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Abstract: The axion provides a solution to the strong CP problem and is a cold dark matter candidate.&nbsp; I'll briefly review the limits c
axion from particle physics, stellar evolution and cosmology.&nbsp; The various constraints suggest that the axion mass is in the micro
milli-eV range.&nbsp; In this window, axions contribute significantly to the energy density of the universe in the form of cold dark matter.&nbs
was recently found that dark matter axions thermalize and form a Bose-Einstein condensate (BEC).&nbsp; As a result, it may be pos:
distinguish axions from other forms of dark matter, such as weakly interacting massive particles (WIMPs), on observational grounds.&nbsp;
accreting onto a galactic halo fall in with net overall rotation because almost all go to the lowest energy available state for given al
momentum.&nbsp; In contrast, WIMPs accrete onto galactic halos with an irrotational velocity field.&nbsp; The inner caustics are different |
two cases.&nbsp; I'll argue that the dark matter is axions because there is observational evidence for the type of inner caustic produced by,
by, an axion BEC.
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and a light neutral pseudoscalar
particle is predicted: the axion.
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Cold axion properties
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Bose-Einstein Condensation

If

then

identical bosonic particles

are highly condensed in phase space
and their total number is conserved
and they thermalize

most of them go to the lowest energy
available state
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why do they do that?
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A critical aspect of axion BEC
phenomenology is whether the BEC
continues to thermalize after it has formed.

Axion BEC means that almost all axions go
to one state.

However, only if the BEC continually
rethermalizes does the axion state track

the lowest energy available state.
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Thermalization occurs due to
gravitational interactions

PS + Q. Yang, PRL 103 (2009) 111301
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Gravitational interactions thermalize the
axions and cause them to form a BEC
when the photon temperature
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Gravitational interactions thermalize the
axions and cause them to form a BEC
when the photon temperature
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axion BEC density perturbations obey
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axion BEC density perturbations obey
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In the linear regime within the horizon, axion
BEC and CDM are indistinguishable on all
scales of observational interest,

pbut

axion BEC differs from CDM when it
rethermalizes

In the non-linear regime &
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DM forms caustics in the non-linear regime
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Phase space distribution of DM in
a homogeneous universe

— |

Sv=10" " for WIMPs
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Multiple flows and caustics occur
In the non linear regime
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Phase space structure of
spherically symmetric halos
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Figure 7-22. The giant elliptical galaxy NGC 3923 is surrounded by faint
ripples of brightness. Courtesy of D. F. Malin and the Anglo-Australian

Telescope Board. (from Binney and Tremaine’s book)

Pirsa: 12030091 Page 50/86



Figure 7-23. Ripples like those shown in Figure
7-22 are formed when a numerical disk galaxy is
tidally disrupted by a fixed galaxy-like potential.
(See Hernquist & Quinn 1987.)
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Phase space structure of
spherically symmetric halos
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Galactic halos have inner caustics as
well as outer caustics.

If the initial velocity field is dominated by net
overall rotation, the inner caustic is a ‘tricusp ring'.

If the initial velocity field is irrotational, the inner
caustic has a ‘tent-like’ structure.

(Arvind Natarajan and PS, 2005).

Pirsa: 12030091 Page 53/86



simulations by Arvind Natarajan
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simulations by Arvind Natarajan
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In the galactic plane
with radii (n=1,2,3...)

40kpC Vrot jmux
Un =
n 220km/s )\ 0.18

... =0.18 was expected for the Milky Way
halo from the effect of angular momentum
on the inner rotation curve.
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