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Sky Localization Optimization

e Cost function:

sky localization of GW170817-like binary
- 1.25-1.5 Msun at 40 Mpc, inclination 28 deg
- Zero spins, no precession
- 108 sets of sky location and polarization angle

to derive median of sky localization error KAGRA
AdV  psO

* Fisher matrix to estimate the error
- inspiral waveform to
3.0 PN in amplitude
3.5 PN in phase
- 11 binary parameters

100! 10° 10!
sky localization error [deg??



Sky Locallzatlon with HLV

S _ No KAGRA
E 0.8-;
2 0.61
© :
2 0.4
IC.
E 0.2
HLV S
0.0 101 100 1ol
sky localization error [deg?]
median
HLV 0.472 deg?
il HIL VK
101 100 101 |HLVK+

sky localization error [deg?] 23



Sky Localizatiqg with HLVK

& Default
E 0.8-; KAGRA
2 0.61
© :
2 0.4
o _
E 0.2
HLVK S
; 1071 10°
sky localization error [deg?]
2 median
HLV 0.472 deg?
HLVK | 0.168 deg?
101 100 101 |HLVK+
24

sky localization error [deg?]




Sky Localizatiml’n0 with HLVK+

& ] PsSO
E 0_8_; KAGRA
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T :
504
I
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HLVK+ s
: , ~ 0.0 bt
: 1071 10° 10!
‘ﬂ sky localization error [deg?]
. median
HLV 0.472 deg?
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1001 10 10! |HLVK+ | 0.107 deg?

sky localization error [deg?] 25



Money

Detuning angle and homodyne angle can be retuned without
additional cost

Mirror temperature and input power can be retuned without
additional cost if power at BS is less than ~1 kW (~100 W
entering PRM)

Change in SRM reflectivity require ~0.1 Million USD
Change in wire parameters require ~0.01 Million USD/fiber

Change in wire length additionally require test mass
suspension design change at ~0.1 Million USD/mirror

Change in the test mass require ~0.6 Million USD/mirror
(more for heavier ones)
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2G/2G+ Parameter Comparison

Arm length [km]
Mirror mass [kg]
Mirror material
Mirror temp [K]

Sus fiber
Fiber type

Input power [W]
Arm power [KW]

Wavelength [nm]
Beam size [cm]

SQZ factor

F. C. length [m]

KAGRA
3
23
Sapphire
22
35cm Sap.
Fiber
67
340
1064
3.5/35
0
none

AdVirgo
3
42
Silica
295
70cm SIO,
Fiber
125
700
1064
49/5.8
0
none

aLIGO
4
40
Silica
295
60cm SiO,
Fiber
125
710
1064
55/6.2
0
none

A+ Voyager
4 4
80 200
Silica Silicon
295 123
60cm SiIO,  60cm Si
Fiber Ribbon
125 140
1150 3000
1064 2000
55/6.2 5.8/6.2
6 8
16 300

LIGO parameters from LIGO-T1600119, AdVirgo parameters from JPCS 610, 01201 (2015)



https://dcc.ligo.org/LIGO-T1600119/public
http://iopscience.iop.org/1742-6596/610/1/012014
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« alLlGO (IR1.4=197.219 Mpc)
m== bKAGRA Aug 2017 (IR1.4=152.598
mmmm Particle Swarm (IR1.4=152.779 Mpc)

MR TR T ] awarm _size=30 phidet=Ff 5 deg !
| min_func:l De-02 #i=133.1 deg!
] AN R b L L ] —cont resu It Tm=21.7 K
d el 5260402 I0=621.4 W [L.0 attn.]

psa  =-1.528e+02 rSRM~2=0.846
[in 2.5e +Cll ec) 13=35.0 cm

r2=0.8 mm {12.6 safeky]
mass=22.8 kg
w2=35cm

.........

