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The gravitational

universe
Christopher Berry e @cplberry
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Gravitation is
universal.

Objects move in
sfraight lines.
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Space and time are
inked.

Nothing can travel

faster than the speed
of light.
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Spcce tells matter how to move.
\w Matter tells space how to curve.
S "
Image: BH Boston . .







What does geReEicl
relativity tell use

- ¢ .'.' -;‘. g ..“ . y .' , . . ' .. . » Imge: NASA, E.S.O
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The centre of
our galaxy




How do you observe the
dark side of the Universe?¢
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Black holes are Gravitational
Important waves are d new

astrophysical means of doing
objects astronomy




We have
detected
gravitational
waves!

losc.ligo.org/events/GW150914/
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Catching the
gravitational wave

Conor Mow-Lowry
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Michelson interferometer
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Imdges: LIGO Laboratory and Google Maps
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Images: LIGO Laboratory




How to catch the wave

1. Start with the frequency of light as a clock

2. Make relative measurements (only changes!)
3. Enhance the signal optically

4. Average over many atoms in the mirrors

5. Create a very quiet place for the test masses

Then... wait for the perfect wavel

LIGO was only possible after decades of work
by hundreds of scientists around the world!

Image: LIGO Laboratory



Information in @
gravitational wave

Walter Del Pozzo
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Black hole
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Multiple detectors can localise the
source In the sky




Image: LVC/Shane
Larson/Roy Williams/
Thomas Boch



How do we know general
relaftivity Is correcte

Image: Orion Jones



Testing

the

wdave

Image: LVC
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These black holes

and astrophysics
Will M. Farr « @farrwill

Imdge:"-NASA', J_,P..L—Cdl’rejch
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What we know

e, (e Ielease
ture belongs to lesser, longer-lasting stars. mazeﬁafback intolll helium-rich white dwarf star.

interstellar space
Mass (relative  Protostars  Time (not to scale) —»=
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1. Heavy black holes exist

5 million years

8x

2. Binary black holes form and merge

‘ 3. We will be seeing a lot of these
sys’rems in the future

fooess

Helium white
dwarf

. ’—» . Image: Malcolm
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Living as O
binary

Image: Postnov &
Yungelson (2014)
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-
T~3 Myr, N~10° 1‘: \/ .\ Two OB main-sequence
- e N S stars
—
4 ST More massive star (primary)
T~10 yr, N~30 -
ye { + @™ overfills Roche lobe. Stable or
N, JJ unstable noenconservative mass
- exchange
e
w10 - Helium-rich star
T~2:10 yr, N~500 R % with OB-companion
% va'i‘\ N |
~_ .7
a4 AN Primary explodes as
~10" yr I %  core-collapse SN or ECSN
k*),‘ N "J and becomes a neutron star
~_ 4 ar black hole
4 P Secondary is close to Roche lobe.
T~10 yr, N~100 -~ 4 % Accretion of stellar wind results

CHEAX
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T~10"yr, Nw30

Tw2-10"yr, N~50

He- star with compact
companion surrounded < ¥
by an expanding envelope ‘-\

Secondary explodes as
a supernova, ~10" yr

T~10 Gyr, Nv10® (30 ) zlt- a{
Binary relativistic -l
star

Merger of components
with a burst of emission
of gravitational waves and
gamma-ray,

E~v10"erg, ~10" yr

P in powerful X-ray emission

Helium core of the secondary
with compact companion inside
mass-losing common envelope

T~1Myr, N~1000

Red (super)giant with
neutron star or black hole
core (Thorne-Zytkow object)

T ~10 Gyr, N~10°
_* Single neutron star
or black hole

Supernova explosion
disrupts the system.
Two single neutron
stars or black holes



Assembling a binary
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We will
see
lots!

Image: LVC
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LIGQO is just one window

Big Bang
2 Supermassive Black Hole Binary Merger g
- (TTEEE—————— Y
\ (. Compact Binary Inspiral & Merger ‘
\ —
V{_" Extreme II/Ias..s- Pulsars, :
Ratio Inspirals @ Supernovae
- p
age of the Wave Period
universe hours secorst nilliseconds
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Wave Freiyuency

CMB Polarization Radio Pulsar Timing Arrays Space-based interferometers Terrestrial interferometers
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EPTA/LEAP (Europe)

(Australia)

Image:
David
Champion

NANOGrav  “SE™
(North America) 7




(Austral

Image:
David
Champion

(North Americq)



evolving Laser Intferferometer Space Antenna

Image: ESA



Image: ESA
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birmingham.ac.uk/gravitational-waves/

LIGO made the first observation
of a binary black hole merger

The future Is bright for
gravitational wave astronomy
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Thank You

Coming Up: Astronomy in the City - Wednesday 9 March 2016
Visit birmingham.ac.uk/astro-in-the-city for more information

birmingham.ac.uk/gravitational-waves
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