Bram Slagmolen, Adam Mullavey,
Daniel Shaddock, David McCIeIIand
as well as ISC group
(Sam Waldman, Rana Adhikari, Aidan Brooks, etc.)



Reason and Aim
r

00 The test mass motlon Ls
many arm aavitg Line
wtdths (~1.2 nm),
below 1 H=z.

Displacement Noise
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Reducing the arm
length flictuations to
below 1 i RMS.
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—_i
o

Displacement [m/rtHz]

0 Results L a determat-

nistic lock acqulsition
of the full (Fo.

Frequency [Hz]
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Approach - ETM injection
r

0 W\:ject an awclliarg Laser
with PpH stdebawnds

Diplacement Noise (feedback to TM and PM)

X _CL-0371nm ||
rms| ]

Lnto the arm cavitg | PDH-TM

PDH Noise Limit

form the end-stations.

|
©

—_k
o

O Lock the laser
frequency to the arm
length fluctuations.
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o
i
o
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Displacement [m/rtHz]
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O Hawd-over the
feedback to the quad
suspewsiow
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N
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o

Frequency [HZz]
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General Layout Overview

PSL 2) Auxiliary Laser ‘

tab-off table in air.

<Lm* 4) Delivery of the PSL phase reference to
the End-Station via optical fiber.

1) ITM and ETM additional HR coating
for 532nm (ETM R~5%, ITM R > 99%)

L Corner-Station End-Station
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v

O LMA wmodel for ETM
T@1064nm =4.6ppm
and T@522nm ~5%.

Thermal notse perfor-
mance at 1064 nm
still good.
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Auxiliary laser

The auxiliary laser wavelength is 532 nm (second
harmownic of 1064 nm).

O standard innolight Prometheus Laser (single pass
532 nm generation).

O Not to interfere with the locking of the central
cavities (PRC, SRC, MICH).

The auxtlia ry laser Ls phase locked to the pre-stabilised
laser (PSL).

O optical fiber Link from the PSL to the end station.

O Phase noise due to the 4 km long fiber needs to be

suppressed below the equivalent 1 nm requirement.
LIGO-G0900215-v1




Auxiliary Laser Table
v

Table Located tw atr. —~ e — NN

L3

' SM fiber ——————t > é}

Standard PDH A I
stoebands on the
9 Yéew bea . 1064nm| . | e *z 0&

M2 :

M4 W2 \solator

Laser

532nm =, % PBS2 L2

»J/2 |solator
S

M2 2 PBS1 4

DCMOdMLath CYYOY- % o Z . into arm

cavity

’
(S L@ V\Ia L feed b a Oh to - May need 5 more mirrors Phase
for directing the 532nm beam Modulator % 0
into the vacuum port. L4 PD2

th 6 La Ser {quue V\’Gg 2 [-el\::g;eed 2 more 532nm mode-matching @

9MH2'

7_
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ETM Telescope Design

O The telescope needs r ‘
’CO @l«tid& tl’!YCB Mike Smith

beams (1oe4nm,
Hartmann beam,
5321nM).

Holds the 5221nm
prut allgniment

controls.

MLke Smith and
Sam wWaldman
Lroning this out. L
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End-Station Phase reference

O Stabilise the relative frequency nolse between
the maiw laser and the auxiliary Laser.

Power tab-off from the main Laser tnjected tinto
aw optical fiber and sent to both end-stations.

Auxtlia ry laser L the end-stations phase-
Locked to the oPt'LcaL fiber output.

Notse from the fiber sets the Limit of the relative
frequency stability - arm cavity displacement
noLSE.
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iber Noise Cancellation

Local breadboard (2ft x 3ft), located near (on) PSL table. ‘ D A N M- a Wd 40 m—La b/ L_HO
setting up cancellation
EXPErLIMENLS.

beatnote

4 km SM fiber

L]
Phase Noise Servo VCo
BW ~3 kHz f1 =+82 MHz

’
Remote breadboard (2ft x 3ft), on the ALS laser table (End-station).
Farayday Mirror D Wg 0 L Wg oo e

(~5% trans.) l&MZ
' Corner-Station End-Station '

: - :
: i
: R ;
1] L3 :
error signal to local ALS 'z l BN
laser for PLLto the PSL < === E
(imune to fiber noise). science <\ PRI > “ %
laser - s
y
(L.O.) 0k

4 km fibre

& PDi PD2 S A
¥

— — * Auxiliary
Digital Digital Laser

Phasepneter-] AdvLIGO Phaserneter—z

digital control

]
network
e = - - ]

\

O FC/APC - SM Connectors
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Initial Cancellation Results
r

2

Fiber Frequency Noise
10" ¢ — ;

O Need to have another
order of magnitude.

O changing the Low-
pass filter to €00 Hz

Frequency [Hz]
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Summary

O Destgn well underwa Y.
O Phase reference to be Lroned out soon.
O ETM Telescope being Lroned own.

O Praft Design Requirement document.
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