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LIGO
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IFO description and
sensitivity goals

Sensing and control

DC readout

Lock acquisition

Fused silica suspensions
Enhanced LIGO

Current status
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e Stable power and
signal recycling

cavities —>
e DC readout w/ output ’Outp:
mode cleaner for Mode
DARM
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¢|FO description and sensitivity goals

ETMX

RF readout for aux
loops

SRC detuning
Wedged optics
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¢|FO description and sensitivity goals

® Tune sensitivity as a
function of signal
recycling phase, signal
recycling reflectivity, and
power

e Maximize for specific
sources using bench62
noise estimates

e Corrected thermo-optic
noise contribution
improves high frequency
performance by 10%

epench70 to be released
soon
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Strain noise (Hz"”z)

GWADW
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Mode NS-NS Range BH-BH Range P Tsrv  Gsre
137 Mpc 1.17 Gpc 25 W 100% —
la 148 Mpc 1.49 Gpc 25 W 20% 0 deg.
1b 180 Mpc 1.23 Gpc 125 W 20% 0 deg.
2 200 Mpc 1.03 Gpc 125 W 20% 11 deg.
3 168 Mpc 161 Gpe 20 W 20% 20 deg.
4 158 Mpc 1.96 Gpc 45 W 20% 72 deg.
5 122 Mpc 1.38 Gpc 125 W 1.1% 4.7 deg.
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¢|FO description and sensitivity goals

e /ero detune choice
simplifies the length
sensing and control,

®is within 10% of the
optimum NS/NS
range,

® improves BH/BH by
20%,

®and increases
sensitivity above 1kHz
by 2Xx
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eSensing and control

LIGO

3.8e+05 W
8.2e+03 W
1.8e+02 W

o f1 =9, f, =45 MHz 04w

® Demod to 3 x f2 Carrier
® “short” Schnupp
asymmetry: 4 cm 91 M HZ 3.86+00 W

e Tsrm = 0.20 45.5 MHz

® Tprm = 0.03

o Tyrm =0.014

o F'~ 450 M. Evans, S. Ballmer 0.2e-02W
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eSensing and control

LIGO 70 mw

3.8e+05 W
8.2e+03 W
37 W
1.8e+02 W
o f1 =9, f, =45 MHz
e Demod to 3 x f2 — Carrier
® “short” Schnupp
asymmetry: 4 cm _ 9.1 MHz 3.86+00 W
® Tsrw = 0.20 45.5 MHz
® Tprm = 0.03
 Trrm =0.014 -
~ f _ 450 8.2e-02 W
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eSensing and control

LIGO 05w

3.8e+05 W
8.26+03 W
13 W
1.8e+02 W
) f1 =9, f2=45 MHz 0.5 W
e Demod to 3 x f2 T Carrier
® “short” Schnupp 0.1 W
asymmetry: 4 cm 1 9.1 MHz 3.86+00 W
® Tsrw = 0.20 45.5 MHz
® Tprm = 0.03
 T)rm = 0.014 -
~ f _ 450 8.2e-02 W
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eSensing and control

Noise Budget for DARM, NS/NS Range: 169 Mpc

-17 ‘_ Total
Quantum
Auxilliary length
Seismic
Thermal
18 Freq. Noise
Int. Noise
OSC Phase
OSC Ampl
Facility
19
50 \ —
{ (100 MW ~ 2x10719 W/Hz2)
=21 A
N use Looptickle model to
simulate AdvLIGO plant
-22
10 10° 10° 10"

Frequency [Hz]

Sensing Matrix in Watts per meter at 1 kHz, for Science Mode 1 (zero detuning)

Port CARM DARM PRCL MICH SRCL

REFL I1 9.4e+08 1.3e+05  7.3e+07 le+06 1.4e+04

AS DC 3e+06 9.7¢e4+09 6.7e+05  3.4e+07 7e+03

POP I1 3.2e+07 4.4e+03 1.2¢+07 6.6e+03 3e+02

POP Q2 8.7e+06 4.2e+04 4.6e+05 7.4e-+05 8.8e+04

POP 12 8.7e+06 9¢+03 1.8e+06 9.9e¢+04 3e+05 S. Ballmer
GWADW Elba, Italy May 2008 10 A& \Waldman DCC:G080278-00




eSensing and control

LIGO

e |nitial unlocked

alignment, in-lock 7@%@%

cavity optimization, &

angulgr spring o - - QPDEQ

damp]ng Optics T & I< %8\7 |< @
e Optical levers Wes @<t 5 7| app oo b ep
e Wavefront sensors  wrs @< SN
° WFs @<

