Sp in()r_heli City m€ etS ﬁfl?\irzlt;hg; S}gclilinburgh
Petr()V i.nicholson@sms.ed.ac.uk

Based on work done with Donal O’Connell, Andrés Luna and Ricardo Monteiro


mailto:i.nicholson@sms.ed.ac.uk

g

Outline

. The Petrov classification

Spinor helicity for GR?
Type D solutions and the Weyl double copy

A new frontier: five dimensional GR
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* Separate Weyl tensor into 5 complex
scalars with physical meaning
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1) The Petrov classification

* What is the Petrov classification - and why do we care about it?

Riemann minus traces

/
* Separate Weyl tensor into 5 complex I
scalars with physical meaning l \

Yo transverse incoming radiation I1 D
Y1 incoming longitudinal field M<v l \
o 1/72 potential (Coulomb-like) ~ %2 7 0

M=+ N —5 0O

V3 outgoing longitudinal field /
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Petrov (1954)
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1) The Petrov classification

* What is the Petrov classification - and why do we care about it?

2. We want to find new GR solutions

L OF MATHEMATICAL PHYSICS VOLUME 10, NUMBER 7 JUL

Type D Vacuum Metrics*

WILLIAM KINNERSLEYTZ
Complete set Of 4d /Calif:rnia Institute of Technology, Pasadena, California

type D solutions (Received 17 May 1968)

Using the Newman-Penrose formalism, the vacuum field equations are solved for Petrov type D. An
exhaustive set of ten metrics is obtained, including among them a new rotating solution closely related to
the Ehlers—Kundt *‘C”’ metric. They all possess at least two Killing vectors and depend only on a small
number of arbitrarv constants.

* 5d is an interesting place...



2) Spinor-helicity for GR?

* Newman-Penrose formulation: key GR technique

Juv = —2k@ny) +2memyy,  k-n=-1, m-m=1
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“ Complete basis:

Penrose (1960) & Newman, Penrose (1962)
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+ Build a “Weyl spinor”:
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* Build a “Weyl spinor”:
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2) Spinor-helicity for GR?

+ Build a “Weyl spinor”:

e =07 e i gz B % (Jgd(}vdﬁ . U;d(}udﬁ)
VY (@)
+ Use {\ 4} to isolate components
W — e Y transverse incoming radiation
i = e e e incoming longitudinal field
o =W 55 o ,lﬂ,u(S 1/ r? potential (Coulomb-like)
Wi = oo 5 A 1P outgoing longitudinal field

g — o s i ,uﬁ i ,u5 transverse outgoing radiation



2) Spinor-helicity for GR?

* Handy fact: symmetric 2-component spinors factorize

Vapys = A(QBBCVD@
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2) Spinor-helicity for GR?

* Handy fact: symmetric 2-component spinors factorize

\I/agfy(g o A(QBQ nyD(;)

Petrov Type
A B € D distinet

s A=B o = by = 0
AaBgA,Bsy ™\ — Ve
Y2 # 0
Types D and N: V3,14 # 0
natural double W =0

copies



3) The Weyl double copy

A, = ok, Juv = Nuw + @ kuky

* Many ideas for exact double copies

»  Monteiro, O’Connell, White (2014) + Luna (2015) *  Gurses, Tekin (2018)
» Carrillo Gonzélez, Penco, Trodden (2017) + Ridgeway, Wise (2016)
- Adamo, Casali, Mason (2017) + Nekovar (2018) * Lee (2018)

* Move beyond Kerr-Schild using field strengths Clupe ~ FuvFpo
Cardoso, Nagy, Nampuri (2017)

* Need spinors to match gauge redundancies

Anastasiou, Borsten, Duff, Hughes, Nagy (2014)



3) The Weyl double copy

* All type D vacuum solutions can be expressed in double Kerr-

Schild form
g =0 oLk ol Plebanski, Demianski (1976)

+ Findgand axrs.t. A, = ar k, + a;l, solves flat vacuum MEs
+ Construct field strength spinor ®,5 = F},, 0" 43

1
= Wapys = gq)(aﬁq)%)

* Propagator S solves wave equation on flat background

Luna, Monteiro, IN, O’Connell (2018)



3) The Weyl double copy

Acceleration
* Includes all previous Kerr-Schild solutions and more horizons
: . : >
* Example: accelerating C-metric % / N\ -

3
Ve — §m($ +4)°€apéys

1
Cop = 5‘“(517 + y)%.8
m?.
o
i )

faﬁ - )\oz)\ﬂ i Uniformly

accelerated particles



3) The Weyl double copy

A( b & A’Y b 5)
* GR explanation: l

* Write type D metricas VYag,6 = ’X\_5X(a5><75)7 = \/onBXaﬁ
# Then Xes is Killing spinor V(,%xg,) =0
s o |_3on6 solves curved background MEs

\Ijozﬁfycs =X _5X(a5X75)

(I)ocB = _SonB

o= X—l

* Double Kerr-Schild form maps to flat space

Penrose, Walker (1970) + Hughston, Sommers (1972)



4) 5d spinor-helicity

* Can we develop a 5d Petrov classification?

