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40 Outline

« Some basics on gravitational waves and
astrophysical sources

» LIGO

» Two slides on past results

» Advanced LIGO status: installation and
commissioning

* The future

» Near-term observation scenario
» A global network
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40 Gravitational waves

Predicted by Einstein’s theory of
gravity, General Relativity, in 1916

Generated by changing quadrupole
moments such as in co-orbiting
objects, spinning asymmetric objects
Interact weakly with matter - even

densest systems transparent to
gravitational waves

An entirely new spectrum in which to
explore the universe I===¥===
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Gravitational waves

Practically, need astrophysical objects moving near the speed of light

» According to GR, GWSs propagate at the speed of light /\

» Quadrupolar radiation; two polarizations: h, and h,
Physically, gravitational waves are strains: b AL(f)
L

Sense of scale: strain from a binary neutron star pair
» M=14Mo, r=10%2m (15 Mpc, Virgo), R = 20 km, f,,, = 400 Hz

» Torb
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LIGO Astrophysical Sources of Gravitational
Waves

Asymmetric Core

Collapse
Supernovae

- Weak emitters,
not well-modeled
(‘bursts’), transient

- Also: cosmic strings,
SGRs, pulsar glitches

Coalescing

Compact Binary
Systems: Neutron

Star-NS, Black
Hole-NS, BH-BH

- Strong emitters,
well-modeled,

- (effectively)
transient

Cosmic Gravitational-
wave Background

Spinning neutron
stars

- Residue of the Big

- (nearly) monotonic
Bang

waveform

- Long duration,

_ - Long duration
stochastic background
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NASA/WMAP Science Team

Casey Reed, Penn State
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Frequency-Time
Characteristics of GW Sources

time

L]
Ringdowns

Broadband Background

frequency
Bursts

CW (quasi-periodic)
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rico L1GO Laboratory: two Observatories,
Caltech and MIT campuses

« Mission: to develop gravitational-wave detectors,
and to operate them as astrophysical
observatories

. Jointly managed by Caltech and MIT; responsible
for operating LIGO Hanford
and Livingston Observatories

« Requires instrument science at the frontiers of
physics fundamental limits

Caltech | \
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LIGO

2006 2007 2008

LIGO time line

2009 2010 2011

now

2012 2013 2014 2015

-LIGO installatio
S5 data run :nd con:',:,sisasiz,:in"g S6 data run

Dark period

Advanced LIGO Project

* Fabrication, subsystem
assembly, and installation

~ 90% complete
* Interferometers

operational in late 2014

* First science data
expected in 2015

Adv LIGO
Installation
begins

Commissioning & initial data
With Advanced LIGO
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LIGO

Publications list at ligo.org

LSC

LSC Observational and Instrument Publications

Link to collaboration authored Conference proceedings
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Contact: Isc-pp @ ligo.org
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LIGG Searches for GWs from known
nearby GRB source

- GRB050311, GRB070201: short GRBs with o
sky localizations that overlap nearby galaxies

» GRB050311 overlap with M81 (3.6 Mpc) '
» GRB070201 overlap with M31 (770 kpc) g
- Binary coalescence in M31 excluded at >99% S,

confidence level
«  BNS coalescence in M81 excluded at 98%

confidence level W MR ST B
12 T T T T - T - T T . - 6929:59.8
= : V-V NS-NS |]
210:1 ..... l ;. NS_BH?
Y ST R feeens beenen feeees e Dmsi H s
= : . . . . . g g :
2 ‘
7 6 R ik T R
% F A SE. v - ¥ - 5
>< . E 68:29:598
m 4 —ARRERERRRRN e e - - ruTE PR 3
§ i ' . . a
g . . .
> 2F--GRBOSMO03 -
i L ‘. i i L i 67:59:598 8

O 1 1 2 L 1
10 20 30 40 50 60 70 80 90
Jet semi-opening angle (deg)

LIGQ Sc_ientific CoIIabo_rgtion, K. Hurley, LIGO Scientific Collaboration, “Implications for the 1000@0 5800 Ll I
“Implications for the Origin of GRB 070201 Origin of GRB 051103 from LIGO Observations”, i secenaen

from LIGO Observations”, Astrophys. J. 681 Astrophys. J. 755 (2012) 2
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Normalized Tile Energy

LIGO

2
N

Frequency [Hz]

12

10-22

v Sulf) and 28(NIVT (strain//112)

10-2

http://www.ligo.org/science/GW100916/

Livingston

Frequency [Hz]

