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What is xAct?

Suite of packages for tensor computer algebra in the Wolfram
Language (Mathematica).

▶ A code library. Not a general purpose program ready to use

▶ The following exemplifies how one could use xAct for a
non-trivial example

▶ Code available to download (see last slide)
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Conformal transformation

(Based on Appendix D of Wald 1984)

We introduce a new metric hab defined by:

hab = Ω2gab

hab = Ω−2gab

The respective covariant derivatives are related by the coefficients
C c
ab

Daωb = ∇aωb − C c
abωc ,

where
C c
ab = 2δc(a∇b) ln Ω− gab g

cd∇d ln Ω
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Conformal transformation

Finally, the curvature R̃ d
abc , associated with Da and the curvature,

R d
abc , associated with ∇a is given by:

R̃ d
abc = R d

abc + 2δd[a∇b]∇c ln Ω

− 2gdegc[a∇b]∇e ln Ω

+ 2
(
∇[a ln Ω

)
δdb]∇c ln Ω

− 2
(
∇[a ln Ω

)
gb]c g

df∇f ln Ω

− 2gc[a δ
d
b]g

ef (∇e ln Ω)∇f ln Ω
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Disformal transformation

(Based on Alinea 2020)

We introduce a new metric hab defined by:

hab = A(ϕ)gab + B(ϕ)(∇aϕ)∇bϕ

hab =
1

A

(
gab − B

A− 2BX
(∇µϕ)∇νϕ

)

where the inverse can be derived using the Sherman-Morrison
formula:

(M+ uvT )−1 = M−1 − M−1uvTM−1

1 + vTM−1u
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Disformal transformation

The transformed Christoffel symbols are given by:

Γ̂αµν = Γαµν + Cα
µν

= Γαµν +
A′

2A

(
δαµ∇νϕ+ δαν∇µϕ

)
− A′

2(A− 2BX )
gµν∇αϕ

+
AB ′ − 2A′B

2A(A− 2BX )
(∇αϕ)(∇µϕ)∇νϕ

+
B

A− 2BX
(∇αϕ)∇µ∇νϕ

where

X = −1

2
gµν(∇µϕ)∇νϕ



Disformal transformation

Finally, the transformed Riemann curvature tensor is given by:

R̂α
µβν = − ∂ν Γ̂

α
µβ + ∂β Γ̂

α
µν − Γ̂ρµβ Γ̂

α
ρν + Γ̂ρµν Γ̂

α
ρβ

= Rα
µβν − ∂νC

α
µβ + ∂βC

α
µν − ΓαρνC

ρ
µβ − ΓρµβC

α
ρν

C ρ
µβC

α
ρν + ΓαρβC

ρ
µν + ΓρµνC

α
ρβ + C ρ

µνC
α
ρβ
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Mathematica notebooks and these slides are available on my
website
https://thomaslabs.org/research/xact-example.html

https://arxiv.org/abs/2010.00956
https://josmar493.dreamhosters.com/
https://thomaslabs.org/research/xact-example.html
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