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Introduction A

We present expected fast sky localisation of coalescing binaries with a hierarchical search using three gravitational wave (GW) detectors, HLV
(Hanford/Livingston/Virgo).

A hierarchical search can be used with a network of GW detectors with varying sensitivities, and is aimed at making effective use of the least
sensitive detector’s information. Here we demonstrate the sky localisation using a hierarchical search with the two higher sensitivity LIGO
detectors and the less sensitive Virgo detector, using simulated signals.

\_ /
Hierarchical network pm — N
i How to analyze: Higher sensitivity detectors HE_T threshold
Fon_‘r p_r?ase source Ioc_allgdatlon: " High sensitivity  Low sensitivity sub c;w_gh;vork de:ects one ¢ A S
riple (or-mc?re) coincidences . LIGO Hanford (H) Vlrgo (V) candidate event. Mine emplate z H| ‘
At the beglnnlng: : . s o de .k' T MW\\W ||l|‘ ‘.'““H |"|I‘ |“"
Detectors with different sensitivity - S o : T'meJ
: . _ : L I T threshold
For getting more coincidences: | Less sensitive detectors N ;
Set a lower threshold, as long as are added into network =] I B T .‘. \l'
not too many background triggers . 1. With lower SNR threshold = |
: : : ow sensitivity 3 a small window around time
Analyze hierarchically! | - |
= 4 4 - LIGO Livingston (L) KAGRA (K) of double coincidences. \ ime
. i (At the beginning)
Calculation setup
Assumptions: 1. Generatina V triaaers - — snRabu
High sensitivity: HL & 70 Mpc, Low sensitivity: V (for 1.4-1.4 Mg BNS range) ' d 99 i 132:jjjjjjjj:::::::::::::::::j__jjjj"jjjjjjjjj:j: —Moda |
T T T hd— T e Vr: V trigger based on C ot N\ [ @ Measurement
GW detectors random parameters S
[H LV J? [MBTA [1]] / [BAYESTAR [Z]Hé teIescopesJ SNR = random following e VR —
\ - f \ \ measurement <« | ;i Measured N ]
Compact % Slgnal Event info: SkV map : _ Eelin o1 N
) | - - probability Time = tH1 or {11 C 10> NG Lee N
. \/ Tlme Of arrlval, + random ['35mS:35mS] § 12:_0 """""""""" o """"" o ;ll'. """""""
Coalescence \ : \etc. ) / Phase = random [0:27] \|- 10 oo
Calculation main flow: V; : V trigger based on injection parameters
p : - > 2\ SNR = metadata + Gauss(0,1)
Inputs ) L ocalization performance Using Time = metadata + Gauss(0,0.66 mS*SNLR)
Time of arrival |l Accuracy 248 Phase = metadata + Gauss(0,0. 25 rad)
__ [ISNR g:ﬁ - Searched events. | ----ememmeemmmm s B v v A
|<_f 7| Phase ) p = |7 area (deg?) _ 2. Mixing HLV triggers :;122 LN i|-- SNRth = 3 |
2> e 121 AR m?d'a” p = random [0:1] B\ (SRt =6
=\ H mXeISa s”a?ed 7 5 Precision values FAP = FAP(SNR) or FAP(SNRth) ggz
Tnjection|| (L) data | — [ 7% c]’c/?d p<FAP SHLVF [N
data cONTICENCE p>FAP & SNR>SNRth > HLV; |g7. B_aﬁe_d____@?_n____th_ejjjjj_@jjjjjjj"jjjjjjjjjjjjjjjjjjjjjjjj
\ | area (deg“) p>FAP & SNR<SNRth > HL o measurement -
< \_ \ SNR threshold 10’ )
\_ /
Expected performance with HLV hierarchical network )
Sky localization performance, when SNR threshold for HL is 5:
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Summary
1. We investigated the expected fast localization performance with a hierarchical network using HLV, ( Future work: )
2. We demonstrated that the hierarchical network effectively improved the accuracy & precision 1. Investigate the localization
when V threshold is set to ~3.5, if BNS range of V detector is greater than 15 Mpc. with HLVK hierarchical network
3. The hierarchical search will be most useful when adding new detectors, which are less sensitive as | 2. Implement in online analysis
they are undergoing commissioning, to the network. S g
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