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Early route
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Potential Tension

Riess, Adam G. "The expansion of the
universe is faster than expected." Nature
Reviews Physics 2.1 (2020): 10-12.
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Another way to measure the Universe?
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How to know the elapsed time in the timer?




Initial state

Final state

Internal dynamics

dh
— = (1)
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Standard timers in dynamical systems

Initial state ——

dP
Sthit) = 3
L Final state

S(he) = 2P dh
Dynamics "7 dhy dh
dh_
i AQ))

dP dh;(2)
dh;(z) dh,

Observed state S, (hz; tf) =




Standard Timers from Primordial Black Hole Clustering

The primordial mass function of PBHs
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How to extract the physical evolution time?



The evolution of the PBH mass function
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Can we see them?
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How to extract the redshift from the observable?



Primary Hawking radiation from the PBH clustering

P(E) = j H,(E,M)n(M)dM,
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Redshift in the observed photon flux
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Redshift from the inverse problem
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Standard Timers from Primordial Black Hole Binaries

The initial probability distribution on a and e
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How to extract the physical evolution time?



The evolution of probability distribution in PBH binaries
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Can we see them?
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How to extract the redshift from the observable?



Inspiral Merger Ring-
down

Lo Redshifted Chirp Mass
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B. P. Abbott et al. Observation of Gravitational Waves from a
Binary Black Hole Merger. Phys. Rev. Lett., 116(6):061102, 2016.
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dP/da
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Thank you !




