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High Resolution Simulations of SN Feedback in 
Dwarf Spheroidals

Claire Cashmore (University of Leicester) 
Mark Wilkinson & Sergei Nayakshin

Combine SN and external AGN feedback to remove all gas/produce the unique SFHs of 
present day local group dSphs.

Nayakshin & Wilkinson 2013

Gas density profiles of the dwarf galaxies after 500Myr. The left plots show single 
SN feedback events with 1051 erg, the right plot shows the combined events, 
where each event corresponds to 1052erg, the numbers of events are described in 
the key.
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Figure 2. Fractions of gas retained in the dwarf galaxy’s disc and halo
after passage of the host galaxy’s shock, as well as the total fraction of
gas retained. Components are indicated next to the respective curves, as
functions of the galactocentric distance, R. The dwarf galaxies considered
have three different virial masses, corresponding to the maximum circular
velocities of 15, 30 and 60 km s−1, from top to bottom, respectively. The
calculation assumes that the shell mass increases as it propagates outward
(see text in Section 3). All the black curves are for the shock velocity of
Vsh = 500 km s−1, whereas the blue and the red are for Vsh = 300 and
1000 km s−1, respectively.

the one easiest to remove as it is comparatively more extended
than the exponential disc. The disc component is the most compact
one, thus a ∼90 per cent removal of the disc requires the smallest
dwarf (the top panel) to be at R ! 100 kpc from the centre of
the host. The figures show that the more massive the dwarf galaxy
(i.e. the larger its vcirc), the harder it is to affect its gas by the
shock from the host, since all the curves shift to smaller radii as
we compare the top panel to the bottom one. Note that these trends
are qualitatively consistent with the toy SIS model, cf. equation (9).
The latter predicts that the radius at which a given fraction of gas is
removed scales inversely with vcirc, which is approximately borne
out in Fig. 2. For example, the δret = 0.1 for the disc is reached at
R ≈ 30 kpc for the vcirc = 60 km s−1 versus R ≈ 100 kpc for the
vcirc = 15 km s−1.

To estimate the sensitivity of our models to the assumed value of
Vsh, we also computed the fraction of gas retained in the halo of the
satellite galaxy for two other values of Vsh, e.g. 300 and 1000 km s−1

for the blue and the red curves, respectively, for the middle panel.
We see that the gas is removed from the satellite more efficiently
by a faster shock, as should be expected. Qualitatively, the dotted
curve appears to shift to larger radii in roughly linear proportionality
to Vsh. For example, the radius at which 90 per cent of the halo is
removed moves from ∼100 to ∼300 kpc as Vsh is changed from
300 to 1000 km s−1.

Fig. 3 shows the same calculation but now for the fixed mass
of the expelled shell [case (ii) above]. We observe that because
of the ∼1/R3 ram pressure fall in this model, the transition from
the strongly affected, e.g. δret ≪ 1, to the weakly affected regime,
δret ∼ 1, occurs over a more restricted range of radii than in Fig. 2.
Furthermore, since the ram pressure in this model is lower (see Fig.
1), the satellite galaxies need to be even closer to the centre of the
host to be affected by the feedback shock.

4 A PPLIC ATIO N TO TH E MILK Y WAY dSphs

We now compare the results of our simple calculations with the
observed data for the dSph satellites of the Milky Way. For more
than a decade, a concerted observational effort has been underway
to determine the dark matter content of the Milky Way dSph popu-
lation (see Walker 2012, for a recent review) due to their importance
for understanding galaxy formation on small scales. Although data
are now available for more than 20 dSphs, in what follows we
consider only the so-called ‘classical’ dSphs, as these more lu-
minous objects have constraints on both their dark matter content
(Walker et al. 2009) and Galactocentric orbits (Lux, Read & Lake
2010).

Table 1 presents the data we have used in our comparison. The
mass estimates at rhalf and rlast are taken from Walker et al. (2009)
who used Jeans equation modelling, combined with a Markov chain
Monte Carlo (MCMC) algorithm, to determine masses for the dSphs
based on their projected velocity dispersion profiles. We take the
values for the orbital apo- and pericentres to be those obtained by
Lux et al. (2010) who applied an MCMC approach to the modelling
of the space motions of the six dSphs which have been the subject
of long-term proper motion studies.