32 .
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Cumulative Rate (vr

102
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Frequency [Hz]
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0

‘Event’ GW100916 — A Blind Injection

i
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LIGO

Power recycled Fabry-Perot Michelson
with Signal recycling (increase sensitivity,
add tunability)

Active seismic isolation, quadruple
pendulum suspensions (seismic noise
wall moves from 40Hz to 10Hz)

DC readout, Output Mode Cleaner
(better use of photons)

~20x higher input power (lower shot
noise)

40 kg test masses (smaller motion due to
photon pressure fluctuations)

Larger test mass surfaces, low-
mechanical -loss optical coatings
(decreased mid-band thermal noise)

* Fused Silica Suspension (decreased low-
frequency thermal noise)

Advanced LIGO

End
Test Mass

Cavity

Photodiode

Recycling
Mirror

Signal
Recycling

Laser Mirror

Landry — University of Victoria 5 Feb 2014 - G1400067-v1 14
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Strain (1/+/Hz)
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| Comparing Enhanced
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Displacement [mAHz]

LIGO

~16| | —— Feedback to Frequency
~——— Feedback to Length

Phases In installation

deinstall

[

IMC noise budget at GPS 1029725572

10 10° 10' 10° 10°
Frequency [Hz]

< "'

install
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LIGO 10X more sensitive, >10X harder...

* 14 unique fabricated parts « 188 unique fabricated parts

* 68 fabricated parts total - 1569 fabricated parts total

165 total including machined « 3575 total including machined
parts and hardware parts and hardware

Test mass suspension

Test mass suspension
From Advanced LIGO

From Initial LIGO

Landry — University of Victoria 5 Feb 2014 - G1400067-v1
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a0 Installation progression

Advanced LIGO installation start : Oct 20, 2010

Livingston Observatory was the pathfinder
» Natural progression from laser, to input optics, to corner test
masses, output and finally, arms
Hanford Observatory had more complicated path

» 4Kkm instrument was frozen for ~6mo, then a squeezed light
experiment run for ~1 year

» 2Kkm instrument deinstalled
» LIGO India evolved

» Deinstalled the 4km machine and commenced installation

Philosophy : get to testing as quickly as possible

Landry — University of Victoria 5 Feb 2014 - G1400067-v1 21



G0 uration

™ LIGO Hanford: start
with single arm

|

|

|

]

: Test Masses:
\ | fused silica,

Optical conf;

H 34 cm diam x 20 cm thick,
Input i 40 kg
Mode |
Cleaner
T=3%
PRM ) -
< > 125 W |
PS4 5 2 .
T 815 KW
( 5.7 KW
T=1.4%

LIGO Livingston:
start with vertex

T=20%
SAM

i @—» GW readout

‘ LA Butput
Mode
Cleaner
g7 Victoria 5 Feb 2 4 - GI1400067-v1

ETM
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LIGO LIGO Livingston Install

l | ERM

Mode
Cleaner
Laser

® Recycled vertex Michelson
» 2 test mass quad test mass

suspensions

Input

125W

5.6 kW

PR2

ETM

PR3

» Input and output chambers:
mode cleaners, recyclers

» Sensing and control electronics

sr2 )

T=20%

Test Masses:
fused sllica,
34 cm diam x 20 cm thick,
40 kg

T=1.4%

ETM

ERM

GW readout

23



LIGO

power stabilization arm cavity

frequency
stabilization

high power oscillator second loop

input mode
cleaner (IMC)

medium power
noise amplifier
eater

Z N\
SASPASUR i
2 >
[ NPRO |
I PMC locking I I0and arm
cavity frequency

first Pre-mode-
loop | cleaner (PMC)

injection locking

stabilization

PSL frequency stabilization
reference

cavity ’ﬂ"”
LN tidal correction (from IFO)

polarizing
beamsplitter

= EOM I:! AOM rsz:‘:;: d photodetector ﬂ wave plate

= \JCO MON (HPO on), 26dB common gain, Jan 24
L : = FSS in loop measurement
1 IR : w—— \/CO MON electronics noise
100 F i W g = = = Reguirement e

10 S UL . 8| (1)1 BEHEEE SEEHE S L

Lo - . X o N . Ll . .

