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Motivation

e Gravitational waveform for Kerr black hole
e 'lest the no-hair hypothesis of black hole at dynamic level

e 'undamental theory for Kerr black hole?
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Gravitational collapse of a star

1.4g/cm?

v e

5

White dwart: Neutron star: Black hole:
carbon-oxygen neutron eftective geometry point

White Dwarf Gravitational Wave Signal (Weak) Neutron Star Gravitational Wave Signal (Burst) Black Hole Gravitational Wave Signal (Ringdown)
- 0.8}

0000000

00000000




Merge ot compact objects

] —— Hanford —— Livingston =—— Model

GW170104:© LIGO/Phys. Rev. Lett. 118, 221101

myp = 31.2M,  mg = 19.4Mg My =48.7Mg,ar = 0.64



Shape ot black holes

K View from space w
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" Black hole support(geometry singularity) )
Schwarzchild Kerr| Israe,PRD(1970)
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Related processes for hypersurtace dynamic

/" Gravitational collapse h

ring down

. gravitational
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collapse

[ Binary Dynamics I: Two body problem

inspiral with
‘ ‘ deformation ’ ‘
[ Binary Dynamics II: One-body problem

“ deformation ring down .
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Main Task: Formulate the Kerr Action
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Kerr action
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Fundamental requirement

for spinning extend body

e Lorentz invariant in flat background spacetime

e Naturally extend to curved background and keep differmorphism
Invariant

e Include the finite size effective

e Parameterise invariant of the inertial coordinate

* I'ree of multi ime problem
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Extend the Polyakov action in string theory




Spinning black holes 1n flat spacetime

4 Extra constraints VS Worldvolumn metric ! :\
e 9+1 dimensional rigid reparameterize

e Inertial time independent equlvalent Class(rec)

e Axial rotation symmetry ds® = dr* — ay, (d6” + f(0)d¢?)

9 Y Kf(!):sinz(!)

" Action in flat spacetime B
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Solution of EOM

" State of black hole( state function) B
ZH = XHB(1)+ YH
XH = xH + vHI yh= vy
I5j 10
YH = awlclJ !)‘(‘cos". I(;W”) +J# +d; !“sm"' |(;W+1) '+ # %l):’j"COS($)
L rotational symmetry: G, = G; )

4 Spin relations B
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Action 1n curved background
-

= assumption on effective geometric point

e only couple to metric or Riemann tensor
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e ompleteness

~

" Unique
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Fit any three point amplitude

(related to the spin vector “k.a”)
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Metric fix the free parameters uniquely

\ (consistent with no-hair hypothesis) j

Checked upto spin 99 order



Integral techniques

4 Typical term in amplitude B
. F(1)"a, YH 4%, YW Y® 4845 &' k& y
I
K ' integral Remove tau dependents in Y \
m-+n being odd : 0
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K | 4 Fit hypersurface radius \
' lntegral to Kerr disc radius | |
(1,1) cosh dtl(;’ll)kaa sinh’ dtl(;’ll)kéa 5 cosh kaa ,sinh kaa

(I,Iorl! 1),I> 1 entire hypergeometry fun.

others general entire fun.
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Kerr action 1in general background

[ By fitting Kerr amplitude Tustin Vines 2017 )

Arkani-Hamed, Huang, and Huang;
(1,1) _
AB,Kerr (v, a,k) = V,a 4 i ? ‘

Guevara, Ochirov, Vines
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[ Kerr action )
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Three extra terms




Induced spacetime singularity

" Detect snlgularlty from 1PM bendlng angle B

PV e
v2,a " $
2 1 - %33 7.19 21, 9a[(2 1 &270Qal? at(2 1)
372 22240 4" 4p2 1701707
0,
i . F A)1§ 3.7 9 9%, %3, )
3 2 ) 2’ 21 41 4’ 4|u2 5|u3
+ 5F %2 5515 1_7. %o 1) 413998, 1)
3r2 ’ 21 21 4 ’ ’ 4|u2 4004”5
"#2'g " ? 793 © % 3311 139 &25a)2
!gl) , — 2y2" 1 2710 ———arctanh (1 I +3F2 Lo, 50— at(zzl) | |3 +
16" 2 (y2" 1) }6|(£ 2’2" 4" 4" 4b2 84 IbI
278, ( s %3 5 11 13 982, ;, &12ala]
" arctanh "y 2t gF, o2, 2.0 =0 e 2.1)
16|a|2 1g| a| % &) 2’72 47 4’,) 4|2 7|bj
% 2 &
+y y2" 1 — lblzarctanh (1 3| + 3Fy 01-,1’3’;2’9;981(2,1) 2|al
\_ ol Tl ] I U -

_ Singular rings a

mode | ring radius | disc radius
LY o al Polyakov(1,1) Log
(2,1) | 2as0.) at(2,1) Kerr(1,1) Simple pole
22| 3m0n o G.eneral (1,1) Mix
\ ! ! Higher Mode Complex j




4 Conclusion )

e A Kerr action in hypersurface model
e Can apply to dynamics of Kerr in
“fixed curved Background”

\_
& Outlook

e High point amplitude from Kerr action

e Test no-hair hypothesis in (1,1) mode by general
action

e High mode physics and relation to unstable black
hole

e Quantisation
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