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Overview

-- My work is on how to bring the interferometer into operation mode
in the 2G and 3G detectors, focusing on lock acquisition of the arm
cavities using Arm Length Stabilization (ALS).
-- The thesis includes:

* Design of a new type of the ALS system for KAGRA

* Demonstration of the ALS system = Achievement of FPMI Lock

* Characterization of the ALS system = Noise budget of the system

* ALS in the 3G detector =2 Noise simulation of the 3G ALS,

Discussions on new necessary techniques
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Overview
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See the poster for the rest
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1. Introduction




Y arm ALS
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1. Introduction

-- Lock acquisition is difficult

" * 5 length DoFs are coupled with each other

* Each error signal is quite non-linear

-- Solution: Arm Length Stabilization (ALS)

Uses
* senses one arm
- Xarm/Y arm sensed independently (Decoupled)
* Laser freq. always follows the arm resonance

—> Wide linear-ranged sensors

-- Requirements:

'Afm < (Arm Linewidth) = 33 Hz '

(KAGRA single arm) ¥ I %aln

1

linear range
(33Hz) 4
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2. Features of the KAGRA ALS
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2. Features of the KAGRA ALS

-- The KAGRA ALS is a new type (c.f. aLIGO ALS)

KAGRA Advanced LIGO
From where to inject green Central area End stations
Optical fibers Within the central area  Along the arms
Signals of the arm DoF's Summations in electronics Optical beat notes
Number of optical sensors 4 (or 6¢) 6
Number of SHG setups 2 3

¢ If the fiber noise cancellation loops are involved.

* Simple and flexible
* No need to lay optical fibers along the arms

Scalable to the 3G detectors
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3. Characterization




3. Characterization

-- Achievement of the FPMI
- demonstrates that the new ALS system is really working!!

- The noise performance is good enough.
-- So, why do we need to characterize the ALS noise performance??

* Noise improvement of the system Single arm
might enable us to simplify the full lock process
- if Af < 1.7 Hz, CARM locking in DRFPMI will
be significantly simplified.

33Hz

* Assessment of the scheme itself: |
- gain knowledge toward the 3G ALS — +1.7Hz
(Realization of the 3G detector)
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3. Characterization

CARM Noise Budget

—— Measured —— Fiber phase noise
. | [TRMS=2.7Hz <33Hz . Cumulative RMS PDH loop related
10 ; >1.7Hz == Total Doppler
—— PSL related Measurement electronics
—— Seismic Air turbulence

L U PO PLL related

.....
L
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3. Characterization

= What were learned from the characterization? =

* The ALS stability 1.7 Hz <Af < 33 Hz
- It satisfied the requirement,
but was not enough for direct transition of CARM in DRFPMI

* The Doppler coupling limited the overall performance
- By improving the Doppler coupling,
1.7 Hz would be achievable.

- careful damping of PR2

] ) DOES FEEL
- online subtraction

- The Doppler coupling (and air turbulence) o

"* Optical paths of the main and green

lasers are different

> Implications to 3G lock acquisition
(see the poster) 10
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4. Summary of the talk

11
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3. Summary of the talk

-- Lock acquisition is essential part of GW detectors
In particular, arm cavity locking with ALS is important

-- We designed a new type ALS system
- Simple, flexible, and scalable to the 3G detectors

-- The performance of the new ALS system was
characterized in KAGRA

- The requirement was satisfied

—> For further improvement, the Doppler coupling
needs to be reduced, providing implications to 3G ALS

=

fr——

END, or come see the poster
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Both arms at resonance
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Sub-carrier generation

[ ? 10—
AOM EOM
Sub-carrier I |
K 4 I l' _
41 N 4a
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room |
From fi, f2 f, f2 \
3f1 3f2
the PMC |

16



Dec 5 2019, F2F meeting@RESCEU

To the IMC
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1.A4ora5% 933
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1.A4ora5% 933
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2. FPMID OvH
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2. FPMID O
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2. FPMID OvH
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2. FPMID OvH
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2. FPMID O
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