-1 o - . : i . . - . . )
B Y Syrrrarrree Wy I T TR ryeyrr e A Y

I10 r..:: - ') SRR ~. B | SRR R S RS H S B i

10t . il MY
» ALl &

10' 10° 10° 10
Frequency [Hz]

Pre-stabilized laser

Frequency noise measured at
Livingston

3 W input to IMC

noise between 10 and 100 Hz is
already better; expect to meet
spec without difficulty

Landry — University of Victoria 5 Feb 2014 - G1400067-v1 24



40 HAM installations

« For LIGO smaller chambers (“HAMs”), we install the seismic
isolation platform into the chamber, and then populate it in situ

LLO HAM installation

25



LIGO o |
LIGO Livingston input mode cleaner
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MICH, m/Hz '

LIGO

Livingston DRMI

Dual-recycled Michelson Interferometer (‘DRMT)
» Power recycled Michelson locked on DC readout, calibrated

PRMI Configuration, DC Readout

10 I T T IR
hol Soep - 1
B Measured noise
_7 ! : Seismic (sum of ISI GS13 sensors) l
10 s WM -ssnmomTis . |
| Bosem (sum of all suspensions) E
: : Intensity (measured by POP QPD B) MY
8 i Thermal (BS and ITMs)
10 g-72 = 1 B R Frequency (IMC dark + control (>4Hz))
| Null (OMC PDA - PDB) '{/’I‘p:‘ oas
S | Shot 008 Lt a
10 === =y R sum = Cleaner e MC2 \
‘ i [ i f—— {] E BS ITMX
10 I I 1 :
-0 M\, [ S S NS [ S S S R Ly A
10 & 7 | | ’ ‘:
; q ; | « e o o o INT PRM .- Power N
i i i i Nt Recycling Sl
107 - s Mo/ TEIImIETOOEETT e Bttt e Cavity
E ‘ ‘ K HAM1 HAM2 HAM3
L. il | 1
10_12?7 < Af‘fff A AAlf*f*#ffgkf?LfffAffA** < \ HAM4
r i i
L | | .
13| : ] Signal
10 "Ermmminegs SHE VEHELHE E R RS R R S T Recycling
F fi i Cavity
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_ I |
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L : ! Arm Length «e¢———
ol RN "4\ (. Ly A Readout /’ y
E 5 i ] . i Output ¢ ) HAM6
i 4 ‘ : Light transmitted past the Mode |
_17 i i Cleaner
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1 1
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LIGO LIGO Hanford Install

A
Test Masses:
4km | fused silica,
: 34 cm diam x 20 cm thick,
; 40 kg
v

PR2
ETM

PR3

Input
Mode
Cleaner
T=3% t =
PRM ‘ ’
f 5.6 kW
- /]

| 800 kW |

ERM

® Half-interferometer (HIFO)

» 2 test mass quad test mass
suspensions

» Input chambers: mode cleaner,
recycling
» Arm-locking scheme

PD

Qutput
Mode
Cleaner

28



0 BSC installations

- For LIGO large chambers (“BSCs”), we assemble a cartridge in
a given hall, and then crane it into the vacuum envelope

——y

End Y mirror

Y mirror

cornerstation

29



LIGO

Hanford single-arm integration

* New lock acquisition strategy developed for Advanced LIGO
— Arm Length Stabilization system controls each arm cavity, putting them off-

resonance

— The 3 vertex lengths are controlled using robust RF signals

— Arm cavities are brought into resonance in a controlled fashion

 Therefore, commissioned single 4km arm

5 -
10 PR g T[Tl oLl T1oL
s HEP| ON - ISC ¥ - No Semsor Correction - 15| Damging
s HEPY O - ISC ¥ - Sensee Correction - S| Damping
s HEPI ON - ISC ¥ - Sensee Correction - IS1 Damping + STI L4C 250mHz
04 AAAAAAA | ]| === HEPI K- ISC ¥ - Senscr Larrection - ISI Damping + STI L4C 250miz + ST2 BSI3 100wH:
1 PP == A Y ) | e HEPI ON - IS ¥ - Sensee Correction - 151 Damping + STI L4C 00mHz + ST2 GSI3 100mHz
— \ s HEPI ON - ISC ¥ - Sensee Correction - IS1 Damping + STI 240 250mkiz + ST2 BSI3 250mHz
A \ s HEP| ON - ISC ¥ - Sensce Correction - 151 Damping + STI T240 100mHz + T2 6513 100mkz
3
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~
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1 2
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|
| !
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10 :
3
10° |
. . . . -1 0 1 2
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LIGO Hanford HIFO-Y

Half-Interferometer (‘HIFO')-Y arm

» Green light demonstrated to allow a
continuous controlled positioning of
cavity e Mobe S

» Fluctuations of the HIFO-Y length Carer - MCZU\E /N[
periscopes in corner and table motion)

~5 Hz RMS (meets noise requirement ' 3
JA Power >,  PR2 ”{"
a2~ Recycling NP
Cavity .
and modified suspension control filters

of 8Hz)
for known mechanical modes | =

» May require acoustic mitigation (in-air

Frequency Fluctuation [Hz/SqrtHz)
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J
What's left to install?

