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Halo Spin Transition (HST)

If M > Mt, then If M ≤ Mt, then

⟨cos θ⟩ < 0.5 ⟨cos θ⟩ ≥ 0.5
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Previous Results
• Numerically, the occurrence of HST confirmed.


• Sensitive dependence of  on how the filaments are 
identified (e.g., Kraljic et al. 2020).


• Its occurrence in the sheet environments (e.g., Lee et al. 2020)


• Observationally, a weak signal of the morphology-
dependent transition (e.g., Tempel & Libeskind 2013). 


• Theoretically, no consensus established.


• It should be closely linked with the evolution of the halo 
angular momentum in the cosmic web (Codis et al. 2015).
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Directions of Improvements

• Considering all of 3 tidal principal directions.


• Finding a more rigorous definition of 


• Testing  as a cosmological diagnostics.


• Exploring the galaxy stellar spin transitions.
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Simulation Data



Cosmological Models

• wCDM: a phantom DE model with negative kinetic energy.


• RPCDM: a quintessence model with Ratra-Peebles scalar 
field dark energy.


• All of the three models satisfy the same WMAP7 constraints. 
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Calculations
• Constructing the tidal fields smoothed on the 

scale  :


• Finding three eigenvectors, , at the positions of 
the selected halos with 300 or more particles


• Calculating the cosines of the angles between the halo 
spin axis, , and each of  : 


• Ensemble averages, ,  as a function of the halo 
mass 


Rf

{ ̂e1, ̂e2, ̂e3}

̂j { ̂e1, ̂e2, ̂e3} cosθi ≡ | ̂j ⋅ ̂ei |

⟨cosθi⟩
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• Transition of the preferential direction of  from  to , 
as  decreases.


• The preferential direction of  being perpendicular to ,  
regardless of  .

̂j ̂e2 ̂e3
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A New Definition of Mt
• Setting up a null hypothesis,  :


                    


• Performing a KS test of  :


• Finding the mass bin at which the KS test rejects 
  at the C.L. below 99.9%. 


• Defining the bin as the spin transition zone, 


H0

p(cos θ2) ∼ p(cos θ3)
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Dmax ≡ Maxθ{ |P(cos θ ≥ cos θ2) − P(cos θ ≥ cos θ3) |}

nh

2
Dmax ≤ 1.99 ⟷ C . L . ≤ 99.9 %
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Variation of  with 
Cosmology
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Variation of  with 
Smoothing Scale
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Variation of  with 
Redshifts

Mt



Lee & Libeskind 2020, ApJ, 902, 22 



Lee & Libeskind 2020, ApJ, 902, 22 



Variation of  with 
Web Type
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A Different Type of 
Transition of the Galaxy 

Stellar Spins



Hydrodynamic Simulation 
Dataset

• IllustrisTNG 300-1


• Full baryon physics


• Planck cosmology


• 


• 


• Subhalos with 300 or 
more stellar cells

mgas = 1.1 × 107 M⊙

Lbox = 302 Mpc



Lee et al. 2021, ApJ, 922, 6 



Lee et al. 2021, ApJ, 922, 6 



Summary
• The halo spin directions transit between the tidal 

intermediate and minor principal axes in the spin 
transition zone,   

• A new algorithm based on the KS test is developed to rigorously 
determine  . 

• The range of  varies with redshift, smoothing scale, 
web-type and background cosmology as well.

• It becomes narrower at higher redshifts, on the smaller scales, 

in the filamentary environments, and for dynamical DE models. 

• It can distinguish among CDM, CDM and RPCDM. 

• The galaxy stellar spins transit between the tidal major 
and minor principal directions. 

Mt

Mt

Mt

Λ w



Discussion

• The halo spin transition may be related to the 
nonlinear growth of the tidal fields:


• Retarded nonlinear growth of the tidal fields can induce 
smaller values of .


• The galaxy spin transition might be induced by 
anisotropic occurrence of discharge of stellar 
materials by the galactic winds (Lee et al. 2021, 
arXiv:2111.13831)
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