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1. Introduction

— Compact crystal cavity gives high stability.
— LISA needs low noise laser.

— “Black box” in many cases
« E.g.) TESAT NPRO for LPF

JRYENCAONY
L A A Y

% All fiber/waveguide solution -
- - - - H Pump LD
— Fiber laser/amplifier technologies matured rapidly Lens  Ng:YAG crystal

: Peltier module
— Higher robustness, cleaner output

— No strong magnet
/’ e

Yb-doped
fiber amplifier

Q Collimator
Coupler “::::: [ To optical bench

\. J

-« Frequency reference <}>

LT [TC] R e B

Waveguide
EOM

\Fiber master laser L
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2. Experimental Setup .

3eyond Einstein: From the Big Bang to Black Holes

% Ring configuration adopted over linear configuration

— More flexible, no spatial hole-burning, etc.

— Single-mode selection by filters (50MHz FSR)
» Fiber Bragg Grating (FBG) 34GHz BW + Fiber Fabry-Perot (FFP) 85MHz BW
— All PM components: single polarization operation

» Fast axis has much larger insertion loss.

976nm ] 1
Pump LD \\\I \\I

Amplifier Servo

Z—O
BPF+1SO DET
PZT

Circulator \7
FBG 7

Coarse tuning

sG
©
Fast tuning

Phase modulator

Filter coupler BPF+S0O

Offset
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Setup photo

Control

% Prototype on a breadboard electronics

FFP

Phase
modulator
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3. Experimental Results b

@esa

Beyond Einstein: From the Big Bang to Black Holes

% Coarse tuning

1064.65 1
— FBG temperature o loeseo
: S, 1064.55
— FFP voltage (separation) = : ;
2  1064.50 [y | i
z =
— 0.25nm (6GGHZ) range % 1064.45 ———————————————————— :FBG: 25 C ————————————————————— ;
e +-10V/+-10degree = 1osado _—— ————————————————————————
1064354 Lo [ FBG:15°C|
0 5 10 15 20
“ Fine tuning FFP volrage [V]
— Voltage on phase modulator 10° T T
B y————— | ! 150
 Effectively changes laser cavity length = j: _éhmarggude 1 100
N | | | | | pe)
— Flat frequency response I - AN | 15 3
LT S i AR has. | e 2 R
» At least up to 100kHz = °F 3 | | | oy
. | F 1% &
* Wider BW than commercial lasers E — -100
2F I
| | — -150
T T N 1! I R W1 I B R S H R
10 10° 10° 10* 10°

Frequency [Hz]
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Noise of fiber laser ol
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3eyond Einstein: From the Big Bang to Black Holes

[ I P H H
% Frequency noise % Intensity noise
10N b | R— — | — — I— | I — ':F:' 10" | ! ' |— GSFC fiber laser
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— Low frequency: comparable to (better than) NPRO
— High frequency: increased noise due to relaxation oscillation

— Stabilization experiments

» Frequency: Planned using iodine or cavity.

* Intensity: Done after Yb amplifier and satisfied LISA requirement at low frequency.
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4. Summary

Bang to Black Holes

% Fiber laser has significant advantages over traditional NPRO.
— Higher robustness, cleaner output, no strong magnet, etc.
% Now we can make single-mode, single-polarization laser.
— Fully custom-made laser possible
— No special gain fiber, standard components only
— Single-mode lasing achieved
— Comparable frequency/intensity noise to NPRO
— Wider frequency control bandwidth than NPRO
% Current activities
— Trying new configurations and filters to improve efficiency
— Starting component space qualifications

— Stabilization experiments

Dec. 7, 2009 Kenji Numata
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Laser Development for Planetary Science Missions

n OPAZRVVRERELdarAL—Y—XE 28"
= OPA (Optical Parametric Amplifier) : Seeded OPG = ASE T " N
= 3270.4nm (for CH4) & 1578.2nm (for CO2)& 4Rl A =
= 1064nm Q switch Laser (3ns, 300mW ave.,
5kW peak, E, ,..~60ud )
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Laser Development for Planetary Science Missions
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Laser Development for Planetary Science Missions
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My activity at Goddard

m lodine Wavemeter

LISAQIRTEDTH 1Tl FrET12E>/-ARMBREILZTD,

TDFEE. 2BDS/COL—F—RTE—MeMB LS (CRM EARHEAMSLEVDT,
Rk EiR>TY—FI 3Ll h B,

IURENZAVTENEREEMSEEB (Wavemeter) HBHBEVRVERIC DL
HBBDTINLLDO TR LD,

BEICHEBRIZICELEZEAT, LAINKTNEEYIP YT T, L—F—DPZTIC
ERHNMTT . IVRRINBERZIETTRHARBEEDESIREEZL L.

