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Motivation

» Gauge 1nvariant regularisation:

Curvature
scattering

»  Natural choice for Master variable:



we calculate the metric perturbations starting with the original one

h through the gauge invariant variables as

~~/

hﬂv —>{ > hﬂv
Estimate the difference
Ah =h-h

We will conclude that Ah =O(¢") if h satisfies Einstein equations
to O(e").



Odd parity case

1. Construct a specific master variable
{ =

( - - 2.
G- DU+2) ’-’H,t — ho + ;h{]]

2. Metric perturbations can be written as
h.u,y — hD(EG);},y ‘I‘ h]_(ﬂl)ﬂlu —I— hE(Ez)My

e0, el and e2 are, respectively, angular harmonics and their
first and second derivatives

3. From the leading order behavior of mode functions, the
harmonic coefficients could be expanded as

Ry ~ BRSO+ RED 2

4. Decompose h as

—

- Etrun + Rrem
For this particular master variable

crem — O(E—fﬂ-) and &hgrun — @(5—3)! &h?_irun — @(5—3)



QOutline

» Background on the Regge-Wheeler-Zerilli perturbation
formalism

> Improved master variables
Odd parity modes
Even parity modes

> Master variables via Chandrasekhar transformation
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Reconstructed Metric Components
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Odd Parity Modes
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Metric Reconstruction
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The appearance of ® 1n the
denominator means that h™
1s no longer localized on the
radial shell where the

particle orbit lies. The source

1s distributed in the region min-

- max

rl’l’lil’l and rmax °
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Even Parity Modes

14+ A :
-I——{ T }{HRH

2M

7"

ﬂ,n.?{ H Ry i

Iy .Fn‘l.li':l

2M 2M | ; MY 1 ; | ; )
(l - —) [(1 ) (K — —H3Y )+ ('% =) ) — KW — —(H™ — KT
r ™ T i " " [ = o
_i””.ir_fl'll' & ﬁ.HH'}:[ —— R 4(0)
i B
'..F"L-““ — i _I'_l:h.'““' LR .HI-{{” }_|_ feu '1_|'! ";Hu 3% l.I + "]I"} .“rHH EET_'I -l::l.l
P . rir—2M) 2
0 * e A gy ; -— 2\ - r - RW
m [—d-mh W _ (| = Tf) KRW  ggarpw o (T 2M) - 1) gy m +%m._{“‘ . ad

= fﬁf”"]] =—frA

i

— e BWY)

TRy e (I

o (1-

_.ld__:

2M

T

i)
F

(r—
rlr—2M)

2M

"

-1
) (= 4 HE ) (1 s

l“ril'{ll' o l (I - £
r !

M)

(

2M
) {;'IHH I'L-”M. }Ir i gl IP ””H A

)

.rl-

K .|'1"i1 _-”'HH

)}'Iriﬁ'“'] _I_
(] = ?) (W _ AW =

0.y
T

EF-HH' ok

V14 A

H'_
(r—2M)B

W14+ A

Qiw Ht

M
]+ (1 e
e 3 M
| ) Hay — = (1 ¥ T) Hoy' —

Hi" —

)i

fl+)u.]

“-rHH

HE =

HIW ) =8v2nG'")

| Bx

v 2A(1 + .Hr




g e . F. Zerilli,
Zerilli’s Master variable iy, rev. b 22141 (1970
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Improved Master variable

Miaster Vatiabie: (a1t —2M) [H”'" _ rRAW 3 TAT SN L pw
= = T+ DOr43M) 2 J r—2M

Master equation [82 + w? — V()] k=
2MN 2202(\ 4 1)r3 4 602Mr2 4 18AM2%r + 18 M3

Potential V(r)=(1- ) EEMC OV M 2N

. r r3(rA 4+ 3M)2
Source
TH \.}(:A+3u} r—2M rA+43M V2
e e 1
+(1 4 N (r—2M)A4+V1F A(r —2M)B — ! —(—:7—“}‘}{;.}. o8 U]P]

No w in the denominator, source is localized



Metric Reconstruction
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No w in the denominator; reconstructions are local and do not require time integration




Master variable via Chandrasekhar Transformation

S. Chandrasekhar and S. Detweiler,
Proc. Roy. Soc. London, A344, 441 (1975)

Weyl scalar (¢/») contracted with null tetrad satisfies same homogeneous equation
irrespective of parity. S. A. Teukolsky,
Ap. J. 185, 635(1973)
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In explicit metric form we have
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Using reconstruction formulas in vacuum we can rewrite (7)),

aky_ 2 . ; . A , e
t } 13(1 “oM)? [-‘,wzia+m.'.r?(r —3M) 4 (3M — (A4 1r)(r —?.‘Hj}': Tlt{,}

+r(iwrZ 4+ 3M — r)(r — m:r}{“?.:;ﬁ.(-r}]




B
{”:I 3= r»""'}'.l = : [ 243 _ iw AT — 4] r - —F {t}}?"' T
c(ry=c['hy] T W T 1{w r? — SiwMr — 4M + r 4+ A2M —r) } hy(r)

—(r — 2M)(iwr? 4+ 3M — r)W . (r)]
Then, with an arbitrary constant C,
=cc)
satisfies the homogeneous R-W equation.

[63 + w? = VEW ()% = 5'%

A

RW
(r—2M) K

EE(ry=2(r — 2M)(HEW — rKEW 4

with

Starobinsky constant C=4(3iwM 4+ MM+ 1))

Source
)7 M—r(1—2A 3M —r(14 X)(r—2M
$'% = sn(r—2M) |-2rA®P 42 “{EU ) 4(0) 4 /B AL 4 2l s Llo ) ) 4
¥ — I¥ J-u.r_
6M —r(14+ M(r—-2M 6M2 — Ar2(1+ A M{r—2M
4+ 2l :{ﬁ+ ) (s  F— A+ N, 6 MO g,

reyl4 A r2y/(1 4+ A)A ry (14 A)A



Metric Reconstruction
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In time domain we will need time integrations for the metric reconstruction
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Conclusion/Discussion

» We propose alternative variables which are more suitable for
the purpose of metric reconstruction as the formulae are
completely local.

» Beyond Chandrasekhar transformation

» As new proposal we introduce gauge invariant regularization.





