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Halo Structure: 
Universal Profiles
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Halo Structure at Low-z: 
General Agreement

Prada et al,2012 Diemer et al,2015



Halo Structure at High-z: 
Confusion in the Literature
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Halo Structure at Low-z: 
Depends on Dynamical State

More quiescent halos have higher concentrations 
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Tiamat
Suite resolving structures down to ~2⨉106 h-1M☉
100 snapshots to z=5 (one every 11 Myrs)
Planck-2015 cosmology
Largest run: 21603 particles in a 67.8 h-1Mpc box
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Standard practice: constraints on 3 metrics

Quantifying the State of 
Relaxation

1. Centroid Offset 2. Virial Ratio 3. Substructure Fraction
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Quantifying the State of 
Relaxation

½-mass Formation 3:1+ Mergers 10:1+ Mergers
𝞽relax~? 𝞽relax~? 𝞽relax~?

x2

Consider relaxation following 3 dynamical events:



Relaxation Following 
Formation or Mergers

DRAGONS I: Poole et al, submitted
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Relaxation Following 
Formation or Mergers

DRAGONS I: Poole et al, submitted
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Quantifying the State of 
Relaxation

½-mass Formation 3:1+ Mergers 10:1+ Mergers

We define a new set of relaxation criteria:

𝞽relax~? 𝞽relax~? 𝞽relax~?

x2
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Quantifying the State of 
Relaxation

½-mass Formation 10:1+ Mergers

We define a new set of relaxation criteria:

𝞽relax>1.5 𝞽relax>2

Independent of mass!

x2



Dynamical Ages

DRAGONS I: Poole et al, submitted

Formation is fast; mergers frequent
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DRAGONS I: Poole et al, submitted
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DRAGONS II: Angel et al, submitted

Halo Structure at High-z: 
Tiamat Results
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... an interesting aside ...
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The Dynamical Lives of 
High Redshift Galaxies

Greg Poole 

• Structure and dynamical evolution across galactic 
scales: REMARKABLY invariant at z>5 
• Evolution of relaxation metrics: independent of mass 

• NFW/Einasto concentrations: insensitive to mass 

• Only ~20% of galactic halos are relaxed at z>5 

• Large-scale phase-space substructures: ubiquitous 


