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Pulsar timing
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Gravitational Universe
science theme chosen



Current Best Estimate

—_
o
o

7

~ Requirements _ 7
o -

. — —

p—
-,

Electrostatic
Actuation

Spectral Density [fm s72/v Hz]

. . Thrusters
1 10 100

Frequency [mHz]

Credit: M. Hewitson

7 /__ / _':,. /1 :I
—— i f ’ ¢ :
"



20

18 |
16 |
14 |

2l

10 |

Redshif:

0 = O 0

Amaro-Seoane
et al. (2012)
arXiv:1201.3621

> 3 4 5 6 7 8 9 10



Potential

-0.02

-0.04

-0.0&

-0.08

-0.1z2

-0.14

0.4

20

h+ Wavefom

40

250

con

7E0

1000

12E0

ic00

i7t0

0.4

orbit

a0t

=20

-10 . - 10 20

-20t

e wavefoom

2E0

can

7E0 1000 12t0 icon 17&0

Credit: J Gair



Characteristic Strain

IPTA

10714}
1076} eLISA

Pulsar Ground-
o6l - 1IMING based

arrays detectors o
10”2}
1072 Space-

borne
107 detectors
10261 . . . . : : : :
1010 1078 106 1074 1072 10° 102 104 106

Frequency / Hz

Credit: rhcole.com/apps/GWplotter/



i —

W"ﬂ'ﬁ LIGO Hanford (Washington) -n""*
fE— 4 km arms

Credit: LIGO, NSF, Caltech



RCTJCOCEANmu 20 P \ B - 1 ARCTIC OCEAN D
-, X '. . l W'\ = —
: (DEN) | =
us. [ g e ; .
] CFpes . | IcEtano ll R SSIA
= 7 o : E =
CANADA 24 . / / 4 : 00 e
- r |l.l RES 'I' m : - - e
_ F /-’ S0 azawsTaN N wonooria, ' \
NORTH L o il NORTH ot 5 C . : ’ NORTH
PAGIFIC UNITED STATES ATLANTIC | 21t ! S PACIFIC
OCEAN ~ - - / . OCEAN I|' 7 iRAN {467 § CHINA SCEAN
.30 / /lk o : AL Lsva : N iU,
us. > | ARABIA |, INDIA
/ ] NIGER) =
et BAn N & ndlla
T AR i
y LIA 1 I.MKA \ LAY
| Equatar = Equator > X
'l | OF TH ' ")
\ < | copcn : . |
| o i
) n } ;
gy | |
. \‘-. e l'\ B il DN |
- f OGEAN
o [. !f
sourn _ I f / AlGO
PACIFIC 4 } | : /
QCEAN I| / i/
; . te .lr.r"
f / /
—E0 =
/ I/ ; // 0
An ta,-"lr ctica /s ,/'/ e
o > et = P
50 / 120 - 1802




L1 Strain Sensitivity changes over time

10 1 : :
: Jun 1 2014, 0.7 W, ESD drive, 0.5 Mpc
Jun 12 2014, 0.7 W, ESD drive, 3.6 Mpc
10718 Jun 28 2014, 2 W, ESD drive, 5.8 Mpc ||
Jul 24 2014, 2 W, ESD drive, 15 Mpc
Jul 31 2014, 6 W, L2 drive, 20 Mpc
17 Nov 27 2014, 25 W, LZ drive, 46 Mpc
10 Mar 03 2015, 25 W, L2 drive, 67 Mpc [
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Binary neutron
stars

Credit: NASA
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Mapping the posterior is
difficult (arXiv:1409.7215
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Data release 2015, HL 2016, HLV % 2013, recoloured Show/hide columns =

The First Two Years of Electromagnetic
Follow-Up with Advanced LIGO and Virgo

I Singeretal. 2014  |§ Berry et al. 2015

arXiv:1404 5623 arXiv:1411.6934

Data release 2015, HL 2016, HLYV # 2015, recoloured Show/hide columns «

Catalog of simulated events and sky maps for two-detector, HL, 2015 configuration. This is the same configuration as the 2015 tab, except that the

This web page simulated detector noise is data from initial LIGO's |§ sixth science run, recoloured (fittered) to have the same PSD as the early Advanced LIGO
. . configuration. See also ASCII tables of & simulated signals, & detections, and & parameter-estimation accuracies in Machine Readable Table
additional onli
format.
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Cumulative fraction of events
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Preliminary

Farr et al. (2015)
in prep.
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Preliminary

Cumulative fraction of events

Farr et al. (2015)
in prep.
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An approximate timeline for detector advances:

Now IPTA

2015  LISA Pathfinder

2015-2020 Advanced LIGO & Advanced Virgo
2018 KAGRA

2022  LIGO India

2023  SKA

2034  elISA



Space-based interferometer

Credit: J. Baez




Berry & Gair (2013)
arXiv:1306.0774
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Epoch 2015 2016 -2017 20172018 20194 2022+ (India)

Estimated run duration 3 months 6 months 9 months  (per year) (per year)
Burst range/Mpc LIGO 40—-60 6075 7590 105 105
8¢/°P Virgo — 2040 4050 4080 80
LIGO 4080 80-120 120170 200 200
BNS range/Mpe Virgo — 20— 60 6085 65-130 130

BNS detections 0.0004 -3 0.006 —20 0.04—-100 0.2-200 0.4—-400
% withi 5 deg” <1 2 1-2 3-8 17
90% CR o WL 90 deg? <1 14 10-12 8- 28 48
median/deg? 481 235 — — —
- 5 deg” 6 20 — — —
searched area % within 20 deg? 16 44 — — —
median /deg? 88 29 — — —

See arXiv:1304.0670
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Area of 90% credible region/deg?

arXiv:1411.6934
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Chirp masss gives leading-order amplitude and phase
evolution (arXiv:0903.0338)



Scaled offset (M. — M,) /om.
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Preliminary

Cumulative fraction of events

Farr et al. (2015)
in prep.
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Preliminary

Cumulative fraction of events

Farr et al. (2015)
in prep.
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