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Introduction

Important sources for LISA are thought to be compact
objects orbiting rotating supermassive black holes.

http://lisa.jpl.nasa.gov/gallery/stellar-mass-black-hole.html



Introduction:
Current Methods for Perturbing Kerr

Teukolsky (1973)
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Introduction:
Current Methods for Perturbing Kerr

Cohen & Kegeles (1975,1979), Chrzanowski (1975), Stewart (1979)

hal? = h®, =0

hap = {lalp(® — 7)(d + 37) + mams(P — p)(P + 3p)
—lamp)[(P—p+p)O+37)+ (0 — 7+ V(P + 3p)|} ¥ + c.c.



Introduction:
Current Methods for Perturbing Kerr

Lousto & Whiting (2002), Ori (2003), Lousto (2005)

IJU — { h“; (P — ﬁ) (I:' — ﬁ)hmm
—[(P—p)B—27) + B~ 7)(P — 2)]htm) }
du = 3{(@ — 1)@ — T)hnn + (B = p)(P' = )

(B = )@ - 27) + (&' = )P’ = 27|y |



A Little GHP

Newman & Penrose (1962), Geroch, Held & Penrose (1973)

Introduce a normalized null tetrad:

l,n®=—mym®=1



A Little GHP

Newman & Penrose (1962), Geroch, Held & Penrose (1973)

Introduce a normalized null tetrad:

l,n®=—mym®=1

Metric takes the form:

L P == Qf[aﬂb] — 2??‘1(&??15]



A Little GHP

In Type D, the only tetrad freedom is a spin-boost:
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A Little GHP

In Type D, the only tetrad freedom is a spin-boost:

[¢ — pl?

n® — r—in®

(L vl

m?® — e"m?

m® — e~ Y¥me

A quantity has spin-weight s and boost-weight b
If under a spin-boost:

Y — TEJE'LSHX



A Little GHP

One derivative in each direction:

(0,1) : P «—[*®
(0,—1) : P! «— n°

(1,0) : 0 «— m?
(—1,0) : 8 «—— m*



A Little GHP

One derivative in each direction:

P +—
p."

I I

) : > 7
—1): n®
)) : 0 m®
0): 3 —— m?

The full covariant derivative is written:

Q®,=1,P +n,Pb—m,0 —m,d =V,



A Little GHP

The spin coefficients:

k = 12mPV 1 k' = n®miV, ny

o = m*m®V,lp o' = mmPVane

p = m*mPV 0 o' = m%mPV ny
= n®m°V,lp ' = 1mPVnp

B = %( “ tl'”Fr:u['lu'_’:r 77 anﬁl’bvﬂ'mb)

g/ = —%(m m°Vammy — m*1°V onp)
e = 2(1°n°V,lp — 1°MPV my)

¢ = —é(n mPVamp — n?1°V,np)



A Little GHP

The Weyl scalars:

I - i |
Wy = —Clmim

! - o

U = _C'Eﬂ.h’ra
i )

Y2 = —Cimmn

Y3 = —Clnmn

, Iln' e, C"‘I’
Y4 — —Unmnm



A Little GHP

Prime operation:

(I4) =n? (n®) =1°

(m*) = m® (m*)" = m*

Very useful discrete symmetry!



A Little GHP

Goldberg-Sachs, et al

In Type D with the tetrad aligned with PNDs:

= H‘,f — NT = {]"r — 1?.“:,10 = ‘LI-I — -1;{,13 —_— -&';14 — [_]

Formalism doesn't distinguish between different
black hole solutions!



Einstein's New Clothes

The metric perturbation:

hapy = hungnp + hnnlaly + 2hinlane) + 2hmmmaMp)
— 2himnempy — 2himneme) — 2hnmleme) — 2hpmlqme)
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Einstein's New Clothes

The metric perturbation:

hapy = hungnp + hnnlaly + 2hinlane) + 2hmmmaMp)
— 2himnempy — 2himneme) — 2hnmleme) — 2hpmlqme)

—l_ } b Tﬁ' (1 'Tﬂfh —I_ hﬁmﬂ Mg T

The gauge vector:

fa = &Ng + {fﬂ.*'fa 77 gm?ﬂa 7 Em“ﬁlq



Einstein's New Clothes

Compute perturbed Einstein equations via:

Eab = — l@'f@ Nab — l(;)ﬂ@bhcﬁ == @E@(ﬂhb)c
+ 29a(0°0.h%g — O°O%hy)