* Require SO(3) little group: €ty
g’uy = —Qk(“n’/) i €a05bd 6'uabeycda k-n= — 1 Elua,be,ucd — EalcEd]b

Cheung, O’Connell (2009)
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4) 5d spinor-helicity

* Can we develop a 5d Petrov classification?

agb—=127
* Require SO(3) little group: e?ab) / 50id) sl
g’LW — —Qk(”n") i 5a05bd 6'ua,beycda k-n= _17 elua,be,ucd — EalcEd]b
“ Appropriate definitions: 2Gler LS
U 1 L A Ba U 1 o / A B
k:§ s n=§ dElil i

e = At s A4 ME
ab 7w B b) Cheung, O’Connell (2009)



4) 5d spinor-helicity

* Choose et — (kO,kl,k2,k3,O), nt — (n07n17n27n370)

+ Build Y*aB from 4d sigma matrices

0 gl -
fy'UJAB = <_5_,ud5 0 B) s =0 74143 == (

“ Appropriate basis is:



4) 5d spinor-helicity

* Example: consider formula for k",

=0 0

O =X 0 aieiie
I A ISR 2 o B
o e AB¢ {()\O‘ ()) <—5“@ﬁ 0 ) <

Ag
0

= ¢



4) 5d spinor-helicity

e Eanple: consider tormulator k2 =~ ¢ — 0.1 2.3

Do X 0 g A 0
I A ISR 2 Q 16 5 —
! ABA CLA b |:<)\oz 0 > <_5-'udﬁ 0 ) < 0 _AB):|

o e
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4) 5d spinor-helicity

e Eanple: consider tormulator k2 =~ ¢ — 0.1 2.3

Do X 0 g A 0
I A I 2 Q 16 5 —
! ABA CLA b |:<)\oz 0 ) <_5-'u(545 0 ) ( 0 _AB):|

— O"LLOCB)\QS\B e 5‘“@55\@)\5 = 9kt

soAnd u— 4

Gr =X 20 A 0
4 A Bl ved ci = « B e o
Y anhi AR = ZT’“KA@ O)(O 8@@)((} _wﬂ 0

— b e



4) 5d spinor-helicity

* Construct Weyl spinor as before:

14
Wi —C 0 0
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4) 5d spinor-helicity

Y aBCD)

* Construct Weyl spinor as ljefoy

Wi —C 0 0

# Use {A, M} to isolate components

e A NS AT
b Uaes M AR MY,
¥ = Uapop A AP MO MP,
v = Uapop A4 MB,MC MP,
i, = Yapep MAMB,MC MP,



4) 5d spinor-helicity

VW aBCD)

* Construct Weyl spinor as ljefoy

Wi —C 0 0

# Use {A, M} to isolate components

0
wc(z,b)cd =W pep AAaAB bACcAD d transverse incoming radiation
ibé}))cd — U noes AAaAB bACcM . d incoming longitudinal field

¢f£>¢d =WaBcp AAa,ABbM CCM iy o I / r? potential (Coulomb-like)
¢C(L?1),>Cd — Uz AAaM BbM CCM Dd outgoing longitudinal field

¢(4) =Uapop MA MB, MC MP, transverse outgoing radiation

abc



4) 5d spinor-helicity

* Construct Weyl spinor as before: ¥(aBoD) l \
11 D
Weeen —C 0. il o l \ l \
« Use {A, M} to isolate components m— N — O
0
wc(zb)cd = Wapch AAaABbACcADd transverse incoming radiation
wé}))c 1 =VYaBcD AAaAB e incoming longitudinal field

¢f£>cd =WaBcp AAa,ABbM CCM iy o I / r? potential (Coulomb-like)
¢C(L?1),>Cd = VY aBcD AAaM BbM CCM Dd outgoing longitudinal field
w(ﬁl) =Uapop MA MB, MC MP, transverse outgoing radiation

abc

Coley, Milson, Pravda, Pravdova (2004)



4) 5d spinor-helicity

* Decompose little group spinors to highlight sub-structure
0 3 Il

(0) (0)

\Ij(abcd) wade
(1) (1) 1

\Ij(abc)d wabcd Xg,b)
2 2 2 2

‘I’Eaéxcd) wc(zb)cd ng) ‘Ijér)
3 3 3

\Ijg(gycd) wc(zb)cd ng)
(4) (4)
(abcd) wabcd

* Spinor-helicity is effective probe for 5d GR
Monteiro, IN, O’Connell (2018)
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4) 5d spinor-helicity

* Decompose little group spinors to highlight sub-structure
b} 3 1
\IJ(O% J @D(%) g Tangherlini-Schwarzschild
e C<L1> (1) g
\Ij(abc)d Vabed Xab / We,” = ol
(2) (2) (2) (2)
\Ij(ab)(cd) wabcd Xab [ \Ijtr ]
(3) 3 3
\Ija(bcd) wc(zb)cd ng)
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4) 5d spinor-helicity

* Decompose litt

e group spinors to highlight sub-structure

3] 3 .
¥ abea) Y ated
\I’Ecl,%c)d wc(;ngd XE,},)
\IJEZ?))(cd) [ e % [‘I’EE)]
Vb wé?é)cd\N Black string
Ei%cd) wc(;ll))cd l \I!Ef) — %

(2)
* Spinor-helicity is effective probe for 5d GR v

LIl
— T—Sdlag{l, 1,—-2}

Monteiro, IN, O’Connell (2018)



Conclusions & outlook

* Petrov type D and N: natural exact double copies
+ Complete set of Weyl double copies found for 4d type D

“ Spinor helicity: a great language for classifying spacetimes - and
double copies

* Next steps:

* “Asymmetric” double copy?
+ Convert 4d type D double copy for 5d

+ Find new GR solutions in 5d - using the double copy?



