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Disk + Spherical Halo



Disk Instability

Isolated disk          0.63

Unstable disk        < 1.1

    Stable disk        > 1.1

 Total: Disk+Halo

Disk



Semi-Analytical Models

Cole et al 2000 
Bower et al 2006 

Mo Mao & White 1998 

Efstathiou et al 1982
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Cosmological Simulations
Previous work based exclusively in zoon-in technique: 
Curir et al. 2006; Scannapieco & Athanassoula 2012 and Okamoto 
et al 2014 using the Aquarius simulations of individual Milky Way 
halos study the formation of two barred galaxies in the ΛCDM 
cosmological model. They show that barred galaxies can form 
naturally in this model.  
Kraljic et al. (2012) using RAMSES study the evolution of bars in a 
sample of 33 zoom-in simulated galaxies.Guedes et al. 2013; Goz et 
al (2015) two barred galaxies with two different resolution. 

Aim: 

Extend disk work to a more statistically significant sample.



EAGLE Cosmological Simulations

Physical Process: 
Gravity, Hydrodynamics, Radiative  
gas cooling, Star formation,  
Feedback from Supernovae + AGN 
Metallicity 

Particles: 
Gas, stars and dark matter. 
Mgas=1.81x10^6 M⊙ 

Mdark=9.70x10^6 M⊙ 

Code:  
GADGET-3 Springel et al 2005 

Cosmological Parameters: 
ΛCDM model Plank et al 2014 
                          Schaye et al 2015

60 kpc (Stars) 
M=3x10^10 M⊙ 

100 Mpc (Gas)



Stellar Mass Function
The galaxy stellar mass function 
at z = 0.1 for the EAGLE 
simulations compared to 
observations.

The galaxy number density 
agrees with the data to <∼ 0.2 
dex.

High-mass end fewer than 10 
objects per (0.2 dex) stellar mass 
bin. 

Low-mass end stellar mass falls 
below 100 baryonic particles. 

GAMA survey (z < 0.06; Baldry et 
al. 2012)  SDSS (z ∼ 0.07; Li & 
White 2009).

Mass of 
Milky Way 
Galaxy
6x10^10M⊙

Observations

Simulations

Schaye et al 2015

~500 simulated  
galaxies
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EAGLE Morphological 
Classification

Ellipticals

Normal Spirals

Barred Spirals

60 kpc (Stars) 
M=5-6x10^10 M⊙ 



Disk Galaxy Sample Selection

Disc galaxy sample from EAGLE used in this paper. Left: Galaxy stellar mass, M, as a function virial mass M200. 
Solid line indicates the prediction of the abundance-matching model of Guo et al. (2010), for reference. Middle: 
Flattening parameter c=a, measured as the ratio of the eigenvalues of the principal axes of the inertia tensor of the 
stars. Right: Minor axis stellar velocity dispersion, expressed in units of the total. Vertical dashed lines indicate the 
conditions required to be selected as “discs” in our analysis. Discs are shown as coloured circles, spheroidal 
systems as open triangles, and visually identified ongoing mergers or disturbed systems as crosses. The colour 
scheme denotes the strength of the bar pattern.
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Face-On Galaxies
Unbarred                            Weak Bar                              Strong Bar



Bar Strength Parameter

A2=1A2=0

Unbarred                            Weak Bar                              Strong Bar



Bar Strength Radial Profile
Unbarred                            Weak Bar                              Strong Bar



Abundance of Barred Galaxies
Cumulative galaxy fraction as 
function of bar strength parameter 
A2_max in the local Universe.

About 40% of EAGLE discs have 
bars (weak or strong) seems quite 
consistent with observations:
Barazza et al. (2008) ~38%, Sheth 
et al. (2008) ~ 62%  
Nair & Abraham (2010) ~ 30%. 

No standard definition of a bar. 
Bar prominence depends on the 
photometric band (stronger in the 
infrared), morphological type (longer 
in early-type spirals), galaxy mass 
(decreasing with increasing mass) 
and redshift (less frequent at early 
times).
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Gas Mass vs Bar Strength 
Unbarred      Weak Barred       Strong Barred

Bars are relatively gas poor
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Star Formation vs Bar Strength 
Unbarred      Weak Barred       Strong Barred

Bars are relatively gas poor

Star formation rates ~ 40% of 
their past average for 
unbarred galaxies, decreasing 
to 1% for strongly barred 
ones.
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Size vs Bar Strength 
Unbarred      Weak Barred       Strong Barred

Bars are relatively gas poor

Star formation rates ~ 40% of 
their past average for 
unbarred galaxies, decreasing 
to 1% for strongly barred 
ones.

Strongly-barred discs are 
roughly three times smaller 
than unbarred systems
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Bar Growth

Strong Barred 

Weak Barred   

      
Unbarred
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Cosmic Time/Gyr

Strong bars deve lop 
quickly and saturate 

We a k b a r s a r e s t i l l 
growing at z = 0. 

Few unbarred galaxies 
have had bars in the past. 

Timescale for bar growth 
is clearly a strong function 
of final bar strength.

Bar  
Formation 
Time 



Bar Growth and Slowdown

Bars slow down 
as they grow. 

Bar Length [kpc]
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Bar Slowdown 

z = 0.5 (triangles), z = 0.27 
(squares), and z =0 (circles). 
Grey symbols with error bars are 
observational data from the 
compilation of Corsini (2011). 

“Fast bars” are those below the 
dotted line delineating rcorot = 
1:4 lbar. Most strong bars in our 
simulation are “slow” at z = 0, in 
contrast with observational 
estimates.
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Dark Matter Halo Evolution

Bar slowdown clearly reduces 
the central density of dark 
matter within the region of the 
bar. 

By contrast, the central dark 
matter densities of unbarred 
galaxies remain unchanged 
during the past 5-6 Gyr.
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Conclusions

1) 20% strong bars, 20% weak bars, 60% unbarred. This bar 
frequency seems in reasonable agreement with observational 
estimates 
2) Bars develop preferentially in systems where the disc is 
gravitationally important
3) Stronger bars develop in systems that are less gas-rich, and 
that have formed the bulk of their stars earlier than unbarred 
discs.
4) Strong bars develop relatively quickly before saturating but 
weak bars are still growing in strength
5) Strong bars slow down quickly as they grow
6) Bar slowdown induces an expansion of the inner regions of 
the dark matter halo



Bar Length
Distribution of bar lengths 
of nearly 1,000 SDSS (less 
massive and smaller than 
our sample) galaxies 
(Gadotti 2011). 

There is no obvious 
discrepancy between 
observations and 
simulations in the regime 
where they overlap

R_90%

R_50%

Log Bar Length
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Bar Formation Prediction 

         fdisc<1.1 
disc dominated

          fdisc>1.1 
halo dominated

Galaxies that remain unbarred 
are predominantly those where 
the disc is less important, not 
only within their half-mass radii 
but also in relation to their 
surrounding halos. 

fdec= Vcirc(R50%)/Vmax,halo fdec>1  
declining rot. curves

fdec<1  
rising rot. curves