Our comparison has two main steps to it: (i) first we build a NFW
dark matter halo model and a corresponding gas disc model for
each of the dSphs in Table 1, and (ii) we determine the ram pressure
acting on the gas disc in the dSph and calculate how much of the
gas remains in the disc after the shock’s passage. The results are
summarized in Table 2.
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Figure 2. Fractions of gas retained in the dwarf galaxy’s disc and halo
after passage of the host galaxy’s shock, as well as the total fraction of
gas retained. Components are indicated next to the respective curves, as
functions of the galactocentric distance, R. The dwarf galaxies considered
have three different virial masses, corresponding to the maximum circular
velocities of 15, 30 and 60 km s−1, from top to bottom, respectively. The
calculation assumes that the shell mass increases as it propagates outward
(see text in Section 3). All the black curves are for the shock velocity of
Vsh = 500 km s−1, whereas the blue and the red are for Vsh = 300 and
1000 km s−1, respectively.
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than the exponential disc. The disc component is the most compact
one, thus a ∼90 per cent removal of the disc requires the smallest
dwarf (the top panel) to be at R ! 100 kpc from the centre of
the host. The figures show that the more massive the dwarf galaxy
(i.e. the larger its vcirc), the harder it is to affect its gas by the
shock from the host, since all the curves shift to smaller radii as
we compare the top panel to the bottom one. Note that these trends
are qualitatively consistent with the toy SIS model, cf. equation (9).
The latter predicts that the radius at which a given fraction of gas is
removed scales inversely with vcirc, which is approximately borne
out in Fig. 2. For example, the δret = 0.1 for the disc is reached at
R ≈ 30 kpc for the vcirc = 60 km s−1 versus R ≈ 100 kpc for the
vcirc = 15 km s−1.

To estimate the sensitivity of our models to the assumed value of
Vsh, we also computed the fraction of gas retained in the halo of the
satellite galaxy for two other values of Vsh, e.g. 300 and 1000 km s−1

for the blue and the red curves, respectively, for the middle panel.
We see that the gas is removed from the satellite more efficiently
by a faster shock, as should be expected. Qualitatively, the dotted
curve appears to shift to larger radii in roughly linear proportionality
to Vsh. For example, the radius at which 90 per cent of the halo is
removed moves from ∼100 to ∼300 kpc as Vsh is changed from
300 to 1000 km s−1.

Fig. 3 shows the same calculation but now for the fixed mass
of the expelled shell [case (ii) above]. We observe that because
of the ∼1/R3 ram pressure fall in this model, the transition from
the strongly affected, e.g. δret ≪ 1, to the weakly affected regime,
δret ∼ 1, occurs over a more restricted range of radii than in Fig. 2.
Furthermore, since the ram pressure in this model is lower (see Fig.
1), the satellite galaxies need to be even closer to the centre of the
host to be affected by the feedback shock.

4 A PPLIC ATIO N TO TH E MILK Y WAY dSphs

We now compare the results of our simple calculations with the
observed data for the dSph satellites of the Milky Way. For more
than a decade, a concerted observational effort has been underway
to determine the dark matter content of the Milky Way dSph popu-
lation (see Walker 2012, for a recent review) due to their importance
for understanding galaxy formation on small scales. Although data
are now available for more than 20 dSphs, in what follows we
consider only the so-called ‘classical’ dSphs, as these more lu-
minous objects have constraints on both their dark matter content
(Walker et al. 2009) and Galactocentric orbits (Lux, Read & Lake
2010).

Table 1 presents the data we have used in our comparison. The
mass estimates at rhalf and rlast are taken from Walker et al. (2009)
who used Jeans equation modelling, combined with a Markov chain
Monte Carlo (MCMC) algorithm, to determine masses for the dSphs
based on their projected velocity dispersion profiles. We take the
values for the orbital apo- and pericentres to be those obtained by
Lux et al. (2010) who applied an MCMC approach to the modelling
of the space motions of the six dSphs which have been the subject
of long-term proper motion studies.

Our comparison has two main steps to it: (i) first we build a NFW
dark matter halo model and a corresponding gas disc model for
each of the dSphs in Table 1, and (ii) we determine the ram pressure
acting on the gas disc in the dSph and calculate how much of the
gas remains in the disc after the shock’s passage. The results are
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Log MBH 6.0-7.0 Log MBH 7.0-8.0 Log MBH > 8.0 

Log Mhalo 13.5.14.5 Log Mhalo 12.5-13.5 Log Mhalo 11.5-12.5 

Figure 1 shows the distribution of galaxies in 
the SFR-M* plane as a function of the MBH 
(upper panel) and Mhalo (lower panels). The 
most massive BHs are located in quiescent 
galaxies, while the star forming galaxy Main 
Sequence (MS, Elbaz et al. 2007) is 
dominated by galaxies hosting low mass 
central BHs. At the same time quiescent 
galaxies inhabit more massive halos at any 
stellar mass. To understand the relative 
importance of mass or environment 
quenching it is necessary to break this 
degeneracy.   

