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3. Nearby galaxies 
3.1. Introduction 

 
The various studies of high-redshift objects will yield a wealth of information concerning the 
formation and evolution galaxies. However, the faintness and extremely large distances of 
these objects generally prevent detailed studies of the underlying physical processes. For this 
reason, interpreting high-redshift observations through the use of simulations and models 
relies heavily on the results of work conducted on nearby galaxies. Only by studying and 
understanding the local universe will it be possible to determine the complex physics that 
shapes the universe at very early epochs. 
 
MUSE will make significant contributions to our understanding of nearby galaxies, making 
use of both the high-resolution mode, to resolve the complex structures of galaxy nuclei, 
measure black-hole masses, and perform crowded-field spectrophotometry in local objects; 
and also of the wide-field mode, allowing sub-kiloparsec scales to be accurately resolved at 
distances beyond 100 Mpc, whilst simultaneously providing a global view of entire systems: 
ideal for relating nuclear properties of galaxies to their outer parts, or accurately mapping 
multi-scale phenomena such as galaxy mergers. The large spectral domain of MUSE also 
makes it a uniquely versatile instrument, which will herald progress in a diverse range of 
science topics in the nearby universe, from stellar dynamics and population studies, to 
complex 'gastrophysics' and the properties of AGN. 
 
MUSE will allow quantification of some of the most fundamental processes of astronomy, 
which have so far eluded a proper understanding from currently available data. For example, 
probing the environment of black holes, as well as determining accurately their physical 
properties, will help explain the nature of these phenomena in the global context of galaxy 
formation. Connecting stellar dynamics and stellar populations directly with morphological 
structure will reveal the true fossil evidence contained in nearby galaxies. Mapping 
interacting galaxies on various scales will quantify the impact of merging on galaxy 
evolution. And detailed study of star-formation and galactic winds will shed new light on the 
question of feedback mechanisms in galaxy formation. 
 

3.2. Supermassive black holes in nearby galaxies 
 
In recent years there has been tremendous progress, primarily from space-based observations, 
in our understanding of the distribution of BH masses and the relation between the BHs and 
their host galaxies. From such observations, a picture of BH demography has emerged, 
summarized by the correlation between BH mass and absolute spheroid luminosity (e.g., 
Kormendy & Richstone 1995; Magorrian et al. 1998) and the much tighter correlation 
between BH mass and galaxy central velocity dispersion σ (Ferrarese & Merritt 2000; 
Gebhardt et al. 2000). It is now clear that BHs are nearly ubiquitous in galaxies with bulges, 
and that their evolution is intimately linked to the evolution of the host spheroid. BH studies 
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are now shifting towards higher redshift, generally assuming that the above correlation also 
applies in the early universe. 
 
The need to probe the BH radius of influence, inside of which its gravity dominates the stellar 
motions, demands sub-arcsecond spatial resolution, even for nearby galaxies. Assuming the 
BH-σ relation is valid for all galaxies, a typical object with central velocity dispersion of 
σ~200 km s-1 is expected to contain a BH of mass MBH~108 M☼, and this will significantly 
affect the galaxy kinematics up to a radius R~0.2”, when observed at the distance of the Virgo 
cluster. For this reason most BH masses cannot be reliably measured with ground-based 
seeing, and STIS onboard HST has been used for the most well-determined BH masses 
measured from dynamical modeling of stars or gas within the BH radius of influence.  
 
STIS has some critical limitations, however. Kinematics are only obtained along a single slit, 
generally placed across the galaxy centre, and aligned with the photometric position angle. As 
a result of this, there is an intrinsic uncertainty in the true orientation of the gas and stellar 
kinematic axes. To illustrate this, Figure 1 shows the predicted velocity field for a thin disk of 
gas orbiting in the combined potential of the stellar density distribution of NGC4660, 
computed by deprojecting HST/WFPC2 photometry, and a central supermassive BH of mass 
MBH~108 M☼ as expected from the BH-σ relation for this galaxy. It is apparent from the 
figure how much a small uncertainty in the position of the slit, with respect to the disk 
kinematical axes, can affect the observed kinematics. 
 
