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km-class GW detectors in the world: 2015

LIGO Hanford 4 km, desert GEOY600'600 M, university farm

e G T

LIGO Livingston 4 km,
forest

Virgo Cascina 3 km



FY2015

km-class GW detectors in the world

university farm

l

6EO 600 600 m

LIGO Hanford 4 km, desert

IKAGRA Kamioka,
3 km, Michelson
underground

Virgo Cascina 3 km

LIGO Livingston 4 km,

forest






km-class GW detectors in the world: near future
LIGO Hanford 4 km, desert GEO 600 600 m, farm

ez

LIGO India ! \
Approved by the

Indian gov. on
Feb. 16 2016 !!

llllll

bKAGRA Kamioka,
3 km, FPM
cryogenic,

forest underground
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advanced LIGOUDEE/ 'l%,.,\

Vertical scale is the
number of binary
inspirals detected
Rates based on
population synthesis,
realistic but uncertain
LIGO Scientific
Collaboration (LSC)
preparing for the data
analysis challenge

Close collaboration
with Virgo

Early detection
looks feasible

MMumber of events

arXiv:1304.0670,
arxiv:1003.2480

10°

10

3 run: 9 months @ 120-170 Mpc,

_ El months
= 3 monthe
=2 months

2" run: 6 months @ 80-120 Mpc,

“likely” detection

1%t run: 3 months @ 40-80 Mpc,
“possible” detection

1 year @ 15 Mpc

4 1 :
= ————x Volume x Time
Mpc Myr
1 1 1 1 1
210 40 60 B 100 _ 121 140 160 180 200
Landry — Testing Gravity 15 Jan 2015 - Grapsrange (Mpc) 17
Fal

by M. Landry



TITLE: GCN CIRCULAR
NUMBER: 18330

SUBJECT: LIGO/Virgo G184098: Burst candidate in LIGO engineering run data

TLELR L

INationa clence Foundation
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e 200 deg? (50 % CL) or 750 deg? (90 % CL)
* Distance not announced.



TITLE: GCN CIRCULAR
NUMBER: 18330
SUBJECT: LIGO/Virgo G184098: Burst candidate in LIGO engineering run data

Dear colleagues,

We would like to bring to your attention a trigger identified by the online Burst analysis
during the ongoing Engineering Run 8 (ERS).

G184098 (2015-09-16 06:39 UT)
« 2015-09-14 09:50:45 UTC (18:50:45 JST)
* FAR below ~1/month
o <1/(2.7yr) = < 1/(100yr) = < 1/(22500yr) - < 1/(203000yr)
» gstlal/pycbc pipeline were turned-off.
 ERS8: O1 not yet started (O01:9/19 0:00 JST)
« Calibration not fixed.
« Automatic alert to LV within 3 mins of discovery, 2days latency for EM/nu follow-
uppers.
« Importance of low-latency alert.
 lIdentified by cWB & oLIB, confirmed by gstlal & pycbc
e 200 deg? (50 % CL) or 750 deg? (90 % CL)
» Distance not announced (needs gstlal: 50 sec. latency, 20 = whitening, another big
factor is calibration).
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IMRPhenom: Inspiral-Merger-Ringdown Phenomenology
EOBNR: Effective one body formalism numerical relativity
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(BOTTOM) IN THE TWO

HORIZONS (MIDDLE-TOP),

BIE'ST F

observed by

source type

LIGO L1, H1
black hole (BH) binary

duration from 30 Hz
# cycles from 30 Hz

GW15089 114 :FACTSHEET https://losc.ligo.org/events/GW150914/

BACKGROUND IMAGES: TIM&REQU
SO DETEC

~ 200 ms
~10

date 14 Sept 2015
time 09:50:45 UTC
0.75 to 1.9 Gly

likely distance

redshift

230 to 570 Mpc
0.054 to 0.136

signal-to-noise ratio
false alarm prob.

false alarm rate

24
< 1 in 5 million

<1 in 200,000 yr

peak GW strain

peak displacement of

interferometers arms

frequency/wavelength
at peak GW strain

peak speed of BHs
peak GW luminosity
radiated GW energy

1x10%

+£0.002 fm

150 Hz, 2000 km

~0.6¢c
3.6 x 10% erg s’
2.5-3.5 Mo

Source Masses Mo
total mass 60 to 70
primary BH 32 to 41
secondary BH 25 to 33
remnant BH 58 to 67
mass ratio 0.6to1
primary BH spin <0.7
secondary BH spin <0.9
remnant BH spin 0.57 to 0.72
signal arrival time arrived in L1 7 ms
delay before H1

likely sky position
likely orientation
resolved to

Southern Hemisphere

face-on/off
~600 sq. deg.

remnant ringdown freq.

remnant damping time
180 km, 3.5 x 105 km?

remnant size, area
consistent with
general relativity?

graviton mass bound

~ 250 Hz

~4 ms

passes all tests
performed

<1.2x10%2¢eV

coalescence rate of
binary black holes

2 to 400 Gpc3yr!