Einstein's New Clothes

GHPTools

* Handles contractions

* Does commutators

* Keeps track of spin- and boost- weights
e GHP <=> NP

e NP <=> Coordinates



Einstein's New Clothes

Flatspace (Minkoswki Coordinates):
En = 2PPh,,m + 26"6!1” — 2P0h;s — Eba’h;m
Ein = — 38 hyyry — 3P'8 hypy, + 88 hpyn, + 68 8huim,
— 3b'8hym + 4P'Phy, + 2PPh,,,, — 2P'Phym,
— 28'8hyp, — 3PBhpm + 2P’ P hy + 3Bhmm,
Eim = POhy, + 8B8hyy — P'ORy — PBhym
+ PO by, — PPhym, + P'Phyy, — 800y,
Erm = 2PBhnm — 20001, — 2P’ Phopym + 2P'8h ),
Emm = 3P hyym + 3P'8 Ry — 20'0 hypy, — 48 8hruim,
+ 3P'8hyy — 6P'Phy,, — PPh,, + 2P’ Pl
+ 28'8h;, + 3Pdh,;;, — P'P'hy — 208h00m




Easy Applications

Understanding the radiation gauges

Gauge conditions: Bl =he, =0



Easy Applications

Understanding the radiation gauges

Gauge conditions: Bl =he, =0

First condition: hy = hy, = by, = by, =0

Trace condition: hin, = hom = 0



Easy Applications

Understanding the radiation gauges

Gauge conditions: Bl =he, =0
First condition: hy = hy, = by, = by, =0
Trace condition: hin, = hom = 0

Consider:

2PPh,, 5 + 20 8h;; — 2PBh — 2P8 Ry, = ST



Easy Applications

Generalizing the Regge-Wheeler gauge

hoe =0

(sin 9)23195 — hgs =0

sin 80y (sin Ohyp) + Ophipy = 0
sin 80y (sin Ohyg)Ophye = 0



Easy Applications

Generalizing the Regge-Wheeler gauge

/ g — 0 f bnm
(sin8)%hgg — hgs = 0 = hinm =
sin 80y (sin Ohyp) + Ophipy = 0 Shim + 8 him
. %

sin 80y (sin Ohyg)Ophye = 0 Ohnm + 8 hnm,



Easy Applications

Generalizing the Regge-Wheeler gauge

hoe =0 ftr—1]

(Si]’l 9)23195 — hgs =0 = ham = 0

sin 80y (sin Oheg) + dphip =0 7 Ohim + 0 him =0
sin @9 (sin Ohyg)0phre = 0 3hpm + 0 hym = 0

Boostrap to Kerr via spin- and boost- weight:
hom = hmm = 0
(8 + at + b7 ) him + (B + aT + b7 )y =0
(8 + a7 + b7)hpm + (8" + a7’ + b7)hpm =0



Progress in Schwarzschild

Parity without separation of variables

For the spacelike 2-surface orthogonal to | and n:
Tab = —MgMpy — Mgy

€ab = Elnab = L(MaMp — MgMp)

Then decompose vectors and stf tensors:

b b=
Eﬂ; — Ugq vb‘gﬁw—:n + €a vbgudd
/ -3¢/ = =
— _'T“'ﬂ(a Eﬂ:wu — 10 gudd) — Mg (a‘gew-eu + "f'a‘fudd)

Xab = 0a°VeXxs +05°VeXa — gabﬂ'fzdvc?{d
— 2ﬂ}‘{ ﬂ.ﬂlb) (afar:){umn I ?:afafl/.urjd) —I_ Qlﬁ?f(ﬂ.'ﬁlb] (aa.xt'wu —I_ riaa;‘(udd)



Progress in Schwarzschild

The “Regge-Wheeler” equation:

2(P' — p)(P — p) — 28’3 + 6u)vo, “ 45 =0



Progress in Schwarzschild

The “Regge-Wheeler” equation:

i._.:

2(P' — p)(P — p) — 28’3 + 6u)vo, “ 45 =0

In more familiar terms:

_ 2 .
(O + 8u2)yy * 5 = 0



On the Horizon:
Future Work

1=0,1 in Schwarzschild

Even parity in Schwarzschild
Reconstruction in Schwarzschild
“Parity” in Kerr

Gauge invariants



Conclusion

* Recent results are promising

e There remains much to be done...



Conclusion

* Recent results are promising

e There remains much to be done...

...and a lot to think about!

Photo by Curt Busse



