view, we can both preserve the
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