Moreover a single slit observation is not 
sufficient to detect possible signs of non-
axisymmetry in the stellar density 
distribution, or of non-circular motion in 
the gas velocity field. This means that the 
symmetry assumptions generally made in 
the dynamical models, used to measure the 
BH masses, cannot be tested with long slit 
data. Multiple slit observations could in 
principle be used, to cover a continuous 
2D field, but this would lead to 
unreasonably long integration times with 
the already relatively small 2.4m HST 
mirror. Moreover STIS is an ageing 
instrument and HST may not be available 
much longer. 
 
Another reason for the need of high 
resolution integral-field data for the 
determination of BH masses comes from 
simple dimensionality arguments, which suggests that the stellar orbital distribution (e.g. the 
anisotropy) cannot be recovered without the knowledge of the line-of-sight velocity 
distribution of the stars at all spatial positions on the projected galaxy image on the sky. 
Ignorance on the anisotropy directly translates into large uncertainties in the BH mass 
determination (e.g. Verolme et al. 2002). 

Figure 3-1: predicted gas velocity field for a thin 
disk, inclined by i=50°, orbiting the combined 
potential of NGC4660, and a central supermassive 
BH of mass of 108 M

☼
, as in Figure 1. The 0.1” 

HST/STIS slit is overplotted for comparison. Note 
that a very small uncertainty in the positioning of 
the slit can dramatically affect the derived gas 
kinematics. 
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To simulate the expected quality of the kinematical data obtained with MUSE we generated a 
realistic dynamical model for the elliptical galaxy NGC4660, with an assumed BH mass as 
predicted by the BH-σ relation. The kinematics of the model was then observed at the MUSE 
highest sampling of 0.025” per spatial element, properly convolved with a simulated NFM (4 
laser guide stars) PSF as obtained at 0.93 µm (Figs 3-2 and 3-3). Detailed calculations show 
that, with a 10 hours exposure, MUSE can reach a S/N~30 per spectral resolution element 
down to a surface brightness of 13.5 mag arcsec-2 in the I-band. At this central surface 
brightness the nuclei of most 
nearby early-type galaxies 
can be observed. Taking into 
account the large number of 
spectral pixels sampled by 
MUSE this S/N will allow 
the extraction of the line-of-
sight velocity distribution 
with an error <0.03 on the h3 
and h4 Gauss-Hermite 
parameters, so that the 
velocity anisotropy can be 
measured reliably. MUSE 
provides observations with a 
quality much superior to 
STIS, with the big advantage 
of (i) full 2D coverage, (ii) a 

Figure 3-2: Expected stellar mean velocity (left panel) and velocity dispersion σ (right 
panel), for a MUSE observation of the elliptical galaxy NGC4660, assuming the galaxy 
contains a supermassive BH of 108 M

☼
 as predicted by the BH-σ relation. The 

kinematics was computed by fitting a dynamical model to integral-field SAURON 
kinematics and HST photometry. Smoothness was enforced in the intrinsic orbital 
distribution to constrain the model at the MUSE higher spatial resolution. Note the 
characteristics decrease of σ along the major axis, due to the fast rotating nuclear 
stellar disk. A typical galaxy isophote is overplotted with the ellipse.  

Figure 3-3: same as in Figure 1 for the velocity (left panel) and 
velocity dispersion (right panel) predicted for MUSE along the 
galaxy major axis. The black line with diamonds corresponds to 
a BH of 108 M

☼
. Note the sharp peak in the velocity dispersion 

within R<0.2”. The red line with crosses is with a BH of 107 
M

☼
. With both BH masses the models are required to fit the 

same set of SAURON kinematical observations. 
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significantly better spatial sampling, (iii) the ability to measure the velocity anisotropy, and 
(iv) much shorter exposure times, due to its much higher throughput and the order of 
magnitude increase of the mirror size of VLT compared to HST. This superiority over STIS 
will make it possible for the first time to measure accurate BH masses even in giant ellipticals 
with extended low-surface brightness cores. 
 
