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This dissertation aims to investigate two events, general relativistic effects on photon
spectra and constraints on primordial black hole abundance, in the mixed dark matter

scenario.

The primary objective of this study is to explore the viability of a mixed dark matter
scenario, in which dark matter halos are formed via the gravitational capture of
particle dark matter by primordial black holes. Dark matter is thought to constitute
approximately 26% of the total energy density of the space, as inferred from various
observational evidence such as cosmic structure formation, galactic rotation curves,
and the cosmic microwave background. Nevertheless, its fundamental properties - such
as its mass, cross-section, and lifetime - remain unknown. Resolving the nature of dark
matter thus remains one of the most critical challenges in modern cosmology, particle
physics, and astrophysics.

Among various theoretical candidates, increasing attention is being paid to the mixed
dark matter scenario, in which both primordial black holes and particle dark matter
(specifically WIMPs) coexist. Primordial black holes, which are believed to have formed
from density fluctuations in the early universe, can gravitationally attract surrounding
particle dark matter, leading to the formation of exceptionally dense halos. Also, the
structure of these dark matter halos has been extensively discussed based on various
numerical simulations. While the properties of the innermost region remain a subject

of ongoing debate, the characteristics of the outer regions are well-established.

In this thesis, I focus on two primary investigations.

First, we investigate the unique general relativistic effects that arise in these
environments. In the vicinity of a primordial black hole, the strong gravitational
potential affects not only the dynamics of the particle dark matter decay or
annihilation. Therefore, general relativistic effects are expected to leave distinctive
signatures on the observed photon spectra. To address this, we developed a theoretical
framework incorporating the Schwarzschild spacetime assuming non-rotating
primordial black holes formed during the radiation dominated era. By modeling the
halo as a static, spherically symmetric equilibrium state within general relativity, we

consistently evaluate the resulting photon emission. These results were compared with



non-relativistic approximations to quantify the impact of gravitational redshift and
spacetime curvature.

Second, we evaluate the fraction of primordial black holes relative to the total dark
matter abundance. Various observational studies have already imposed stringient
constraints on the fraction of primordial black holes within single component dark
matter models. These limits are derived from diverse physical phenomena, including
Hawking radiation for lower mass primordial black holes and gravitational lensing
effects for those in higher mass ranges and so on. In contrast, the mixed dark matter
scenario remains relatively unexplored despite its significance. Therefore, we
calculated the expected photon flux by considering four distinct emission channels: the
direct photon emission channel, and the secondary channels involving bb, 7+ 7~, and
W* W~ states. By applying these calculations to the mixed dark matter model and
comparing the predicted fluxes with observational data from Fermi-LAT and MAGIC,

we derived new constraints on the primordial black hole abundance.

Our analysis demonstrates that the mixed dark matter scenario introduces a novel
perspective on the composition of the universe. For the first investigation, we have
shown that general relativistic corrections are indispensable for an accurate
description of the photon spectra. The gravitational redshift suppression and
deformation of the flux, providing a unique theoretical signature of the mixed dark
matter model.

For the second investigation conducted within a practical observational framework, the
constraints derived from Fermi-LAT and MAGIC data show that the coexistence of
primordial black holes and WIMPs significantly alters the allowed parameter space for
dark matter. By incorporating for distinct emission channels, we have provided a more
comprehensive evaluation of the photon flux than previous studies. The intensified
dark matter density leads to stringent new limits on the primordial black hole fraction.
Ultimately, these findings suggest that the mixed dark matter population offers a
critical testing field for indirect detection searches. This study establishes a robust
bridge between astrophysical halo modeling and gamma-ray observations, offering a
new window into the early universe and providing essential constraints on the

fundamental nature of dark matter components.
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