Design and expe

demonstration o

Mach-Zenhnder

Mmodu

syster

]

The authors of MZM paper:

Tmental

ation

Kohei Yamamoto, Keiko Kokeyama, Yuta Michimura,

Yutaro Enomoto, Masayuki Nakano,

Tomoyuki Uehara, Kiwamu Izumi, Osamu Miyakawa,
TakahiroYamamoto, Takaaki Yokozawa, Yuta Fujikawa,
Nobuyuki Fujii, Takaaki Kajita



Content

* Why use MZM
* Displacement noise requirement

* Experiment
*Modulation index measurement
*Displacement noise measurement

e Future plan



Why use MZM



KAGRA Main Interferometer (Main IFO)

Optical configuration called Resonant Sideband Extraction (RSE)
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KAGRA Main Interferometer (Main IFO)

Optical configuration called Resonant Sideband Extraction (RSE)
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Why use Mach-Zehnder Modulator (MZM)?

The primary target of KAGRA: Binary neutron star merger events, around 100Hz
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[Reference] : Class. Quantum Grav. 31 (2014) 095003

RSE: limited by quantum noise

The operation mode can be switched from RSE to
DRSE by adding an offset to the SRCL error signal.

Detuned RSE (DRSE): go beyond the quantum limit

« Advantage: increase the observation rate of Binary
neutron star merger events

» Disadvantage: increase the couplings of noise
includes photo-detector noise (PDN) and oscillator
phase noise (OPN).



Why use Mach-Zehnder Modulator (MZM)?

* PDN/OPN originate from the tilt of upper and lower f1 sidebands.

e Solution: compensate the tilt by adding f1 amplitude modulation
sidebands beforehand

Using an additional amplitude modulation (AM) sidebands to address
the increased coupling of the PDN and OPN.

Mach-Zehnder Modulator (MZM) is proposed to achieve this



MZI Modulation system
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MZI Modulation system
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Modulation index
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Displacement noise requirement



Displacement noise requirement

Displacement of optical paths in the MZls is converted into sideband amplitude and phase noises ,and in the end, these
noises couple into the DC fluctuation at the AS port (GW signal).
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Calculate by Yamakoh, code is Optickle, shown the feasibility of the MZM system



Experiment



Installation on the input optics
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Installation on the input optics
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Contr0| Fully commissioned including automation
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Modulation iIndex measurement



System of Modulation index Measurement
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Modulation index measurement

Calibrate the measurements

of AM & PM monitor into
AM & PM index
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Mod.Index Ratio

Measurement results
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and the measurements demonstrated the theory.
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Measurement results

Mod.Index Ratio
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Displacement noise



Displacement Noise Measurement
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Displacement Noise budget
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Coherence analysis.
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Conclusion and Future plan

Conclusion:

* Demonstrated the basic function of MZM

* The current setup did not meet the noise requirement

* Dominant noise sources at each frequency were understood

Future R&D Ideas:

* Replacement of the pedestals and holders with more rigid ones
* Use of the monolithic optics

* Put the optical paths in vacuum

* Make 2MZI| smaller
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