The performance of MUSE for the study of BHs in galaxies is comparable to what can be 
obtained with SINFONI, using the SPIFFI integral-field mode in the K band (2.2 µm) and a 
natural guide star AO. Similar results should be expected also with the laser guide star mode. 
This is as expected, since both instruments have high throughput and would be on the same 
8.2m telescope. Our simulations show that the sharper core of the MUSE PSF is somewhat 
compensated by a smaller halo in the SINFONI PSF, according to the current PSF estimates. 
MUSE however allows observations over a larger spectral range and can detect important 
absorption and emission features at optical wavelengths. 
 
References 
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3.3. Kinematics and stellar populations 
 
Early-type galaxies are thought to have formed when the universe was still in its infancy, and 
hence provide a wealth of fossil information from the evolutionary processes that have shaped 
the universe we observe today. Key components of this fossil record are the kinematics of the 
system, both of the stars and any gas that may be present; and the distribution of stellar 
populations, in terms of their age and chemical composition. 
 
There is observational evidence that early-type galaxies are strongly influenced by recent and 
ongoing evolutionary mechanisms. Many galaxies are found to contain kinematically 
decoupled components (KDCs), where a significant portion of the galaxy has distinct 
dynamical properties from the rest of the galaxy. Moreover, many early-type galaxies exhibit 
components with distinct chemical properties, showing a different age and/or metallicity 
distribution from the rest of the galaxy. Figure 3-4 illustrates these structures using results 
from the SAURON survey (Bacon et al. 2001, de Zeeuw et al. 2002), showing the diverse 
kinematic and chemical components which exist in many early-type galaxies, and which are 
clearly revealed with integral field spectroscopy. The existence of such substructure within 
these objects suggests that early-type galaxies are formed hierarchically, through the merging 
of smaller systems (e.g. Baugh 1996). 

 
Models of hierarchical galaxy formation also make strong predictions about the influence of 
environment on galaxy evolution. In the deep potential-well of rich clusters, the dense intra-
galactic medium strips the reservoir of star-forming material from galaxies, and the high 
random velocities of the constituent galaxies inhibits merger events. Galaxies within such 
clusters experience their last merging events at high redshift (z ≥ 2), and have since evolved 

Figure 3-4. Selection of early-type galaxies observed with SAURON. Top row shows the reconstructed 
images, which are regular and smooth. The middle row shows the velocity field, and the bottom row shows 
the distribution of Mgb absorption strength. Galaxies with strong rotation also exhibit a flattened Mgb 
distribution, which is absent in the galaxies with different kinematics. This shows the variety of structures 
found in early-type galaxies, and the strong connection between kinematic and chemical galaxy properties. 
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quiescently, resulting in old stellar populations. Alternatively in low-density environments, 
galaxies can accrete material and experience major merging events at very low redshifts (z << 
1), resulting in recent star formation and ongoing morphological evolution. The processes 
governing the influence of environment on galaxy evolution are, however, poorly understood. 
 
To determine how environment shapes galaxy evolution requires both accurately measuring 
stellar populations (to detect recent star formation) and kinematics (for dynamical evidence of 
merging), and probing a large range of environments. The modest spatial resolution and short 
wavelength coverage of SAURON are adequate for studying objects closer than 20 Mpc, but 
prevent access to the full range of galaxy environments which are present at larger distances. 
Current complete studies of galaxy environment are limited to either aperture spectroscopy 
that give no spatially-resolved information (e.g. Goto et al. 2003), or long-slit observations 
giving limited spatial information for only a small number of objects (Kuntschner et al. 2002, 
Mehlert et al. 2003).  
 
MUSE will make a major contribution to this field, making it possible for the first time to 
conduct efficient, detailed measurements of stellar kinematic and population subcomponents 
on the sub-kiloparsec scale (as found in nearby objects) out to distances greater than 100 Mpc. 
This will provide access to a full range of environments, allowing the influence of a galaxy's 
surroundings to be directly measured. 

