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e As its name suggests, dark matter does not interact strongly with SM
particles and is thus hard to detect. Still, there are many searches

under way attempting to observe it including direct, indirect, and
collider experiments.
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e However, some models are inaccessible (incredibly low observable
signal) not because they lack a strong coupling to the standard
model, but because the pathway to interaction is missing a crucial
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collider experiments.
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- Example: asymmetric dark matter missing its antiparticle and thus
preventing annihilation to the visible sector.
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e As its name suggests, dark matter does not interact strongly with SM
particles and is thus hard to detect. Still, there are many searches
under way attempting to observe it including direct, indirect, and
collider experiments.

e However, some models are inaccessible (incredibly low observable
signal) not because they lack a strong coupling to the standard
model, but because the pathway to interaction is missing a crucial
component.

- Example: asymmetric dark matter missing its antiparticle and thus
preventing annihilation to the visible sector.

e How can these models be tested?

e The answer: black holes, particularly primordial black holes.
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Primordial Black Holes

e Dark matter candidates themselves, PBHs have an interesting
property whereby they radiate particles through Hawking radiation.
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e Dark matter candidates themselves, PBHs have an interesting
property whereby they radiate particles through Hawking radiation.

e Hawking radiation emits a spectrum of all accessible particles
(m < Tppn) including dark sector particles.
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Primordial Black Holes

e Dark matter candidates themselves, PBHs have an interesting
property whereby they radiate particles through Hawking radiation.

e Hawking radiation emits a spectrum of all accessible particles
(m < Tppn) including dark sector particles.

e The introduced particles can provide the necessary components to
activate the otherwise dormant dark matter.
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Primordial Black Holes

Dark matter candidates themselves, PBHs have an interesting
property whereby they radiate particles through Hawking radiation.

e Hawking radiation emits a spectrum of all accessible particles
(m < Tppn) including dark sector particles.

e The introduced particles can provide the necessary components to
activate the otherwise dormant dark matter.

e Ultimately, the new dark matter signal is associated with the PBH
signal as the maximum the DM signal is tied with the dark sector
production rate.
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Framework
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/i.triggeron
Primordial BH
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Milky Way center

iii. gamma-ray v ®

e The galactic dark matter halo is comprised of two constituents
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e The galactic dark matter halo is comprised of two constituents
- Dormant particle DM (pDM)

o Has a coupling to the SM but rates are low due to a low abundance of
a necessary component of the interaction
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o Has a coupling to the SM but rates are low due to a low abundance of
a necessary component of the interaction

- PBHs

e PBHs emit Hawking radiation which includes all accessible particles
- Including the necessary elements for DM/SM interactions (triggeron)
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e PBHs emit Hawking radiation which includes all accessible particles
- Including the necessary elements for DM/SM interactions (triggeron)

e The triggeron travels through the halo and interacts with pDM.
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Framework

Dormant particle
DM (pDM) 4»/'

i mediator Observer
iii. gamma-ray v ®
/i.triggsron
Primordial BH
(PBH) °

Milky Way center

e The galactic dark matter halo is comprised of two constituents

- Dormant particle DM (pDM)

o Has a coupling to the SM but rates are low due to a low abundance of
a necessary component of the interaction

- PBHs
e PBHs emit Hawking radiation which includes all accessible particles

- Including the necessary elements for DM/SM interactions (triggeron)
e The triggeron travels through the halo and interacts with pDM.
e This interaction produces a mediator which decays into SM particles

which can be observed.
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Observed Flux

) ) ) @
e The total flux involves a line of sight @ o

integration over all dark matter distances €™~
within the region of interests as well as
integration over all PBH locations and
the probability to reach the annihilation
site. (See the paper for details.) e

6
a0y _ dQ / de / dFtrg / dvp | 4n d Ny
dE 471' dE dQ'yP’ dtdEtrgdVp dVp
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served Flux

e The total flux involves a line of sight :M 6
integration over all dark matter distances @<
within the region of interests as well as
integration over all PBH locations and ‘

the probability to reach the annihilation
site. (See the paper for details.) e

6
a9y _ dQ / de / dFtrg / dvp | 4n d Ny
dE 471' dE dQ'yP’ dtdEtrgdVp dVp

dSN, B d*Nann d?>N,
dE,dQ, prdtdBugdVp dVp — dtdEngdVpdVp dE4dQ.,p

d4Nann (Tv S, U, Etrg) _ NPBH (Q) d2 Ntlrl;BH (Etrg) dPann (7"7 S, U, Etrg)

dtdErgdVp: dVp 4ms? dt dFirg ds

dPann(r, s, u, Firg)

ds = npDM("’) Uann(Etrg) exp |:_5 Uann(Etrg) /dz npDM(Ir + ZS'):|
0
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Boosted anti-Dark Matter (BaDM): Broad Spectrum

emission: PBH — ¥
BaDM model: annihilations: Yy — ¢¢
decays: » =y

Kinematics: my < my < O(few) x Tppy
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Boosted anti-Dark Matter (BaDM): Broad Spectrum

emission: PBH — ¥
BaDM model: annihilations: Yy — ¢¢
decays: » =y

Kinematics: my < my < O(few) x Tppy

my=3Mev [ 7]

10°° 1072 0.1 1 10 10*
E, [MeV]
Normalized Photon Spectra for Constant Ey
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Boosted anti-Dark Matter (BaDM): Broad Spectrum

emission: PBH — ¥
BaDM model: annihilations: Yy — ¢¢
decays: » =y

Kinematics: my < my < O(few) x Tppy
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Dipole Transition Dark Matter (DTDM): Line-like Spec.

emission: PBH — W%
DTDM model: annihilations: Wy, — Wy,

decays: X2 = X17Y

(but not: X2 x1W')

Kinematics: Am < my < O(few) x Tppg < m
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Dipole Transition Dark Matter (DTDM): Line-like Spec.

emission: PBH — W¢

annihilations: Wy, — Wy,

DTDM model:
decays: X2 = X17Y

(but not: X2 x1W')

Kinematics: Am < my < O(few) x Tppg < m
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AmegoX: Detection and Distinguishability — BaDM

e PBH parameter space in which AmegoX can detect a BaDM signal from the

background as well as when it can distinguish it from a SM PBH signal
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AmegoX: Detection and Distinguishability — DTDM

e PBH parameter space in which AmegoX can detect a DTDM signal from

the background as well as when it can distinguish it from a SM PBH signal
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e Some dark matter models are “dark” because part of the interaction
is missing.

e PBHs can produce these missing elements through Hawking
radiation, overcoming the restrictions.

e This results in a correlation between PBH and DM signal rates with
the maximum DM rate corresponding to the rate of production from
PBH.

e Future detectors will have the capability of probing these otherwise
“inaccessible” models with first observation of PBH occurring earlier
due to increased photon production.
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Thank You!
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