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Question and motivation

Overarching question
Can evaporating primordial black holes (PBHs) make a substantial fraction — or even all — of
today’s cold dark matter, assuming a WIMP-like dark matter particle?

® PBHs emit into all kinematically allowed states, even if those states couple only very
weakly to the Standard Model.

® That makes PBHs an attractive non-thermal engine for dark-matter production.

® But the same fact creates the bottleneck: emission into any one final state is usually only
a small fraction of the total PBH energy budget.
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Where this talk fits

This work extends the PBH-evaporation dark matter program by including the full heavy SUSY spectrum, scalar-enhanced
emission, and cascade decays into the final LSP.
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Minimal SUSY as a model dark sector
Beyond the usual simplified picture

The goal is to determine how much of ® Go beyond treating dark matter as a single
the initial PBH mass ends up in the isolated particle species
final dark-matter population, rather ¢ Include the full heavy SUSY sector and

than being lost to Standard Model

. Han® cascade decays to the LSP
particles or excess kinetic energy.

® |mprove the treatment of massive-particle
emission from PBHs

e Track the role of scalar-rich spectra and
greybody effects near threshold

Working idea

If dark matter lives inside a larger SUSY-like sector, the final DM yield can be much larger than
in a single-particle dark-matter model.
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Question and motivation
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Carr, Bernard, et al. "Constraints on primordial black
holes." Reports on Progress in Physics 84.11 (2021):
116902.
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Our assumptions

® Very little DM produced by freeze-out/freeze-in.

e All/most DM are from PBH decay.

® PBH mass function narrowly peaked around some intitial Mpy.

® |gnoring question of memory burden in BH decays.

e All "dark sector"/ SUSY states except DM are degenerate.

® Heavy dark states decay to SM particles + 1 LSP/DM particle (e.g., R-parity).
® PBHs never dominate universe's energy density.
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How the calculation works

® |nputs:
Mgy = initial PBH mass,
mpy = DM (or LSP) mass . mpM
o = compression = <1
Mheavy = Mass of rest of SUSY states Mpeavy
® Start from Hawking emission from a PBH of a given initial mass.
[}

Compute how many heavy SUSY states and LSPs are emitted over the black hole lifetime.
Convert that into a dark matter production efficiency 1: how much of the PBH mass ends up in
dark matter mass.

e Compare our derived semi-analytic approximation directly to a modified BlackHawk calculation.

Two questions matter in the end: Can PBHs make enough dark matter? and Can they do
it without disrupting the ACDM cosmology, i.e., without requiring an early matter
domination?
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Dark-matter production efficiency

We define the efficiency 1 of the production of DM particles of mass mpy; by a PBH of mass
MBH as

o= Npymmpwm
~ Mpn
where Npys is the total number of DM particles produced by the PBH.
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Dark-matter production efficiency
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® The gray curve is the minimum efficiency needed to avoid an early PBH-dominated era.

® Colored curves above the gray curve are potentially viable before applying the full BBN constraints.

Main takeaway

Heavy SUSY states and cascade decays can substantially increase the final LSP yield to avoid an early PBH-dominated
era, especially when the PBH temperature is well matched to the SUSY mass scale.
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Zooming in on BBN constraints

PBH mass fraction at formation time t;:
tr as 3 = ppeu(tr)/pr(tf).

What the figure shows

® The region above BBN limit is ruled
out.

® Single-particle dark matter is
strongly constrained.
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Zooming in on BBN constraints

What the figure shows o TSPy
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Representative result

For o ~ 1, PBHs up to about 10*° g can produce LSP dark matter down to roughly 500 GeV while remaining
BBN-safe and avoiding an early PBH-dominated era.
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Zooming in on BBN constraints

The minimum values of 3 required to
produce all of the cold DM for a given 1077
PBH mass Mgy regardless of DM mass:

-19 |
1 10

. M 2
BSmEe DM (M) & 1.72x 10723 (gBH) ;-

10721 L

1 102
2
SUSY (Mpp) &~ 4.93 x 1072 (MBH> :

g 1x10° 5x10°  1x10" 5x10  1x10"
BH Mass (g)

12/13



Take-home messages and outlook
Take-home messages

® PBHs remain viable non-thermal sources of weak-scale dark matter.
® Realistic heavy spectra and scalar-rich sectors can substantially increase the final DM yield.

® Once these effects are included, viable SUSY parameter space remains after cosmological
constraints are applied.

v

The next step is to extend this picture beyond the MSSM toward broader hidden-sector spectra
and PBH formation scenarios tied to the same mass scale that makes evaporation efficient.

v

Thank youl!
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