. . WES @4—(7 <=pe

® Non-diagonal sensing | L@ wrs

matrices Tolst —® wrs
® 5 to 125 W operation ToLSC o lon

Fr.olov, et él. |
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eSensing and control

LIGO

® |[n-vacuum sensing for all DOF
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picomotor mirror

in-vacuum

ETM transmission
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e Homodyne detection of " — ErhancedLico
DARM: use the carrier ;| D sienese
as the reference | |
oscillator T {

e ~10 pm DARM offset %10 k

® Requires RIN =10 N
Hz'/Z at 10 Hz A

e QOutput Mode Cleaner .

10’ 10° 10°

Frequency [Hz]
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LI G 0 el ock acquisition

e Rapid, deterministic lock
acquisition

e Use LAI for initial de-tuned arms

e Compensate for CARM optical
spring

o 3f vertex signals

e Early common mode locking?

r S | S | | | | =
ETMX S S reduce offset > "

- BS
— 3R
T ITMX
—ITMY
EThX
—  ETMY
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LIGO

e Rapid, deterministic lock
acquisition

e Use LAI for initial de-tuned arms

e Compensate for CARM optical

spring
o 3f vertex signals
® Early common mode locking?

el ock acquisition

VITRX +TRY vs CARM

12
10 ‘ T ‘ T T T T T T T 3
1011 CARM off = 1e-3 nm
C CARM off = 5e-3 nm
10"°} _
CARM off =0.01 nm
109 CARM off = 0.05 nm
CARM off = 0.1 nm
@ 8
'g 10
= CARM off = 0.5 nm
c
S 7 CARM off = 1 nm
10
e
CARM off =3 nm
10°

CARM off =5 nm

105;7 CARM off = 7 nm

CARM off =10 nm

100 10’ - 103 - 103 104
- Frequency [HZ]
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LI G 0 el ock acquisition

e |ock Acquisition
Interferometer to
control arm cavities 6 Displacement Noise ANU group, et al.

. 10 ' TG T : R : Lo rrrr
independent of ™~ |——X_, —Closeloop
vertex |- Openioop ;
,,,,,, Xopy_my — Closeloop — 0.0279 nm |
S PDH Noise Limit — 1e-014 m
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e Digital
Interferometery,
Seismic Platform
Interferometer,
frequency shifted
PDH
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e Reduce RMS arm
motion to <1 nm

4 i

e Reduce force

—2 ~1

required from quad 10 10 10

Frequency [Hz
actuators quency [Hz]
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L

loss

1IGO

e Stepped circular fiber new
advLIGO baseline

® Already produced at LASTI

e Cylindrical fibers proven in
GEO600 suspensions

3e-09

a. Cummings,
a. Heptonstall

e

2e-09

4eline

ribbon
real

1e-09 -

cylindricey
real

> ribbon

ol
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0
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0 5 10 15 20

. 3I0:reque3ﬁcy [HZ]

T e
eFused silica suspensions

Length = 70 mm

Diameter = 0.79 mm

Diameter = 0.394 mm
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LIGO

eEnhanced LIGO

e Advanced LIGO approved by NSF
e Stable power- and signal- recycling
e /ero detune, 125 W, 180 Mpc baseline

e 9 45 MHz RF sidebands with short
Schnupp asymmetry

e DC readout with output mode cleaner
e | ock acquisition interferometer
e Tapered, cylindrical suspension

GWADW Elba, Italy May 2008 17 A& \Waldman DCC:G080278-00



LIGO

eEnhanced LIGO

- ® Enhanced LIGO

0 \' ~EmhansdLicol  commissioning
| b‘ Advanced LIGO)I  ynderway, 56 in January
g“m—w:_ ' 2009
£ | | @ DC readout with OMC
§ 10| h | ® HAM Internal Seismic
S Isolation (IS)
- | e 35WLZH laser
| @ Advanced LIGO at LASTI
10} | e BSCISI
o 1 i® e Quadruple suspension
Frequency Rzl prototype
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RFQ’s for blanks
“out on the street”
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LIGO

LZH PSL '_F s 'I o, \
delivered ff & '

Monolithic output
mode cleaner

B109 Waldman DCC:G080278-00
: ey

GWADW Elba, Italy May 2008 20



LIGO

HAM IS| at LLO
with OMC and
suspension
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