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o LIGO History
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LIGO

Progress of LIGO Sensitivity
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Displacement [m/VHZ]

L1 UGF = 165 Hz, 14.9 Mpc, Predicted: 15.8, Apr 25 2007 06:49:55 UTC
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LIGO Triple-coincidence Science Mode
Observation Time Accumulation vs. Calendar Time
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LSC
o Duty Factor for S5
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LIGO Enhanced LIGO

4Q 4Q 4Q 4Q 4Q 4Q
05 06 07 08 09 10
| | | | | |

S5 ~2 years s6

= Enough time for one significant set of enhancements

» Higher laser power

» DC readout
» Qutput modecleaner

= Aim for a factor of 2 improvement in sensitivity (factor
of 8 in event rate)

= Early tests of Advanced LIGO hardware and
techniques

BHEHRZ RS, 2008/12/12 10
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LIGO
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Displacement [m/VHz]
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Limiting noise sources for an enhanced detector are

understood

................

...............

..............

...............

——PRC
- —— MICH

.= = = Wire Thermal ]

= = = SUS electronics
== Total (29.5 Mpc)

Mirror Thermal

Intensity Noise
Frequency Noise |

Seismic
Angle Controls 1

-
C>I

10

-20%




LIGO eLIGO 35W laser from LZH

Built in a master-oscillator-
power-amplifier (MOPA)
configuration — similar to iLigo
laser

Uses 2-W Innolight non-planar
ring oscillator (NPRO)

Designed for integration into
PSL

» Phase-correcting EOM between
MO and PA

» AOM for power stabilization
between MO and PA

Four longitudinally-pumped,
water-cooled amplifier heads

Pump diodes (4 x 45 W)
located remotely with fiber
optic delivery to laser heads.

BEAREHIRRRE, 2008/12/12 13



LIGO Wedged RTP crystal
(rubidium titanyl phosphate - RbTiOPO4)

polarizations and acts as a
pOlarizer 7 mm 22 mm 7 mm

» This avoids cavity effects and

= Wedged crystal separates the IZ
X

‘Impedance matching circuit
in separate housing.




/ HAM 1 — MC1&3, MMT1&3, Faraday

-10 efficiency (PSL to RM):
-LLO: 70% (MC visibility of 93%)
-LHO: 77% (MC visibility of 92% +/- 2%)
(compare with 55%-65% for iLIGO, LHO elog Dec 31, 2002) 15



‘Enhanced LIGO Seismic Isolation Prototype

LlGO *Horizontal Access Module In-vacuum Seismic Isolation
*(The HAM ISI)

* “Single Stage” Passive and Active
seismic isolation and alignment
platform
» Composed of 2 main components:
- Support Stage (“Stage Zero”)
- Suspended Stage (“Stage One”)

*Optical Table

» Passive isolation

) {

BEAEHIRRRE, 2008/12/12



*The HAM [SI

Old vs. New Isolation Compariso

WIT / GND Magnitude (m/m)

LHO HAMS ISI, June 27 2008
Isolation Loop WIT STS / GND STS Transfer Fu

L TI

nction *iLIGO Passive Isolation

10 ¢

created by performanceplot@080627 on 14-Sep-2008 (Jeff Kissel)

N

—_
o

Frequency (Hz)
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LIGO
' DC readout hardware
- Tip Tilts
« OMC-SUS
— double pendulum
— low <10Hz eigenfrequencies
- OMC
— monolithic cavity, ULE breadboard
— in-vac, high QE, 3mm DC-PDs
— finesse ~350, 380MHz FSR, g ~0.75
- aLlGO style control system hardware/software
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VIRGO Broken
Viewports

efirst failing esecondary

eFrom inside

ICRR seminar, 2008/12/12 eFrom outside 21



LIGO AstroWatch with H2 at Hanford Observatory

e A5 began 18Feb2008
e Run by LSC grad students

— Good training for students

— Frees up most experienced labor for eLIGO work on H1

e Successfully running (stats for 18Feb-2Sep08)
— Science mode up time ~28%
— Total up time ~52%
— H2 range varies 6-7.5 Mpc, depending on eLIGO activity/hardware.

e Astrowatch will continue until beginning of S6 in spring 2009

— Need more student volunteers for January 2009 and beyond.