Figure 3-5. a) Example of observing a galaxy cluster with MUSE, showing that the large field of view 
allows several objects to be observed simultaneously, compared to observing with VIMOS with similar 
spatial and spectral resolutions. b) A simulated stellar velocity field showing a kinematically decoupled core 
(KDC). The physical scale is for a ~100 pc core at a distance of 100 Mpc. c) Simulated observations of the 
model velocity field with MUSE operating in wide-field mode, performed with AO-correction around the 
Calcium II triplet (8500 Å). The total exposure time is 2 hours, with the data being spatially binned to a 
minimum S/N of 30. Only a small sub-region of the total MUSE field is shown in order to emphasize the 
resolvable information. d) Equivalent simulated observations of the same model velocity field using VIMOS.

a 

c d 
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Figure 3-5 illustrates this, comparing kinematic observations of a galaxy at a distance of 100 
Mpc with the equivalent measurements possible with VIMOS. Figure 3-5 (a) shows firstly the 
dramatic increase in spatial coverage provided by MUSE. For clusters at distances greater 
than 100 Mpc, it will often be possible to survey multiple galaxies in a single field, greatly 
increasing the surveying efficiency. Figure 3-5 (b) shows a sub-region of the MUSE field, 
containing an input model velocity field of a typical elliptical galaxy at 100 Mpc, overlaid 
with isophotes of constant surface brightness. This shows a counter-rotating core with a 
velocity amplitude of 60 kms-1, and a physical size of around 100 kpc, typical of decoupled 
cores found in very nearby galaxies. Figure 3-5 (c) shows the same field as observed by 
MUSE in the wide-field mode. These observations are based on a 2-hour integration in the I-
band, using the Calcium II triplet region to determine the kinematics. The data have been 
spatially binned using the optimal Voronoi tesselation method of Cappellari & Copin (2003) 
to obtain a minimum signal-to-noise ratio (S/N) of 30 per spectral resolution element. Figure 
3-5 (d) shows the same input field, as it would be observed with VIMOS, using a similar 
spatial and spectral sampling. The superior spatial sampling of MUSE is clearly demonstrated 
by the ability to resolve the decoupled core. 
 
The extensive wavelength coverage of MUSE, coupled with the relatively high spectral 
resolution, will also allow accurate modelling of stellar populations. Several studies have 
shown that even dynamically evolved systems like elliptical galaxies can have a significant 
spread in the total luminosity-weighted age of their stellar populations (Worthey 1994, Trager 
2000). The young ages obtained for these evolved systems can be explained by a 'frosting' of 
younger stars that contribute a significant amount to the total integrated light, while 
constituting only a small fraction to the mass of the total system. In this way, studies based on 
the classical line-strength indices, such as the Balmer lines and metal features at visible 
wavelengths, are strongly biased towards any young populations that may be present. MUSE, 
however, provides continuous coverage from the visible region into the near-infrared, 
including in a single exposure many key features for stellar population diagnostics. These 
features include the major Balmer lines: crucial for measuring young stars (in absorption) and 
star formation (in emission); so-called 'α-elements', such as Magnesium and Oxygen, 
necessary for determining stellar 
abundances and the enrichment 
history of type II super-novae; 
the near-infrared Calcium II 
triplet: a sensitive measure of the 
IMF; as well as numerous Iron 
absorption features for 
determining metallicity. 
 
The power of combining these 
diagnostics becomes most 
apparent when trying to separate 
two superimposed populations. 
Figure 3-6 illustrates the simple 
example of a young (25 Myr), 
fast-rotating stellar disk 
embedded in an old (11 Gyr) 

Figure 3-6. Weighted combination (green line) of a 
young (25 Myr: blue line) and old (11 Gyr: red line) SSP 
model spectra (Bruzual & Charlot 2003). The young 
population contributes around 1% of the mass along the 
line of sight. 
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non-rotating, pressure-supported spheroidal system. The contribution from the young disk is 
weighted such that it contributes only around 1% of the mass along a given line-of-sight, and 
is combined with the underlying old population, to give the spectrum given in Fig. 3-6. This 
shows that, although the young population dominates at blue wavelengths, the old population 
gives the most significant contribution in the near-infrared.  
 

