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Dark Matter

• Rotation of galaxies required more mass (Rubin & Ford, 1970) → dark matter (DM)

• Observed indirectly via gravitational lensing, anisotropies in CMB and large-scale 
structure

• Nature of DM

• Particle?

• Extra dimensions??

• ???
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Primordial Black Holes

• Formed in early Universe

• Candidate for DM within 
Standard Model physics 
(Montero-Camacho et. 
al., 2019)

Asteroid mass

Microlensing



Galactic 
Center is 

CROWDED

Photon production
𝑒± production

Microlensing

• ~ GeV scales constrained

• Constrains PBH mass ~  
<1017 g

• Galactic high energy 
surveys

• ?Energy gap ~ 0.1-1 MeV?
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Photons:

Fermions:

PBH

HAWKING RADIATION

• Black hole temperature 

• 𝑇𝐻𝑎𝑤𝑘𝑖𝑛𝑔 =
𝑐3ℏ

𝐺𝑘𝑏

1

8𝜋𝑀
 

•  Smaller masses = higher temperature

• 𝑀 < 1017g (𝑇𝐻𝑎𝑤𝑘𝑖𝑛𝑔 ∼ 100 keV), 

thermal emission of electron-positron 

pairs

𝑡𝑒𝑣𝑎𝑝 ∼ 1067
𝑀

𝑀⊙

3

𝑦𝑒𝑎𝑟𝑠



Radiative Corrections

• Interactions (𝑂 𝛼  
corrections) could produce 
dominant signal for lower 
mass range of asteroid 
mass PBHs (Coogan et. al., 
2019) 



Our Work

• Dissipative 𝑂 𝛼  correction using quantum 
electrodynamics in curved spacetime 
(Schwarzschild)

• Only 𝑒±

COOGAN ET. AL., 2019

• O α  correction to Hawking radiation in flat 

spacetime

• Various particles (𝑒±, 𝜋±, etc.)
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spacetime
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High energy surveys could provide constraints on PBH DM from 
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BH

Recipe and Ingredients 

• Quantum fields on a classically curved geometry (BH background)

• Start with the classical actions for Dirac and EM

• Canonical quantization (mode functions for the respective fields)

• Time dependent perturbation theory to 𝑂 𝛼

• Spectra from interactive effects
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RESULTS
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• 𝑂(𝛼) correction to Hawking 

spectrum

• Photons escaping BH

• It’s a lot…
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𝑅1,ℓ,𝜔
2

 reflection to horizon
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𝑅1,ℓ,𝜔
2

 reflection to horizon

𝑇1,ℓ,𝜔
2

 transmission to infinity (escapes BH)

𝑅𝑒{𝑅1,ℓ,𝜔𝑇1,ℓ,𝜔
⋆ } interference of both processes

Pair production and bremsstrahlung interactions

Dissipative Interactions
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Dissipative Spectrum 
Processes

See interactions that refer to inner bremsstrahlung radiation 
and to pair production/annihilation
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Dissipative Spectrum 
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Corrected Spectrum Results



Corrected Spectrum Results

We see the order 
alpha corrections 
dominate at low 
energies

There are regions with 
extra emission and 
others with extra 
absorption 
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M= 2 x 1016 g M= 1.7 x 1017 g 



27

M= 2 x 1016 g M= 1.7 x 1017 g 

Our work
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M= 2 x 1016 g M= 1.7 x 1017 g 

Our work

Other methods
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Conclusions

• Account for conservative interactions (vacuum polarization; renormalization)

• Fermion Spectra

• Correction to Hawking spectra for spinning (Kerr) black holes

• Takeaway: Rigorous corrections to Hawking radiation could constrain 
PBHs as DM candidate via MeV surveys 

Interested in our 
research? Scan here!
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[Target]

Dark Matter 

(halos)

[Probe]

Hawking 

radiation 

spectra

[Candidate]

Primordial 

black holes
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Electron wavefunction

Photon wavefunction
Parity

Selection

rules

Horizon to infinity
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• Optical microlensing constrains 
large mass end of PBHS

• Broad range of optical effects, 
masses, and cutoffs

• Constrains PBH masses ~ > 1021 g

Microlensing Constraints
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• Optical microlensing constrains 
large mass end of PBHS

• Broad range of optical effects, 
masses, and cutoffs

• Constrains PBH masses ~ > 1021 g

Microlensing Constraints

Event rate for microlensing

Fujikura, Hertzberg, et. al., 2021
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Free fields
(Past work)
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Free fields
(Past work)

Dissipative
(This work, examples of interactions)
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Free fields
(Past work)

Dissipative
(This work, examples of interactions)

Conservative
(Future work)
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