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Opening a new window to the Universe
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Peering out to the Universe
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Gravitational waves are...

... ripples of spacetime
too faint to ever be
useful [detectable]
(1916)

| ... detectable, we just
| ... yep, pretty faint; they figure out how to
have an amplitude of 10?! measure changes in

(late 1960s and 1970s) distance of 108 m
(late 1960s and 1970s)







Global network of detectors

" LIGO Livingston

Under Construction
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Gravite tional Wave Observatories







Strain (10%")

GW150914: Two black holes collide
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_LIGO Hanford Data (shifted)
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Wave amplitude ~ 102}
Displacement ~ 4 x 10 m
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The story of two black holes

Once upon a time, 1.3 billion years ago, there existed two black holes

M =29 and 36 M,

v=0.5cC
D = 1.3 billion l.y.
AE =3 M,

They did not live happily ever after



“A discovery that shook the world”

% The Nobel Prize in Physics 2017

Rainer Weiss Barry C. Barish Kip S. Thorne
LIGONVIRGO Collaboration LIGONVIRGO Collaboration LIGONVIRGO Collaboration

"for avgérande bidrag till LIGO-detektorn och observationen av gravitationsvagor”
“for decisive contributions to the LIGO detector and the observation of gravitational waves”

3 October 2017 © Kungl. Vetenskapsakademien
Reuters



GW170817 : Two neutron stars collide

Lightcurve from Fermi/GBM (50 — 300 keV)

1.7 sec
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Gravitational-wave time-frequency map
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GW170817: two neutron stars collide
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Too much gold on the Earth?

 Formation of heavy

elements like gold and . Periodic Table of the
platinum needs neutron- Elements
rich environments

. .

* Not formed in stars like HEEERHBEEEEHEHEA
our Sun or in supernovae AEBFEEBEERBREEP

 They are formed in
neutron star mergers

Yellow: Formed by Merging Neutron Stars



Gravitational wave detections

e More than 70 sources detected
* Many mysteries

Continually improving
the detectors so we
can see fainter objects
farther away




Sub-quantum precision

Cumulative Count of Events and (non-retracted) Alerts
01 = 3, 02 =8, O3a =33, 03b =23, Total =67
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e Quantum fluctuations

Cumulative #Events/Candidates
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* Specially engineered e J .
guantum states of light | T

Quantum-enhanced sensitivity
Sum of non-quantum noises

e Sub-quantum ruler
* O3 detects ~ 1 merger/week

L1 Strain noise (1/VHz)
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A brilliantly dark and warped future

100

* Future earth-based Redsht .
observatories:
Cosmic Explorer,
Einstein Telescope
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* Space-based observatory:
LISA




400 years after Galileo

100”
1.5” (Galileo, 1609)  (Mt. Wilson, 1917)

| Chandra (Xray)

95” (Hubble Space
Telescope, 1990)




The Gravitational Wave Sky

Quantum fluctuations in early universe

Binary Supermassive Black
Holes in galactic nuclei
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Cosmic microwave Space Terrestrial
background Interferometers  interferometers

polarization

Detectors




Launching a new era of GW astrophysics

* First direct observations of gravitational waves RIS ) S

e Einstein’s general relativity theory confirmed

* Binary black hole and binary neutron star collisions
observed in real time

* The machine works with sub-attometer precision, phew!
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Turned on a completely new sense with
which to study the Universe

Using gravity alone, or with light —a new
tool for unimagined new discoveries



A new window to the Universe

Promises a brilliantly dark
and warped future




