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Structure Forma3on in Simula3ons 

Images Courtesy of the Max Planck Ins3tute of 
Astrophysics & Virgo Consor3um (Top, 
Millennium‐II; Right, Aquarius Project).  



Basic Defini3ons of Dark MaVer 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Number Density 

  Characteris3c Par3cle Mass 

  Decelera3on Parameter: 
Describes the ability of the universe 
to inhibit condensa3on. 

  Jean’s Number: Describes the 
number of par3cles needed to begin 
condensa3on. See Eqn. (3) for an 
empirical formula. 



Intui3ons for Self‐Similarity 

   Gravita3onal Collapse: “Large 
correla3ons in the gas must 
be interperated as changes in 
n(m), by trea3ng highly 
correlated groups of par3cles 
as single more massive 
par3cles.” (Pg. 427) 

  Non‐Linearity of Equa3ons: If 
we expect n(m) to depend 
only on the sta3s3cs of the 
current scale, then the 
evolu3ons of n(m) will 
depend on the sta3s3cal 
proper3es of the non‐linear 
differen3al equa3ons. (Pg. 
428)  



Prepara3on for Deriva3on 

  Define Mass Variance inside 
of Volume V. 

  An upper bound on the 
variance can be found by 
taking the dark maVer 
par3cles to be distributed 
uniformly, so that the 
variance is linear in volume. 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We define the probability 
of finding a frac3onal mass 
devia3on between δ and  
δ+dδ in volume V as P(δ,V). 



Deriva3on (Cont’d) 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The turn‐around scale, R2, for R1 is found for spherical collapse 
in the Appendix. 

  We can define the probability of having an overdensity δ 
collapse before R2 as P. 



Deriva3on (Cont’d) 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The number density distribu3on is 
found by mul3plying the percentage of 
collapsed mass with the mass density of 
the second scale and dividing by M.  

  The factor of 2 was added to take into 
account the underdensi3es around the 
collapsed objects (Improved explana3on 
can be found in Bond et al. 1991). 



Summary 
  Press‐Schechter Formalism allows us to analy3cally recreate the 
linear evolu3on of dark maVer perturba3ons without the need of 
resource exhaus3ve computer simula3ons. 

  Press‐Schechter Formalism describes a universe where different 
scales collapse in a similar manner without a dependence on the scale 
size (Self‐similar condensa3on). 

  The Formalism has been extensively used and compared to 
simula3ons to confirm its accuracy. 

  An improved Sheth‐Tormen Formalism, which uses ellipsoidal 
collapse and excursion set theory, reproduces the main results  of 
Press‐Schechter while correc3ng the discrepancies at the high and low 
mass extremes of the halo mass func3on. 