BEHRMAERXRRE, 2008/12/12 22



LIGO Squeezing in H1

Strain (1/rtHz)

eLIGO aLIGO: install/commissioning

LLO ,,,
Ho D¢ D

~6 months
0O Fixed start date for H1 experiment: 2/15/2011
0 Fixed end date for H1 experiment: 10/3/2011 Squeezed Enhanced LIGO, 30 W
' I S I _PRC
s \ICH
_ Mirror Thermal
10 | = = = Wire Thermal
Intensity Noise
= Frequency Noise
= = = Squeezed Shot Noise
— — SEiSMIC
E === Angle Controls
= = = = SUS Electronics
E Y . ALY eLIGO Total (35.2 Mpc)
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Je0 Squeezing in H1

J - 2% 0 Setting up the lasers (MIT/LHO)
o~ : - » Critical path: building the electronics
SIS 7. ey 11/ U _—— " > Grad student from MIT
B : » Electronics support from LHO
S | \ 0O Building and commissioning the OPO (ANU)
i ) > Grad student from ANU
by | » Electronics support from LHO

i \' Oven/
Temperature

0 Characterization of the squeezer (ANU/LHO)

o —— P ~.,—_'ss Sensor )
> » _ SN 0 Homodyne detector (AEI)
O Experiment at H1
S2
SA,ign |_§m+ NPRO
(0]
Auxiliary laser
homodyne »« 3 ' / N THO Sauxi v
o = Main laser
:——\/ 1 FI
. 11— OPO A 50/50 E:H-
OPO ‘ m_l_
IA\ G+ - B Diabolo
=t \ﬂ_c_
) »” _| | a1l - AOM
‘+—8—_1v
Vd [ﬂ H' 176 fiber 24
4 ‘/ SMain




advancedligo Advanced LIGOGJCF%%I

T T417 TR ER KBRS AT L
3-4BE D ZERIRYF

Digital control system

T A ZEDRSE

OMC (output mode cleaner) %
{f-71-DC readout

200WH S5 RADE H L —H—(~20x)

ILASER |_| MOD -

x10 better amplitude sensitivity
= X1000 rate=(reach)?

=> 1 day of Advanced LIGO
» 1 year of Initial LIGO !

ADVANCED LIGO LAYOUT

A
[ SILICA, 34 CM &, 40 KG
B SILICA 37cm
4 km
SILICA, 26.5 cm §
INPUT MODE [
CLEANER
w'
<4< =0 5o
. y - ARM CAVITY
CORRECTION \
125w
[I 830w [I
PRM
T“'6% IT™ ETM
SRM 7=5%
POWER &
SIGNAL RECYCLING
OUTPUT MODE
CAVITIES CLEANER

PD
GW READOUT

EHRARR M=, 2008/12/12



advancedligo What is Advanced LIGO?

= Replacement of all of the LIGO
detector components, reuse of

the facilities — vacuum, buildings & e, R A
* Three 4km instruments — two at —;$>N§ir:§‘:;;:e3 mah power}

Hanford, one at Livingston o %zi EFiSFﬂreéﬁdemne
= Signal-recycled power-recycled < e

Fabry—Perot Michelson S
= Some tunability, can be used over £ 10

S

a range of input laser power

Coating Thermal

= Limited by quantum noise at I LD T
. . R 10 l 1 1 L 1 llll l L l ] 1 llll
most frequencies at high input 10’ 10° :
. . Frequency (Hz)
power, thermal noise otherwise

BHEHRZ RS, 2008/12/12 26



advancedligo When 1s Advanced LIGO?

= 2009

» eLIGO installation now complete, in commissioning
» In parallel, AdL completes development, fabricates parts

= 2010

» elLIGO observes
» AdL manufactures, assembles, aligns, tests subsystem parts

= 2011

» elLIGO wraps up
» Maybe squeezing experiment follows at LHO
» Observatory shutdown as early as Feb ‘11, second Oct ' 11

= 2012 — INSTALL, integrate, test, tune

= 2013 - First Interferometer Acceptance as early as June’ 13

= 2014 - Second, third IFO acceptance earliest Jan’ 14, April’ 14
= 2015 on — Observe with AdL, interleaving with further tuning

BEAREHIRRRE, 2008/12/12 27



advancedligo Advanced LIGO pre—stabilized laser system

high

High power laser:180 Watts  power |
stage - s3]
suspended
35W modecleaner
medium spatial
NPRO power shuteer filter
stage cavity
PMC1
180W @
EOM y Fl
» S
AOM FI A { \ J % v
[ ‘ L
[Fss }—[]eom
shutter
PM Z' 72
shutter reference —\
cavity
ACM
PSLinternal &
Diagnostic T
T IIFSS-A‘.

