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Abstract. Local Dwarf Spheroidal Galaxies (dSph) exhibit a simple structure, with a complex evolution not yet fully understood.
One remarkable property of these galaxies is the complete absence of neutral gas. Both internal (stellar feedback) and external (ram
pressure, tidal stripping) physical mechanisms have already been proposed as being responsible for the removal of the gaseous
content of the dSph. The outflow due to an intermediate-mass black hole (IMBH) in the center of these galaxies, however, has not yet
been explored as a candidate to remove the gas. Recent observational evidence indicates the presence of black holes of intermediate
masses (M ∼ 104 − 106 M ) at or near their center. In this work, a 3D hydrodynamic simulation code adjusted for a typical Dwarf
Spheroidal Galaxy, was used to analyse the interplay between the outflow of the IMBH and the interstellar medium of the dSph.
Different configurations for the medium and the outflow were adopted and the gas loss examined.
Resumo. Galáxias Esferoidais Anãs locais apresentam uma estrutura simples, com uma complexa evolução ainda não completamente
esclarecida. Uma propriedade marcante desses objetos é a completa ausência de gás neutro em suas regiões centrais. Tanto mecanimos
internos (feedback estelar) quanto externos (pressão de arrasto, força de maré) já foram propostos para explicar a ausênica do gás.
O outflow devido a um buraco negro de massa intermediária (IMBH) no centro dessas galáxias, entretanto, ainda não foi explorado
como possível agente na perda de massa. Evidências observacionais recentes indicam a presença de buracos negros de massas
intermediárias (M ∼ 104−6 M ) no centro de galáxias dSph. Neste trabalho, utilizando um código tridimensional de simulação
hidrodinâmica ajustado para uma galáxia Esferoidal Anã típica, foi estudada a propagação do outflow do IMBH dentro do raio de
maré da galáxia (950 pc) e seu efeito na perda de gás.
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1. Introduction
The Dwarf Spheroidal Galaxies of the Local Group are relatively
simple objects, but with complex evolution. They exhibit no visible structure (nucleus, spiral arms, bulge, bars), are characterized
by low masses (106 - 108 M ), small radius (∼ 1 kpc), are poorly
enriched and contain mostly old stellar populations (Mateo 98,
Tolstoy, Hill & Tosi 2009). Recent studies indicate that the evolution of these galaxies is much more complex than their properties suggest. A common feature to all these galaxies is the complete absence of neutral gas (Grcevich & Putman 2009), yet not
explained. There is no consensus regarding which physical processes are responsible for the removal of the gas in dSphs. Some
works argue in favor of external processes such as ram pressure
and tidal stripping, whereas hydrodynamic simulations demonstrated that galactic winds triggered by SNe are very efficient in
expelling the gas out of the galaxy, but not able alone to remove
it completely (Ruiz et al 2013, Caproni et al. 2015, 2017). Recent
observational studies suggest that also dwarf galaxies could harbor central black holes of intermediate mass (IMBH): 104 - 106
M (Lora et al. 2009). The effects of a IMBH on the internal
dynamics of these galaxies, however, have not yet been studied
neither from the theoretical nor the observational point of view.

2. Results
The effects of an IMBH outflow in the internal dynamics of a
classical dSph galaxy started to be analyzed by means of a 3D
hydrodynamic code (Caproni et al. 2015, 2017). The initial setup
is the same as the one used in Caproni et al. (2017) for the dSph
galaxy Ursa Minor. An outflow was created by inserting a density in the central cell with a velocity in the z axis at t = 0 yr.

