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1) The Petrov classification
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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 

❖ 5d is an interesting place…

Complete set of 4d 
type D solutions



❖ Newman-Penrose formulation: key GR technique

2)  Spinor-helicity for GR?
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❖ Handy fact: symmetric 2-component spinors factorize

 ↵��� = A(↵B�C�D�)
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❖ Many ideas for exact double copies

❖ Monteiro, O’Connell, White (2014) + Luna (2015)

❖ Carrillo González, Penco, Trodden (2017)

❖ Adamo, Casali, Mason (2017) + Nekovar (2018) 

3)  The Weyl double copy  

❖ Gurses, Tekin (2018) 

❖ Ridgeway, Wise (2016)

❖ Lee (2018) 

gµ⌫ = ⌘µ⌫ + � kµk⌫Aµ = � kµ

❖ Move beyond Kerr-Schild using field strengths

Cardoso, Nagy, Nampuri (2017) 

❖ Need spinors to match gauge redundancies

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

Cµ⌫⇢� ⇠ Fµ⌫F⇢�



❖ Propagator S solves wave equation on flat background

❖ All type D vacuum solutions can be expressed in double Kerr-
Schild form

Luna, Monteiro, IN, O’Connell (2018)

3)  The Weyl double copy  

gµ⌫ = ⌘µ⌫ + �k kµk⌫ + �l lµl⌫

❖ Find al and ak s.t.                                    solves flat vacuum MEs

❖ Construct field strength spinor                                  

Aµ = ak kµ + al lµ

Plebanski, Demianski (1976)

�↵� = Fµ⌫�
µ⌫

↵�

)  ↵��� =
1

S
�(↵����)



❖ Includes all previous Kerr-Schild solutions and more 
❖ Example: accelerating C-metric

3)  The Weyl double copy  

Z

T

r
=
0

r
=
1/
↵

1

Acceleration 
horizons

Uniformly 
accelerated particles

⇠↵� = �↵�� � µ↵µ�

 ↵��� =
3

2
m(x+ y)3⇠↵�⇠��

�↵� =
1

2
m(x+ y)2⇠↵�

S =
m2

6m
(x+ y)



❖ GR explanation: 
❖ Write type D metric as
❖ Then          is Killing spinor
❖                                solves curved background MEs

❖ Double Kerr-Schild form maps to flat space

3)  The Weyl double copy  

S = |�|�1

A(↵B�A�B�)

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

r(↵
↵̇���) = 0

�↵� = |�|�3�↵�

 ↵��� = |�|�5�(↵����), |�| =
q

�↵��↵�

�↵�

�↵� = |�|�3�↵�

 ↵��� = |�|�5�(↵����)
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Cheung, O’Connell (2009)

❖ Can we develop a 5d Petrov classification?

so(3) ⇠ su(2)

gµ⌫ = �2k(µn⌫) + "ac"bd ✏µab✏
⌫
cd, k · n = �1, ✏µab✏µcd = "a[c"d]b

A,B = 1, 2, 3, 4

kµ =
1

2
�µ

AB⇤
A
a⇤

Ba nµ =
1

2
�µ

ABM
A
aM

B
b

✏µab = �µ
AB⇤

A
(aM

B
b)

a, b = 1, 2

✏µ(ab)

❖ Appropriate definitions: 



❖ Build              from 4d sigma matrices

4)  5d spinor-helicity

�µ
AB =

✓
0 �µ↵

�̇

��̃µ
↵̇
� 0

◆
, µ = 0, ..., 3, �4

AB = �i

✓
"↵� 0
0 "↵̇�̇

◆

⇤A
a =

✓
0 �↵

�̃↵̇ 0

◆
, MA

a =

✓
µ↵ 0
0 �µ̃↵̇

◆

❖ Choose kµ = (k0, k1, k2, k3, 0), nµ = (n0, n1, n2, n3, 0)

❖ Appropriate basis is:

�µ
AB
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) kµ = (k0, k1, k2, k3, 0)
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❖ Construct Weyl spinor as before:

Coley, Milson, Pravda, Pravdová (2004)
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❖ Decompose little group spinors to highlight sub-structure

❖ Spinor-helicity is effective probe for 5d GR

4)  5d spinor-helicity

Monteiro, IN, O’Connell (2018)
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❖ Decompose little group spinors to highlight sub-structure

❖ Spinor-helicity is effective probe for 5d GR

4)  5d spinor-helicity
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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?