LIGO Livingston LIGO Hanford

Test Masses:

Test Masses: i
fused sil fused silica,
used siica, 34 cm diam x 20 om thick,
34 cm diam x 20 cm thick, 40 kg
40k —_—
Ter
LY ETM
BS I 815 kW |
J T=1.4%
T=20%
SAM T
PD
PD o
-—-D> @—» GW readout Y. B> @—» GW readout
Output (')ﬁu;z:l

Mode Cleaner
Cleaner N
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LIGO

Science

Binary neutron stars

 Initial LIGO reach: 15Mpc; rate ~
1/50yrs

« Advanced LIGO ~ 200Mpc
« ‘Realistic’ rate ~ 40 events/yr

Table 5. Detection rates for compact binary coalescence sources.

IFO Source? Nigw yr~! Ne yr! Niigh yr™! Nipax yr!
NS-NS 2 x 10~ 0.02 0.2 0.6
NS-BH 7% 1073 0.004 0.1
Initial BH-BH 2 x 10~ 0.007 0.5
IMRI into IMBH <0.001° 0.01¢
IMBH-IMBH 10-4¢ 10-3¢
. NS-NS 0.4 40 400 1000
Rates paper: Class. Quant. Grav, AN o 20 o
27 (201 0) 173001 Advanced BH-BH 0.4 20 1000
IMRI into IMBH 10° 300°
IMBH-IMBH 0.1¢ 1°
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LIGO - Qurrent guess for |
sensitivity evolution, observation

2
1 0 " 1 | 1 | 1 |

Vertical scale is the -

. 6 months
number of binary | e 3 momth 3rd run: >6 months @ > 150 Mpc
inspirals detected ———2months

Rates based on 10' |
population synthesis,
realistic but uncertain

LIGO Scientific
Collaboration (LSC)
preparing for the data
analysis challenge

Close collaboration
with Virgo
Early detection ™ = [ffesisscesisncaséansscanassinnsacaananiscnssanana '

looks feasible 10 1 year @ 15 Mpc

N I x Volume x Time

events 3
arXiv:1304.0670, Mpc™Myr

. 103 ! 1 I I I !
arXiv:1003.2480 20 40 60 80 100 120 140 160 180 200
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2" run: >3 months @ 100 Mpc,
“likely” detection

(=]

—
o

Number of events

.
ol

15t run: 2 months @ 50 Mpc,
“possible” detection




The advanced GW detector network:
2015-2025

Advanced LIGO GEO600 (HF)
Hanford R ———— g

Advanced LIGO
Livingston e )\ St
2015 oLy Ve o ¥ LIGO India

Advanceci




LIGO-India

International collaboration between
US and India to establish a LIGO
observatory in India

LIGO-US provides components for
one Advanced LIGO interferometer
from the Advanced LIGO project

» 2" interferometer originally intended for

Hanford

India provides the infrastructure (site,
roads, building, vacuum system),
“shipping & handling,” staff for
installation & commissioning,
operating costs

Indian funding — India Mega-science
Project

» Total request of ~ $230M to fund
construction and operations

US funding — funding for aLIGO
components from NSF

»  Total contribution $140M (includes aLIGO
components, designs, documentation)

}
o/

Pakistan” Chs

Indus B~
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Borders of Kashmir are

ind . India, Pakistan |

and China have differing

\ claims. Chin
3. Indus R.
I'IB.‘

|a

e Jammy
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LIG® Binary Neutron Star Merger
" "Localization: Hanford-Livingston-Virgo

3 site network
x denotes blind spots

Tl g e =
N PR N
. 2 T A SOy ‘" . .

(4

..o

0

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

S. Fairhurst, “Improved source localization with
LIGO India’, arXiv:1205.6611v1
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LIGS Binary Neutron Star Merger Localization:

INDIA

Hanford-Livingston-Virgo-India

4 site network

=

- Posoo0e=T.

. .8 ,"0000°°..

,°’lfao°°‘.'