D@/ PMC2 - FSS-A2|
T — tidal feedback —

*Work lead by AEI (Hanover) in collaboration with LZH (Laser Zentrum Hanover)
B AR TR, 2008/12/12 28




Quad Suspensions

» ~107 attenuation @10 Hz

» Controls applied to upper
layers; noise filtered from test™”
masses

Magnets

Electrostatic




advancedlige Quad Pendulum Noise Prototype

Augu2007 _mounting to 1] October 2007 — Suspending

A
A




advancediige  OSEM to BOSEM:— Evolution

Initial LIGO Advanced LIGO Advanced LIGO
(OSEM)

Noise Prototype & Final
Production (BOSEM)

10°

~—EUCLID Free-Air Sensitivity
BOSEM In-Vacuum Sensitiviy

-
oI

-
o,
L
o
R

Advanced / Ultra LIGO
(Interferometric Sensor (EUCLID))

N
oI

10"

Displacement Sensitivity (m/rt-Hz)
o

10 107 10" 10° 10" 10°

Frequency (Hz)
BEHRHARRRSR, 2008/12/12 31



aseline Fibre for Advanced LIGO

Ear (bonded
mass)

0.8mm

-Laser weld

EARPAER AR, 2008/12/12 32



agvancedlige  Pulling Machine at LASTI

* Pulling machine is well aligned and capable of good reproducibility
* Length tolerance =0.1mm
* Recipe for fibres developed in collaboration with Glasgow/LASTI
* Fibres are stored in racks within a low humidity enclosure
- Strong fibres (>56GPa) are possible with high power + laser polishing

BEHRMAERXRRE, 2008/12/12 33



advancediige \Welding at LASTI and Glasgow

sarticulated arm

*optics

‘camera

BEAREHIRRRE, 2008/12/12 34



advancedligo TOOIing at LASTI

 Fibre

-Cut fibre *Proof test
- Fibre -on “bow” <Profiler = Cutter = Bounce + (12.5kQ)

*handling BhRHRT RS, 20081202 ©oCT 35



advancedligo Pitch hySteriSiS

Quad Pitch Hysteresis
150 ! ! ! .r

: : a <

T

9 ' . .

=

S

E OF .

5

o

-

O 50 -
100 -

Errorf= +-2 urad

1 ; ; ;
-%%00 -2000 -1000 0 1000 2000 3000
Input Pitch (urad)
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advancedligo  Caltech 40 meter prototype

#* Arm Finesse : 1200 -> 450
¥ Mod. Freqs: 33->9 MHz, 166->45 MHz
¥ Recycling: Longer cavities (requires folding)
¥ Mach Zehnder: Gone
¥* Control System: Many VME->One Fast MultiCPU box
3t Adaptive NC: Adaptive FIR, Inputs from PEM
3¢ Alt Locking: Green light, fiber delivery, AOM shifting
¥ Misc:
#* GigE Cameras: Fast Image Processing — Fast Network
¥ PEM Sensors: For FF cancellation
¥ Longer Oplevs: More stable — instead of full ASC
% Dither alignment: DC BW, Audio ” WFS”

37



advancedligo Auxiliary locking

= Example scheme

- oo

»
»

»

»

*Fibre link

d

*RF detection

*Independent sensing and control of arm cavity

doubled PSL

single pass AOM, sweep
frequency to resonance of PSL

dichroic coatings for ETM/ITM
fibre distribution

light injected through ETM
Normal PDH locking

= Just one idea other routes
available - pick path of least
resistance

38



advancedligo

Comparison of
1f and 3f
signals for
various CARM
offsets 0 ->10
nm

W)~ POXI1 W) o< POX Q2
10 6
8 4
6 2
4
0
2
0 -2
-2 -4
-4 -6
=20 0 20 -20 0 20
pos (nm) pos (nm)
W
( )10 REFL 31 W) < REFL 31Q
i 2
4 ‘2
2 K !
0 0
_2 _1
-4
-2
0 0 20 -20 0 20
pos (nm) pos (nm)
(a) PRCL (b) MICH
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-0.05 =
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w)
x 107 REFL 321 CARM off = 0.5 nm
2 CARM off =1 nm
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0
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LCGTIZARBLTLSED

EYER AR

» SASDELAELT-THEEETM. Active[HR D Al gET4
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