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What is LIGO?

Laser Interferometer Gravitational-wave Observatory,
a new kind of astronomy!

Why is there a LIGO guy at an ASA meeting!

We also care a lot about vibrations

Are there 2 LIGO talks?

I’'m going to tell you why we care about vibrations,
and Arnaud is going to tell you what we do about them

L1G

A few questions... vmg)
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mNhat is a Gravitational Wave’VILIG

Implies immediate
action at a distance

Sir Isaac Newton

Earth By NASA/ApoIIo 17 crew taken by elther Harrlson Schmltt or Ron Evans

‘{3' - http://www.nasa.gov/images/content/115334main_image_feature_329_ys_full.jpg
' apple by Abhult Tembhekar from Mumbal Ind|a
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By Sir Godfrey Kneller
- //www.newton.cam.ac.uk/ar rtrait.html
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http://www.newton.cam.ac.uk/art/portrait.html
http://www.nasa.gov/images/content/115334main_image_feature_329_ys_full.jpg

mNhat is a Gravitational Wave?V'k'ggy

Predicted by Einstein in 1916 as part of GR.

“Spacetime tells matter how to move,
matter tells spacetime how to curve”

- J. A. Wheeler
There are traveling wave solutions, the
waves propagate at the speed of light
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Photograph by Orren Jack Turner,
Library of Congress digital ID cph.3b46036. G1900918 8



Simulation or the event
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The LIGO concept V'kigg)
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Time =0 T = 1 Period

4km arm cavity

4km arm cavity

input light

D W

output light, containing

gravitational wave signal
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The LIGO concept *Y)

Gravitational waves are hard to
measure because space doesn’t like to
stretch.

Our signal strain (h) = 102/,
dL = 4*10'8 meters

(that’s why it’s taken so long,
Einstein 1916,Weiss 1973)

input light

4km arm cavity

4km arm cavity

D W

output light, containing

gravitational wave signal
G1900918 13




The LIGO concept *)

Gravitational waves are hard to
measure because space doesn’t like to
stretch.

Our signal strain (h) = 102/,

dL = 4*]0-'8 meters 3 Th|ngs we do:

(that’s why it’s taken so long,

Einstein 1916, Weiss 1973) ) Really long arms.

4km arm cavity

4km arm cavity

input light

D W

output light, containing

gravitational wave signal
G1900918 14




Layout of the interferometer V'k'@
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LSC
e Fabry-Perot arms V'k'@

ERM
Goal 2: Measure distance —_
change of arms very accurately
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Layout of the interferometer v.k‘@

ERM

Goal 3: Keep the —_
mirrors from moving §
4 km i
T Input i
Mode :
Cleaner !
{

e 3o T™M

_ BS
5.2 kW

PR3 SR2 T=1.4%
T=20%
SRM SR3

PD
vV ~~—-—->0O »» GW readout
0 O



The LIGO vacuum equipme
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drawing courtesy of Oddvar Spjeld
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LIGO Mirrors:
Synthetic fused silica,
40 kg mass

34 cm diameter
20 cm thick

Suspended as a
4 stage pendulum

G1900918 20



LIGO Mirrors:
Synthetic fused silica,

40 kg mass
34 cm diameter
20 cm thick

Suspended as a
4 stage pendulum

Best coatings available

Motion at 10 Hz set by
thermal driven vibration

silicate bonding creates a monolithic final stage

G1900918 21
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optics table - stage 2

stage |
support - stage 0 —




optics table - stage 2
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support - stage 0 —




LIG
Now we are ready... V'Rﬁg)

|) Long Arms

2) Precise length measurement
3) Quiet Mirrors
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First signal

Hanford, Washington (H1)

Sept 14,2015

Livingston, Louisiana (L1)

—| H =— L1 observed
H1 observed (shifted, inverted)
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LSC ,
oC Best fit with )
Numerical Relativity

Initial Masses: insplhal e o

29 (+4/-4) & 36 (+5/-4) Maun Q 960

Final Mass:
62 (+4/-4) Msun 10
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5 V | |
DiStance -1.0 —Numerical relativity ]
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Masses in the Stellar Graveyard

GWI170729 In Solar Masses
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https://media.ligo.northwestern.edu/gallery/mass-plot
LIGO-Virgo | Frank Elavsky | Northwestern

But no light...


https://media.ligo.northwestern.edu/gallery/mass-plot

Masses in the Stellar Graveyard

GWI170729 In Solar Masses
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and in the last six weeks, we've seen:
5 more binary black-hole mergers,
| more binary Neutron star merger, and
| more faint signal which might be a BNS, or may be a BH + NS

But no light...


https://media.ligo.northwestern.edu/gallery/mass-plot

LSC ,
LSC) Neutron star slide V'k'@
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: LIG
summary & conclusions V'Rﬁg)
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