TDFER. 20MHz (LISAFE$E PD @ BW ) LIARICHIIL2DDL—Y—%EL AL
e, A7t YRR E AMHz 0) Phase Lock OFE AN =3y TES=,

EHRMEIERE, Feb. 5, 2010



3eyond Einstein: From the Big Bang to Black Holes

lodine Wavemeter

Wataru Kokuyama

Department of Physics, University of Tokyo
(Visiting NASA/GSFC)
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Background o

3eyond Einstein: From the Big Bang to Black Holes

% lodine stabilization demonstration completed (~3 years ago)
— LISA pre-stabilization requirement achieved
— Radiation test on doubling crystal, measurement of alignment sensitivity, etc.

— Involved bulk crystal in oven, modulations, cooler for cell, etc.

> Other use of iodine with simpler setup?

( ‘ I, Cell B D / ] o i \
Fuu setup - T Sljmpllfled setup cou |

y
1o \ Cooler 10 L 7 H
=
) AOM Laser
S 0omW Cooler

Laser 4 Crystal
>~500mW 10 in heater
Crystal

in heater

Frequency noise [Hz/Hz*(1/2)]

Frequency noise [Hz/Hz( 1/2}]

&
107

—— cavity iodine
10" — iodine iodine 10 — EOM added

— cavity cavity — 3rd harmonic

—— LISA requirement ~ Ist harmonic

—— LISA requirement
0
10 2 3 -

10° s 4 3 2 1 10 107 107 w!

10 10 10 10 10 Frequency [Hz]
Frequency [Hz]




Motivation

Bang to Black Holes

% Lock acquisition of the constellation is a challenge for LISA

% Lower risk for “unknown unknowns” of laser frequency acquisition

Independent frequency reference on each spacecraft

The simpler, the better.

% lodine wavemeter

Information on absolute laser frequency
Onboard laser diagnostics

Less sensitive to environmental disturbances

4

Easier initial lock acquisition and robust onboard laser system

*\We demonstrated ~10MHz accuracy and automatic
phase lock with very simple setup



150m\W 2-5mW@ i 1, Cell
Laser {—+ = < > =4 bj

Lightwave NPRO

lodine cell w/o cooler
for pressure control

% fiber-coupled waveguide PPKTP
“For LISA, SHG w/o heater available

No heater (for LISA), No cooler, No modulator




% How to tune lasers
— Program written in LabView

1. Sweep laser frequency
- All frequency range

2. ldentify Doppler broadened line
- Remove mode-hop regions

3. Tune laser to identified line
(Rough tuning)

4. Sweep again on the peak and
go to halfmax (Fine tuning)

!

10MHz accuracy achieved; Beatnote of

two lasers is < 20MHz (LISA’s Detector BW)

Method

U]

0.75

Signal [a.u.]

0.5] ' '
5 | 5 Flne tunlng
0.45 .................. ................. .............. t OharlmaX
-600 -400 -200 0 200 400 600

" -10 -5 0 5 10

NPRO Crystal TEC Vltage [V] ]
Rough tuning

Iodine absogftion line

i
0
1)

FW M-~ 250 HZ

Frequency [MHz]



% < 10MHz accuracy of absolute frequency

% 4MHz phase lock with two independently-

tuned lasers

1st step: Sweep starts from
frequency difference > 10GHz

2nd step: Identify peak automatically

100

Bang to Black Holes

Results

Tune

| |
Beatnot? monitor

e O _—

t Tune |

= U1

It

Beatnote Frequency [GHz]
= w

L—]

. <100MHz

| ol »
h tuning ;

ED | I ........

40

Beatnote Frequency [MHz]

1|0 20
Time [sec]

30

4th step: fine tuning and lock

LISA’s detector BW :2qMHz

. .
40 0 100

Sweep/ldentify  Time [sec]

halfmax

| i
150 200 250

Phase lock acquired



Summary

Bang to Black Holes

% lodine wavemeter offers significant advantages for LISA.

— Absolute frequency reference will simplify lock acquisition of spacecratfts.

— Risk reduction

% We demonstrated automatic 4MHz phase lock, laser diagnosis, and
~10MHz accuracy wavemeter with very simple configuration.

— No heater, No cooler, No modulator
— Fiber-coupled waveguide, small cell only

— The small package can be put on anywhere in spacecratt.

Goddard[ZJ@ > TH 5EMNZEER: IR:4mW (Green:1.6mW)THOK !
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Signal [a.u.]

Iodine absorption lines
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NPRO Crystal TEC Voltage [V]
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1.05

0.95-

Normalized output

Frequency Offset [GHz]

0.85-

Laser2 Thermal input vs Normalized Absorption line
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-5 0 5 10
Thermal Control Voltage [V]

Laser2 Thermal input vs Frequency
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P . (Output Power, 532nm) [mW]

[

091110 Old & New Waveguide SHG, P_vsP_ .

and Efficiency

¢ Old (left axis)
New (left axis)

e 1.63*11:1"“‘:"'4:'"12
- 1.26*10‘4*P. 2

* Old SHG eff. (rlght a)qs)

> New SHG eff. {right axis)

i | |
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532nm Power [ mW]
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091110 New Waveguide SHG
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