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Ultra-light axion dark matter causes 
scale-dependent suppression in matter clustering



Sloan Digital Sky Survey maps distribution of galaxies 
towards edge of observable Universe



1200

1400

1600

1800

P
0(

k
)

[M
p
c/

h
]2

ma = 10�30 eV ma = 10�28 eV ma = 10�26 eV

0.05 0.10 0.15 0.20

k [h/Mpc]

200

400

600

P
2(

k
)

[M
p
c/

h
]2

0.05 0.10 0.15 0.20

k [h/Mpc]
0.05 0.10 0.15 0.20

k [h/Mpc]

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

�a/�d

Figure 3: Monopoles and quadrupoles of the galaxy clustering obtained from the linear
power spectra of Fig. 2. The model is evaluated with fixed cosmological and bias parameters
at redshift z = 0.57. We highlight a slight increase in the quadrupole on small scales indicating
that the structure suppression from axions also has anisotropic effects.

real-space overdensity, the multipole moments P` of the power spectrum are calculated by
integrating over the angle between the line-of-sight and the wavevector k. It is customary to
decompose the latter into k which is the scalar amplitude of the vector and µ which is the
cosine of angle between the wavevector and the line-of-sight. The integral expression for the
galaxy multipoles can then be written as (using the Yamamoto estimator [47])

P`(k) =

⌧
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d⌦k
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�g(k)�g(�k)P`
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k̂ · ẑ

⌘�
, (3.2)

where the hat denotes unit vectors and P` are the Legendre polynomials of degree `. In the
data, the shot noise Pshot = 1/n̄g is subtracted from the monopole. For the purpose of this
study, we will focus on the monopole (` = 0) and quadrupole (` = 2) moments of the power
spectrum.

Our model for the multipoles begins with the linear matter power spectrum generated
from a set of standard flat ⇤CDM cosmological parameters and a set of two axion param-
eters. We first obtain the power spectrum without the axion effects using the Boltzmann
code Class [48] and the axion transfer function with the adapted code axionCAMB. We re-
fer to this power spectrum as the CDM power spectrum. The reason for this use of code
combination is to separate the calculations for the axion effects from the rest of the cosmo-
logical calculations since they take significantly longer to complete. We opt to interpolate
over the axion transfer function rather than the full matter power spectrum since the axion
transfer function is independent of As. This implies that we can reduce the dimensionality of
our interpolation tables for the axion transfer function by interpolating only over the axion
fraction, the Hubble constant, the baryon density, and the dark matter density. This saves
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Galaxy clustering traces dark matter clustering 
— revealing signature of ultra-light axions
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SDSS (BOSS DR12) galaxy clustering 
rules out new parts of axion parameter space
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Strongest axion bounds come from combining 
cosmic microwave background & large-scale structure
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https://keirkwame.github.io/DM_limits

Multi-probe approach to detect ultra-light axions
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