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Motivation

 Primordial black holes (PBHs) are an attractive candidate for dark matter.

 A first-order phase transition, in which the false-vacuum “islands” can linger, 

possibly creating inhomogeneities, could provide the conditions for the formation 
of PBHs.

 In addition, models with Fermi-ball (or Q-balls) can also collapse to PBH.
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Fig :  https://arxiv.org/pdf/2202.03439



Introduction  

 PBH formation is generally studied by comparing density contrast to a 
threshold value, typically leading to collapse of false-vacuum regions.

 We propose a more general and robust criterion based on the Israel junction 
conditions [1,2], which govern how two spacetime regions connect across a 
hypersurface (e.g., a thin wall from a first-order phase transition).

 This formalism also extends naturally to determine whether exotic objects like 
Fermi-balls collapse into PBHs.

 Our results show that applying Israel junction conditions leads to distinct 
predictions for the PBH dark matter fraction 𝑓𝑃𝐵𝐻, potentially altering constraints 
and phenomenology.
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[1] https://arxiv.org/pdf/2402.13341
[2] https://doi.org/10.1103/PhysRevD.35.1747

https://arxiv.org/pdf/hep-ph/0410158


Model realization

 Initially, at high T, the field is in symmetric phase and there’s just 1 minima at 𝜙 = 0

 As the universe cools, there exist two minima which become equi-potential and 
we have an onset of phase transition,

 The vacuum energy is given by

 The surface energy is given by 

4



PBH from phase transition 

 Israel-Junction conditions yield,

 In terms of dimensionless variables, 

 The turning point 𝑧𝑇𝑃 corresponds to 𝑈 𝑧 = 𝐸, after which the false bubble will 
collapse into a BH at some radius 𝑧𝑠 in collapse time,
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Fig : https://arxiv.org/pdf/2402.13341

https://arxiv.org/pdf/hep-ph/0410158


Conditions for PBH formation

 Collapse time for the PBH should be much smaller than the corresponding 

Hubble time,

 We also want the collapse to be slower than the nucleation time, since we 
need the true vacuum bubbles to form and trap false vacua patches.

 The size of domain wall should be smaller than the Schwarzschild radius,
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Fermi-Balls

 Consider a model with the hidden sector in addition to a fermion field 𝜒,

 The energy density in the false vacua is given by,  
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PBH formation : Fermi-balls

 Junction condition gives,

 Similar to the previous scenario, we go to dimensionless variables and 

calculate the turning point which corresponds to 𝑈 𝑧 = 𝐸, given by
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[Fig]: https://arxiv.org/pdf/2106.00111 

sin𝜃~𝑣/𝑀𝑝𝑙 ≪ 1

https://arxiv.org/pdf/2106.00111


PBH formation : Fermi-balls

 In the previous literature, the radius for collapse of fermi-ball is defined as the 

radius after which the net inward force can’t be balanced,

 This leads to a cubic equation given by ( ǁ𝑧 = 𝑧2),

 Equation being functionally different yields different values as compared to the 

Junction condition, even if the impact on 𝑓𝑃𝐵𝐻 is minimal.
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DM density fraction

 The PBH density fraction (w.r.to total DM density) is,

  False vacuum survival probability,

 𝑁0 corresponds to number of the patches of mass 𝑀𝑃𝐵𝐻 per hubble volume 
today, which can be related to the number of false patches at the turning point 

time.

 Roughly, we can approx. the false vacua probability via
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DM density fraction

 Time corresponding to turning point is given by,

 We can relate FB time to the Junction turning point time, 

   𝑡𝐹𝐵 ≈ 𝑡𝑇𝑃 1 +
𝑟𝑇𝑃−𝑟𝐹𝐵

𝑡𝑇𝑃 𝑣𝑤
, 

𝑟𝑇𝑃

𝑡𝑇𝑃
≪ 1.

 For over-density criteria, we have 𝛿 =
𝛿𝜌

𝜌 
> 𝛿𝑐~0.43,
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Results12

Overdensity vs Junction condition

𝑀(𝐺𝑒𝑉) 4.233 ×  1036

𝑡𝛿/𝑡𝑇𝑃 1.13

𝑓𝑃𝐵𝐻,𝛿 1.887 × 10−6

𝑓𝑃𝐵𝐻,𝑇𝑃 2.514 × 10−5

𝑧TP 1

FB vs Junction condition

𝑀(𝐺𝑒𝑉) 3.38453 ×  1036

𝑄 1.0727 ×  1033

𝑓𝑃𝐵𝐻,FB 1.77 × 10−9

𝑓𝑃𝐵𝐻,𝑇𝑃 1.68 × 10−9

zFB 0.22

𝑧TP 0.13



Conclusion

 We explore the formation of PBH by using the Israel-Junction conditions, offering a 
more general and geometric criterion beyond traditional overdensity arguments.

 In the context of hidden-sector phase transitions, this method yields more robust 
estimates for the critical bubble radius beyond which collapse into a PBH is inevitable.

 We also revisited the Fermi-ball collapse scenario, showing that the junction condition 
provides a clearer criterion for PBH formation as compared to pressure arguments.

 Phenomenologically, this will lead to larger values of 𝑓𝑃𝐵𝐻 for the same mass of black 
hole, as compared to standard criteria of overdenstiy.

 FOPT will also give rise to associated GW signal, thus giving a correlated signature for 
the produced PBH.
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THANK YOU!
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