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RESEARCH QUESTION

How well can we constrain

small admixtures of scalar
and/or vector polarizations in
Gravitational Wave Transient
detection, given the extended

network of five ground
interferometers available in the
L160-T1900468-v2 near future?
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Bl TWO POLARIZATIONS

Linearized Theory of Gravity = Ny + "o

instein Equations
(Bianchi Identity)

Gauge Invariance

U — h/“/ o C{M,V} + 0(62)

TT-Gauge <, . Plus . @ *
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WHAT IF

EINSTEIN'S GR

IS NOT THE
ULTIMATE THEORY
OF GRAVITY ?

B3 rwo POLARIZATIONS

Linearized Framework v = Nuv + Ry

4x4 metric ‘ﬂ 10 dof ‘*‘ ‘

\\\

Gauge Einstein Equations
Invariance Bianchi Identit
( V) G,uz/ = SWGZLV

w = h’;w . C{/t.u} + O(Fz)
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https://arxiv.org/abs/gr-qc/0510072
http://www.einstein-online.info/spotlights/gw_waves.html
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NETWORK SENSITIVITY ===

e Vector of Antenna Patterns

Network "TheFive" detectors

o Fr(0.0) = (Fj(0.9)]. . |FY (6. 0))
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RRLAP FACTOR

Network "TheFive" overlap - pol=v
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PDF

M  OVERLAP FACTOR

Overlap Histogram for network LIGO-Virgo
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Overlap Histogram for network TheFive
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. . @dinate locat@
Sine-Gaussian Waveform

e Polarization angle: ¢ = 0

LIGO

&)

(t —to — tr)?

272
e Luminosity distance: dp,

Aj |A| |AI | !@nplitude coefficients: e@

~ e Overall amplitude: |A| = a?
i = Z ! plitudes A=y 2

hi(t) = Ajcos(Q + ¢7) exp [ _

] e Geocentric sidereal time of arrival: ¢y (degenerate with «)

pE{+,X,z,y,s} e Antenna Patterns: FIf = Fpl(a, 0,10 = 0,tp)

1le-22 Response of KAGRA
1 e Time delay form Earth-center: dt;
s 07 *
<, ] Z[A

' e Phase offset: ¢; = arctan E%l — Q(to + dty)
7494.934 7495 334 7495 734 7496134 7496 534 7496 934 7497 334 7497 734 7498 134 7498 534 [Ar]
Greenwich Mean Sidereal Time (s) ~ R
< > e Angular frequency: = 27 * (100H z)
LIGO-T1900468-v2 1s

e Damping time: 7 = 0.1s
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P4 ) HYPERPARAMETERS
 Normalized effective * Hyperparameters
strain amplitude of the model

he= Vi +lex? B =12 = A

BAYES
h = \flesl? + e, G = Ao INFERENCE

hs = |es| h? = )\,
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R [a.u.]

IFFT

LIGO-T1900468

ASD (strain/rtHz)

BUT FIRST... A
TS MAKE SOME NOIS: '
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4 |
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i SOM.

BUT FIRGST...

le-20 Response of LIO

i NOIS.

HIGH SNR
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I MATCHED FILTERING = ==--

1le-22 Response of VIRGO

*

Te(YE(fe2mift T
sy = aw [T 50
’ & Optimal

df Wieners
~ilter

LIGO

0 g

—
t

10—20
—— Strain Event 0 - Detector VIRIGO

10-21 4 —— Sqrt(Analytical PSD) - Detgfftor VIRGO
~
E 10722 - 1e-20 Response of VIRGO
£
© 0.5
E", 10—2 ';
o
< 5 00-

1072 o

-0.5
-2 T T T T T T T T T T
10 3.202 3.602 4,002 4,402 4.802 5.202 5.602 6.002 6.402 6.802

10! 102 103
Greenwich Mean Sidereal Time (s) +3.504e4

LIGO-T1900468-v2 17



LIGO

SNER

Matched filter SNR around Event 0 - Detector VIRGO

T LOW SNR
SN 10 A SOURCE
(Signal-to- :
Noise Rabio) ) S
(hs)
p(t) = '
(h|h)
LIGO-T1900468-v2 ' S — Il | B — 18

Time (s)
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BAYES THEOREM

. Prior Likelihood
Posterior

Parameler Gld @‘ A d‘é, f]‘[, [
Estimation  p(0ld, H, Ip=
o

Evidence

Model
Selection

Evidence
Ratio

Priors on
LIGO-T1900468-v2 t h em Od e l 19



LIGO _ INF
LIKELIHOOD e e

 T'wo critical assumption at each detector for the

1. Gaussianity (in each frequency bin)

Normalization crucial
&. Stationarity for evidence computation

p(leS,,o)—Z[ 2/ (8 f,d‘ @ﬂ”D

Discrete Fourier Transform  d P =N Zd rexp(—2nijk/N)

LIGO-T1900468-v2 20
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NESTED SAMPLING e

p(d

“likelihood” “Drior”

“Inner product” = / (f) g (](‘;( )\) ‘ df

noise PSD

Calibration" ACME
errors
4 BAYESIAN
Waveform SAMPLER
models
“posterior” “evidence”
p(X|d, M) p(dIM,)

LIGO-T1900468-v2 Credits: Littenberg

X Mh) — exp [—— (d (%) )d rh(A))] p(X‘ Mh)

Evidence
Numerical
Estimalion

‘ ¢ 5
J O Didiz1, .1

Live points in

parameters space
LW
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LIGO
E¥ LAMBDAS ESTIMATION = ==--

Violin Plot of A; for ts-wave Violin Plot of A; for ts-wave
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Ay inferred
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STIMATION

