Siste nytt om gravitasjonsbglger
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Det Norske Vitenskapsakademi annonserte 2. juni 2016

The Norwegian Academy of Science and Letters awards the
2016 Kavli Prize in Astrophysics to:

R : AN
Ronald Drever Kip Thorne Rainer Weiss
California Institute of Technology, California Institute of Technology, Massachusetts Institute of
USA USA Technology, USA

“for the direct detection of gravitational waves.”



Mai 1916

Einsteins store artikkel i Annalen delnysik
der han presenterte den generelle relativitetsteorien, kom pa trykk
Masse krummerummet.
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Det krumme rommet forteller frie partikler hvordan de skal bevege



Juni 1916: Einstein forutsa eksistensen av gravitasjonsbglger
som en konsekvens av den generelle relativitetsteorien

Han mente at universet er fylt av gravitasjonsbglger,
men at de er for vanskelige a registrere
til at menneskene noensinne vil vaere 1 stand til
a «hgre» denne kosmiske symfonien.



Einstens teorkkontra/Newtons teori 2

Newton Einstein

Tyngdeakselerasjon forarsakes Tyngdeakselerasjon er noe en
av gravitasjonskraften til et partikkel far nar den er i et
legeme. rom som ikke er i fritt fall.

Tidevannskrefter forarsakes av Gravitasjonsbglger forarsakes
masser. av legemer som forandrer
fasong eller orientering.

Tidevannskrefter forarsaker ~ Gravitasjonsbglger forarsaker
formforandring formforandring.



Elektromagnetiske bglgenkontra
gravitasjonshalger

elektromagnetisme gravitasjon
Sterk. Svak.
Forarsakes av ladning med to  Forarsakes av masse med ett
fortegn. fortegn.
Elektromagnetisk straling  Gravitasjonsbglger sendes ut av
sendes ut av akselererte iIkke symmetriske legemer som
ladninger. endrer form eller orientering.
Viser overflaten av legemer. Viser legemets bevegelse.
Lette a registrere. Vanskelige & registrere.
Lette a blokkere. Trenger gjennom alt.
Universet er derfor mange Apner et vindu til universets
steder ugjennomsiktig for begynnelse.

elektromagnetisk straling.



Hvacercgravitasjonsbglger?

Gravitasjonsbglger er at krumning av romtiden
forplanter seg | Fommet.

Gravitasjonsbglger forplanter seg med
lyshastighet.

Gravitasjonsbglger endrer fasongen til en
gravitasjonsbglgeantenne.
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http://no.wikipedia.org/wiki/Fil:Wavy.gif

www.einstein-online.info



www, einstein-online.info



RIPPLE EFFECT

When a gravitational wave passes through space, it compresses
it in one direction and stretches it in another, both at right

angles to the wave's direction (red line). The effects of the wave
moving along a blue tube are shown.
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Gravitasjonsbglgespptrer med totyper polariseringer
kalt pluss og krysspolarisering



Denfarste gravitasjonsbglgedetektoren

Joseph Weber omkring 1960

Weberpravdei 1960-arene mediere sylindriskeantenner
aregistreregravitasjonsbglgeira Melkeveienssentrum
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Department of Physics and Astronomy, University ol Maryland, College Park, Maryland 20742
(Received 29 April 1969)

Coincidences have been observed on gravitational-radiation detectors over a base line
of about 1000 km at Argonne National Laboratory and at the University of Maryland.
The probability that all of these coincidences were accidental is incredibly small. Ex-
periments imply that electromagnetic and seismic effects can be ruled out with a high
level of confidence. These data are consistent with the conclusion that the detectors are
being excited by gravitational radiation,



BRAVITATION®




Andreprgvdea reprodusere
Webersresultatuten a lykkes

Senereble det gjort
beregningersomyvisteat det
trengtesantennermedmye
bedrefglsomhetenn Webers
sylindriskeantennerfor a .
registreregravitasjonsbglger §
fra kildervedMelkeveiens
sentrum
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TWO BLACK HOLES COLLIDING
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Et system med to svarte hull i bane rundt hverandre,
sender ut gravitasjonsbglger
med frekvens lik det dobbelte av antall omlgp per sekund.
Systemet mister energi, de svarte hullene kommer naermere hvera
og frekvensen gker.




