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What did I do? 

   Optical loss in the 4km arm cavities 

    High cavity power →        High sensitivity!! 

  



Where do the loss come from? 

1 Geometrical loss  

     

 

 

2   Scattering loss 



Clipping model : Loss(d) 

• TEM00 
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Mirror 



Clipping model : Loss(d) 



Simulation results 



• Ringdown method 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Experiment 
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𝑚2 

∝ 𝑒−𝑡/𝑚4  



 

 

 

 

 

 

 

Noise 

𝑚3 

𝑚2 

∝ 𝑒−𝑡/𝑚4  

𝑡0~𝜏𝑀𝐶 ≅ 9.07 × 10−6[𝑠] 

𝑡0 

𝑚1, 𝑚2, 𝑚3, 𝑚4  ⇒  𝑇𝐼𝑇𝑀, 𝑅𝐼𝑇𝑀   ⇒  𝐿𝑟𝑡 = 1 − 𝑇𝐼𝑇𝑀 − 𝑅𝐼𝑇𝑀 
 
(cf. Isogai et al, Optical Express, Vol.21, No.24(2014)) 
 



 



 



 





 

 

 

 

 

 

 

  Scattering loss   ITMX:20ppm  ETMX:50ppm 

  → Where did the other 30 ppm come from? 



 

 

 

 

 

 

 

 Scattering loss  ITMY: unknown   ETMY:36ppm 

    →  ITMY scattering measurement is needed. 



Summary 

• ◎ Loss dependence on off-centering        

         of beam position 
 

 

• ○ Estimated center position on each  

         optics 



Further prospects 

• Statistical error 

      More measurement at each beam spot   

• 2-dimensional loss measurement  

      Measure on other directions from the center 

• Scattering error 

      ITMY!!  Measure scatter from individual particles 

 



Thank you for listening! 



Time constant of IMC ringdown 

Not clean ringdown 
                ⇓ 
 Quicker lock loss? 



Camera calibration 
640 pixels 

A 

B 

340[𝑚𝑚]

640[𝑝𝑐] ×
𝐵
𝐴

 

≅ 0.53 ×
𝐴

𝐵
[𝑚𝑚/𝑝𝑐] 



Ringdown method 


