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Power requirement for LGCT
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 Injection-locked laser: Stable optical mode
Frequency control element

 Power amplifier: Easy operation,
Cascadable for higher power operation

Intensity control element



Lasers for advanced GW Observatories

« Single frequency operation

« Single mode operation
« Linearly polarized output power: ~ 200 W

« Frequency stability: 102Hz / Hz'2 @ 100 Hz
« Amplitude stability: 108/ Hz"2 @ 100 Hz

« High reliability
« Easy maintenance

LASER ZENTRUM HANNOVER e.V.




Advanced LIGO prestabilized laser: Optical layout

advLIGO high power laser
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Advanced LIGO Laser Design
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PCF Amplifier: Setup
Amplifier experiments with 4 m Crystal Fiber DC-22/225-Yb
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PCF Amplifier: Output

Amplifier output power [W]

Output power characteristic

Optical emission spectrum
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What Now?

* The High-Power fiber laser industry
continues to move very fast

— Very soon the following will be known

« 20-W 100-um-fiber-coupled wavelength-stabilized
pumps will be available for about $2k

— Temperature feedback control is unnecessary --- diodes
can be fan cooled

— 1 diode per 10-W system (the pump diode industry is
also making progress)
» Suitable high-power pump / signal combiners will
be available for about $300

Byer
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Build Your Own!
« Cost of materials
— Pump diode $2000
— Signal / Pump combiner 300
— Gain fiber 200
— Taps, monitor PD’s, polarizer 1000
— Electronics, diode driver 1000
— Assembly ?

All in all, a 10W amplifier for less than $5k

BT
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Adv. LIGO electronics
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Start-up behavior
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PSL /10 Table layout
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= real estate on the PSL table is currently negotiated between 10 and PSL

= |[ayout sketch above will change

= PSL table more crowded than in inital LIGO

= table size probably just big enough

= can DBB be used for |O diagnostic purposes ?

= cleanliness, easy access, small number of componets in 180W laser path 11
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laser diode room
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Output power of the slave laser

 121W by bidirectional oscillation
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100-W Power laser

 Injection locking with 2-W master laser
(NPRO)
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95.6% reflection light
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Realization of single frequency

oscillation
e Scanning Fabry-Perot output

2110  OPTICS LETTERS / Vol. 30, No. 16 / August 15, 2005

100 W, single-frequency operation of an
injection-locked Nd:YAG laser

Kohei Takeno, Takafumi Ozeki, Shigenori Moriwaki, and Norikatsu Mio

Department of Advanced Materials Science, University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8561,
Japan

Received February 7, 2005
We have built a single-frequency Nd: YAG laser capable of producing an output power of 101 W by injection
locking a slave laser that can emit an output power of 121 W in the free-running state to a 2-W master laser.
We confirmed that the output mode was diffraction limited and linearly polarized. © 2005 Optical Society of

America
OCIS codes: 140.3520, 140.3580.
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Intensity stabilization

(test bench)

MOPA and



Intensity stabilization
performance
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Frequency stabilization
experiment

e Triangular reference cavity (Av=152kHz)
e Transmission intensity curve
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Applied Physics Express 1 (2008) 012005

Development of Electrooptic Modulator for Advanced Ground-Based Gravitational
Wave Telescopes Using Stoichiometric MgO-Doped LiNbO; Crystals

Noriaki Ohmae*, Kohei Takeno', Shigenori Moriwaki, and Norikatsu Mio

Department of Advanced Matenals Science, University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8561, Japan
" National Institute of Advanced Industrial Science and Technology, 1-2-1 Namiki, Tsukuba, Ibaraki 305-8564, Japan

Received November 2, 2007; accepted November 20, 2007; published online January 11, 2008

We have developed an electrooptic modulator (EOM) using stoichiometric MgO-doped LiNbOs (MgO-doped SLN) crystals, and evaluated
this EOM for the phase control of a high-power laser whose power is over 100 W. We succeeded in the phase modulation of 2 100W laser
without a decrease in phase modulation index, due to a nonlinear optical effect, which can occur when a high-power laser beam enters the
EOM. We also estimated wavefront distortions caused by passing through the EOM with a Shack—Hartmann wavefront sensor, and found
that the additional wavefront distortion was negligible. Thus, we confirmed that MgO-doped SLN crystals are a suitable material for use in a
high-power laser system. © 2008 The Japan Society of Applied Physics

DOL: 10.1143/APEX.1.012005
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Frequency noise [Hz/rHZ]
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