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Halo Spin (λ)



Stochastic (random) Motion 
of Halo Spin

• Stochastic 
– Def.: Randomly determined; 

having a random probability 
distribution or pattern that 
may be analyzed 
statistically but may not be 
predicted precisely.

– Brownian motion,Monte
Carlo simulation,  and etc.
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Contained Random Motion

Mass increase

Spin value



Stochastic Equation of the Spin 
Evolution



Simulations



Sub-Sampling of merger/accretion events



Environmental Dependence 
of Merger and Accretion

For dlnM>0 cases,

• At high z, no difference of 
dlnM between 
environments

• At low z, halos in denser 
region tend to have higher 
dlnM or frequent mergers.

split accretion merger



Distribution of Spin Change (D)





Spin tends to Increase.

Spin tends to decrease.
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Stochastic Simulation



Results from Stochastic Model

• Red histogram: 
spin distribution 
from N-body 
simulation

• Blue histogram:
one obtained from 
the stochastic 
model

• Slight differences 
are found at lower 
z and less massive 
halo samples.



Local Environmental Effects (1)

Less massive halos at z=2 Less massive halos at z=0

Green histogram: log-normal fit to N-body result



Local Environmental Effects (2)

More massive halos at z=0

• Less massive halos in 
field/underdense regions tend 
to have lower spin values than 
expected from the stochastic 
evolution model.
– Maybe correlated infall in these 

parameter space? Ans: we tried 
various test but can’t found the 
cause of this difference yet.

• Halos in the other regions are 
well described by the 
stochastic model



Why P(D) leads to the Log Normal 
Distribution

Taylor expansion

Using Eq. (1)



Why P(D) leads to the Log Normal 
Distribution (Cont.)

long-term drift



Summary

• Log-normal distribution is a simple consequence 
of the stochasticity of the spin.
– Predicted by Ito’s formula

– Subsequent mass merging/accretion are stochastic 
(Markovian: independent of previous history)

• Some deviations are observed of halos  in the 
mean/underdense region at lower redshifts.
– Possibly correlated mass infall events of those halos.

– Halos in group and cluster environments have spin 
distributions well described by the stochastic model.


