
Michael J. Baker

Novel Applications of 
Primordial Black Holes

2105.10506, 2210.02805 - MJB, A. Thamm

19th Rencontres du Vietnam – TMEX 2023

07 January 2023

https://arxiv.org/abs/2105.10506
https://arxiv.org/abs/2210.02805


Michael J. Baker

Novel Applications of 
Primordial Black Holes

2105.10506, 2210.02805 - MJB, A. Thamm

19th Rencontres du Vietnam – TMEX 2023

07 January 2023

https://arxiv.org/abs/2105.10506
https://arxiv.org/abs/2210.02805


2

Outline



2

Outline

• Introduction



2

Outline

• Introduction

• Black Hole Evaporation



2

Outline

• Introduction

• Black Hole Evaporation

- Standard Model



2

Outline

• Introduction

• Black Hole Evaporation

- Standard Model

- Beyond the Standard Model



2

Outline

• Introduction

• Black Hole Evaporation

- Standard Model

- Beyond the Standard Model

• Conclusions



PBH formation



PBH formation

Event Horizon Telescope Collaboration



PBH formation

Event Horizon Telescope Collaboration



Hawking Radiation



Hawking Radiation

e+

e−



Hawking Radiation

e+

e−

e+

e−



Hawking Radiation

e+

e−

e+

e−

χ̄

χ

?



Hawking Radiation

e+

e−

e+

e−

<latexit sha1_base64="HqXvxh3UxLBXyh9xP7oXQJVWwFw="></latexit>

<latexit sha1_base64="HqXvxh3UxLBXyh9xP7oXQJVWwFw="></latexit>
<latexit sha1_base64="HqXvxh3UxLBXyh9xP7oXQJVWwFw="></latexit>

<latexit sha1_base64="HqXvxh3UxLBXyh9xP7oXQJVWwFw="></latexit>

<latexit sha1_base64="HqXvxh3UxLBXyh9xP7oXQJVWwFw="></latexit>

<latexit sha1_base64="HqXvxh3UxLBXyh9xP7oXQJVWwFw="></latexit>

<latexit sha1_base64="HqXvxh3UxLBXyh9xP7oXQJVWwFw="></latexit>

<latexit sha1_base64="HqXvxh3UxLBXyh9xP7oXQJVWwFw="></latexit>

χ̄

χ

?



Hawking Radiation

Lifetime:  years1067

6

60 nK

6 km

Mass: Sun



Hawking Radiation

Lifetime:  years1067

6

60 nK

6 km

Mass: Sun

 years1044

3 K ~ CMB

0.1 mm

Moon



Hawking Radiation

Lifetime:  years1067

6

60 nK

6 km

Mass: Sun

 years1044

3 K ~ CMB

0.1 mm

Moon

13.8 Gyr

 K1012

0.1 rp

10 x



Hawking Radiation

Lifetime:  years1067

6

60 nK

6 km

Mass: Sun

 years1044

3 K ~ CMB

0.1 mm

Moon

13.8 Gyr

 K1012

0.1 rp

10 x

1 s

 K~  GeV1018 105

10−6 rp



7

Primordial Black Holes



7

Primordial Black Holes

• Motivations

- Remove unwanted monopoles or domain walls

- Seeds for SMBHs or LSS

- Dark matter?



7

Primordial Black Holes

• Production mechanisms

- Density perturbations generated during inflation

- Topological defects

- Scalar condensates

- First order cosmological phase transition

• Motivations

- Remove unwanted monopoles or domain walls

- Seeds for SMBHs or LSS

- Dark matter?
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Overview

• So,
- There could be black holes which are evaporating today
- As the black hole shrinks, it heats up (finally reaching )T ∼ MPl
- The black hole radiates all fundamental d.o.f. (SM and BSM) lighter than T
- Experiments are currently looking for their final explosion

• We ask the question:
- What could we learn about BSM physics if an evaporating black hole 

were observed today?
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Primary and Secondary Photon Spectra
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Photon Spectra at HAWC

Normalised
 = 0.01 pcd
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Dark Sector Exclusion Plot
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≳
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Clustering (e.g., by 7 orders of mag.), QCD, BSM
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• Evaporating Black Holes could potentially be observed in the near future

• They would give us unprecedented information on BSM physics, and 
give definitive information on the particle spectrum of nature

• More work to be done to see if it’s reasonable to hope for an observation

Thank you!

Conclusions


