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What is the OMC? P2
Advanced LIGO Output Mode Cleaner (OMC)

This optical breadboard is suspended by OMCS on HAM6 ISI

- where the light
from the interferometer light is converted to GW signals

- to transmit the signal field
on the carrier light as much as possible, while removing
any other field like carrier higher-order modes and any
RF modulation sidebands
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Where is the OMC? E

Where is it placed?

ITMY: Input Test Mass, Y arm g ion Plate, Y arm

(x.2)=(-200.0, 4983.1, -80.0) mm 200.0, 4763.1, -80.0) mm
ROC = 1934 m, w =53 mm ROC = pl/pl, w = 53 mm
Ver. wedge = 0.08 deg, thick down Hor. wedge = 0.07 deg, thick -X
S1:T = 1.4%; 52: AR MY S18&52: AR
D = 340 mm, t = 200 mm; 40 kg D =340 mm, t = 100 mm; 20 kg
Quad cPY Quad
MC1 & MC3: Mode Cleaner M MC2: Mode Cleaner M - ————
GO0 ot E L e G | —"s 7 ITMX: Input Test M
(x,y.2)=(-20072, 255/719.9, -108.3) mm (x.y,2)=(-3833.1, 487.4, -98.2) mm BSC1 (x,y,2)=(5013.0, -20C
ROC = pliph = 2,12 mm ROC = 27.24 m, = 3.37 mm (x,y,2) = (-202.6, -183.9, -82.9) mm chT
Hor, wedge = 05 deg Hor. wedge = 0.5 deg ROC = plipl, w = 53 mm [ROC=1934m, w=
ST To06% S1:HR; 52 AR Hor. wedge = 0.07°, thick +X +Y w
D = 150 mm, t = 75 mm; 2.9 kg D = 150 mm, t = 75 mm; 2.9 kg S1: 50/50; S2: AR 1:4%; 52 Al
HAM1 HAM2 Triple (HSTS) HAM3 Suspension: Triple D =370 mm, t = 60 mm; 14 kg D = 340 mm, t = 200
BSC2 ion: Triple Susy Quad
[l mc2
PSLIO BS
Input Beam /
PR2
iron CPX ITMX
BSC3
IM2: ROC =128 m, w=22mm PR3: Power Rec. Cav. Mirror 3 BRI Pone A i s
IM3: ROC =-624m, w=18mm | |(xy2)=(-19740.5, -174.0, -94.8) mm {PR2: Power Rec. Cav Wiror2 | CPX: Compensation Plate, X arm
IM1, IM4: Steering Mirrors ROC =36.0m, w =54 mm N (x.y,2)=(4793.0, -200.0, -80.0) mm
Suspension: Single (HAM-AUX) Ver. wedge = 0.1 deg, thick down P —————— HAM4 ROC = pl/pl, w = 53 mm
S1: HR; S2: AR; AOI = 0.608° Ver. wedge = 1 deg thick down Hor. wedge = 0.07 deg, thick -Y
[1Fi: Input Faraday Isolator ] [D=265mm, t=101.4mm; 12kg [S1: T = 250ppm; S2: AR; AOI = 0.748° | S18&52:AR
B 75 mm; 2.9 kg -] :
P: Periscope Triple (HLTS) (p=150mm t=75mm29kg | SR2 - - -
[ ! tiple (HSTS) D = 340 mm, = 100 mm; 20 kg

- Suspension: Quad
PRM: Power Recycling Mirror

(x,y,2) = (-20194.3, -628.0, -95.8) mm

ROC = 11.0m, w=22mm [SR2: Signal Rec. Cav. Miror2___|
Ver. wedge = 1 deg, thick down (x,Y,2) = (-594.1, -4178.1, -104.4) mm
S1:T=3.0%; 52: AR ROC = -6.427 m, w =8.2mm

D =150 mm, t = 75 mm; 2.9 kg Ver. wedge = 1 deg, thick down
Triple (HSTS) S$1: T = HR; S2: AR; AOI = 0.748°
D =150 mm, t = 75 mm; 2.9 kg

SR3: Signal Rec. Cav. Mirror 3
(xy.2) = (174.2, -19615.9, -94.5) mm
ROC =36.0 m, w =54 mm
Ver. wedge = 0.1 deg, thick down
S1: T=HR; §2: AR; AOI = 0.608°
D =265 mm, t = 101.4 mm; 12 kg
Suspension: Triple (HLTS)

SRM: Signal Recycling Mirror

(x.2) = (305.4, -19908.6, -113.2) mm
ROC = -5.6938 m, w = 2.1 mm

Ver. wedge = 1 deg, thick down

$1:T = 35% or 20%; S2: AR

D =150 mm, t = 75 mm; 29 kg

Suspension: Triple (HSTS)

