Dark Radiation &
Superheavy Dark Matter
from Black Hole Domination
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Black Hole lemperature

e Every black hole emits like a blackbody at a

temperature Bekenstein 1973; Hawking 1974).




Black Hole lemperature

e Every black hole emits like a blackbody at a
lempe rature (Bekenstein 1973; Hawking 1974).




Black Hole lemperature

e Every black hole emits like a blackbody at a
lempe rature (ekenstein 1973: Hawking 1974).

M2




Black Hole Evaporation
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Evaporation [imescales

e Since T ~ s x (Mi/1099g)3:

e tuniv ~ 1018 s = black holes as (component
of) stable relic DM must have M; =z 101°

e Intermediate mass black holes constrained by




Black Hole Energy Density
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Black Hole Energy Density
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Black Hole Energy Density

O(SM)rad ~ @, Ppom ~ a3

no domination black hole domination

Radiation Black Holes

Matter-Radiation Equalit
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Black Hole Reheating
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Black Hole Reheating
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* It's possible that black holes are the dominant
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Dark Radiation,

 Number of degrees of freedom in radiation at
CMB is conventionally parameterized by ANef:
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Dark Radiation, |

Current Limit (BBN)

Current Limit (CMB)

Stage IV CMB (Projection)




Dark Radiation,

 How light must such a state be to be radiation?
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Heavy Dark Matter

Two different regimes:

(see also Morrison et al., 1.812.1.0606) (see also Lermoln etal.,, 1712.07664)
‘freeze-in like” ‘freeze-out like”
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Heavy Dark Matter

Two different regimes:
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Excluded by BBN




Heavy Dark Matter

Two different regimes:

!_ “tfreeze-out like” !I

No Needs to be accounted for by black hole evap. as well

Excluded by BB

|
|
|
|
|
|
I




Outline

. The Mass Range of Primordial Black Holes

. Dark Radiation




Some Things You
Might Worry About

Very) early universe conditions:




Some Things You
Might Worry About

Very) early universe conditions:

e formation of binaries




Some Things You
Might Worry About

Very) early universe conditions:

o rmation of binaries




Some Things You
Might Worry About

Very) early universe conditions:

e formation of binaries




Accretion

Bondi-Hoyle accretion... e
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Future Directions

® [nteresting possibility for a “nightmare-scenario’
decoupled dark sector

e Potentially observable in CM
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Black nole mergers

Sinary capture in the early universe...

Quinlan and Shapiro,
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Binary Formation During
Radiation Domination
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Inspiral
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Results

OBH/Qsm at 1

Li6/Li7 He3/D

Carr, Kohri,
10 11 12 13 S
LOglo(M/g) 0912.5297

& PRD



EGB constraints from Carr et al. 2010
Planck constraints w/ full treatment

CoRE-like experiment

105 101
mpBH (]

Stocker, Kramer,
Lesgourgues,
Poulin,
1804 01841 &
SEAE



Next Steps

 Updated observations and nuclear rates
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e Effects on CMB spectral distortions
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Next Steps

 Updated observations and nuclear rates

e Effects on CMB spectral distortions

* Large number of extra sectors (N-naturalness




