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https://yschoi.pusan.ac.kr/sites/yschoi/download/statistics/%ED%86%B5%EA%B3%84%ED%95%99%EA%B0%9C%EB%A1%A001.pdf
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st=1 S/ (Probability & Statistics)
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st=1 S/ (Probability & Statistics)
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st=1 S/ (Probability & Statistics)
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st=1 S/ (Probability & Statistics)
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st=1 S/ (Probability & Statistics)

« T ZHX} (standard deviation, S.D.)
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I S| (Probability & Statistics)
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st=1 S/ (Probability & Statistics)

"N\ _ P(A)P(B|A)

X2HE & E(conditional probablllty)
s A

1a BOI 28t MOt FOIES [ A ADF 2 stE
P(AN B)
P(A|B) = ct P(B
A1B)==0 = (2 P(B)>0)
JAAC| BEH A
. :_gamw Molgl= < JHol ALt A 9 B O THal

P(A)>0, P(B)>0ztd,

« P(ANB)=P(B)P(A|B)

13



& &8+ (random variable)
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=1} S| (Probability & Statistics)
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st=1 S/ (Probability & Statistics)
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st=1 S/ (Probability & Statistics)

I (binomial distribution)
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II (Normal Distribution)
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st=1 S/ (Probability & Statistics)
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st=1 S/ (Probability & Statistics)
SAE =2
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st=1 S/ (Probability & Statistics)
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Hypothesis Test

Ho : null hypotheiss signal: No GW

Ha: Alternative hypothesis

signal: True GW

One-Tailed Test

Ho: 6=<0
Ha: 60

Image courtesy: https://prepnuggets.com/glossary/one-tailed-hypothesis-test/
X
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Hypothesis Test

Ho : null hypotheiss
Ha: Alternative hypothesis

Ho: 6<0
HA: 0>0

One-Tailed Test

A

Statistically insignificant.
We expect this if Ho is true.

Bo=0 "
critical value

5%

signal: No GW

signal: True GW

h(t)?
h_tilde(f)?

~ Statistically SIGNIFICANT!
| This is unlikely if Ho is true.

SNR!

Image courtesy: https://prepnuggets.com/glossary/one-tailed-hypothesis-test/
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Hypothesis Test

Ho : null hypotheiss signal: No GW
H:Alternative hypothesis - > signal: True GW
Decision threshold 6
I
|
| Reality
: True False

h nu%ll Type 1 error
o othesis T
Original yp 2 ' Re-sampled rue False Positive
0 Measured or
Perceived
Type 2 error
False

False Negative

Type 1 error oy [ ] Type 2 error ay Power S5

Image courtesy: Le Nhan
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Gravitational Waves

Under Gaussian noise, the matched filter

provides optimal statistic, SNR _ Signal To Noise Ratio
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Classification problem

T ( Class | J
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[ Class 2 J




Signal Significance
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Signal Significance

108
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Glitches distribution

Rate [events/sec/bin]

Noise distribution is non gaussian
and even non stationary
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= L}EAC SNR
1
fz; k) =
(= k) 2F/21(k/2)
- F10[H= AdE: ont

7} 7|ehl= g
= Ahun

—

New SNR

chisg and new SNR in ODWV-2024 tutorial
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https://github.com/gw-odw/odw-2024/blob/main/Tutorials/Day_2/Tuto_2.3_Signal_consistency_and_significance.ipynb
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Statistical Significance

Poisson PDF and CDF vs. x’ for u =10

Counting Experiment
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ol &M (Correlation Analysis)

’ COV(X Y) from WII(IPeCIIa
Pearsop S oxy = ’
correlation OXx0y
coefficient where

e COV is the covariance
e O x is the standard deviation of X
e oy is the standard deviation of Y.

The formula for cov (X, Y") can be expressed in terms of mean and expectation. Sincel°]
cov(X,Y) =E[(X — px)(Y — py)],
the formula for p can also be written as

E[(X — px)(Y — py)]

PXY =

where

e gy and g x are defined as above
e [1x is the mean of X
e fy is the mean of Y

e X is the expectation.



Basic lllustration of Matched Filtering

Cross-correlation

t time offset

C(t) = / dt's(tVh(t — 1) | sy data

— OO

h(t) template

0.5pF — Data

From convolution theorem

0Kt~ 'l L’l

200 250

o
w
o
—y
ok
o
—y
w
o

C(t) — 4/0 §(f)il* (f)eZWiftdf _os}

—— Correlation vs. time shift |-

Simply use inverse FFT

elation

o — N [~ sy
T T T

0 50 100 150 200 250
Time offset

from P. Shawhan’s slide

36



Coherence
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Coherence

Coherence

Spectrum

o Coherence OMC-DCPD_SUM_OUT _DQ vs H1:ASC-CHARD_P_OUT _DQ

T T LB

N

10'1 _ ................................ ................................. I Target Channel
' | — Noise projection |
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Frequency [Hz]



Bayesian Inference

Ba)les’ theQrem The likelihood could be the function of errors

n(d|0
Posterior p((9|d) - ZE(!D) | p(e) Prior choices can

B p(d|0) influence results
~Totdop@a "

p(8|d) ~ p(d|0)p(0)

Prior, p(8) : the distribution of the parameter(s) before any data is observed

Likelihood, p(d|8) : the distribution of the observed data conditional on its parameters
Posterior, p(8]|d): the distribution of the parameter(s) after taking into account the observed data

Model evidence, p(d):the distribution of the observed data marginalized over the parameter(s)
38


https://en.wikipedia.org/wiki/Marginal_distribution

Figure 1. A schematic representation of the different approaches

MCMC methods and nested sampling methods take to ...

MCMC
Unknown
Posterior
Nested
Sampling

Mon Not R Astron Soc, Volume 493, Issue 3, April 2020, Pages 3132—3158, https://doi.org/10.1093/mnras/staa278

The content of this slide may be subject to copyright: please see the slide notes for details.
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Example: inference for NS EoS

| priors = dict(
| logpl=bilby.core.prior.Uniform(34, 34.9, "logpl"),

gammal=bilby.core.prior.Uniform(4.0, 6.0, "gammal"),
gamma2=bilby.core.prior.Uniform(2.0, 4.0, "gamma2"),
gamma3=bilby.core.prior.Uniform(1.0, 4.0, "gamma3"),

HH R B EHH

HoH W R R

for all eos in PRD 79, 124032

logpl, [33.
gammal, [2.
gamma2, [1.
gamam3, [1.

M_max >= 2

M_max >= 2.

943,34.858]
013,4.070]
267,3.791]
325,3.660]

.0 Msun, eos
logpl, [34.
gammal, [2.
gamma2, [2.
gamam3, [1.

031,34.858]
519,4.070]
246,3.791]
325,3.660]

® Msun, eos

in PRD 79, 124032

in PRD 79, 124032

w/0 ALF2, gammal=4.070, residual=0.043:larger than others

logpl,

[34.
gammal, [2.
gamma2, [2.
gamam3, [1.

031,34.858]
519,3.514]
246,3.791]
325,3.660]

40

Piece-wise polytope: 4 parameters

log (p in dyne/cm?)
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Read et al. PRD 79, 124032 (2009)




Example: inference for NS EoS

priors

logpl=bilby.core.prior.Uniform(34, 34.9, "logpl"),

= di[t(

gammal=bilby.core.prior.Uniform(4.0, 6.0, "gammal"),

gamma2=bilby.core.prior.Uniform(2.0, 4.0, "gamma2"),
gamma3=bilby.core.prior.Uniform(1.0, 4.0, "gamma3"),

Abbott et al. (LSC andVirgo),
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