OFI: Output Faraday Isolator

Aperture: 20 mm

Suspension: Single

AP1: ROC = 4.6 m, w = 0.6 mm
AP2: ROC =1.7m, w = 0.8 mm
AP3: Steering Mirror, w = 0.5 mm

Suspension: Single (Ti

D0902838

OMC: Output Mode Cleaner
Suspension: Double
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Where is the OMC?
HAMG6 Optical layout

D1000342
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Why do we need the OMC? z

DC Readout: G030460 T0900023 P1000009 G1101153

DC Readout

aLIGO employs "DC readout" scheme for sensing of GW signals
RF Readout ADark port DC Readout N

(iLIGO) (e/aLIGO)

differentiation

by RF modulation
< \ >
DARM N
operating point offset operating point

DC Readout is good:

- removes nonstationary shot noise
- mitigates technical noises associated with the RF modulation
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Why do we need the OMC(C? Ps

Enemies of the DC Readout

- Carrier higher-order modes (HOMs)
- RF modulation sidebands (any spatial modes)

=> No contribution to the signal
and increase the shot noise

eLIGO AS port beam |

Output mode cleaner
A short (~1m) optical cavity for the filtering of these optical fields

Filtering performance Finesse of our OMC:

higher finesse ~400, aiming for
~98% transmission

in reality, 93~97%

g

Signal transmittance OMC Design: T1000276

lower finesse
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How was it designed ~ Filtering Performanc¢e

Important parameter: Transverse Mode Spacing (TMS)
An optical cavity has a repetitive resonant structure

') concidence of
Ls:) A q, FSR 'F \ the HOM resonance
(O
B
é \ FSR I
g2
S E
.
Oth 2nd  3rd optical freg
order order order
If , h-th order HOMs get transmitted

TMS/FSR is dependent on the cavity geometry
=>Careful adjustment of TMS/FSR is the key to avoid HOMs

OMC Design, Characterization: T1000276 G1300952 G1301001 T1500060



What's on the OMC?

LIGO-G1500940
P8

OMC Breadboard "Bottom" side

DCPD2
CM2/PZT2

cm1
Transmission ‘
h QPD1

CM1/PZT1

Bst )\ Incident
beam

Reflected

beam

Anatomy of the OMC: E1300201
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OMC Suspension (OMCS) &

Double pendulum suspension

OMCS: D0900295 T080117
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How is it contro

HL OMC Control n Tue Mar 3 13:15:03 2015

ChPZT1_DC_MON
ChPZT1_AC_MON

3300,0 Freq

5.0 CLK_GATN S IETE AT
2000,0 SINGAIN IStp do signals|

20000 C0S_GAIN

M RAHP TIHE
| soosT | |

' =1 |-  ———
' |E NULL % STATUS:
GhPZT2_DC_MON

| wiees | 10 PZT2_AC O
CONNECTION ERRORS; see SPH DIFFS for dead channel

LSC
g = _E N N _N N _E _N =X N _N N N N N N N N N - D G Gb Gb G G Gb G G =
ASC Dl[]

ov[ ] N

—‘ ml—l DEMODULATION

BRI R

m SET INTEGRATORS: ) QSERVOS 15tp error |
S| 1
-200, 000 —
QPD ), 000

onvorr §_FILT l—Fm
.15 ]
aceful Clear History

HASTER 1606, 0(

I OPDs

GAIN

| 0ffload Ots
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How is it controlled?

OMC cavity length control

=> Qtherwise it is bilinear

=> Demodulate the transmitted light at the modulation freg
=> Do not distinguish the modes: mode id necessary

Sensitive to the noise at the modulation frequency
(e.g. LHO ALOG 18034)



How is it controlled?

LIGO-G1500940
P12

OMC cavity length noise coupling to DARM
(e.g. LHO ALOG 19212 by Dan Hoak)

Displacement noise [m / Hz'/?]

1015 R

1070

1077
1oQ°:fq?ﬁ
10'21-—555i

oal

[— OMC length noise --> DARM_ ERR (Quadratic coupling) H
...l — OMC length noise --> DARM_ERR (Bilinear coupling) |]
.| — HI1:CAL-DELTAL_EXTERNAL

10° 10°
Frequency [Hz]
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How is it controlled?

OMC angular control

=> Robust, better S/N
=> Difficult to determine the operating point?
(How to do it if mode shape is constantly changing?)

=> Maximize the transmission
=> Low S/N & Slow
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How is it controlled?

OMC angular control

=> 2 actuator dofs missing!

