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AutoEFT

arXiv:2309.15783

• automatic basis construction for generic (SMEFT-like) EFTs

• operators free of redundancies (IBP, EOM, Fierz, etc.)

• based on algorithm by Hao-Lin Li et al. (SMEFT @ d = 8,9)

• implemented in Python, using SageMath & FORM

• open source: https://gitlab.com/auto_eft/autoeft
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https://arxiv.org/abs/2005.00008
https://gitlab.com/auto_eft/autoeft


Redundancies

1. Completeness relations: gµνσ
µ
αα̇σ

ν
ββ̇

= 2ϵαβ ϵ̃α̇β̇

2. Field redefinitions: O + δS0
δΦi

O′ ∼ O

3. Topological terms: O + ∂O′ ∼ O

4. Repeated fields: πΦ ◦ O = O
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Completeness Relations

Lorentz group: SO+(1,3)

ϕ ∈ (0,0)

ψα ∈ (1/2,0) ψ† α̇ ∈ (0,1/2)

FLαβ =
i
2

Fµνσ
µν
αβ ∈ (1,0) F α̇β̇

R = − i
2

Fµν σ̄α̇β̇µν ∈ (0,1)

Dα̇
α = Dµσ

µα̇
α ∈ (1/2,1/2)

Gauge group: SU(3)C × SU(2)W × U(1)Y

Gabc = ϵacd(λ
A)d

bGA Wij = ϵjk (τ
I)k

i W I
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Field Redefinitions

Fields

ϕ ∈ (0,0) ψL ∈ (1/2,0) FL ∈ (1,0)

Equations of motion

D2ϕ ∈ (0,0)︸ ︷︷ ︸
∼ϕ

⊕ (1,0)⊕ (0,1)︸ ︷︷ ︸
∼F

⊕ (1,1)

DψL ∈ (0,1/2)︸ ︷︷ ︸
∼ψR

⊕ (1,1/2)

DFL ∈ (1/2,1/2)︸ ︷︷ ︸
∼A

⊕ (3/2,1/2)

⇒ only keep symmetric combinations
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Topological Terms

Invariant tensor

TLorentz = (ϵα̇k α̇l )
⊗nR(ϵαiαj )⊗nL

The SU(nf) trick

⊗nR

⊗
⊗nL

≃

n f
−

2



nR︷ ︸︸ ︷
· · ·

· · ·
...

...

· · ·

nL︷ ︸︸ ︷
· · ·

· · · ⊕

n f
−

1



nR︷ ︸︸ ︷
· · ·

· · ·
...

...

· · ·

nL︷ ︸︸ ︷
· · ·

· · ·

⊕ · · ·

︸ ︷︷ ︸
total derivatives
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Installation

PyPI

$ pip install autoeft

or

$ sage -pip install autoeft

conda-forge

$ conda install autoeft -c conda -forge

or

$ mamba install autoeft
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Automated Construction

familiesd TLorentz

typesmodel Tinternal

invariants {O(d)
i }

Lorentz
invariance

internal
symmetry

restrict

avoid
EoM & IbP

avoid
algebraic

eliminate
RFR
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The Model File

# AutoEFT model file
name: QED -EFT
description: Effective field theory of QED interactions

symmetries:
u1_groups:

QED: {}

fields:
eL:

representations:
Lorentz: -1/2
QED: -1

eR:
representations:

Lorentz: 1/2
QED: -1

FL:
representations:

Lorentz: -1
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The Model File

# AutoEFT model file
name: QCD -EFT
description: Effective field theory of QCD interactions

symmetries:
sun_groups:

QCD: {N: 3}

fields:
qL:

representations:
Lorentz: -1/2
QCD: [1]

qR:
representations:

Lorentz: 1/2
QCD: [1]

GL:
representations:

Lorentz: -1
QCD: [2,1]
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Outlook

Work in progress

• add flavour spurions

• add off-shell operators

• express operators in common format

• automatic Hermitian conjugation

• operator projection

Wish list
• full basis transformation (D = 4)

• non-linear symmetries (eg. HEFT)

• evanescent operators (requested by Luca)
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Backup



SMEFT Operators

General operator

O = T {g}
SU(3)T

{h}
SU(2)T

{l }
Lorentz ×

N∏
i=1

(DniΦi){g},{h},{l }

Invariant tensors

TSU(3) ∈ ⟨f ABC ,dABC , δAB, (λA)b
a, ϵabc , ϵ

abc⟩

TSU(2) ∈ ⟨ϵIJK , δIJ , (τ I)j
i , ϵij , ϵ

ij⟩
TLorentz ∈ ⟨σµναβ, σ̄

µν

α̇β̇
, σµαα̇, σ̄

µ α̇α, ϵαβ, ϵ̃α̇β̇⟩
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Equations of Motion

