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Outline
•  Intro
•  Einstein’s Gravity
•  The Instrument:  LIGO
•  The detection/event

•  The night Of
•  Life-Changing:  The Big Picture now!  Astrophysics!
•  Is it real???
•  The paper, vetting data
•  Preparing for the announcement!

•  HSU Connection
•  Conclusion



•  B.S. Physics & B.S. Applied Mathematics 
(HSU, Graduated in 1997)

•  Hired by Caltech in 1998
•  Helped build Detector
•  Operator
•  Supervisor

My Resume (18 in “LIGO Years”)



The General Theory Of Relativity (Die 
allgemeine Relativitätstheorie)
Presented Nov 2015 in Berlin at the Prussian 
Academy of Sciences.

November 1915:
(100-Year Anniversary Of The General Theory Of Relativity!)



Einstein’s Universe:  GRAVITY
•  Gravity is NOT a force, it’s a curving of space & time
•  Gravitational waves are vibrations from large mass motion
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Rai Weiss (MIT)

Kip Thorne (Caltech)

Ron Drever (Glasgow)

The Founders Of 
LIGO
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Interferometer Basics



Courtesy	  of	  Dooley	  &	  Cavaglia	  (G1600354)	  



Advanced LIGO’s Reach



The Control Room
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Our Machine Lives!



Different Sensitivities



National Press Conference�
2/11/16, Washington, D.C.!
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What Was Observed?



Listening To The Data



A Signal From A Binary Black Hole Merger



A Signal From A Binary Black Hole Merger



First-Ever Tests Of Einstein's Theories Under 
Dynamical, Extreme-Gravity Conditions 
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•  Mass:  62 M☉
•  Diameter:  227miles
•  Spin:  100Hz
•  Distance:  1.3Billion LY
•  Energy Released:  3 M☉ in 

gravitational waves!

GW150914 Fast Facts



LHO	  

LLO	  

GEO	  

VIRGO	  

KAGRA	  



The Day(s) After
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Experience At HSU

•  B.S. in Physics & B.S. in Applied Math
•  Small classes
•  Science-A 

•  INRSEP, AIA, HSU Student Drum
•  “Second Family”
•  Extracurricular Activities
•  Culture

•  Internships:  UCSF, DOE, SLAC
•  Cool research
•  Paid for it
•  Resume

•  Lifelong friendships, beautiful country



Finis


Thank You!!
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Extra Slides



Preparing For Announcement!

•  Press Releases
•  Videos
•  Translations of announcemets
•  Twitter schedule
•  Facebook posts
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•  1915:  Einstein & General Theory of Relativity
•  1960s:  Weber Bar Detector
•  1972:  Rai’s First Paper for making a Gravitational Wave Antenna
•  1974:  Indirect Observation of Gravitational Waves 



The gravitational-wave spectrum 	  

Courtesy	  of	  Dooley	  &	  Cavaglia	  (G1600354)	  



What it really looks like	  

Courtesy	  of	  Dooley	  &	  Cavaglia	  (G1600354)	  



Courtesy	  of	  Dooley	  &	  Cavaglia	  (G1600354)	  
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(hJps://dcc.ligo.org/public/0122/P1500227/009/
GW150914_localizaOon_and_followup.pdf)	  

“LocalizaOon	  and	  broadband	  follow-‐up	  of	  the	  gravitaOonal-‐wave	  transient	  GW150914"	  
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FIG. 1. Layout of an Advanced LIGO detector. The anno-
tation shows the optical power in use during the first obser-
vation run. The Nd:YAG laser, with wavelength �=1064 nm,
is capable of producing up to 180 W. A suspended, trian-
gular Fabry-Perot cavity serves as an input mode cleaner to
clean up the spatial profile of the laser beam, suppress input
beam jitter, clean polarization and help stabilize the laser fre-
quency. The Michelson interferometer is enhanced by a set
of 4-km resonant arm cavities, which increase the e↵ective
antenna length by a factor of ⇠250. Since the Michelson is
operated near a dark fringe all but a small fraction of the light
is directed back towards the laser. The power recycling mir-
ror resonates this light again to increase the power incident
on the beamsplitter by a factor of ⇠ 40, improving the shot
noise sensing limit. On the antisymmetric side, the signal re-
cycling mirror is used to broaden the response of the detector
beyond the linewidth of the arm cavities. An output mode
cleaner is also present at the antisymmetric port, to reject un-
wanted spatial and frequency components of the light, before
the signal is detected by the main photodetector.

lengths of the inline arm and the perpendicular arm, re-
spectively. Layout of the arm cavities is shown in figure 1.
With equal macroscopic arm lengths, L0 ' Lk ' L?, the
gravitational wave strain and the di↵erential arm length
are related through the simple equation L = hL0, where
h is the average strain induced into both arms.

Typically we measure the amplitude spectral density
of the displacement, since the sensitivity is greatly fre-
quency dependent. The suspended test masses can be
considered as free above the pendulum resonance fre-
quency, which would limit the Advanced LIGO sensitiv-
ity to frequencies above 1 Hz. In reality, seismic noise and
the thermal noise associated with the vertical suspension
resonance limits the useful frequencies above 10 Hz as
discussed in section IIIA. Figure 2 shows the sensitivity
of the Advanced LIGO detectors during the first obser-
vation run.

Astrophysical sources produce tiny displacements
when their gravitational waves reach the Earth. Dis-
placements of the order of 10�19 m/

p
Hz must be mea-

sured to see the coalescence of binary compact objects
out to a distance of 100s of Mpc. Figure 3 shows the

FIG. 2. The strain sensitivity for the LIGO Livingston Obser-
vatory (L1) and the LIGO Hanford Observatory (H1) during
the first observation run. Also shown are the Advanced LIGO
design (black curve) and the sensitivity during the final data
collection run (S6) of the initial detectors. The sensitivity to
the di↵erential displacement of the two arm cavities can be
obtained by multiplying the strain sensitivity by 4000 m.

FIG. 3. The sensitivity to coalescing compact binaries for
the first observation run (O1) and the final run with the ini-
tial detectors (S6). Shown is the horizon distance, which is
the distance along the most sensitive direction of the inter-
ferometer for an binary inspiral system that is seen head-on
and for a signal-to-noise ratio of 8. The horizontal axis is the

chirp mass which is defined as M = (1 + z)µ
3
5M

2
5 , where

M = M1 + M2 is the total mass, µ = M1M2/M is the re-
duced mass, and z is the cosmological redshift. For systems
with similar component masses the chirp mass and component
mass are approximately equal. Units are in solar masses, M�.

horizon distance as function of the chirp mass for inspi-
ral neutron star binaries, M <⇠ 2M�, and inspiral black
hole systems, M >⇠ 3M�.

To achieve this remarkable sensitivity, Advanced LIGO
requires an active seismic isolation system [7], multi-stage
pendulums with a monolithic lower suspension stage [8],
high quality fused silica test masses, multiple coupled op-

M.	  Fyffe	  




































































