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Asteroid-mass PBHs (1015 g to 1020 g)
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Hawking radiation[Nature 248 (1974) 30–31]

Lifetime of a black hole
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Coogan et al, 2010.04797

Monochromatic mass function

Existing:
Extragalactic 𝛾-rays
Galactic 𝛾-rays
𝑒± (Voyager 1)
CMB distortion

See also 
Ray et al, 2102.06714;
Ghosh et al, 2110.03333
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This talk:
• Concrete formation mechanisms;
• Extended mass function, and hence more realistic;
• Combining the stochastic gravitational waves signals;
• Can identify the origin of PBHs!

Coogan et al, 2010.04797

Monochromatic mass function

Existing:
Extragalactic 𝛾-rays
Galactic 𝛾-rays
𝑒± (Voyager 1)
CMB distortion

See also 
Ray et al, 2102.06714;
Ghosh et al, 2110.03333



The novelty of our work
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AMEGO-X (2028)
e-ASTROGAM (2029)
XGIS-THESEUS (2032)

Gamma-rays only

LISA (2030s)
TianQin, Taiji (2030s)

Gravitational waves only

Combination!

Not only detect PBHs,
but also identify the origin!



The PBH formation mechanisms
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• Collapse of solitons from FOPT;

• Cosmic strings

Ballesteros et al, 1709.05565

Baker et al, 2105.07481
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Kawana and KPX, 2106.00111

• Direct collapse from FOPT;

• Density perturbation during inflation;
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• Direct collapse from FOPT;

• Density perturbation during inflation;



PBHs from density perturbation during inflation
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The curvature perturbation 
power spectrum
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PBH mass peak

Figure from talk of Dr. Shao-Jiang Wang

Carr et al, Mon. Not. Roy. Astron. Soc. 168, 399 (1974)
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Figure from talk of Dr. Shao-Jiang Wang

The curvature perturbation 
power spectrum

Ballesteros et al, 1709.05565

CMB

PBHs
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Very high peak!

Carr et al, Mon. Not. Roy. Astron. Soc. 168, 399 (1974)
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• Collapse of solitons from FOPT;

• Cosmic strings

Ballesteros et al, 1709.05565

Baker et al, 2105.07481
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• Direct collapse from FOPT;

• Density perturbation during inflation;



PBHs from a FOPT
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Fermions get trapped and squeezed in the false vacuum
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The minimal Lagrangian

When 𝑀! ≫ 𝑇∗, particles are reflected!

Fermions get trapped and squeezed in the false vacuum

Two scenarios:
1. Annihilation is suppressed by 

taking 𝑦# ≲ 10$%/ &∗
'(# )*+

;

2. There is a 𝜒-asymmetry (i.e. 
asymmetric dark matter)
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The annihilation is suppressed: 𝑦# ≲ 10$%/ 𝑇∗/PeV

Baker et al, 2105.07481

Collapse happens when
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Technique from:
Lu, Kawana and KPX, 2202.03439

Gamma-rays
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𝜶 𝜷/𝑯∗ 𝑻∗ 𝒗𝒘
0.25 1.7 6.4×10' GeV 0.44

0.24 2.3 1.2×10. GeV 0.59

0.21 2.3 2.2×10. GeV 0.57

0.63 2.8 4.1×10. GeV 0.72

Gravitational waves
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There is a 𝜒-asymmetry: only 𝜒 survives the annihilation 
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Hong, Jung and KPX, 2008.04430
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There is a 𝜒-asymmetry: only 𝜒 survives the annihilation 
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Lu, Kawana and KPX, 2202.03439𝜶 𝜷/𝑯∗ 𝑻∗ 𝒗𝒘 𝜼𝝌

0.99 3.9 2.5 GeV 0.78 1.5×10$"(

0.75 25 0.33 GeV 0.80 2.4×10$"+
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Gamma-rays

Gravitational waves
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• Collapse of solitons from FOPT;

• Cosmic strings

Ballesteros et al, 1709.05565

Baker et al, 2105.07481
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• Direct collapse from FOPT;

• Density perturbation during inflation;



Carr et al, 2002.12778

PBHs from cosmic string collapse
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Hawking, PLB 231, 237 (1989)

Cosmic string

String networks

Small loops

PBHs
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No hope to detect😅 PBHs exist until today



Summary & Thank you!
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1. Inflation-induced PBHs
2. FOPT-induced PBHs (1): 

direct collapse
3. FOPT-induced PBHs (2): 

soliton collapse
4. Cosmic string