(Dr−|h|Φ)α(1)...α(r−h)α̇(1)...α̇(r+h) ≡

{
Dα(1)α̇(1) . . .Dα(r+h)α̇(r+h)Φα(r+h+1)...α(r−h) , h<0

Dα(1)α̇(1) . . .Dα(r−h)α̇(r−h)Φα̇(r−h+1)...α̇(r+h) , h>0

D[αα̇Dβ]β̇ϕ = −ϵαβ ϵ̃α̇β̇D2ϕ+
i
2
ϵαβ σ̄

µν

α̇β̇
[Dµ,Dν ]ϕ

D[αα̇ψβ] = −ϵαβ( /Dψ)α̇
D[αα̇FL β]γ = 2ϵαβσ

ν
γα̇DµFµν

(Dr−|h|Φ)
(α̇(1)...α̇(r+h))
(α(1)...α(r−h))

≡ (Dr−|h|Φ)α̇
r+h

αr−h ∈
(

r − h
2

,
r + h

2

)
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Irreducible Representations

Integration by parts

−Dϕ1 ϕ2ϕ3Dϕ4 = ϕ1Dϕ2 ϕ3Dϕ4 + ϕ1ϕ2Dϕ3 Dϕ4

Irreducible representation of SU(N)

− 2 1
3 4

= − 1 2
3 4

+
1 3
2 4

⇒ only keep Semi-Standard Young Tableaux
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Irreducible Representations

Gauge group: SU(3)C × SU(2)W × U(1)Y

SU(3) : 3 ∼ 3 ∼ 8 ∼

SU(2) : 2 ∼ 3 ∼
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Irreducible Representations

Invariant contractions

Li ∼ i Qj ∼ j Qk ∼ k Ql ∼ l

i → i j → i j
k

→ i j
k l

∼ ϵikϵjlLiQjQk Ql

i → i
j

→ i k
j

→ i k
j l

∼ ϵijϵklLiQjQk Ql

⇒ tensors according to Littlewood-Richardson rule

17 Magnus Schaaf | AutoEFT + Flavour | SMEFT-Tools 2025



Irreducible Representations

Invariant contractions

Li ∼ i Qj ∼ j Qk ∼ k Ql ∼ l

i → i j → i j
k

→ i j
k l

∼ ϵikϵjlLiQjQk Ql

i → i
j

→ i k
j

→ i k
j l

∼ ϵijϵklLiQjQk Ql

⇒ tensors according to Littlewood-Richardson rule

17 Magnus Schaaf | AutoEFT + Flavour | SMEFT-Tools 2025



Irreducible Representations

Invariant contractions

Li ∼ i Qj ∼ j Qk ∼ k Ql ∼ l

i → i j → i j
k

→ i j
k l

∼ ϵikϵjlLiQjQk Ql

i → i
j

→ i k
j

→ i k
j l

∼ ϵijϵklLiQjQk Ql

⇒ tensors according to Littlewood-Richardson rule

17 Magnus Schaaf | AutoEFT + Flavour | SMEFT-Tools 2025



Irreducible Representations

Invariant contractions

Li ∼ i Qj ∼ j Qk ∼ k Ql ∼ l

i → i j → i j
k

→ i j
k l

∼ ϵikϵjlLiQjQk Ql

i → i
j

→ i k
j

→ i k
j l

∼ ϵijϵklLiQjQk Ql

⇒ tensors according to Littlewood-Richardson rule

17 Magnus Schaaf | AutoEFT + Flavour | SMEFT-Tools 2025



Irreducible Representations

Invariant contractions

Li ∼ i Qj ∼ j Qk ∼ k Ql ∼ l

i → i j → i j
k

→ i j
k l

∼ ϵikϵjlLiQjQk Ql

i → i
j

→ i k
j

→ i k
j l

∼ ϵijϵklLiQjQk Ql

⇒ tensors according to Littlewood-Richardson rule

17 Magnus Schaaf | AutoEFT + Flavour | SMEFT-Tools 2025



Irreducible Representations

Invariant contractions

Li ∼ i Qj ∼ j Qk ∼ k Ql ∼ l

i → i j → i j
k

→ i j
k l

∼ ϵikϵjlLiQjQk Ql

i → i
j

→ i k
j

→ i k
j l

∼ ϵijϵklLiQjQk Ql

⇒ tensors according to Littlewood-Richardson rule

17 Magnus Schaaf | AutoEFT + Flavour | SMEFT-Tools 2025



Magnus Schaaf

Technical University of Munich
TUM School of Natural Sciences
Physics Department T30f
James-Franck-Str. 1
85748 Garching, Germany

https://einrichtungen.ph.nat.tum.de/T30f/

mailto:
https://einrichtungen.ph.nat.tum.de/T30f/