Figures 3-7 takes this example one stage further, showing simulated MUSE observations of 
the young disk embedded in the old spheroid, simulated for a single 1 hour exposure of a 
typical elliptical galaxy at a distance of 20 Mpc. Figure 3-7 (a) shows the mean rotation 
velocity and velocity dispersion of this two-component galaxy as observed using the spectral 
region containing the Balmer lines (3650-4950 Å). Here the rotation of the young disk is 
clearly visible, and the dispersion is low, as expected for a cold disk component. Figure 3-7 
(b) shows the rotation velocity and dispersion for the same MUSE exposure, but measured 
using the near-infrared Calcium II triplet. At this wavelength, the spectrum has a much higher 
contribution from the old, non-rotating spheroid, and the measured rotation is clearly reduced; 
likewise, the dispersion is correspondingly higher. 

Figure 3-7. (a) Rotation velocity (top) and velocity dispersion (bottom) of the young-disk model, as measured 
using the Balmer lines. (b) The same as (a), but this time using the near-infrared Calcium triplet to determine the 
stellar kinematics. The young, fast rotating disk is clearly visible using the Balmer lines, whereas the old, non-
rotating spheroid component is most apparent using the Calcium II Triplet. 

(a) (b) 
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This simple example shows how the extensive wavelength coverage of MUSE can be used to 
investigate one of the key questions in galaxy evolution: how the stellar populations are 
related to the dynamics of a galaxy? From the data delivered by a single MUSE exposure, it 
will be possible to model in detail the dynamical and chemical composition of galaxies 
simultaneously, combining dynamical modelling techniques (such as orbit-superposition or n-
body) with modern stellar libraries and population models. Thus will give tight constraints on 
population mixtures and kinematic components, linking a galaxy's morphology, dynamics and 
star-formation history directly, in objects spanning the full range of galaxy environment. 
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3.4. Interacting galaxies  
 
The study of galaxies in interaction 
has progressed dramatically in the 
last decades, showing evidence for 
a number of important processes 
occurring during these violent 
encounters: gas fuelling from 
kiloparsec to parsec scales, 
triggering of density waves such as 
large scale spirals and bars, 
starbursts. Tidal forces are efficient 
drivers of violent evolution and can 
easily produce bridges and tails, 
sometimes ejecting a large quantity 
of gaseous and stellar material in 
the intergalactic medium. Both the 
large-scale structure and the central 
regions of on-going nearby galactic 
interactions are important to examine in detail as they can provide clues on the extent and 
distribution of e.g., the dark matter haloes (Bournaud, Duc, Masset 2003 and references 
therein), the stellar formation processes in extreme environments (e.g. super stellar clusters, 
SSCs; see e.g., Hunter et al. 2000), and more importantly on the building of galaxies in our 
hierarchical universe. Interacting systems are also the benchmark for our understanding of 
their higher redshift representatives. 
 
On-going mergers, like the Antennae galaxies, do fit in this context, and clearly, long-slit 
spectroscopy can only provide a biased and limited snapshot of these systems. Only 2D 
spectroscopy can reveal the full view of the rapidly evolving merger and e.g. constrain the 
interplay between the complex dynamics and the on-going star formation, thus combining 
detailed spectra of the newly born/forming clusters with those of the ionized gas medium. In 
this context, MUSE can bring unprecedented information on a number of exciting issues:  

• probing the structure, content and dynamics of the tidal tails and bridges in interacting 
systems. This could include the so-called Tidal Dwarfs galaxies (TDGs) which are 
observed at the tip of tidal tails, tens of kpc away from the centre of the merging 
system. The stellar surface brightness of these structures is low, from 21 to 25 
mag.arcsec-2 in the I-band, although reachable with long MUSE exposures. The most 
interesting targets for MUSE are however the ionized gas structures, associated with 
the corresponding tidal features. Recently Ryan-Weber et al. (2003a, 2003b) 
confirmed the presence of compact HII regions in the outskirts of galaxies, first 
detected via an imaging survey (SINGG, Meyer et al. 2003; see also Sakai et al. 2002; 
Gerhard et al. 2002). The luminosities of these regions is around a few 10-16 to 10-15 
erg.s-1.cm-2, corresponding to a star formation rate of only a few 10-3 Msun/yr. They 
are barely detected in the continuum with the SINGG R images having a detection 

Figure 3-8: WFPC2 image of the Antennae galaxy 
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limit around 10-18 erg.s-1cm-2A-1. These star forming regions may reveal the tip of the 
iceberg of a large reservoir of gas, as they are often observed to be linked to HI tidal 
features. Such structures are expected to have been more common in the past, and to 
have participated in the enrichment of the intergalactic medium. MUSE could be used 
as a true spectroscopic explorer in this context, although it is worth noting that these 
sources will be at the limit of what MUSE can target. 

