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Quasi—-Normal Modes (QNM)

QNMs.: respond of the black hole to
the perturbation

Black hole rings wiﬁ c{amped oscillakion

QNFs.: carry Eh‘ characteristic
information about the black hole
(mass, charge, anqular momentum)

Imc{epev\c&ev& of the Per%urb&&am
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Procedure of QNM calculations

o Backqground wmetric

1 SE&E&omarv bact«f‘groumdz Schwarzschild
2. Time ciepemdev\% background: Vaidva

o Solve the perturbation eq. for appropriate
BﬁC(

WVevent horizon ~ Fmr@. &Mgoi;ng WAVE, |

Yspatial E;wfi;mi;&vj ~ pure outgoing wave ,
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Procedure of QNM calculations

o Backqground wmetric

1. S&a&omarv bo\cwgraumdz Schwarzschild
2. Time depemden& background: Vaidva

o Solve the perturbation eq. for appropriate
BﬂCﬂ
o Extract the QNFs from the waveform daka

lw=we + LwW1]



Out-Going Vaidya Metric

o Oub-going Vaidya wmetric (radiating star &
evaporating black hole)

ds? = (1 - 2mwW)/A)du? - 2dudr + v* A |

s Null coordinates (v = b=r & v = b+r)
o Linear mass function miu)z -4 u

o & = (1*1@/&)]’/‘2 Oc m < 1/16

o Homothety symmetry
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A New Model: Conformal Diagram

0 < pm<1/16 [1]

Adiabatically
evaporating

Schwarzschild




Electromagnetic and Scalar
Perbturbakion Equa&ions

2 rie,v) + N0+ 1)riu, v zaﬂ U\, v —0
{ Oudv 4—A r(u, v)‘* [ (,v) 4— ) - I e e
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(o EM. permrba&mm -0
0 S&atar er%urbahom 0= 1
i Numernﬂat W\EQQ\"O&LOM Oﬂf ?BE” using double

null toordmaﬁ mebhod
o Reduction of PDE to (i ) €1¢

Cam[zeiita%ec& buk F?cwssi;bi.e i
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Pouble Null Coordinates
Integration

Recursion relakion [2]:
Unz=Pe+dw =Us = Wlu,v) Wa/g (Ve +Yw)

Craussian tnikial daka:

Y (O;V):exgt-ﬂ(v-ﬂyﬁ)z /sz




Pouble Null Coordinates
Integration

Recursion relakion [2]:
Unz=Pe+dw =Us = Wlu,v) Wa/g (Ve +Yw)

Craussian tnikial daka:
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log|y(0,v)]

PDE Inteqration Resulks for
A=1/2
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log|y(0,v)]

PDE Inteqration Resulks for
A=1/2
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PDE Inteqration Resulks for

A=1/2

w=1,v.=—4
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Reduckion ko an ODE

{- 3("’““)3!”! r;r(u,v):luls(\// lurlz&/(lm»

2V(“M>"2A/ (1+2)

Homothetic svmmeﬁrv

> (ﬂ, V) = ﬁA Vi@’)

"}2"("74-(1—- > "(‘” ++~(v>v<v>=o

'sz

=1 (Ra)/(1+2)



Analytical Analysis of ODE (a=1/2)

Expams&om of F(V) around v—o

0

=0

and arocund v - o0 and subskitubion v=ex

FEY c 0 (L1552 sy
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Numerical Solution of ODE

o NDSolve pa&kmge tn Makthematica

o Reasonable

—» For & = 1/2 solution to peq. using LO terms
i F(¥)

s

o Take the numerical values of the solution for
vV = 0,000001 and v = —0,000001
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Resulkts of Numerical Solution of
ODE for €=0
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Resulkts of Numerical Solution of
ODE for €=0
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Resulkts of Numerical Solution of
ODE for €=0
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Sunm nmary and Conclusions

o rFurkther evidence Ehat OuEgoLv_\g_;_é‘ \fmdja 5pa¢é4ELME
may provide a realistic semiclassical model for the
end point of black hole evaporation, "

° Homothelty symmetry — PDE to an ODE —> QN-like
oscillations around the end point of evaporation.

o The normalizable modes exhibit osééﬂd&éns as they
approach u — © i both the solubtions to the full PDE

as well as in the individual modes obtained after
separation.
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