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The need of BHsIntrinsic Scatter of the M–s and M–L Relations 5

FIG. 1.— The M–s relation for galaxies with dynamical measurements. The symbol indicates the method of BH mass measurement: stellar dynamical
(pentagrams), gas dynamical (circles), masers (asterisks). Arrows indicate 3s68 upper limits to BH mass. If the 3s68 limit is not available, we plot it at 3 times
the 1s68 or at 1.5 times the 2s68 limits. For clarity, we only plot error boxes for upper limits that are close to or below the best-fit relation. The color of the error
ellipse indicates the Hubble type of the host galaxy: elliptical (red), S0 (green), and spiral (blue). The saturation of the colors in the error ellipses or boxes is
inversely proportional to the area of the ellipse or box. Squares are galaxies that we do not include in our fit. The line is the best fit relation to the full sample:
MBH = 108.12 M�(s/200 km s�1)4.24. The mass uncertainty for NGC 4258 has been plotted much larger than its actual value so that it will show on this plot.
For clarity, we omit labels of some galaxies in crowded regions.  2
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The Horizon-AGN simulation 11

Figure 7. Comparison of the predicted stellar mass function to observational data in the redshift range 0 < z < 6. The grey shaded
region shows the prediction from Horizon-AGN (with the width of the region indicating Poisson uncertainties). The pink dashed
curves indicate predictions from Horizon-noAGN, a twin simulation without BH feedback. Vertical error bars indicate observational
uncertainties due to cosmic variance (Ilbert et al. 2013). The horizonal error bar (0.3 dex) indicates typical observational uncertainties
in stellar masses derived from SED fitting (e.g. Muzzin et al. 2009).
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Bondi accretion (Bondi+52):
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Bondi accretion (Bondi+52):
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Bondi accretion (Bondi+52): Friction from gas (Ostriker+99):

F = �f(M)⇢
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It makes little difference because “our resolution is too poor to capture the 
coldest and densest region of the ISM, therefore accretion and friction must be 
boosted”.
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This gives you the Horizon-AGN BHs. As shown earlier, this model is excellent 
in reproducing the properties of galaxies. However…



Limits
• Which value should be given to     


• No physically motivated argument to this boost (calibrated by 
Booth&Schaye 09)


• In the central region, stars are likely to dominate the dynamics
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We can implement 
unresolved DF from 
stars/DM similarly to 
what exists for gas, 

and see what 
happens!
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• BH falling in a NFW halo.


• Comparison with theoretical 
estimates of Taffoni+03.


• Resolution 50 pc > rdef ~ 10 pc

• BH falling in a ‘complete’ galaxy 
with DM, stars, gas and many 
physical processes such as star 
formation, cooling, feedback etc…


•  Comparison with a very high 
resolution simulation

Tests



DF unresolved - no drag DF unresolved - drag
DF resolved

Tests



Tests



Scaling
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Numerical set-up

• 1e12 Msun halo at z=1.5


• 70 pc resolution, 1e6 Msun DM particles, 1e4 Msun stellar particles


• Mechanical feedback, Turbulent star formation, cooling


• The seed mass of BHs is 1e4 Msun


• 1 simulation with the gas dynamical friction boosted 
1 simulation with the gas, stellar and DM dynamical friction 
others to come and analyse…
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Preliminary results
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friction - no particle drag gas, no boost



Conclusions

• RAMSES includes a new physically motivated subgrid model for DF from 
stars and DM.


• The mergers of BHs might take longer than what previous simulations 
indicate.


• This model is not enough to solve the ‘non growing BHs issue’ (at least for 
1e4 Msun seeds).