• Understanding the formation of super star clusters in tidal tails: SSCs are prevalent in 
a number of optical tidal tails and for some reason completely absent in others. The 
spectroscopic mapping of these clusters in the environment in which they form will 
tell us whether the formation of SSCs is linked to the overall mass distribution and 
dynamics in the outskirts of the colliding galaxy pairs, or if it is related to local 
physical criteria. 

• Probing the central regions of merging systems: stellar populations, HII regions, super 
stellar clusters (HR and LR). Although a systematic study of such systems along the 
Toomre sequence is hampered by e.g., their intrinsic diversity (Laine et al. 2003), 
MUSE exposures will allow obtaining exquisite details on the physical conditions 
within their central kilo-parsecs. 
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3.5. Star formation in nearby galaxies 
 
By regulating the stellar, gaseous, chemical, dust and radiant and mechanical energy content 
of galaxies, star formation is a driving force behind their evolution.  Yet a fundamental theory 
of star formation within galaxies is still missing, which is indeed one of the major obstacles to 
building a coherent theory of galaxy formation. Amongst the fundamental unknowns are the 
star formation history, efficiency, duration and duty cycle of starbursts of different intensities, 
the importance and the dynamical drivers of self-triggering and propagation for the spatial 
and temporal evolution of the starburst, the impact of starbursts on the host galaxy's stellar 
and interstellar medium structure, the feedback onto the evolution of the starburst itself, 
whether there are multiple modes of star formation, i.e., in compact dense cluster and in a 
diffuse field star formation mode, and clearly the dependence of these unknowns on the local 
and global galactic properties, and on the large-scale properties of the environment.  In nearby 
galaxies, the WF pixel size of MUSE roughly corresponds to the sizes of young stellar 
clusters in starburst (Meurer et al. 1995) and normal (Carollo et al. 1998) galaxies, and is 
much smaller than the typical diameters of giant HII regions, which are up to about 300 pc 
(Oey et al 2003). 
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Understanding the physical properties of the 
gas reservoir from which the stars are formed 
is key to understanding the physics of 
formation of stars. Ionization and shock fronts 
through the interstellar medium may cause the 
star formation to propagate spatially (e.g., 
Puxel et al. 1997), on timescales which are 
likely to depend on both the local physical 
conditions as well as the global properties of 
the host galaxies. Extinction-corrected line 
emission fluxes of hydrogen and metal 
forbidden lines are needed to construct 
diagnostic diagrams such as the 
log([OIII]/Hβ) line ratio against the 
log([NII]/Hα), log([SII]/Hα), or log([OI]/Hα) 
ratios; these diagnostics distinguish photo- 
from shock-ionized gas.  The presence of 
non—photoionized gas has been detected in 
long-slit spectroscopic and kinematic studies 
(Martin 1998). However, because of the 
limited area coverage of long-slit 
spectroscopy, this cannot quantify the 
prominence and extent of the non-
photoionized gas within the starbursts.  This 
limitation is overcome in detailed HST studies 
that combine metal- and hydrogen-line high 
spatial resolution data to identify and quantify non-photoionized gas.  However, with the 
HST, these studies can only be performed with extremely time-costly narrow-band imaging.  
As a result, only four starburst galaxies within 5 Mpc have been to date investigated with 
HST (Calzetti et al. 2003). In these four starbursts, the fraction of non-photoionized gas 
appears to represent at most a 20% of the integrated emission line spectrum.  The HST data 
suggest however that the galaxy environment plays a crucial role in driving the detailed 
structure of the interstellar medium. 
 
