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obtain the spectrum

gravitational waves on a truncated Kerr background

a complex amplitude describing two polarizations

ht, Q) = /}F(f,g.l)—l‘/l_.(f.gZ}'}x /I{I))r_»_x(gl) m 2 dominates

h(t) is related to y,,, a quantity in frequency space

y,, can be obtained from a solution to the Sasaki-Nakamura (SN) equation

d*y i dys ‘
- — F (W, xX)— = U(w, )y = S(w, x)
dx- dx

® y(w,x) — y """ for

(N
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initial condition from pulse starting on inside

e express initial condition in terms of an amplitude f(w) that determines

. dl .
spectral flux density 8w — wy) | f(w)]
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® single pulse in the cavity

® a zero is at )y, « y (the spin)
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® 100 random pulses as an initial

condition

® resonance structure is still

present

ol "

-06 =04 =0.2 0.0 0.2 0.4
tt”\I

® ccho structure is gone

waveform
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the “reconstructed” spectrum

® a LIGO detector projects the complex waveform into a set of real numbers,

the “strain data”

e we take the real part of the signal waveform /i(f) to model this projection

® to search for a resonance pattern:
e choose the time duration T'= N,.Ar1 of the data to analyze
e take the FFT

e take the absolute value

e carrying out these steps on the real part of /i(7) gives a “reconstructed” |/i( /) |
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e an example for N, 180, y =2/3, M = 50M_,, At/IM = 800
® (WO component structure due to the real [)ln]m'n'[it:n

¢ lower frequency structure comes from the negative frequency part of
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® take |FFT(data of duration T after merger) | and choose a bandpass

f1m / "!I‘l.l-

e multiply by a uniform comb structure characterized by a spacing between

teeth and an overall shift

® take these amplitudes from the two detectors and search for a correlated
enhancement for some spacing and shift

spacing
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in more detail ...

U = mean ‘ | FET (data) | % unnlw(.x'/u_'/k)‘

® [/ is vector in shift space

® signal will produce larger values around some shift

e V(r)is another vector in shift space

® an idealized bump at shift r

C = max Correlation(U,;, V(r)) x Correlation(U,, V(r))

/

e (' is our correlation between detectors, H and L, and it is still a function

of the comb spacing Af | /At
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the “signal plot”
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data driven bandpass

¢ will compare this data driven bandpass to spectrum predicted by M, y, At, N,

e are they consistent with each other? _
- bandpass in yellow
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distribution of background correlations

e ¢generate many background versions of the signal plot

e can check they do not display excess correlation at the signal location

e collect all the correlation values and fit to a PDF (generalized gamma)
e P (x) x x“e ™ (4 parameters: «, [J, scale parameter, location parameter)

e maximum likelihood fit using ~ 10000 to 20000 values

® add histogram to show fit
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e At for a truncated Kerr black hole has known dependence on mass M, spin y

and redshift :

M | + (1 — )
= 4 n log( ) ( -4 ) (]
L pl

® p determines or, the distance from the would-be horizon to where the Schd
metric applies

Planck length

propet Planck |('Hj.‘.lh
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® same a previous plot

e remove the spin and
red-shift factors from

the formula for y

® draws attention to
GW17/0729
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p-values

GW150914 0.011 GW151226 0.014
GW170104 0.33 GW170814 0.098
GW170608 0.038 GW170809 0.081
GWI151012 0.0015 GW170823 0.026
GW170818 0.0094 GW170729 0.0010 & 0.0006

e there are two popular methods to combine independent p-values, Fisher
and Stouffer

I

and 2 X 107"~ respectively

® they give 5 X 10

e even when adding 0.005 to all 11 p-values, the combined p-values are

| X 107 %and 2 x 1071V
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Conclusions

e LIGO 1s sensitive to not quite black holes

e this sensitivity to Planck scale physics 1s under appreciated

® cvidence is building from all 10 events
e consistency of At/M values with spin and red-shift dependence

® consistency of bandpasses with predicted spectrum

® p-values and very small combined p-value

Pirsa: 20020093 Page 25/25



