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Motivation 

•  Modeling non-linearity and galaxy bias to use BAO, RSDs, weak-lensing 
and the power spectrum broad-band shape at the 0.1-1% level. 

•  Using Halo Abundance Matching for accurate modeling of galaxy bias 
•  Providing clustering and bias model useful to compare with perturbation 

theory predictions to facilitate the massive production of mock galaxy 
catalogs. 

•  In particular, studying BAO systematics: shift and damping for biased 
tracers. 
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New BigMD Runs:  
Lbox= 2500 h-1 Mpc;   Npart= 38403 

Force res.= 10 kpc/h comoving;  Mpart=2.08 1010 h-1 Msun   

SuperMUC Petascale System 
Europe's	
  fastest	
  supercomputer	
  

www.multidark.org 



z=0.57 
14M halos 

 First BOSS light-cone!  

www.multidark.org 

The New Suite of MultiDark Simulations for Large Surveys 
>> The BigMD Project << 

 



www.multidark.org 
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>> The BigMD Project << 

 www.multidark.org Products: 
-  Row particle data 
-  FOF & BDM halo catalogs   
-  (sub)Halo profiles  
-  Merging Trees 
-  BOSS galaxy light-cones 
-    “Add to Wish List” 



 
>> The BigMD Project << 

 www.multidark.org 

Simulation and Cosmological parameters of our MultiDark boxes in comparison with other large simulations run by 
different groups. The size of the circles shown in the left panel corresponds to the inverse of the force resolution 
adopted for each simulation. The contour levels in the right panel correspond to the 68% and 95% CL from Planck. 
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Large-scale Galaxy Clustering and Bias 
BAO systematics study 

BOSS-­‐CMASS	
  DR11:	
  
North:	
  520,806	
  
South:	
  170,407	
  	
  
total:	
  691,213	
  

BOSS-­‐CMASS	
  galaxy	
  power	
  spectrum	
  compared	
  to	
  
BigMD-­‐SHAM	
  predic;on	
  for	
  n=3e-­‐4	
  at	
  z=0.57	
  

(courtesy	
  of	
  Francesco	
  Montesano)	
  





Subhalos Distinct Halos 
Dark	
  Ma[er	
  Halos	
  in	
  the	
  Mul;Dark	
  simula;ons	
  



Velocity functions for Subhalos and Distinct Halos 

Mul;Dark	
  @	
  z=0	
   Evolu;on	
  

 V2
max=max[GM(<r)/r] is the maximum of the halo circular velocity profile	
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The effect of small-scale clustering on the large-scale tail  
of the power spectrum 

The	
  power	
  spectrum	
  and	
  bias	
  of	
  SO	
  and	
  FOF	
  (sub)halos	
  with	
  
3.5	
  10-­‐4	
  number	
  density	
  taken	
  from	
  BigMul;Dark	
  Planck1	
  box	
  	
  	
  



After all, why clustering at large scales should be affected by inclusion of subhalos at much 
smaller scales? However, there are two effects: 
 
•   The first one, is rather simple. There are more subhalos of given mass (or circular velocity) 

in each massive distinct halo as compared with less massive halo. When subhalos are 
included, larger halos give proportionally larger contribution to the estimate of the power 
spectrum. Because larger halos are more biased, the power spectrum and the correlation 
function are larger on all scales. In practice, this effect results in almost scale-independent 
bias. 

•   The second effect is more subtle. There is a change – a boost due to subhalos – in the power 
spectrum even when there is no change in the large-scale correlation function. This happens 
because the power spectrum and the correlation function are connected through an integral 
relation. This effect results in a scale-dependent bias and its effect gets progressively small 
for small wavenumbers k. 

 

The effect of small-scale clustering on the large-scale tail  
of the power spectrum 



 
We can compare our theory estimates with the results for the observed power spectrum of BOSS 
CMASS sample. For BAO oscillations at k < 0.2 h Mpc-1 the effect of subhalos is quite small, 
but potentially measurable. For example, at k = 0.2 h Mpc-1, we have estimated P=370 h-3 Mpc3 
from the 1-halo term of the correlation function.  Measured power is P ≈ 5000 h-3 Mpc3. Thus, 
subhalos contribute about 10% to the clustering signal. Yet, this change both the amplitude and 
the shape of the spectrum, and, thus, they substantially affect the shape and the value of the bias. 

The effect of small-scale clustering on the large-scale tail  
of the power spectrum 



Modeling	
  halo	
  clustering	
  and	
  bias	
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Large-­‐scale	
  halo	
  power	
  spectrum	
  model:	
  

P(k)	
  =	
  

	
  Scale-­‐dependent	
  bias	
  
	
  	
  	
  	
  	
  b2(k)=P(k)/Plin(k)	
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P(k)/Pnw(k) for halos in BigMD Planck1 

Very accurate measurement of BAO shift & k* damping 

Planck1	
  

Planck1_NW	
  



BAO shift & k* damping in the Planck Cosmology 
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BAO shift as a function of bias in the Planck Cosmology 





PATCHY vs. BigMultiDark 



Conclusions 

•  The new suite of BigMD simulations is being uploaded in the MultiDark 
Database: www.multidark.org 

•  BigMD is designed to study LSS and BAO systematics 
•  Clustering at large-scales should be affected by inclusion of subhalos at much 

smaller scales. This change both the amplitude and the shape of the spectrum, 
and, thus, they substantially affect the shape and the value of the bias. 

•  Scale-dependent bias at BAO scales k<0.4 can be modeled by simple 
function, i.e.  b(k)=b0 (1+log10[1+b2 k2.15] 

•  BAO damping scale k* and its evolution has been studied both for dark matter 
and different halo number densities and compared to perturbation theory 
prediction using PATCHY 

•  It remains to be understood the impact of this study on the BAO modeling 
and reconstruction  
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