Figure 1. Density profile cut in the yz plane: left - ρ = 0.008
cm−3 , right - ρ = 0.027 cm−3 , v = 1000 km/s, t0 = 0 yr

The dynamic of the gas was analyzed inside the tidal radius of
the galaxy (950 pc), for 1 Gyr, with a computational cube of 40
to 200 cells in each side.
Starting from a hydrostatic equilibrium, the propagation of
the outflow was analyzed in a homogeneous medium. To simulate the outflow, it was inserted in the central cell a density (ρ =
0.008 and 0.027 cm−3 particles cm−3 ) and a velocity (v = 1000
km/s) in z direction. In the case ρ = 0.008 cm−3 the outflow does
not have energy to break into the ISM, but some gas is pushed
away from the tidal radius (Figure 1 left). When the initial density is higher, the outflow creates a jet feature (Figure 1 right). A
high density region pushes the ISM gas, leaving behind a stream
of very low density compared to the surroundings. After a few
million years, the outflow leaves the simulated region without
disturbing the medium of the galaxy.
The propagation of the outflow was also analyzed taken into
account the SNe in the ISM, following the procedure of Caproni
et al. (2015, 2017). Different initial densities and velocities in z
direction were tested. Even in the case with higher density (ρ =
0.03 cm−3 ) one cannot see the jet feature as in the homogeneous
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Figure 2. Density profile cut in the yz plane: left - ρ = 0.003
cm−3 , right - ρ = 0.03 cm−3 , v = 1000 km/s, t0 = 0 yr

Figure 3. Mass fraction for ρ = 0.003 cm−3 (dashed line) and ρ
= 0.03 cm−3 (solid line).

Figure 4. Density profile - cut in the yz plane for ρ = 0.003 cm−3 ,
v = 1000 km/s, and t0 = 30 Myr.

Figure 6. Density profile - cut in the yz plane for ρ = 0.003
cm−3 , t0 = 30 Myr, vout = 5000 km/s (left) and vout = 10000
km/s (right).

Figure 7. Mass fraction for ρ = 0.0003 cm−3 , vout = 1000 km/s
(solid line) and vout = 5000 km/s (dashed line).
with a initial velocity of vout = 5000 km/s (Figure 6 left). There is
however signs of gas been pushed away. If the initial velocity of
the outflow is even higher (vout = 10000 km/s), then the galaxy is
disrupted and all the gas is blown away (Figure 6 right). The initial velocity has a lower impact on the gas loss. In the simulation
with a higher velocity outflow the gas loss is a bit higher at larger
radii (950 and 750 pc) (Figure 7). If the velocity is much high
(vout = 10000 km/s) then all the gas is lost after a few hundreds
of Myr.

3. Conclusions

Figure 5. Mass fraction for ρ = 0.03 cm−3 , tout = 30 Myr (solid
line) and tout = 0 Myr (dashed line).
ISM (Figure 2). The SNe remants disturbe the medium, making the outflow’s propagation more difficult. Even though, it is
possible to observe that it pushes away gas from the galaxy in
both cases. The fraction of initial mass left inside different radii
is lower when the outflow’s initial density is higher (Figure 3).
It was also simulated one outflow beginning 30 Myr after the
simulation began. In this case, the density of the central region of
the galaxy is lower when the outflow starts, due to the SNe, and it
can develop easier. A broad jet feature can be seen, pushing away
the gas in its path (Figure 4 left). However, if SNe explode on the
axis (or near) of its propagation the jet feature can be destroyed
(Figure 4 right). In the cases where the outflow is delayed the
gas loss is a bit higher in outer regions (950 pc) (Figure 5).
We also tested outflows with higher initial velocities. With
an initial density very low one can hardly see the jet feature even
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The analysis of the effects of a IMBH outflow in the gas of a
dSph galaxy was performed with a 3D hydrodynamic code. In
an homogeneous medium, outflows with initial higher density
create a jet feature that leaves the simulated region without disturbing the medium of the galaxy. When SNe are also considered
there is a difference regarding the time when the outflow starts.
If it starts at t = 0 yr, one cannot see the jet feature, but when
it is delayed 30 Myr the jet is clearly seen. In both cases, gas is
removed, but a higher fraction is lost in the delay case. One can
see the influence of the outflow in the gas loss by the difference
in the remaining amount of gas in the galaxy when the parameters of the outflow are varied. Higher initial density and velocity
and later initial time have a larger impact in the gas loss.
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