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Aside:
Reminder of Optical Amplifier

Scheme of an ideal (inverting) electrical amplifier

in ) j Vout = - RZ/Rl* Vin
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V. Amplified signal with identical variations as V,,

out”




Aside:

Scheme of optical amplifier

% Lasing Crystal,
Pump Housing,

Cooling

P. = 100W P,,;= 200 W

P.. . Amplified laser power with identical variations as P;,

out




Motivation

eCompeting ideas* in 2004 for Fall 2007 upgrade
oAmplifier downstream of MOPA (LSU)
oNew laser head (LZH)
oNew injection locked slave laser
oReplace current MOPA’s NPRO with more powerful
NPRO

e|nvestigate and offer a quick upgrade to LIGO
oOffer simple installation using off-the-shelf technoloqgy

*: D. Ottaway, LIGO-T040063-00-D




LSU’s Amplifier
Model: RBA25
Manufacturer: Cutting Edge Optronics/
Northrop Grumman Corp.

Diode Bar (5/15)

Crystal rod: 2 mm dia by 80 mm length
Water cooled (68 psi/IGPM water flow )




Mechanical Cross Section

Diode Bar

Cooling

Diode
Bars

Crystal Cooling
Jacket

Crystal Suspended in Cooling Jacket by O-rings




L SU Single Pass Optical Setup
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L SU Double Pass Optical Setup
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L SU Quad Pass Optical Setup

Dec 2006
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Setup Photos

Single Pass
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Setup

Single Pass: The Detectors

QPD

*Vibration Table

BeamScan




Initial power amplification tests
SS

Amplified Power (W)
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Tests performed at LASTI (MIT)




Depolarization
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Amplitude Rad rms/sqrt(Hz)

Angular Jitter

A Magnitude of Problems
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Amplitude Rad_rms/sqrt(Hz)

Angular Jitter (No Faraday)
) Fall 2006
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Angular Jitter

Leads to

ePointing Problems
eAmplitude variations in downstream cavities

If the problem is caused by Xtal Vibration

*Phase noise due to crystal bending
*Problems in polarization quality

If the problem is something else on the table, then identify it.

So what is causing angular jitter?

What's the target?
Jitter of LIGO MOPA'’s
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Probable Causes

Coherence between chirped vibration
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Probable Causes

Pressure Noise with New Plumbing

Pressure waves in the ) . .
cooling pipes?
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magnitude (U to 1)

Coherence Data Between Pressure
Fluctuations and Jitter
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Jitter as a function of head pressure
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Jitter Spectra at
Reduced Flow

Horizontal Jitter Cold Test
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Possible Mechanism for Jitter

Shaking Thermal
Laser Beam Lens

/

Amp
Housing

Vibrating Crystal




Intensity Noise

15 Intersity Noise Upper Estimation
: | |
e Intensity Noise increases with
amplifier by >2x |
e Dominated by 60 Hz Prags | i
components 2 || l
e Double Pass data g | |
110 ¢ Ar —
~Ai b Al M .
e N V‘WIM"JIW n e ““H‘J“ "“M” i }\
- I I .

100
' —— SML only

T — SML with the Chiller On

A
N
«—

e -

Q

Frequency (Hz)

Chiller On, Pump Current=8 A
y —>» — Chiller On, Pump Current =17 A
, Chiller On, Pump Current = 22 A

110°



Hurdles

eRequested power for Fall 2007 upgrade, 30 W
oMaximum power estimated from amplifier quad pass, 22 W
elnstrumentation:
oTemperature control of x-tal and laser diodes
oCurrent/laser power control
esAmplitude/Frequency/Phase Noise?




Conclusions

oGood power output

oRequire a larger crystal for 30 W

oThicker crystal would reduce beam jitter
oCould be used as patch for a failing MOPA




THE END
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Coherence data from Crystal Faces
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Phase data from Crystal Faces
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