
The Effect of Stellar Velocity on Dark Matter 

Capture Rates of Pop III  Stars

Background
• Population III stars were the first stars to form in the universe.

• They likely formed near dense regions of dark matter, called dark matter

halos, out of hydrogen and helium. Pop III stars have low metallicity and

are large in size.

• If Population III stars capture dark matter, it has been previously shown

that this may increase their luminosity closer to the Eddington limit

• Pop III stars capture dark matter when the velocity of a dark matter

particle falls below the escape velocity of the star.
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Capture Rates: Single- and Multi-

scatter Formalisms
• When dark matter is light in mass, it only needs to collide with a nucleon

once (single scatter). The rate is found using the equation below ([1]):
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• In this regime, the total capture rate is found by integrating over the

volume of the star.

• When dark matter is heavier, it loses less energy per collision, needing

multiple scatters to be successfully captured by the star. The rate after N

collisions is ([2, 3]):
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• For a star at rest with respect to the dark matter halo, we assume a

Maxwell-Boltzmann distribution, and the multi-scatter capture rate

equation is as follows, where 𝑣𝑁 is the velocity afterN scatters ([2, 4]):
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• The total capture rate in this regime is obtained by adding the capture

rates afterN scatters.

Velocity Distributions
• The dark matter capture rate of Pop III stars typically assumes a Maxwell-

Boltzmann distribution of the particles in the star and halo ([1, 5]):
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• If a star is moving relative to the dark matter halo, this distribution must

be modified, or boosted ([1, 2]):
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• 𝜂 is related to the velocity of the star relative to the dark matter halo by
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, and 𝑣 is the velocity of the star relative to the dark matter halo

[5].

• To account for this relative motion while using the previously-discussed

formalism, one must integrate over this boosted distribution instead of the

Maxwell-Boltzmann distribution.
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Conclusion
• Stellar velocity significantly decreases the capture rate of dark matter in

Pop III stars for high dark matter masses(~10^6 GeV).

• This suppression in capture rate tends to be of a constant value in both

low and high mass regimes of dark matter.

• This study may be extended by considering how the suppression is

dependent on the value of 𝜂.
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• Stellar motion has an extreme effect on the total dark matter capture rate.

See Figure 1.

• Increasing the value of 𝜂 by ~1 order of magnitude produces a reduction in

the total capture rate of a Population III star by over 40 orders of

magnitude when the mass of dark matter is high

• Parameters used: 12 solar mass, 1.43 solar radius Population III star with

a dark matter density of 10^9 GeV/cm^3 and ҧ𝑣 = 10 km/s.

• Figure 2 represents the ratio of the capture rate obtained using a boosted 

distribution and a non-boosted Maxwell-Boltzmann distribution (𝜂=0). 

• The boosted result produces an almost constant multiple of the Maxwell-

Boltzmann result in both the single- and multi-scatter regimes. 

• By 𝜂=6, the ratio is already repressed almost to 0 for high dark matter 

masses.
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