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i Ab t t Among the lock acquisition process, achieving the resonances of the arm cavities 1s particularly challenging because kilometer-long arms make their linewidths

Strac narrow. In the third generation detectors, which will have longer arms with narrower linewidth, the lock acquisition process will be even more challenging. In lock
acquisition of Advanced LIGO, a scheme called arm length stabilization (ALS) has been used, where auxiliary lasers having different wavelength than that of the main laser sense the
arms independently. However, 1t 1s not trivial to scale the system of Advanced LIGO due to its configuration. A new type of the ALS system was designed for KAGRA. The
configuration of the new ALS system 1s simple and thus it 1s compatible with the interferometers of the third generation detectors. Along with a design study on the noise performance,
an experimental test of the new ALS system in KAGRA was performed. In the experimental test, lock acquisition of the Fabry—Perot Michelson interferometer of KAGRA was
achieved using the ALS system, which demonstrated the ALS system was ready for locking the full interferometer of KAGRA. The characterization of the ALS system was also
performed; the residual fluctuations of the arm cavities were evaluated to be less than SHz in terms of root mean square, which 1s smaller than the linewidth of the arm cavity. Utilizing
the results obtained in KAGRA, the performance of the ALS system 1n the third generation detector was simulated, along with discussions on necessary modifications to the KAGRA
ALS system. The results indicated that lock acquisition of the third generation detector will be feasible by scaling the KAGRA ALS system. It was also pointed out that a new scheme
with a sub-carrier field will make the lock acquisition process more reliable
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