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The Impact of Cold Dark Matter Variantson the
Halos of the First Stars and Galaxies.
Angular Momentum and Vortex Creation in
BEC Dark Matter
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Abstract. If cold dark matter elementary particles form a Bose-Einstendensate, their superflu-
idity may distinguish them from other forms of cold dark reatincluding the creation of quantum
vortices. We have shown that such vortices are favored ongly-coupled condensates. Vortex
creation causes central densities to drop, thus affedtieglynamics of the gaseous baryonic com-
ponent and subsequently star formation.
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The formation of the first stars depended upon the internal structure at the center of
their host dark matter halos, where baryonic cooling and condensation occured first.
While the halos of collisionless cold dark matter (CDM) are characterized by the sin-
gular NFW density profile, other forms of cold dark matter have been proposed which
alter flatten the central profile. Among these are light, self-interacting bosonic particles
that form a Bose-Einstein condensate (BEC). We shall explore one aspect of BECs on
the structure of the halos hosting the first stars: the effects of the angular momentum that
results from tidal torquing during large-scale structure formation (see also [2]).

We describe self-gravitating BEC halos with varying degrees of rotational support
by self-consistently coupling the Gross-Pitaevskii equation of motion for the complex
macroscopic BEC wave function to the Poisson equation. For simplicity, we consider
incompressible, uniformly-rotating spheroids, which are approximate solutions of that
system of equations. This family of solutions is characterized by the angular rotation
Q or, equivalently, the eccentricitg. We use an energy argument to derive the critical
angular velocityQ, for the creation of a singly-quantized, straight vortex in a rotating,
self-gravitating BEC halo by finding the angular velocity which lowers the total energy
in the presence of that vortex. In general, we must determine what set of BEC parame-
ters, namely particle massand self-interaction couplingg makes the spheroid rotation
velocity for a givere equal the critical value above which the vortex forfis+ Q..

Thee-values of interest for BEC/CDM halos are those which correspond to the degree
of halo rotational support found by cosmological N-body simulations of the CDM
universe, as expressed by the rakio= L/|W[/(GM®?2): A has values in the range
[0.01,0.1] with a median of M5 [1]. For our spheroidgy can be expressed in termsef
only (see [2]). The valued = (0.01,0.05,0.1) correspond t@ = (0.051, 0.249 0.464),
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FIGURE 1. Dimensionless BEC particle masgmy vs. coupling strength/gmin: critical linesQ = Q¢
(top curves) and BEC/CDM (n=1)-polytropes for the saan@lues (bottom curve)ny andgmin depend
only on the halo parameteagsize), mean density, my = h/(a?,/TiGp) andgmin = A%/ (2pa?), e.g. for
a Milky-Way-sized halomy ~ 1058 g andgmin ~ 10~76 erg cn¥.

respectively. The critical lines are shown in Figure 1 suwt the CDM halo rotation

velocity Q for thosee-values equals the critical valie; above which a vortex forms.

For each critical line, no vortex is allowed for parametershe space above the line
(higherA — higher curves).

In the strongly-coupled regime, non-rotating BEC halosravgational equilibrium
are (n=1)-polytropes (see e.g. [3], [4]), which is approaiaty valid, too, for CDM halo
A-values. The resulting relationship betwespmy and g/gmin is plotted in Figure 1
as well. Since the BEC parameters which satisfy that reiatigp are all well below
our critical curves for whicl2 = Q;, BEC/CDM halos, in general, will typically form
vortices. However, vortex creation causes the central Halwsity to drop. If BEC
halos form with substantially lower central densities tldanstandard CDM halos, the
ability of baryons there to radiatively cool and condensbedoome self-gravitating, a
precondition for star formation, will be suppressed.
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