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Interferométerek

Merélegesen osztott lezernyalab éninterferenciaja fotodioda feltiletén

Ahogy a hullam a berendezésen athalad, a
karok relativ hosszvaltozast szenvednek...

Lézerforras v . 5 &
Fotodioda ...ami a fotodiodaval

. ’ ; mért interferenciaképet
Relativ hosszvaltozas: h=AL /L is megvaltoztatja
Mérhetd: AL

Mivel h kicsi, L legyen minél nagyobb!=> L =4 km; AL~ 10-"m!







‘L,'a'er Interferometer Grav:tatlon-al wave Obser atory
T f§ f;’ ? (UGO) el

Végponttiikér

Ujrahasznosité Ujrahasznosité
tikor takor

Lézerforras : Fényerzékel6

Szenzor







Egy'grawt‘ac:loshull'arh detektor "f.'/

L ok hatterzajanak hangja
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Frekvencila
Kitorések

— Numerical relativity
Reconstructed (template)
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observed by

source type
date

time

LIGO L1, H1

black hole (BH) binary

14 Sept 2015
09:50:45 UTC

duration from 30 Hz

# cycles from 30 Hz ~10

peak GW strain 1x102

likely distance

redshift

0.75 to 1.9 Gly
230 to 570 Mpc

0.054 t0 0.136

peak displacement of
interferometers arms

frequency/wavelength
at peak GW strain

+0.002 fm

150 Hz, 2000 km

signal-to-noise ratio

false alarm prob.

false alarm rate

24

k GW luminosi
laas tRART in'5 million| T 7 o

1in 200,000 yr

peak speed of BHs ~06c

3.6 x 10% erg s

radiated GW energy 25-35 Mo

Source Masses Mo

remnant ringdown freq. ~ 250 Hz

total mass

chirpmass

primary BH
secondary BH

remnant BH

65

28
32 to 41
25 to 33

62

remnant damping time ~ 4 ms

remnant size, area 180 km, 3.5 x 10° km?

consistent with
general relativity?

passes all tests
performed

graviton mass bound <1.2x10%2eV

mass ratio
primary BH spin
secondary BH spin
remnant BH spin

signal arnval time
delay
likely sky position
likely orientation
resolved to

06to1
<07

<09
0.7

arrived in L1 7 ms
before H1

Southern Hemisphere

face-on/off

~600 sq. deg.

coalescence rate 2 to 400 Gpc3 yr!

online trigger latency ~ 3 min

# offline analysis pipelines 5
PCs run for 100 days)
papers on Feb 11, 2016 13

~1000, 80 institutions
in 15 countries

# researchers

CHt) hel s constnmdl | & 50 million (=20,000 ‘
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observed by LIGO L1, H1 duration from 35 Hz

source type black hole {(BH) binary # cycles from 35 Hz [

date dzEle signal arrival time arrived in H1 1 ms

time 03-38:53 UTC delay after L1

likely distance 250 to 620 Mpc peak GW strain 35x10%

- +0.7 am
interferometers arms

signal-to-noise ratio 13

frequency/wavelength

false alarm prob. ~ 1 in 10 million
at peak GW strain

420 Hz, 710 km

Source Massas Mae

-
<
o,
=
o

peak speed of BHs ~06c

total mass 20 to 28
peak GW luminosity 3.3 x 10% erg s

primary BH 11 to 23
radiated GW energy 0.8-1.1 Me

IgO

secondary BH 5to 10

remnant ringdown freq. ~ 750 Hz
remnant BH 19 to 27

mass ratio > .28 remnant damping time ~ 1.3 ms

primary BH spin > 0.2 remnant size, area 60 km, 3.5 x 10* km?*

remnant BH spin 0.7 to 0.8 online trigger latency ~ 3 min

resolved to ~850 sq. deg. # offline analysis pipelines 2
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Ismert sztellaris fekete lyukak

@ Gravitaciéshullam-jelolt e ,
@ Graviticicshulim-észleiés Osszeolvadasok
@ Rontgenkettss

elte.hut o

190

GW150914-A

{ Forras: Cardiff University School of Physics and Astronomy
Magyar szoveg: Szolgyén Akos, Dalya Gergely, Raffai Péter
Fejleszto: Chris North a LIGO Scientific Collaboration megbizasabol.

N .\ Forraskod megtekintése a GitHub-on.

A rontgenkettosok adatainak forrasa: stellarcollapse.org
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Operational
Under Construction
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£ Wims J Advanced LIGO

e : ; b o : B Early (2015, 40 — 80 Mpc)
: : : Mid (2016-17, 80 — 120 Mpc)

; ' RN Late (201718, 120 — 170 Mpc)
e 'y Il Design (2019, 200 Mpc)
L BNS—optimized (215 Mpc)
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Uj ablak a wlagegyetemre , 3
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General Relativity Predicﬁon/

Cumulative shift of periastron time (s)
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