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CLASSIFICATION

� Lovelock’s theorem (1971):
“The only second-order, local gravitational field equations 
derivable from an action containing solely the 4D metric tensor 
(plus related tensors) are the Einstein field equations with a 
cosmological constant.”

� > 2nd-order time derivatives.
� Non-local action � things like         .!−2

� Introduce new fields.
� Posit extra dimensions.
� Don’t derive field equations from an action.

UK Dark Energy Strategy 20201.Classification.

Add new field content

Higher dimensions Non-local

Scalar

Vector

Tensor

f

(
R

!

)

Some�
 degravitation 

scenarios

Scalar-tensor & Brans-Dicke

Galileons
Ghost condensates

the Fab Four

Coupled Quintessence
f(T)

Einstein-Cartan-Sciama-Kibble

Chern-Simons

Cuscuton

Chaplygin gases

Einstein-Aether

Massive gravity
Bigravity

EBI

Bimetric MOND

Horndeski theories Torsion theories

KGB

TeVeS

General Rµ�Rµ�, 
�R,etc.f (R)

Ho�ava-Lifschitz

f (G)

Conformal gravity

Strings & Branes

Generalisations 
of SEH

Cascading gravity

Lovelock gravity

Einstein-Dilaton-
Gauss-Bonnet

Gauss-Bonnet

Randall-Sundrum � & � DGP

Kaluza-Klein

Lorentz violation

Lorentz violation

Emergent 
Approaches

Padmanabhan 
thermo. 

2T gravity

Rµν!−1Rµν

Higher-order

CDT

Lovelock���theo�em

Non-action 
Approaches

Entanglement 
entropy htt
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Distant type Ia supernovae are too faint! �
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10−2 10−1 100

z

−0.4
−0.2

0.0
0.2
0.4

µ
−µ

Λ
CD

M

Ωm = 1

34

36

38

40

42

44

46

µ
=

m⋆ B
−M

(G
)+
αX

1
−β

C

Low-z

SDSS

SNLS

HST

Ωm
= 1
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�vac �10
�10eV4

M ~ MPlanck =G
�1/ 2 =1028  eV �  �vac ~ 10112eV4
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We live in one tiny pocket where the value of the cosmological 
constant is consistent with our kind of life          Leonard Susskind  
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simple inflation already is  strongly constrained by the failure to  
detect gravitational waves in the cosmic microwave background 
  
we need to ���� �&������������� ���!�����(��544�� ��� �*��
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