       The central BH and host halo mass distributions in the SFR-M* plane 
 
 

The aim of this project is to test if the loss of gas supply that feed the galaxy central BH and the SF activity is due to the environment rather than the BH 
feedback itself. For this purpose, we test if galaxies of a given stellar mass accrete at a different rate with respect to their central BH as a function of 
their environment. For this purpose we need a reliable estimate of the galactic environment and of the central BH mass. The former is provided by the total 
mass of the dark matter host halo where the galaxies live. The latter is obtained by using the MBH-! relation. Both information are simultaneously available for the 
DR7 of the SDSS spectroscopic galaxy sample. Indeed Yang et al. (2011) provide an optically selected galaxy group and cluster sample together with an 
estimate of the host halo mass for a complete spectroscopic subsample of DR7 SDSS galaxies. Galaxy SFR, M* and ! are extracted from the MPA-JHU 
catalogs (Brinchmann et al. 2004). For the BH mass estimate we consider only galaxies with reliable velocity dispersion in the range 70-420 km/s and with 
spectra with <S/N> > 10. In order to reduce the effect of the disk rotation in the velocity dispersion estimate we select only galaxies with re > rfib,SDSS (re from the 
morphology catalog of Simard et al. 2011). The velocity dispersion is converted into the BH mass by using the Beifiori et al. (2012) scaling relation.  

           In order to break the degeneracy between MBH -Mhalo-M* in the SFR-
M* plane, we analyze the relation between the BH mass-stellar mass ratio 
MBH/M* as a function of the Mhalo for passive and MS galaxies, respectively, 
to take into account the morphology dependence. If MBH/M* does not show 
any dependence on the halo mass, this would imply that the galaxy stellar 
mass accretion co-evolve with the BH accretion. If MBH/M* depends on the 
environment, it means that galaxies accrete stellar mass, through SF 
activity or merging, with a different rate with respect to their central BH as a 
function of their environment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
T 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mass versus environment quenching  
in the SFR-M* plane 

Authors: L. Morselli, P. Popesso and the SF2 team 

laura.morselli@tum.de 
 

       The topic 
 

One of the most fundamental correlations between the properties of galaxies in the local Universe is the so-called morphology-density relation: late type star forming 
galaxies favor low density regimes, while the cores of massive galaxy clusters are galaxy graveyards full of massive spheroidals dominated by old stellar populations. 
Much of the current debate centers on whether the relation arises early on during the formation of the object, or whether it is caused by environment-driven evolution. 
The most accredited models of galaxy formation advocate Active Galactic Nuclei (AGN) feedback as the main mechanism to drive the gas away and stop the 
growth of the galaxy and its central black hole (BH). Alternative candidates for quenching are those processes related to the environment, like, e.g. ram pressure 
stripping and gas starvation. Whatever is the process responsible of the SF quenching, it should leave a distinctive imprint in the distribution of galaxies in the SFR–
stellar mass plane as a function of central BH mass and the environment, respectively. This project aims at studying these distributions to understand which of mass 
or environment quenching is more likely driving the evolution of a galaxy SF activity.  

Mhalo 

Fig.2 :  MBH/M* ratio as a 
function of the halo mass. 
The upper panel refers to 
passive central galaxies,  the 
lower one to MS central 
galaxies. A Spearman test 
c o n f i r m s a  p o s i t i v e 
correlation for the passive 
galaxies and a strong anti-
cor re la t ion for the MS 
galaxies. 

       The analysis of the MBH/Mstell ratio as a function of the halo mass for 
satellite and central galaxies shows that the positive correlation observed 
among the central passive galaxies holds for passive satellite galaxies. This 
would imply that passive galaxies in more massive halos stop accreting mass 
even if their central BH keep on accreting. Satellite SF galaxies are 
characterized by an opposite trend with respect to passive galaxies: in more 
massive halos galaxies accrete mass even if the central BH stop accreting.  
The trend is less clear for central SF galaxies.  
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Fig.3 :  mean MBH/Mstell ratio as a 
function if the  halo mass per passive 
(red) and MS (blue) central (triangles) 
and satellite (filled points) galaxy, 
respectively. MS galaxies are mainly 
spirals, thus the MBH/Mstell ratio is 
lower than for elliptical galaxies. 

References: Beifiori, A. et al. 2012, MNRAS, 419, 2497 ; Brinchmann, J. et al. 
2004, MNRAS, 351, 1151; Elbaz, D., Daddi, E., Le Borgne, D., et al. 2007, A&A, 
468, 33; Dressler A., 1980, ApJ, 236, 351; Simard, L. et al. 2011, ApJS, 196, 11; 
Yang, X. et al. 2012 ApJ 752 41.  
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Fig.1 : distribution of galaxies in the SFR – M* plane. 
The upper panels show galaxies in three different 
bins of MBH, while the lower panels show galaxies in 
three different bins of Mhalo. The color bar in each 
panels indicate the number counts of galaxies.  
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Influence of real vs numerical bulge mass  
on SFRs during major mergers 

James Wurster & Rob Thacker 
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