online trigger latency

~ 3 min

# offline analysis pipelines 5

CPU hours consumed

papers on Feb 11, 2016

# researchers

~ 50 million (=20,000
PCs run for 100 days)

13

~1000, 80 institutions

in 15 countries
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RESCEU

Research Center for the Early Universg
School of Science, The University of Td
Tokyo, 113-0033, Japan

INVITATION

T0O
Gravitational Wave

Cosmology

RESCEU

Research Center for the Early Universe
School of Science, The University of Tokyo
Tokyo, 113-0033, Japan




IRE 138(B4EF

=5 TRILFX—BR

R AT T2 B

En AL 3874
TTERERK

- BULEvYINUFEHDIE:

X4D7b—>3>

S ERET 5T
J——

1

At S AN

H
LT
gpusl

onteZ@BA QR

NFTONTA VI NI

ARSI

e
(v B= $

¢+

o ¢

<



ﬂ\ T’ '6 G)'TT' . .

-

- ,;.‘100{57'19*—;. 10? cmD Ih'zc‘thGZ:l 6x10Fcm
e nied : ﬁﬁ%%ﬁiﬁﬁ\b1’ﬁﬁf'77/95 5

E’EHQ’J’C'L\% e

1OO{E'LT‘~1017SGC g ‘tp, =C Zh'G2 25 4><10 44sec -
i | ﬁﬁ%%ﬂi*ﬂ?ﬁ\b1’ﬁo7“77/7ﬁ%ﬂ |

' ; ; » ; 3 UAReER= 1&&?
‘375,\7;[; Jzacﬁ E5EHHTND -
'*Ejb%ﬁﬁﬁﬂwmtéﬁ’bfb%

@ / ‘ 'S




I8F 137{84F

Er-—?ﬁl;tt}iz*nf:h\

EwvwHd I\ %
W OfeCof=M ?

420

A2L— a3l
L\ DFEIHF=H 7
- W 1 -

~
. BOEYIAUTEHOKS

Ll
oui
_

NT A Rt

i o O I B
F\w\'—CTU\

OHHEIACH AT




Y EIE T maissEs

+ EH M

12L—avi
FTSHDEND K
-y #R AT Ak

Evg N>k
BREA(TIL—

SaL DR M B TR ABDIETED
dark age1

B RERDCL JENLEAYET
ﬁ;fg =T e Do [REREARYN 38R

- BNs=tvs />

'[ AL —3Y

FHOSEXRE



EHEHMERTFE CO=EFHE N RERMRT LT
1979, /1> JL—La>FHEMNE S LYRI
ARZOERAXF—(EvI NFHEBRME L 2—KEEZEBEZHIZ)

Nucoma 6 XITD, mox 30, svin, {1, emp. 719 — 723 5 denabps 19791,

CHEKTP PEAMKTOROFO ['PABHTALMOHHORO V3 AYIEHUA Spectrum of relict gravitational radiation and the early state

1 HAYAJILHOE COCTOSIHME BCEJEHHOM . of the universe

A. A. Starobinskii

A.A.Cmapobuncrui .
L.D. Landau Institute of Theoretical Physics, USSR Academy of Sciences

Pacemorpena denoMeroaornueckas Moiens Beenennoid, 8 xoTopoi 1o .
HAYala KIACCKYECKOro $pUAMAHOBCKOro pacumpenns Beeenpan  waxomu- (Submitted 25 October 1979)

fach B MAKCHMAIbHO CUMMETPUYHOM KBAHTOBOM cocTosHuY. Bhiuncien Pis’ma Zh. Eksp. Teor. Fiz. 30, No. 11, 719-723 (5 December 1979)
CIEKTp AJMBHOBOIHOBOrY (OHOBOTO IPABUTAIMOHEOTO — M3JIYYeHud, BO3HM-

Kalomero B Taxoil mofeau. Bo3MOKHOCTH JeTeKTUPCBAEKS STOrO U3AYYeHUA A phenomenological model of the universe, in which, the universe wasin a
b Aranasone 1072 — 103 I'y sss0TcA ofHanexusanomusy. | maximum symmetrical quantum state before the beginning of the classical
B HacToSHlee BPEMS TEOPKA KBAHTOBHIX 30QEKTOB B CHAbHbIX MPABHTa- Friedman expansion, is examined. The spectrum of long-wave, background,
WHOHHBIX OAX ABACTCH YKe OCTATOUHO PasBTOf, MTOGH MOXKO Bkl gravitational radiation is calculated in this model. The possibility of detecting this
719 radiation in the range 10 ~* — 10~° Hz is promising.

PACS numbers: 98.80.Bp, 95.30.5f

At present, the theory of quantum effects in strong gravitational fields has
reached the stage of development at which it is possible to ask what was the state of
the universe before the beginning of its classical expansion according to the Friedman

682 0021-3640/80/230682-04500.60 © 1980 American Institute of Physics 682
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