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Introduction 3

Generate gaussian random noise of LCGT spectrum.

One method is LCGT noise
make from white noise
spectrum with IFFT.
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Introduction 2

Generated time series by IFFT have seem during datas.
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Generation of random time series 5

3e-20 F
Generate random time series
from transfer function. ==
q B D+ s :
(s) = 2.77235 x 10185 + 1.6554 x 101482 + 4.555 x 10983 4+« =
"s” Is complex frequency. ...
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time series and fourier spectrum |
of shot noise.
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Generation of random time series 6

Generate random time series
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from transfer function. *

G(s) o+ s
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Power spectrum of time series
follow transfer function |G(f)].

Right figures are example of
time series and fourier spectrum
of shot noise.
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Generation of random time series 7

time series x(t) power spectral density
t
o(t) = [ glt=rw(r)dr S2(w) = 1G()P Su(w)
g(t) : impulse response G(s) = Ps) _aotars+- - +ams™

w(t) : white noise Q(s)  bo+bis+ - + bps
using GNU Scientific Library S = 1w, n >m

X(t) can be written with differential operator.

x(t) = Q(D)w(t) (D = %)
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Generation of random time series :

Require state vector z(t) to compute x(t).

e=[p(t) ¢'(t) - " V()T

State vector z(t) satisfies the stochastic differential equation.
dz(t)
dt

= Az(t) + f(t)

X(t) is solve with z(t) = P(D)(t)

r(t) = apd + a1’ + - + apo'™

References
- S2-AEI-TN-3034

* SIAM review,Volume 7/, Issue |, page 68-80, 965
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Generation of random time series :

~ radiation pressure ~_Quantum noise
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Generation of random time series

10

radiation pressure
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Generation of random time series I

radiation pressure

guantum noise
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Gaussianity check 12

-

Time series divide chunks and
each chunk do FFT.

‘ Arbitrary frequency line up from
t [sec]  each FFT data.

) chunk 1 chunk 2 .
FFT N
hl (f) h2 (f) 18— » fftgauss-sf
16 S— ::::s 4.001;;:
—~ | \ | l \ g f “ * J M u 4 14;_ I z;lr\::nt 11222;461' ::
b l) |\H [ l ] Nfl “ W\l ifﬂu \ fl u 12 :— :.ean 0.001074 4 0.001896
EE ( ~ “MI ” * ( ; \ ' ‘! “’ 10 : \ igma 0.01885 = 0.00200

S Wi 'w.'.u\/&’ ol Mﬂw“w P*M‘”WW‘N\"'f'“\}“*

fobs f [Hz|
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Kolmogorov-Smirnov test (K-S test)

null hypothesis "generated noise allow gaussian distribution”

statistic test D = max |F,(z) — F(x)|
F,(z): cumulative density function of sample

F(x) : cumulative density function of theoretic
significance probabillity PKS( ) = QKS(V ND) N:sample number
Qxs(A Z “lexp(=27°X) A =+V/ND

1) Pxs(D) <« o: significant level

reject null hypothesis : Not gaussian

2) Prs(D) > «

not reject null hypothesis
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Kolmogorov-smirnov test (K-S test) 1«

null hypothesis "generated noise allow gaussian distribution”

statistic test D = max |F,(z) — F(x)|
F,(z): cumulative density function of sample

F(x) : cumulative density function of theoretic

significance probabillity PKs( ) = QKS(\/ND) N: sample number

. Qs (A Z “lexp(-25°X) A =VND
gl,__... — % s
S .
©
=
3
o
T B
g .
S D{ D is maximum
ks ' of difference of two function
-
=
-
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Anderson-Darling test (A-D test) 15

T

statistic test W= -—n— Y @2i—1)[InF(X;) +In{l — F(Xn1-4)}]

n -
1=1

F(x): cumulative density function of theoretic

Xi(1=1,2,...,n) X1 <Xy <...<X, :sample

significance probability lLm P(W, >z)=1— A(xz) n:sample number

Al) = V2r & (=1)'T(i 4 1/2) (47 1) exp (_ (44 + 1)27r2) /OOO exp (8( r (4i+ 1)%%2) €

z — TI(1/2) j! 8x w? +1) 8x

We can't use A(x) when W _{n} iIs too large

rejection limit: Wi = 3.979 corresponding o = 0.01
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Gaussianity check 16

K-S test : depend strongly on central part of distribution
A-D test : depend on central part and tail of distribution

18 _ fftgauss-sf
|2 Entries 128
16— Mean -0.001627
- RMS 0.02214
14— - ¥2 | ndf 21.96/20
E Constant 11.28 + 1.58
12— I Mean  -0.001074 + 0.001896
1 f_ Sigma 0.01885 + 0.00200
8—
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Gaussianity check

about 10Hz

17
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another frequency

18

Gaussianity check

f[Hz]
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another frequency 19

Gaussianity check

1000

cumulative density function

cumulative density function

cumulative density function

1

ot Prg = 0.510

3000[Hz|
D = 0.057
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another frequency 20

Gaussianity check

cumulative density function
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Summary and Future 2]

Summary
. Generate gaussian random noise
of LCGT spectrum

. Check gaussianity of generated noise

Future

. Innovate non-linear and/or non-stationary noise

. frame data for analysis simulation
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Appendix
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Appendix

23
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quantum-9.99hz
Entries 200

. Mean 1.07e-23

a9 | [NjeCte abnormal value (about 10 0)

Mean 5.383e-24
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D = 0.107
Prs = 0.017

not reject
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Injection

W, = 0.870

After iﬁjection

W,, = 5.051
(@ = 0.01 W, = 3.979)
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Appendix

about 80

24

real -
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quantum-80.0hz

Entries 200
Mean 1.115e-26
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Mean -1.078e-25

Sigma 3.035e-24

cumulative density function
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: 3 quantum-80.0hz
imagine
Entries 200
Mean -1.54e-25
Constant 19
Mean -2.79%9e-25
Sigma 3.081e-24
I ] 1 N ><1 0‘24
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Appendix

about 600Hz

L [real quantum-600hz
25 . Entries 200
B Mean 1.654e-25
B Constant 21.24
0 20 [ Mean  7.173e-27
8 : Sigma 5.671e-24
oo '°C
v g
O B
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Y I 5 0 015

cumulative density function
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Entries 200
Mean -1.845e-25
Constant 23.57
Mean -1.151e-25
Sigma 5.185e-24

2011F9R22H AEH



Agpendm about 3000Hz 26
= 0=
30 | real ] quantum-2999hz - [imagine quantum-2999hz
B Entries 200 i Entries 200
: Moan '1 .0650'24 25 __ Mean 3.57“_25
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Agpendix non-controlled frequency 27

1.5[Hz]
D =0.036
o ' P = 0.949

W, = 0.154
Wlimit — 3979

n
cumulative density function

1e-21 2e-21 3e-21

hn(f)
9500[Hz]
D =0.027

oL Pre = 0.998

Generated noise also keeps
gaussianity at non-controlled
frequencies.

cumulative density function
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