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1. Measuring H0 with Gravitational Wave 
(GW) and Strong Gravitational Lensing (SGL)
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(arXiv:2103.01183)66/13/2022



• Discrepancy of Ωk 
  Flat Universe or Closed Universe ?
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Those cosmological tensions reflects that our understanding of the universe 

may be flawed under the framework of standard cosmological theory. At present, 

further confirming these inconsistencies in different ways is necessary. In particular, 

it is of importance to measure fundamental cosmological parameters in the late 

universe with some new and model-independent ways.
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Distance sum rule:

Time-delay distance:

Given ∆t, ∆φ, dl and ds, we could give constraints on not only H0 but also Ωk 
model independently.

time delay 
measurements

lens information distance calibration from 
simulated GW

( JCAP 11 (2015) 033 )
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• Constraints on H0 and Ωk
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• We applied a model-independent way in constraining H0 and Ωk, by using 

simulated gravitational waves and strong gravtational lensing systems.

• The constraint precision for H0 given by the combined 100 GWs can be 

comparable with the measurement from SH0ES collaboration. As the number of 

GW events increases to 700, the constraint precision of H0 can exceed that of the 

Planck 2018 results.

• The constraints on ΩK improve significantly with the increase of GW events from 

50 to 300, but it is almost no longer improved after 300 GW events. Such a trend 

also exists in the constraints on H0.
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2. Finesse simulation of mirror map of near-
unstable cavity
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https://doi.org/10.1103/PhysRevD.97.022001

Near-unstable cavities have large beam 
spots to reduce coating thermal noise.

Problems:
 Mode bunching
 Easily affected by mirror defects
 ......
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https://doi.org/10.1103/PhysRevD.97.022001

We use FINESSE to derive resonances and 
shapes of the higher order modes and the 
00 mode. The goal of the simulation is trying 
to understand mode frequency deviations 
observed in the experiment.
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The maximum HOM order taken into 
account for calculation here is 10.

The  max imum o rde r  o f  HOMs  fo r 
calculation does matter very much.

We need to do more simulations later to 
explore higher order modes behavious 
when the cavity is gradually pushed to 
the edge of geometric stability.

Resonances using 
different maximum 
order at one cavity 
length



• Finish the simulation research with Haoyu-san.

• Get familiar with the research people are doing in Ando Lab

• Find what I'm interested in and start my research in Ando Lab

• ......



Thanks for listening!
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