=> ignore this pointing

=> Use OMCS as an actuator
=> (Causes scattered light noise depending on the OMCS motion
(OMs also cause this noise)
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How is the DARM signal obtained -

Normalization: T0900023
DC ReadOUt RCG Codes & MEDM Screens: E1500161

RCG Code: modification: LHO ALOG 18437

obtained from
the sum of the two DCPD outputs.

(Characterization T1300552)

(This is a calibration matter, LHO ALOG 17647, LLO ALOG 18223)
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Scattered light noise

Back scatter from/via the OMC

The first fringe wrapping shelf
The second fringe
wrapping shelf which has the twice fringe velocity.

OMC L excitation

- - .
measure d RIN with 0.2 Hz OMC Longitudnal excitation on
= fringe wrapping model, r1 = 1e-5r2 = 1e-6

main

beam scattered
g scattered
2" light

Frequency [Hz]



LIGO-G1500940

Scattered light noise
OMC Shroud

The scattering that happens around
the OMC breadboard will be attenuated.

7 @i | .
VA ™ imm N .
o ey | AR Y g
R i 4 l : 'm i 1 » .
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Mode matching
OMC Mode mismatch

This would

particularly become a problem when an input squeezing is used

OMC DCPD sum photocurrent [mA]

10%

LLLLLL

SSSSS
3.

‘‘‘‘‘‘‘

B4
= U
CHERO
sssss
LsB5 LsB6 UsB7 LsBB LSBSBO LSREB
102 || usep | [ usep | 1| UsBp | ] UsB3 [l LsB4. iz LsB |
FTEEIE R skt B t RIS fg |
teba - ukba: b usbs b sty 1sbs: | usha] i 15b9sho }-usbasbo - ish et
isso it (STCH M A s T L1855 85|

- TSb6, Usbe:
| usto ST T 1) (S 73
| 00 mode

&beacon | ||

1— 1 T ¥ T T mTmIgED D TTT ] ¥ T T - n 1
: | emekmatched: ' HEE
{8 i EEE R S R it

100 150 200
Cavity Detuning [MHZz]

OMC mode scan
& OMC beacon scan
LHO ALOG 17782

Lockin

Low loss squeezing T1400715
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Spare slides
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OMC cavity design

Basically eLIGO OMC design was followed
- Bowtie 4-mirror ring cavity
even mirrors => simpler HOM structure
ring cavity => less back scattering

reflection flat
input transmission
curved
- Finesse: ~400 (for ~98% transmission)

Roundtrip length ~1lm  (the breadboard size)
Curved mirror radius ~2.5m
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Filtering Performance

Estimation of the filtering performance
Total transmitted power

= D (power in each mode) x (transmission of each mode)

- Modeling of the interferometer output beam (details in G1201111)
power laws based on the eLIGO performance of the IFO optics

LLO eLIGO OMC Scan 0.001
5x1074 \ JAN
measured carrler modes \\\ // \\
- lower sideband g \ / N~ \\
1 ® 1 X 10_4 \ “v/ //I \\\\ \\ AN — S W YT
g E 5x107° \\ / N N
z © v LHO Carrier N
210 qh,
5 3 1x107° /\\\ =
o -6 [ -
5x10H h-th order power per 1IW@BS: i
i P 1 8e 3 x 10’\( n/4 8) for n>2|
1%1076 —
0 2 4 6 8 10

Order

This wouldnt be a predlctlon but have some usefulness, anyway
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Filtering Performance

Estimated filtering performance

- Expected junk light power at the dark port (100w input = 4kw @BS)
~12W leakage => filtered down to 1mW. Well within the PD capability.
This could become better thanks to mode healing and better optics in aLIGO

- Cavity length tolerance: L=1.132 +/— 0.005 [m]
- Mirror RoC tolerance: R=2.575 +/— 0.015 [m]

-3 se2l, | =1.132m
10 S\ w0005l
c10't e\ R
o NS AT SR
82 105l v s\
C = e SRR A YA
o 3 BHETER A S & YARAS
@S 10| Gl AT
€0 ST AN
QW 7| S g N
s 10 [8r T~
|_; E '94»'.;':13-/\.“—\.8131@,‘
= 107 Mh s Soar
SR IS ST
10_9 "I‘S' "’Jﬁ‘gm':w-’f e : N i = -
1 1.05 1.1 115 12 1256 13 135 14
Cavity round-trip length [m]

CRn - carrier n-th mode, SB(1,2)(U,L)n - sideband n-th mode,
SB1 - 9MHzSB, SB2 - 45MHz SB, U - upper SB, L - lower SB



LIGO-G1500940

Optical testing

Power Budget
Estimated from the input power, transmitted power,
visibility, and cavity finesse

About 20% total loss allowed for 6dB squeezing.

A half of the budget already eaten up by the OMC.
These PDs were previously (eLIGO) reported to have Q.E.>95%
Need further investigation (or replacement)
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