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ሶ𝜌𝑟 + 4𝐻𝜌𝑟 = − ሶ𝜌𝑣

Large fluctuations of 

energy density

𝛿 =
𝜌 − 𝜌𝑏
𝜌𝑏



BLACK HOLE FORMATION



BLACK HOLE FORMATION

Critical scaling law

𝑀 𝛿 = 𝜅𝑀𝑘 𝛿 − 𝛿𝑐
𝛾

𝛿𝑐 = 0.5



BLACK HOLE FORMATION

Critical scaling law

𝑀 𝛿 = 𝜅𝑀𝑘 𝛿 − 𝛿𝑐
𝛾

𝛿𝑐 = 0.5

PBH formation



BLACK HOLE FORMATION



GRAVITATIONAL WAVES

During phase transition:

• bubble collisions

• sound waves in plasma

D. Weir, University of Helsinki



GRAVITATIONAL WAVES

During phase transition:

• bubble collisions

• sound waves in plasma

Second order effects?

• scalar induced gravitational waves

Energy density

fluctuations
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Thank you!
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