Neutron Binary System — Hulse & Taylor Emission of gravitational waves

PSR 1913 + 16 _Tlmmg of pUlSﬂfS ﬁompnrimn between observations of the binary pulsar

PSR1913+416, and the prediction of general relativity based on
loss of orbital energy via gravitational waves
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RELATIVISTIC BINARY PULSAR PSR B1913+16
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Enkort LIGOnhistorikk

1979 LIGO receives funding
US National Science Foundation funds construction of the
Lasernterferometer GravitationalVave Observatori_1GQ.

1987: Another false alarm for gravitational waves
A false alarm on direct detection from Joseph Weber (again) wit
claimed signal from the supernova SN 1987A usingphasn bar.

1994: LIGO construction begins
It took a long time, but the construction of LIGO finally began in
Hanford, Washington, and Livingston, Louisiana

2002: LIGO starts first search
In August 2002, LIGO starts searching for evidence of gravitatior
waves.


http://www.ligo.org/index.php
http://www.ligo.org/index.php
http://www.ligo.org/index.php
http://www.ligo.org/index.php
http://arxivblog.com/?p=1271
http://arxivblog.com/?p=1271

2005: LIGO hunt ends
After five searches, the first phase of LIGO ends with no detectior
gravitational waves. The sens@®e then improved to give increasec
sensitivity, called Enhanced LIGO

2009: Enhanced LIGO
Enhanced.IGO starts new hunt for gravitational waves
It fallsto detect and gravitational waves.
A major upgrade, called Advanced LIGO begins

2014 Advanced LIGO upgrade completed
The new Advanced LIGO has finished installation and testing an
nearly ready to begin a new search

2015:Advanced LIGO starts making measurements
Advanced.IGO starts a new hunt for gravitational waves with four tir
the sensitivity of the original LIGO.



Hanford, Washington and Livingston, Louisiana

e [
e g B .
"

SN

Livingston Hanford

AP o -t >

.58

& 35 ;‘.“&?’: -
Caltech:
""- rale)







LIGO's interferometers are by far the largest ebveitt,
with 4 kmlong arms.
Thisis particularly important in the search for gravitational waves
because the longer the arms of an interferometer,
the farther the laser travels, and the more sensitive to length chang
the instrument becomes.
Attemptingto measure a change in arm length
10000times smaller than a proton
meantthat LIGO had to be more sensitive than any scientific instrur
ever built, so the longer the better.
Butthere are obvious practical limitations to how long one can builc
Interferometer. Even with arms 4 km long, if LIGO's interferomete
were basidMichelsongwith one reflection of light), they woulstill not
be long enough to detect gravitational waves...and yet they are.
Howis this possible?



This obstacle was resolved by altering the design of the Michelsol
Include modifications called=abryPerot cavities."
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TheFabryPerot 'cavity' actuallysthe full 4 km length of each arm
between the beam splitter and the end of each arm.
Additionalmirrors placed near the beam splitter are precisely align:
to reflect each laser beam back and forth along this 4 km length
about280 timesbefore it finally merges with the beam from the othe
arm. These extra reflections serve two functions

1. It stores the laser light within the interferometer for a longer peri
of time, which increases LIGQO's sensitivity
2. It increases the distance traveled by each laser beam from 4 kn
1120 km



With FabryPerot cavities, LIGQisterferometerarms
arenot just 4 km long, they are essentially 1120 km long,
Thisbit of 'mirror magic' greatly increases LIGQO's sensitivity
andmakes it capable of detecting changes in demgth
thousandsof times smaller than a proton,
while keeping the physical size of the interferometer manageable
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LIGO  How Smallis 10 -8 Meter?

