
  

 The asymmetry of unresolved H I lines in the EAGLE simulations
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aScientific Goal
Asymmetries arising due to disk instabilities are expected 
to wash out within about two rotational periods. However, 
observations show that asymmetric 21-cm emission lines 
are the norm and their origin has been a long standing 
question. Hydrodynamical simulations with detailed 
physics and good statistics are ideal for addressing this 
problem. We investigate the origin of H I line 
asymmetries of galaxies in the EAGLE simulations.

cThe Sample
Mock H I lines are generated for galaxies from the 100 
Mpc reference box of EAGLE that are selected to satisfy 
the xGASS selection criteria. Additionally, we find that at 
least ~1000 particles with H I-to-gas mass ratio > 0.5 are 
required to properly resolve the H I in a typical galaxy. 
This is imposed as another criteria for galaxy selection.

dObserved vs Simulated Lines

We divide the H I-stellar mass plane into a 
grid, and for each block, same number of 
galaxies are randomly sampled from 
EAGLE as there are in the observational 
sample from xGASS. 100 xGASS-like 
realizations are created in this way and H 
I lines are generated for random views of 
those galaxies, using modal values of 
distance, instrumental noise and velocity 
resolution in xGASS. Line asymmetries of 
these realizations are found to be broadly 
consistent with xGASS, as shown by 
comparison of probability and cumulative 
probability distributions in the figure.

bModelling the H I lines

Rahmati+13 prescription is used to obtain the total 
neutral hydrogen in the gas particles. This is further 
partitioned to obtain the H I mass through the Blitz & 
Rosolowsky (2006) prescription. Each particle is 
considered as a Gaussian in the line-of-sight velocity 
space with sigma based on its temperature, and 
contributions from all particles in each velocity bin are 
added to generate the line profile. The galaxy shown 
above is an example, with its H I surface density map on 
the left and the corresponding line profile on the right.

eProjection Effects
For every galaxy, there is a sight-line which will produce a symmetric 
H I line profile. At very low inclinations (<40°), the velocity structure 
of the galaxy is not captured enough in the line profile, and any 
motion vertically away from the disk plane dominates the asymmetry 
instead. We define two types of asymmetries for a galaxy based on 1) 
random orientation and 2) the maximum asymmetry amongst the 
edge-on views. The trends are always stronger with the latter.
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Maximum asymmetries are 
significantly higher compared to the 
asymmetries based on random views. 
This means that galaxies are 
generally far more asymmetric than 
they appear. Satellites as a population 
are systematically more asymmetric 
than centrals, which suggests more 
significant environmental influence 
on their H I.

fCentrals vs Satellites

The x-axis is the ratio of 
ram pressure due to the 
surrounding IGM and the 
restoring gravitational 
pressure towards the disk 
plane. Stripping due to ram 
pressure is positively 
correlated with the line 
asymmetry of satellite.
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hHalo Assembly
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Line asymmetry of central is 
anti-correlated with the look-
back time at which 50% of 
the halo mass was 
assembled. As recently 
assembled halos tend to be 
dynamically unrelaxed, line 
asymmetry and halo 
dynamical state are 
correlated as well. 

iStellar Feedback

Specific star formation rate 
of central is correlated 
positively with its line 
asymmetry for low stellar 
mass galaxies of  <109.5M⊙. 

This also happens to be the 
regime where effective 
stellar feedback is expected.

jRotational Support and Asymmetry
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The x-axis has the fraction of 
kinetic energy in H I that is 
invested in co-rotation. There is a 
clear negative correlation between 
rotational support in H I of centrals 
and line asymmetry. Note that the 
scatter in asymmetry also reduces 
with increase in rotational 
support. Galaxies with high 
rotational support in H I are likely 
to produce a symmetric H I line. 
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