/ / 0 00 PATPN ﬂ I ﬂ ...... 0 ; s

. 00 @ ............... 00
e 5.0.41_.2 ........... - bork30b ¢+ boe! 6ot oy
\ S RO A Y _0___.‘,;_0 o

R \'*."‘ o f. 0 10 o : '
N R A

s." ° 0.0 Q 0 ° °o.

'.- IR % o' o.a P
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) °°§Q°°..q'

S. Fairhurst, “Improved source localization with
LIGO India’, arXiv:1205.6611v1
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LIGS Binary Neutron Star Merger Localization:

INDIA

Hanford-Livingston-Virgo-India-KAGRA

5 site network

S. Fairhurst, “Improved source localization with
LIGO India’, arXiv:1205.6611v1
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YGo LIGO-India Status

« Status in India;:

» Funding — through most of a multi-stage approval process; LIGO-India
awaiting approval by the Cabinet of the government of India approval and
beginning of seed funding for facility design work

» Site selection — 4 candidate sites identified and undergoing qualification

» Facility and vacuum design — transfer of LIGO-US facility and vacuum
designs to LIGO-India team; LIGO-India facility and vacuum requirements
established

» A LIGO data grid Tier 2 center has been established at IUCAA in Pune

« Status in the US:

» -- the National Science Board has given permission to NSF, at its
discretion, “to approve the proposed aLIGO Project in scope, enabling
plans for the relocation of an advanced detector to India”

- Expect LIGO-India to begin operations in 2022
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Enabling multi-messenger astronomy
with gravitational waves

Many GWSs sources are
likely to radiate in the
electromagnetic spectrum

Multi-messenger
astronomy — observation of
the same event via
different modalities

GW ‘Aperture synthesis’

» Crude estimate of angular
resolution

X-ray, g-ray
follow-up

Oqy ~Agy | d ~ few degrees

- X-ray satellites & wide field ‘1“-% S R

telescopes WO S
+ Image tiling y R W,
+ Galaxy weighting J ~ Optical image:
9 NeutrInO ObservatOI’IeS = . J i fO' :up http://fearthobservatory.nasa.gov/
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a0 Summary

Advanced LIGO installation is
drawing to a close, and rapid
progress is being made towards
first lock this coming summer

We expect to make first science
run with the second generation
detectors in 2015 and 2016, runs
which may produce detections

We will press onward with
sensitivity improvements to design
sensitivity

We expect gravitational waves will
be detected in the coming few
years

Light at the end of a tunnel
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LIGO

Extra slides

Landry — University of Victoria 5 Feb 2014 - G1400067-v1

43



LIGO

PSL requirements

Property Value Comment
Wavelength 1064 nm Same as initial LIGO
At the IO interface, in a circular
Fundamental Mode Power =165W TEM,, mode
Higher-order Mode Power <5W
. At IO interface, polarization
. horizontal,
Polarization _ , parallel to table surface, to +1
> 100:1 ratio
deg
Beam size 550 pm Beam waist at 10 interface
, : At IO interface, from table
Beam height 4 inches surface
With respect to the vertical
Alignment tolerance +2 deg plane defined by the table

surface

Table 1. Requirements for the PSL beam, as delivered to the 10

subsystem.
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PSL schematic

idl‘]g‘\ E
E”‘ > RESCRER

Reference Cavity

>1W, p-pol
>1W, s-pol
<1W, p-pol
<1W, s-pol

*_Diagnostic Breadboard /%‘

EI’“ },J:]:

'PHASE CAMERA
- - !
‘,\:‘/‘L \\(-
5
& = e
& 7
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LIGO Input Mode Cleaner Design

MCA1
Triangular ring cavity

L/2=16.5m

FSR =9.1 MHz

Finesse = 520

P ioreq = 23 kKW (@ 165 W input)
MC mirrors suspended from
triple suspensions

MC mirrors
» 15 cm diameter x 10 cm thick

» 3 kg: 12x heavier than iLIGO, to limit
noise due to radiation pressure

MC3

Landry — University of Victodg 5 Feb 2014 - G1400067-v1




LIGO

Core Optics

Components

Test Masses:

