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# plot +- 5 seconds around the event:

tevent = 1126259462.422 # Mon Sep 14 09:50:45 GMT 2015

deltat = 5. # seconds around the event

# index into the strain time series for this time interval:

indxt = np.where((time Hl >= tevent-deltat) & (time_Hl < tevent+deltat))

plt.figure()

plt.plot(time Hl[indxt]-tevent,strain Hl[indxt],'r',6label='H1l strain')
plt.plot(time Ll[indxt]-tevent,strain Ll[indxt],'g',6label='Ll strain')
plt.xlabel('time (s) since '+str(tevent))

plt.ylabel('strain')

plt.legend(loc='lower right')

plt.title('Advanced LIGO strain data near GW150914')
plt.savefig('GW150914_ strain.png')
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The data are dominated by low frequency noise; there is no way to see a signal here, without some signal processing.

There are very low frequency oscillations that are putting the mean of the L1 strain at -2.0e-18 at the time around this event, so
it appears offset from the H1 strain. These low frequency oscillations are essentially ignored in LIGO data analysis (see
bandpassing, below).

0.10

. GW150914 data release - losc.ligo.org

[LVC 2016]



512

256 |

128 [

(o))
S
T

w
N
T

LIGO Hanford

Frequency (Hz)
— N (%)
(o)) N " -
= o (o)) N

W
N
T

LIGO Livingston

0.5

0.6

GW150914: GW strain to sound

0.7
Time (sec)

LVC 2016]

0.8

0.9

1.0



Space-time }

Merging black holes

} }

Gravitational waves .
| ‘~ stretching

hoP = —1677%P

 Mirror Effect of

4-km-long | ~ waves
i | Light ~108 m
Beam ‘Mirror detector, - shift

gravitationa'l"“"'l el

squeezing

splitter
A' “_ Laser §

Light

Detector

Gravitational waves and their detection
[Nature 20106]

detector — -
XAKK ARRA A



Test
Mass

e Modified Michelson interferometer with ~300x
t resonant arm cavities, power and signal recycling

e 40-kg silica mirrors on quadruple-pendulum
suspensions with active seismic isolation

e 20 W input power, 10 kW circulating

Servos in control loops to maintain resonance and
alignment; calibration achieved by measuring
response to light-induced test-mass motion

¢ Environmental monitors: seismometers,

accelerometers, microphones, magnetometers,
V radio receivers, weather sensors, ac-power line
monitors, cosmic-ray detector
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e Binaries with masses 1-99 Mo, total mass
< 100 Mo, dimensionless spin < 0.99

e 250,000 PN and EOB signal templates.

Matched-filter SNR + X statistic

* Measured on 608,000-yr background,

false-alarm rate < 1 in 203,000 yr
(2x10~" false alarm = 5.10)

GW150914: matched-filter inspiral search
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Inspiral vs merger-ringdown consistency
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- GR
: GWs; Schwarzschild metric

. Eddington’s expedition

1939: gravitational collapse

1957: Chapel Hill conference
1960: Weber bars

1967: “black hole”, no-hair theorem

1971: Cygnus X-1
1972: GW interferometer design

1974. PSR B1913+16

1990, 1999: LIGO approved, inaugurated

2002: Sgr A* as black hole
2002-2010: initial LIGO runs

® 2015: aLlGO; GW150914




