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Dark Matter Interpretation of the Galactic Center Excess

(€d3)

e An excess of photons has been measured originating from the central
region of the Milky Way.
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Dark Matter Interpretation of the Galactic Center Excess

(€d3)

e An excess of photons has been measured originating from the central
region of the Milky Way.

e One possible explanation is that it originates from dark matter
interactions.

e However, this explanation is in tension with other similar
measurements, in particular, gamma ray measurements from dwarf
satellite galaxies.
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Dark Matter Galactic Indirect Detection

e Measurements incorporate both particle and galactic properties to
calculate the expected flux

(Uann'U>

do dN Wro X Jann (annihilation)
X
dE, ~ dE, m X Jaecay (decay)

e In many cases, the equations are separable into a particle physics
portion and an astrophysical part, the J-factor.

Jomn —/ / P AR Jgecay = / / r) dedQ
ROI Jlos ROI Jlos
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Dark Matter Galactic Indirect Detection

e Measurements incorporate both particle and galactic properties to
calculate the expected flux

d®  dN “g;%n;’ir‘)xJann (annihilation)
dB, ~ dB, T X Jdecay  (decay)

e In many cases, the equations are separable into a particle physics
portion and an astrophysical part, the J-factor.

Jomn —/ / P AR Jgecay = / / r) dedQ
ROI Jlos ROI Jlos

e In practice, Jann incorporates integration over the phase space of
both parents.
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Boosted Dark Matter

e Instead of a single dark matter, multiple models have been proposed
that constitute a dark sector.

e These models can lead to interesting dynamics.

e One such property is producing boosted particles.
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Boosted Dark Matter

e Instead of a single dark matter, multiple models have been proposed
that constitute a dark sector.

e These models can lead to interesting dynamics.
e One such property is producing boosted particles.

e In light of the GCE, these boosted particles will then have additional
energy and can escape out of the galaxy.

e This alters the expected observable signal.

S. J. Clark (sclark@hood.edu) Low Boost Annihilation May 15, 2024 4



Boosted Dark Matter

e Instead of a single dark matter, multiple models have been proposed
that constitute a dark sector.

e These models can lead to interesting dynamics.
e One such property is producing boosted particles.

e In light of the GCE, these boosted particles will then have additional
energy and can escape out of the galaxy.

e This alters the expected observable signal.

e What happens to the galactic signals from these boosted models?
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Toy Model

e Two-part dark matter x; and x2 with m,, > m,,

e Y1 annihilates to 2 with a boost.

- Rates are similar to thermal dark matter and x; can be viewed as the
standard dark matter.

® o annihilates and produces a SM observable signal.
- X2 rates are much larger than x; annihilation.

X1X1 — XS + Xlﬁ

X2 + X2 — SM observable
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Toy Model
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o If my, > m,,, then x2 will be highly boosted and escape out of the
galaxy. (See Phys. Rev. D 103, 083006 (2021); arXiv:2007.04971
[astro-ph.CO])
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Toy Model
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o If my, > m,,, then x2 will be highly boosted and escape out of the
galaxy. (See Phys. Rev. D 103, 083006 (2021); arXiv:2007.04971
[astro-ph.CO])

o If m,, < m,,, the x2 population will reach a steady state solution as
a combination of x; annihilation products that remain in the galaxy
and 9 annihilation.
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Toy Model

@ XX — Xboost T -
@ Xboost TX >V + -
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extragalactic

DM halo

o If my, > m,,, then x2 will be highly boosted and escape out of the
galaxy. (See Phys. Rev. D 103, 083006 (2021); arXiv:2007.04971
[astro-ph.CO])

o If m,, < m,,, the x2 population will reach a steady state solution as
a combination of x; annihilation products that remain in the galaxy
and 9 annihilation.

- The observable signal rate is proportional to the yo capture rate.
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Low boost scenario

e For small boosts, parent velocities are no longer negligible leading to
a velocity distribution in the galactic frame.

Ve
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Low boost scenario

e For small boosts, parent velocities are no longer negligible leading to
a velocity distribution in the galactic frame.

Ve

X2t v

e For the daughter particles to remain bound to the galaxy, their total
energy must remain negative.
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Low boost scenario

e For small boosts, parent velocities are no longer negligible leading to
a velocity distribution in the galactic frame.

Ve

X2 ' Vi
e For the daughter particles to remain bound to the galaxy, their total
energy must remain negative.
e This leads to the condition

20 + 92 + 2
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Capture

e For various kick velocities, the capture rate is maximal until a critical
speed is reached.

e Afterwards, the rate quickly decreases to no capture.
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Galactic Signals

e Due to their size differences, dSphs require a lower boost to achieve
escape velocity than the Milky Way.
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Galactic Signals

e Due to their size differences, dSphs require a lower boost to achieve
escape velocity than the Milky Way.

e This can lead to a dramatically smaller capture percentage and a
much smaller expected signal.
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e Boosted dark matter models can lead to additional galactic
dependencies for indirect detection methods.

e These dependencies can lead to a transition between no modification
to complete suppression of signals within narrow model parameters.

e To identify these properties from other models, observations of a
variety of galactic sizes are required.
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Thank You!

S. J. Clark (sclark@hood.ed Low Boost Annihilation May 15, 2024 11