40 kg 34cm ¢ x 20cm
- Substrate procurement \ ¢
- Substrate polishing
. . . Large beam size on test
« Dielectric coatings masses (6 cm radius), to
. Metrolo ay reduce thermal noise
- Transport, handling, cleaning
40 kg
Compensation plates:
34cm ¢ x 10cm
PR3 E . IT™ Round-trip optical
" e T=1.4% loss: 75 ppm max
"awm
All COC are fused Recycling Mirrors: -
silica substrates with 26.5cm ¢ x 10cm ~
ion-beam sputtered srs [

dielectric coatings

Landry — University of Victo#ii 5 Feb 2014 - G1400067-v1



Test mass (and dummy)

Landry — University of Victoria 5 Feb 2014 - G1400067-v1
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LIGO COC Coatings

- Baseline Requirements for Test Mass coatings
» Low scatter: <2 ppm
» Low absorption: < 0.5 ppm
» Low mechanical loss

— Several years of LSC R&D resulted in a better coating formula

— Alternating layers of silica and titanium-doped tantala (25%); gives approx. 40% lower loss
than non-doped tantala (20% reduction in thermal noise amplitude)

« LMA coating designs for the test masses are completed

» Not a Ya-wave stack design: accommodates arm locking w// green beam & reduces
thermal noise

} Rely on IBS coating technology from qualified vendors

ETM IT™™
1064 nm T=S5ppm T=1.4%
532 nm T=5% T=1%

® CSIRO coating designs for other optics nearly complete
» Dielectric coatings also need to accommodate Hartmann sensor probe beam

» Gold coatings for the CP barrel and the electro-static drive pattern on CPs &
ERMs Landry — University of Victo#8 5 Feb 2014 - G1400067-v1



LIGO

Test mass parameters

Baseline requirement.

Expected value

Mass 40 kg 40 kg

Dimensions 340 mm x 200 mm 340 mm x 200 mm
Surface Figure <1nmrms 0.3 nm rms
Microroughness 0.1 nmrms 0.15 nm rms

ITM homogeneity <10 nm rms <10 nm rms
ITM/CP bulk absorption |<3 ppm/cm < (0.2 ppm/cm
Coating absorption < 0.5 ppm 0.3 ppm

Coating scatter <2 ppm 10ppm

Coating mechanical loss | < 2x10-4 1.7x104

Arm cavity loss round trip| < 75 ppm 61 + environment

Landry — University of Victoria 5 Feb 2014 - G1400067-v1
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Y¥eo Squeezing

* Shot noise in a Michelson interferometer is due to
vacuum fluctuations entering the dark port.

* Quantum noise also produces photon pressure noise.

* Injecting a specially prepared light state with reduced
phase noise (relative to vacuum) into the dark port
will improve the shot noise sensitivity.

« Similarly, injecting light with reduced amplitude noise
will reduce the photon pressure noise.

* Non-linear optical effects can be used to generate a
squeezed “vacuum’ state.

51
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LIGO Noise without squeezing

10 ;

: —Qualntum noise
PrOjeCted Radiation —— Seismic noise
aLIGO

. - Gravity Gradients
. pressure noise —— Suspension thermal noise
SenSItIVIty , | =——Coating Brownian noise

Coating Thermo-optic noise
at 1 25W Substrate Brownian noise
laser

Excess Gas
power

—
o
L
©w
A W—

- Total noise

Displacement [mAV/HZ]

-
O'
n
=
T

D |

Shot noise

X

1
1 2 3 3
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LIGO

aLIGO sensitivity
with squeezed light

Strain (1/rtHz)
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— Typical noise without squeezing
| | -~ — — Shot Noise
— Squeezing-enhanced sensitivity

Strain sensitivity [1/ Hz]

10°

Frequency (Hz)

FIG. 2. Strain sensitivity of the H1 detector measured with and without squeezing injection. The improvement is up to 2.15
dB in the shot noise limited frequency band. Several effects cause the sharp lines visible in the spectra: mechanical resonances
in the mirror suspensions, resonances of the internal mirror modes, power line harmonics, etc. As the broadband floor of the
sensitivity is most relevant for gravitatiomalywavlidetectiofic dlese didy areGipidally/ not too harmful. The inset magnifies the
freauencv region between 150 and 300 Hz. showing that the squeezing enhancement persists down to 150 Hz



Zgu Expected data rates

LIGO will produce, in raw science frames, ~ 10 MB/s
~ 840 TB/day ~ 300 TB/year per IFO.

For 2 IFOs, with trend and RDS data included, we will
generate on the order of 1 Petabyte of data per year
total, per copy. (And we'll keep dual copies of all
data, with one copy at the observatories and one
copy at Caltech.)

Landry — University of Victoria 5 Feb 2014 - G1400067-v1

55



