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What is Hardware Injection Test?
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Hardware injection test is a process to verify the performance 
of interferometer by sending sample signals into 
interferometer. Ideally, we should prepare some real gravitational 
waves as test signals. But it is practically hard to generate large 
enough artificial gravitational waves that are detectable by current 
technology.  

Therefore, instead of generating gravitational waves, people mimic 
the effect of celestial gravitational waves by displacing the mirror 
according to the simulated gravitational waveforms, changing 
arm length correspondingly, comparing the optical readout in the 
main interferometer, thereby checking the response of their 
interferometer.  



What is Photon Calibrator(PCal)?
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KAGRA
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Laser Intensity 
Modulator

Laser Intensity 
Monitor

Digital Control System

DAC output

Calibration Lines
Single frequency sine wave as fiducial 
length displacement

Theoretical GW waveform
Binary Neutron Stars, Binary Blackholes
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Swept-Sine Excitation
Transfer Function Measurement

20W 1047nm 
Pcal Laser



Interferometer readout 
generated by Mirror 
displacement due to 

Photon Calibrator  
(Calibration Lines)

Interferometer readout 
generated by 

gravitational wave signal  
(GW signal)

http://web.ncf.ca/jim/scale/
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History of Photon Calibrators
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KAGRA Photon Calibrator
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Laser Intensity 
Modulator
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Laser Intensity 
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Excitation Signal Noise Problem
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In order to have better 
performance in high 
frequency regime, we 
decide to use 20W Laser 
for PCal beam.
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Swept-Sine Excitation
Transfer Function Measurement
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Pole: 1kHz 
Zero: 100Hz
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Measurement of Noise Reduction 
Performance of De-Whitening Filter
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Future Works
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• Performing Hardware Injection test using PCal with 
DeWhitening filter. 

• Investigate analog excitation signal noise problem 
with long cable connection.



• Intrinsic limit of the De-Whitening Filter 

• Noise shaping 



END
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