Violin Plot of A, for tv-wave
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E¥ LAMBDAS ESTIMATION = ==--

Viqlin Plot of A for tvs-wave

Violin Plot of A, for tvs-wave

SNR : : :
0.65 mmm LOW (8<x<30) — kacévg (§5<X<3;’())0
[ MED (25<x<100) 0.60-7- H|GH((X><1X0<0) )
0.60-| EEE HIGH (x>100)  —
0.55
0.55
0.50 R
0.50
0.45 0.45
0.40 0.40
©
9 0.35 T 035
o =
= g
= 0.30 € 0.30
= 2
023 0.25
0.20 .
0.15
0.15
0.10
0.10
0.05-
0.05
0.00
0.00
0.05 0.1 0.15 0.2 025 0.3 035 04 045 0.5 ohs o1 ol o5 obs o5 o%s o7 ok os

As true A, true



Violin Plot of A; for tvs-wave
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LSTIMATION

Violin Plot of A; for tvs-wave
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BDAS

: EY LAM

LSTIMATION

Istituto Nazionale di Fisica Nucleare

Violin Plot of A; for tvs-wave
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LIGO -
FUTURE WORK

 More quantitative analysis on the lambdas distribution as a
function of external parameters (sky position, overall
amplitude, max SNR ...)

* Repeat every simulation with a pure tensor model, to compute
model selection odds

 Using an extended post-Einsteinian Framework to compute
new templates with complete polarization content ( )

Model-Independent Test of General Relativity:
An Extended post-Einsteinian Framework with Complete Polarization Content

Katerina Chatziioannou, Nicolds Yunes, and Neil Cornish
Department of Physics, Montana State University, Bozeman, MT 59718, USA.

LIGO-T1900468-v2 (Dated: May 16, 2017) 29


https://arxiv.org/pdf/1204.2585.pdf
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%o ALTERNATIVE METRIC  _—
THEORIES OF GRAVITY = ==--

General Relativity
GR in noncompactified 4/6D Minkowski
Einstein-Ather
5D Kaluza-Klein
Randall-Sundrum braneworld
Dvali-Gabadadze-Porrati braneworld

Brans-Dicke
f(R) gravity

Bimetric theory

Four-Vector Gravity

Nishizawa et al., Phys. Rev. D 79, 082002 (2009) [except G4v & Einstein-Zther]. allowed / depends / forbidden

LIGO-T1900468-v2 31
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POLARIZATION ANGLE

 Conceptual distinction between triaxal GRE and free tensor:

1 : 1
Agr(t) = éhoe“po 15(1 + cos? L)F . (t;1) —icostFy (t; 1)

-

1

At(t) - 5 [a+ei¢+F+(t;1,Z) = O) + axewx Fx (t 1/) — O)
 Rotation of antenna patterns: * Degeneracy between a, and :
Fy(t;0) = Fi(t; ) cos 2A1 + Fy (t; 1) sin 2A4), d €' = aie'’* cos2A¢ — axe' sin2Ay),
Fy (t;0") = Fy (t;1)) cos 2A¢ — F (t; 1)) sin 2A1), a’, %% = aye'®* cos 2AY + aye'®* sin 2A).
l_Y_} ( Y J
Y fixed Y varying
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POLARIZATION ANGLE  S=-

* Degenera:cy : from M. Isi, M. Pitkin, and A. J. Weinstein,

[ ] Probing Dynamical Gravity with the Polarization of Continuous
between a’p a’nd‘ [ ] Gravitational Waves, arXiv:1703.07530

(«‘{)x - («1)+

a.

Oy

(y

LIGO-T1900468-v2 S | S| SO | S | S N 33
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PSD & MATCHED FILTERING =—-— N

+T/2
 Power Spectral Density: |S$,(f)= Jim —I f [y(®) —

T/2

2
IZJTftdt

 Physical meaning: ( rms value of y’s oscillations

| | SNERTING
at frequency f in a very narrow bandwidth A f '

+00

+00

* Filtering a noisy signal: Y(t) =s(t)+ y(1) SE/ K (t)s(t)dt, NE/ K(t)y(t)dt.

o0

« Wiener’s optimal filter: K (f) = const x $() maximizes

S, (f)

LIGO-T1900468-v2

o0
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MONO:!

Delta_Likelihood varying ra

DIMENSIONAL STUDY

OF THE LIKELIHOOD
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-1000 A

-1500 A

—2000 -

Delta_Likelihood varying phi_plus
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Likelihood varying epsilon_cross
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Likelihood varying lambda_v
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LIGO-T1900468-v2

OF TH.

* L(ra,dec)

 LIK

BIDIMENSIONAL STUDY
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L LIHOOD

T 2000
[ 1000

+ 5000

T 4000

T 3000

5000

4000
3000
2000

1000

36



LIGO _| (NN |

NESTED SAMPLING

ie

&

Evidence . . N AN
Numerical ~— Z= f@ p(OlH, Dp(d|H, 6,)do =~ > Lw,
Estimation Y rdtidtmens:
Xi -> Normalized Volume of the prior with a, Multidimensional
Integral

likelihood greater than the lowest likelihood
1. Sample from the prior N point of your set in each step i
live points
2. Find the point with the
lowest Likelihood L *
3. Replace this last with

Z=/ ooX(/l)d/1=
0

. 1
another point from the |
prior with L > LL* B /0 L(X)dX
4. Repeat (2)-(35) Monodimensional
Parameter space 1IltegI’ 8..1

LIGO-T1900468-v2 X( ﬂ) = / | 71:(@) d® 37
O:L(O)>A



