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How to measure the Universe?
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Another way to measure the Universe?



Timer

𝑎(𝑡) 𝑎0



How to know the elapsed time in the timer?



Initial state

Final state

Internal dynamics
𝑑ℎ

𝑑𝑡
= 𝑓(ℎ)



1 + 𝑧 𝑡 =
𝑎0

𝑎(𝑡)

How to obtain 𝑎(𝑡) ?



Initial state

Physical evolution time

Standard timers in dynamical systems

Redshift in observable

∆𝑡 =  𝑡𝑓 − 𝑡𝑖

Final state

dynamics
𝑑ℎ

𝑑𝑡
= 𝑓(ℎ)



A single parameter standard timer

Initial state: Initial statistical distribution of dynamical systems 

Final state: Statistical distribution of dynamical systems at physical time 𝑡

Dynamic: time evolution of parameter in dynamical systems

Observed state: Redshifted statistical distribution of dynamical systems 

detected at redshift 𝑧

Redshift-time relation: Comparing the observed state with the initial 

state gives the redshift-time relation



A multi-parameter standard timer

Initial state: Initial statistical distribution of dynamical systems 

Final state: Statistical distribution of dynamical systems at physical time 𝑡

Dynamic: time evolution of parameter in dynamical systems

Observed state: Redshifted statistical distribution of dynamical systems 

detected at redshift 𝑧



Primordial black holes as a standard timer candidate

The Primordial origin gives an identical primordial mass function
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PBH binaries were formed with an identical probability distribution
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Standard Timers from Primordial Black Hole Clustering

Yi-Fu Cai, Chao Chen, 
Qianhang Ding & Yi Wang
2112.10422 
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The primordial mass function of PBHs



How to extract the physical evolution time?



The evolution of the PBH mass function
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Can we see them?



Yi-Fu Cai, Chao Chen, 
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How to extract the redshift from the observable?



Primary Hawking radiation from the PBH clustering
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Redshift from the inverse problem
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Standard Timers from Primordial Black Hole Binaries

Qianhang Ding 2206. 03142

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?



Qianhang Ding 2011.13643



How to extract the redshift from the observable?



ℳ𝑧 = (1 + 𝑧)ℳ

Redshifted Chirp Mass

B. P. Abbott et al. Observation of Gravitational Waves from a 
Binary Black Hole Merger. Phys. Rev. Lett., 116(6):061102, 2016.



ℳ𝑧1
= (1 + 𝑧1)ℳ
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Thank you !



Thank you and welcome to visit 
HKUST



𝑡𝑧 = න
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𝑧2 𝑑𝑧
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𝜂 =
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Δ𝑡(𝑧1, 𝑧2) 

∆𝑡 𝑧1, 𝑧2 = 𝑡𝑧



Initial state

Physical evolution time

Dynamics
𝑑ℎ

𝑑𝑡
= 𝑓(ℎ)

𝑆 ℎ; 𝑡𝑖 =
𝑑𝑃

𝑑ℎ𝑖

𝑆 ℎ; 𝑡𝑓 =
𝑑𝑃

𝑑ℎ𝑖

𝑑ℎ𝑖

𝑑ℎ

𝑆𝑜 ℎ𝑧; 𝑡𝑓 =
𝑑𝑃

𝑑ℎ𝑖(𝑧)

𝑑ℎ𝑖(𝑧)

𝑑ℎ𝑧

Standard timers in dynamical systems

Observed state

∆𝑡 =  𝑡𝑓 − 𝑡𝑖

Final state

Cosmic redshift 

𝑧

𝑧(𝑡)



Initial state

Final state

Dynamics
𝑑ℎ

𝑑𝑡
= 𝑓(ℎ)

𝑆 ℎ; 𝑡𝑖 =
𝑑𝑃

𝑑ℎ𝑖

𝑆 ℎ; 𝑡𝑓 =
𝑑𝑃

𝑑ℎ𝑖

𝑑ℎ𝑖

𝑑ℎ

Observed state

Standard timers in dynamical systems

𝑃 𝐸 = න 𝐾 𝐸, ℎ𝑧 𝑆𝑜 ℎ𝑧; 𝑡𝑓 𝑑ℎ𝑧

𝑆𝑜 ℎ𝑧; 𝑡𝑓 = න 𝐾−1 𝐸, ℎ𝑧 𝑃(𝐸)𝑑𝐸
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