


Introduction

Numerical studies show that many factors can affect 
the AM of galaxies, including
• stellar feedback (e.g. DeFelippis et al. 2017), 
• gas accretion (e.g. El-Badry et al. 2018),
• galaxy mergers (e.g. Lagos et al. 2018b,a), 
• along with the primordial spin of the pristine halo 

gas itself. (in the standard cold dark matter 
cosmological framework, protogalactic haloes of 
dark matter (DM) and diffuse gas acquire AM 
through tidal torques (e.g. Peebles 1969).)



In the protogalactic haloes, DM and gas share the 
same sAM?
• Zjupa & Springel (2017) found that specific AM 

(sAM) of the halo gas lies a factor 1.8 above that of 
the DM in the illustris simulation with full physics 
turned on. (merger & feedback)

• Even cosmological simulations of DM and an ideal 
gas, without radiative cooling and galaxy formation 
physics (Chen et al. 2003; Sharma & Steinmetz 
2005; Zjupa & Springel 2017), consistently showed 
that the ratio between the mean spin parameters 
of gas and DM, which is equal to the ratio of the 
mean sAM, lies around 1.3–1.4 at redshift z = 0. 



机制？

• Sharma et al. (2012) 
suggested that DM has an 
inside-out transfer of AM, 
due to dynamical friction, 
while gas has an outside-in 
transfer of AM, as the low 
AM gas in the inner parts 
shocks with high AM gas 
falling in from the outer 
parts. Then the outer part 
of the gas moves out of the 
virial radius as time 
progresses. (but FOF)

• Zjupa & Springel (2017) 
comment that gas 
continuously acquires sAM 
throughout cosmic time. 
This acquisition could be 
explained by mergers 
getting ram pressure 
stripped during halo infall, 
inducing a decoupling 
between gas and DM and 
producing torques between 
these two components as a 
consequence. This allows a 
net transfer of angular 
momentum from dark 
matter to gas. (but 
direction)
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