Prompt and accurate sky localization of

gravitational-wave sources

Rl —HB L, Vivien Raymond?
IRESCEU, 2 »—F+ 7 K%

2019 12/27

IR 2 — BB Prompt and accurate sky localization of gravitational-wave sourc



MCMC *° Nested sampling 72 & D> 7)) v FFikz W7z
EOHEE (m,m). AEY (x1,Xx2). BEDOAERE DHE

frequency

1500

1250

1000

'-i=|=-

750

500

250

. 1.1380 1.1385 1.1390 1.1395
time M (Mp)

Figure: /35 A & —#EZ DREEK, M = (mymo)3/>/(my + mo)Y/>

IR 2 — BB Prompt and accurate sky localization of gravitational-wave sourc



INT A X —HEEIZ &K D ALEHIE Do

EEALERIE Y 7 N U = 7 Bayestar[1] DAL EHEE D

[1]: L. P. Singer and L. R. Price, Phys. Rev. D 93, no. 2, 024013 (2016)

30° —

/ E(—NT

15h 12h

18h

-30° \ -30°

0 25 50 75
Mpe

Figure: GW170817 OfiiEHEE 75: Bayestar, fk: update

Prompt and accurate sky localization of gravitational-wave sourc



AT BRG] oD ]

GW170817 "G‘ 51%"] 50 El i’)i)) D 7—:0 https://gen.gsfc.nasa.gov/gen3/21983.gcn3
HEFMETE (BNS) O/8F X X —HEE i — I B ~
BEPP5,

ik, YTV VT ATy T T
e BNSfE5EHEL (> 100 s).
o BNS 155 DL\ 72 (> 1000 Hz).
> 10° {E D JEEY > T ECEANROHERBE R 2D,

AU TTERERIEZ IS U7z,

PRl % — HR Prompt and accurate sky localization of gravitational-wave sourc



Reduced Order Quadrature (ROQ)

BNSfE 51 > 10° (RocD~N 27 bV E R 5,

BNS {50372 3 2213 H - LARIRTTDH 5T X 2 b IVZEH

K
h ~ Ckgk. (].)
k=1

SHREEAA K EIZ = ~10°/KEDAE—=RT v 7

P. Canizares et al., Phys. Rev. Lett. 114, no. 7, 071104 (2015),

R. Smith et al., Phys. Rev. D 94, no. 4, 044031 (2016).

PRl % — HR Prompt and accurate sky localization of gravitational-wave sourc



Reduced Order Quadrature (ROQ)

BNS Cik K = O(1000) = O(100)f§A¥—R7 v 7

P. Canizares et al., Phys. Rev. Lett. 114, no. 7, 071104 (2015)

UL, 2 TH 1HEEP»S,
cf. Merger #£® UV-blue emission |& 1 H A7 — )L Tl

B. P. Abbott et al., Astrophys. J. 848, no. 2, L12 (2017).

H T ARER A & DR AT — )V DU

A. Ishii, T. Shigeyama and M. Tanaka, Astrophys. J. 861, no. 1, 25 (2018).

AR TIE, T AR —HEZ B IZEHRERLT DHFIE,
Focused ROQ =¥ L 7=,

PRl % — HR Prompt and accurate sky localization of gravitational-wave sourc



R IZG 5 1D HH DT

SNR

—_— MWMMMMW@ — 10
X1 =U.U, x2 .

m, =
—_ ummwﬂmmmwm»%ﬂ% — 1
X 1 = Yy X 2 .

m, = 1.4
S mW»—» 0.5
Data % X1 = W-W,Xz .

M) AT—E%M>723F A & —Z2[H Dl
= [E5XZ MVZER O E 7L SR ICHTH

IR 2 — BB Prompt and accurate sky localization of gravitational-wave sourc



GHIZNRT AR =D AEGHYE

EDMAGDLEZFIRTEE01?
= T4y —{THDREHFRT NIV E ohme et o, PRD 88, no. 4 (2013).

pt = 0.975¢° + 0.207¢% + 0.083373,
1?2 = —0.220¢° 4 0.822¢)% + 0.5261)°.

F\ 3 £\ £\
wozw(“) +M<f) +W(f) +.n (3)

frot = 200 Hz, fioy = 20 Hz, 02 ® LIGO-Livingston D& % K&

PRl % — HR Prompt and accurate sky localization of gravitational-wave sourc



GHIZNRT AR =D AEGHYE

o
114 v q
- v

M (M@)Gz ‘ /// 0.8

1.0

Figure: #E TR DT X X —HEE DFER

PRl % — HR Prompt and accurate sky localization of gravitational-wave sourc



GHIZNRT AR =D AEGHYE

Figure: MR FMEFRED/NT A X —HEDRER L 1 —EH

Rl % —HS Prompt and accurate sky localization of gravitational-wave sourc



GHIZNRT AR =D AEGHYE




GHIZNRT AR =D AEGHYE

“
IREANS 0 q
R v

/\/[(Mo)1\12 ‘ //// 08

1.0

Figure: B FMETEDNT A X —HEDOFER L M) H—1fE

PRl % — HR Prompt and accurate sky localization of gravitational-wave sourc



GHIZNRT AR =D AEGHYE

Trigger

G 06
145 4

M(Mo)\}\{z\ | %

1.0

Figure: MU AW —fl%Z 728 T A X —Z2/- D iR

Rl 5% — HR

Prompt and accurate sky localization of gravitational-wave sourc



pt — p? O 24 75 81

o N)N—fHELEMDI AT Y FIT L DRAMMBRAE .

s (0 —u) (97— ) <1

o MEWFIZ X ARGt -

Far (0 —0) (- 7) < (4"

N = 3, P = 5 %'f}iﬁj—éo

fagi (B - REFIZ DO WTRES L7=2D) 7 4 v v —475
PO, o e @ b A — il 2 EE

PRl % — HR Prompt and accurate sky localization of gravitational-wave sourc



pt — p? O3 4 75 8
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@ Low-spin prior:
OM, < my, my <3Mgy, —0.05< x1, x2 < 0.05.
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OMQ < my, my < 3M®, —0.7< X1, X2 <0.7.
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[1]: F. Ozel et al., Astrophys. J. 757, 55 (2012).
[2]: C. Messick et al., Phys. Rev. D 95, no. 4, 042001 (2017).
[3]: J. Veitch et al, PRD 91, no. 4, 042003 (2015).
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e 8 — 52 min, 12 min on median (low-spin)
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with 12 cores, Intel Xenon CPU E5-2650 running at
2.2 GHz.
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[1]: B. P. Abbott et al., Phys. Rev. Lett. 119, no. 16, 161101 (2017).

Table: GW170817 O EJJIKIEDOMEE ([1] D Table 1 & b #&F¢)

Low-spin prior (|x| < 0.05) High-spin prior (|x| < 0.89)

M 1.188799%° Mq, 1.18879 9% My,
q 0.7 - 1.0 0.4—1.0
my 1.36 — 1.60 M, 1.36 — 2.26 M,
my 1.17 — 1.36 M, 0.86 — 1.36 M,
Xeft —0.004 — 0.17 —0.007 — 0.019
A <900 < 800

dr, 4078, Mpc 4078, Mpc
L < 55° < 56°
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Toward quick skymap update in O3b

Restrict M instead of p; and p,

Table: representative ROQ basis sizes and speed-up factors

No | Muin M ax | Speedup
1 |0.86966 0.87354 | 25,000
71 | 1.04528 1.05176 | 19,000
141 | 1.3727 1.3862 12,000
176 | 1.6694 1.6918 8,200

All of the necessary changes have been merged into LALSuite.
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