+100,000 g

+1,000  —f—

One meter, about 40 inches

Human hair, about 100 microns

Wavelength of light, about T micron

Atomic diameter, 1079 meter

Nuclear diameter, 107° meter

L/GO sensitivity, 107° meter
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Prinsippskisse for LIGO: @verst en gravitasjonsbglge som beveger seg nedover.
Den presser sammen armen i den opprinnelige laserstralens retning,
og strekker armen pa tvers. Fotodetektoren mottar bare lys hvis en gravitasjonsbglge pas
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Toav speileneomtalt somdétestmasset paforrige figur.
Hvertavdemyveier40 kgoger hengtopp slikat dekanbevegeseqgfritt i armensretning.




Steel fibers

Single
<€———(1-segment)
pendulum
2y
C’b/g‘ " Test mass (mirror)
'<9/,'7 ' 11kg
# (22 Ib)
Initial LIGO
Suspension

iLIGO vs aLIGO suspension systems

These engineering drawings illustrate the striking
differences between Initial- and Advanced LIGO’s
suspensions. The suspensions are shown to scale.

Initial LIGO’s suspension was a single pendulum
design with an 11 kg (22 Ib) ‘test mass’ (mirror)
hung by steel fibers.

Advanced LIGO’s suspension system is a much
heftier quadruple (“quad”) pendulum with a 40
kg (88 Ib) ‘test mass’ (mirror) hung by fused silica
fibers.

Quadruple
(4-segment)
pendulum

0.4 mm fused
silica fibers

=" Test mass (mirror)
2.\ 40 kg
(88 1b)

Advanced LIGO
Suspension



LIGOselsm|skesolaslonsplattformSpe|Ienehengerl vakuumkamreundersllkeplattformer
somer konstruertfor at seismiskeribrasjonerikke skalpavirkespeilenegosisjon
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Constructive _Destructive
interference interference

www.explainthatstufl.com
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Normal situation

— . No signal

Gravitational wave detection
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LIGDe=ebomikli santet keknglogiski vidisgnder
Her @rmaenavéesteksiskadataene

Lyset reflekteres slik at den totale veilengden fra sender til
detektor blir 1120 km.

Seismisk isolering: Speilene er hengt opgrihs pendler som
absorberer bevegelser. | tillegg er det et feedback system sol
hindrer ugnskede forflytninger.

Et ekstremt vakuum i et volum pa 15008 en ngdvendig for a
hindre lydbglger og temperaturvariasjoner i malekammeret.
Speilene veler 40 kg, er polert med nanometers jevn overflat
absorberer bare ett av 3,3 millioner fotoner som treffer dem.
Laserstralene ma avbgyes i de 4 km lange armene pa grunn
jordkrumningen, som utgjer en hgydeforskjell pa over en me
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Gravitasjonsbgilger er et relativistisk fenomen forutsagt av Einsteins relativitetsteori.
Newtons gravitasjonsteori forutsier ikke eksistensen av gravitasjonsbgaiger.

Dobbeltstjernesystemer der to stjerner roterer rundt systemeigssesenter
sender ut gravitasjonsbgailger.

Einstein’'s theory

In his theory of general relativity, Einstein argued that the motion of an object would cause ripples
to emanate though the curvature of space-time. These fluctuations are known as gravitational
waves, shown here radiating from a binary star system - two ultra-dense neutron stars that are
spiralling closer and closer to each other

Binary star system

©

=+

;Gravitational waves

The technology now exists to measure gravitational waves and the results
are expected to prove that Einstein’s theory is correct



lllustrasjon av utbrudd 'pé emaytronstjerenesom ‘Iager'gravitasjonsbzlger'




Kolliderende ngytronstjerner laggravitasjonsbglger
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Cosmicacollision GravitationalWwavesare generatedwhen blackholesencircleeachother and
evencollide¢ simulatedhere on a computer.
MPIfor GravitationalPhysicg Institute for TheoreticalPhysicsFrankfurt /Zuselnstitute Berlin
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