101
frequency (Hz)



haigSRE(L Phasel

73 W input, 23 kg, 27 cm susp.
10dB input SQZ, 100m FC

,Cl

«»ss alLlGO (IR1.4=197.219 Mpc)
m== bKAGRA Aug 2017 (IR1.4=152, {}2 Mpc)
mmmm Particle Swarm (IR1.4=180.549 Mpc)

aaaaa _size=100 phidet=E0.6 deg !
— v min_func=1 0g-02 %i=08.7 deg!
1 ; —cost result- Tm=21.7 K !
(Y ‘et default=-1.52B2+02 10=735.8 W [LD attn ) !
b .-y psa - =-1.B05e+02 roRM~2=0.842 !
I . ) (in 7.82+02 sec) 13=26.9cm !
= r2=0.8 mm {11.8 safety] !
- 22 ] . \ mass=2Z.B kg
] wi=33cm F
:.“-: 1", " \ , /
c . 7
rl
= 1023 7
wn

00 100 10
frequency (Hz)
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B SRXEL Phase?2

320 W input, 100 kg, 34 cm susp.
10dB input SQZ, 100m FC, coating loss 1/4

« alLlGO (IR1.4=197.219 Mpc)
m== bKAGRA Aug 2017 (IR1.4=152.602 Mpc)
mmmm Particle Swarm (IR1.4=354.613 Mpc)

aaaaa _size=100 phidet=E0.4 deg!
min_func=1 0g-02 xi=101.0deg!
—cost result-- Tm=20.1 K !
default=-1.755a+02 10=3196.2 W (1.0 attn.} !
pso  =-3.546e+02 rSRM~2=0.820"
[in 5.124+02 sec) 13=34.0cm !
r2=1.8 mm {13.9 safety] !
mass=100.0 kg !
w2=5Tcm

frequency (Hz)
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(EEEYRHE Phase 1

0.5 W input, 23 kg, 100 cm susp.

-

=== allGO (IR100=1685.612 Mpc)
== bKAGRA Aug 2017 (IR100=353.448 M;})c}
mmmm Particle Swarm (IR100=2039.676 Mpc

SWAT_5ig 00 phidet=61.7 deg !
— min =10a+01 xi=154.9 deg !
result-- Tm=27.7T K.!
(Y ftault=-3 392202 I0=4.7 W (0.4 attr.} !
pso  =-2.040e+03 rSRM~2=0.9389 '
I [in 2.824+02 sec) 13=100.0 crm !
r2=0.2 mm (1.0 safety) !
mass=22.8 kg
w2=3.5cm
— >
— -~
— P .
7 L”
P R T
R A TR B8 S PERER T
"y

frequency (Hz)
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(EEEYE Phase 2

1.7 W input, 100 kg, 200 cm susp.
coating loss 1/4

|

-==- allGO (IR100=1685.612 Mpc)
m==  bKAGRA Aug 2017 (IR100=353.448 Mpc)
mmmm Particle Swarm (IR100=4327.076 Mpc?

9

N

[
=--I

phidet=60.7 dag !
xi=149.0 deg !

Tm=22.5 K !

I0=17.7 W {L.0 attn.} !
rSRM~2=0.941
13=200.0cm !

r2=0.5 mm (1.0 safety) !
mass=100.0 kg !
w2=3Tcm F

strain (/VHz)
>

'!4.
" "

100 102 10°
frequency (Hz)



S E L Phase 1

340 W input, 23 kg, 20 cm susp.

10 dB input SQZ

strain (/@)

=== allGO (IR1.382=195.147 Mpc)
== bKAGRA Aug 2017 (IR1.382=150.995 Mpc)
mmmm Particle Swarm (IR1.382=121.859 Mpc)

swarm_size=100 phidet=E9.9 dag !
min_func=10e-05 %i=059 dag!
—cost result-- Tm=30.0 K.!
default=2.574e-01 10=3389.2 W (0.2 attn.} !
pso =1.197e-01 rSRM~2=0.925"
[in 1.824+03 sec) 13=20.0 crm !
r2=1.2 mm (30.0 safety) !
mass=22.B kg
w2=3.5cm

frequency (Hz)
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