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LIGO Gravitational Waves

« Gravitational waves are a predictio
of Einstein’s theory of gravity

e Similar to electromagnetic waves ,
(light) from Maxwell’s equations \

__ « Two major differences

e - Spin two (tensor) shape
e Much smaller amplitude
— Strain AL—L ~ 10742

— Kilometer baseline,
subnuclear length changes




LIGO |ndirect Evidence for GW

 Known binary neutron star binaries will
merge within 100 million years

 Hulse and Taylor
observation

— Change In orbit of
neutron star binary

e BICEP2Z2 result

— If it holds up,
gravitational waves

from Bing Bang ;




Direct Gravitational Wave

LIGO
Sources
Short Duration Long Duration
Modeled Compact Body Inspirals Periodic Sources

Unmodeled Bursts

Supernova 1987A Rings

Hubble Space Telescope
Wide Field Planetary Camera 2




LIGO LIGO Interferometers

. » Modern gravitational wave
“  detectors use interferometers

. * Sense tiny motion of mirrors
~« L shape for tensor waves

e US has two sites

— Livingston, Louisiana (LLO) and
Hanford, Washington (LHO)

* 4 kilometer-long beam tubes
— Entire 8 km length in vacuum
— Low seismic noise environment




LIGO

AL

Science data 2002 — 2010
— QOver full year coincident

» Bandwidth 40 -3000 Hz
 Exceeded sensitivity goal

Initial LIGO
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Initial LIGO Astrophysics:
Burst and Inspiral Sources

 Gama ray bursts (GRBs) may be
compact body inspirals

LIGO

 Short GRBs 050311 and 070201 -

— Locations in galaxies M81 and M31
— Inspiral excluded at >98%

Signal at LIGO Livingston Observatory

« GW100916

— Consistent with
compact body inspiral

— Blind injection done to
test analysis process




Initial LIGO Astrophysics:
Pulsars and Stochastic

e Pulsars can give continuous | e
GW from asymmetric rotation |
o Crab pulsar E¢cyy < 0.02 Epiq

 Ellipticity limit in 116 pulsars

LIGO

— Lowest upper limite <7 x 107%

e Stochastic GW from
o o~ - primordial background
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LIGO Advanced LIGO

Enhanced LIGO i Initial LIGO

e Goal: 10X sensitivity

— 10 — 5000 Hz u
— 200 Mpc NS inspiral range | ==

— Inspirals possible ~ 1/month

— One day with Adv LIGO =
a few years with initial LIGO

Advanced I'GO Image courtesy of Beverly Berger

4 M+ Project began 2008

i — Installation started 2010

— Building three interferometers
— Installation finishing this year
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S5 (LLO 2007.08.30) |
Initial LIGO goal
S6 (LHO 2010.05.15)|]
Advanced LIGO goal |’

Frequency (Hz)




Advanced LIGO Seismic

Isolation and Suspension

e Selsmlc Isolation

o “* — Hydraulic preisolator
Lo external to vacuum

— In vacuum, two stage,
6 DOF active
mass/sprlng system'

— Seismic noise reduction
'/ s above pendulum f

— Final stage silica fibers to ;-
reduce thermal noise



Advanced LIGO Mirrors and

Zoa Coatings

* Fused silica optics
— 40 kilograms
— Very low absorption

— Monolithic connection 5
to suspension —

* Optical coatings
— 34 centimeter diameter
—5-6 cm beam spot
— Very low absorption
— Low thermal noise




Advanced LIGO Laser and

Interferometry

e Laser
— Nd:YAG 1064 nm
— Three stage NPRO
— 180 Watts
— Shot noise limited

) M
) etune, low power
) etune, high power
) Opt.
3)B H 20° detune
4)B H Opt.
5)H Freq

 Interferometer
— Power recycling increases .\
arm power to 800 kW 2

— Signal recycling to tune ;
sensitivity curve
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strain noise amplitude (Hz'” 2)
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Avanced LIGO

| Early (2015, 40 — 80 Mpc)
| Mid (2016-17, 80 — 120 Mpc)
| Late (2017-18, 120 - 170 Mpc)
|l Design (2019, 200 Mpc)
| BNS—-optimized (215 Mpc)

frequency (Hz)

Number of events

39 run: >6 months @ > 150 Mp

"d run: >3 months @ 100 Mpc,
“likely” detection

1 year @ 15 Mpc

See Arxiv/gr-qc/1304.0670, 1003.2480

80 100 120
Range [Mpc]




LIGO Multimessenger Astronomy

LIGO Hanford GEO 600 &
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t Send info
5 to observers \X //
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T Analyze data, 3 Validate
[ identify triggers, Trigger
GW infer sky position database
data Select event
Estimate background candidates
e
* Low latency data analysis happening as data

comes in — Generate triggers
e |ncrease confidence in GW detection
e More precise sky location, better understanding



Livingston Is Locked and
Accepted

« Livingston interferometer has \§c ed for
more than 2 hours (135 m

—June 30, 2014

— Now commlsséémg Q~

— When Han r> 2 hours late 2015,
ronatri mﬁh nhé}g,m
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LIGO Conclusion

e Initial LIGO complete
— Valldated technology

* Advanced LIGO
— Installation in US nearly complete =
— Lower noise technology%lox sensitivity

e LIGO India

— Expect approval soon j
— Improve sky positioning of sources