By combining large field of view, high spatial and spectral resolution, and broad spectral 
coverage, MUSE-WF will be ideal for measuring fundamental diagnostics of the emitting gas 
which are key to understanding the regulating mechanisms for the production and propagation 
of star formation at all scales - from the kpc scales of superbubbles and outflows and 
superwinds, down to the ~10pc scales which probe the interfaces between the actual sites of 
the star formation and the ionization and shock fronts. The few galaxies studied with HST 
have typical Hβ, [OIII], Hα and [SII] 1σ detection limits over an area comparable to the WF 
MUSE spaxel of about 10-17 erg s-1 cm-2. In a 4h integration with the WF of MUSE, 
5σ spectra are obtained down to fluxes in the range 1.3 to 5 and 0.3 to 1 10-18 erg s-1 cm-2 for 
the red and blue lines, assuming a point source or a diffuse emission distribution, respectively. 
MUSE will be therefore generally able to extend such studies to significantly fainter levels of 
emission. Such WF MUSE observations will allow to establish whether and how the fraction 
of non-photoionized gas depends on galaxy properties by allowing surveying large samples of 

Figure 3-9: Example of nuclear star forming ring. 
Shown is a HST multi-color image of the center of 
NGC 4314 (credit: Benedict et al., and NASA). 
Visible are dust lanes, a smaller bar of stars, dust 
and gas embedded in the stellar ring, and an extra 
pair of spiral arms full of young stars. HR-MUSE 
will allow exploring issues such as the connection 
between dynamics and star formation properties of 
such rings.
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nearby star forming galaxies spanning across the entire parameters space of, e.g., 
morphological types, metallicities, star formation rates and dynamical properties. 
Furthermore, even a small fraction of non-photoionized gas is key for tracing the location and 
morphology of possible large-scale shock structures. Cavities, shells, filaments, concentrated 
emission indicate whether and where large amounts of mechanical energy are being deposited 
in the interstellar medium, and thus where and how larger-scale phenomena such as 
superwinds are likely to originate. MUSE will allow the investigation of the location, 
geometry and intensity of such shock structures as a function of local and global –including 
dynamical- galaxy properties.  
 
MUSE will also allow studying the star cluster population resulting from and cohabiting with 
the reservoir of star forming gas. These young star clusters have been revealed in a variety of 
star forming environments which include cooling-flow galaxies, interacting/merging galaxies 
(see section 3.4), amorphous peculiar galaxies, and, quite interestingly, ~100pc-scale nuclear 
rings embedded in the cores of otherwise normal disk galaxies (e.g., Maoz et al. 2001; see 
Figure 3-9).  Only with HST imaging it has been possible to resolve the young star clusters in 
these rings and study their stellar content. Even for nearby galaxies, these clusters are barely 
resolved by HST. The ages of the clusters are typically one  to a few hundred Myr, their 
magnitudes are in the range –10 > MV > -15 and their V-IAB colors are typically between -1 
and 2.5. Possibly fed by large-scale dynamical instabilities, such star forming rings are 
thought to play a major role in the secular dynamical evolution of disk galaxies and in the 
formation of pseudo-bulges by concentrating stellar mass in the nuclear regions (e.g., 
Kormendy & Kennicutt 2004). The HR channel of MUSE will allow the simultaneous 
investigation of the reservoir of star forming gas, the stellar content of the young stellar 
clusters, and their dynamics. A 4h integration with a modest (3x3) binning of the MUSE-HR 
will allow to obtain 5σ spectra down to approximately V~19.2 mag/arcsec2, allowing to probe 
down to the typical cluster population. 
 
The MUSE studies at optical wavelengths of the on-going and recent star formation will be 
complemented by ALMA studies of molecular gas at similar spatial resolution, and by high-
resolution ALMA studies of the continuum emission arising from highly obscured regions of 
star formation. The information provided by MUSE will substantially contribute to building a 
physical basis, in terms of internal structure, energetics and evolution, for constraining future 
simulations -and thus the currently ill-known theory- of star formation, and for interpreting 
the observations of star forming galaxies at higher redshifts.  
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