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AutoEFT

EFT
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/2309.15783
https://arxiv.org/abs/2005.00008
https://gitlab.com/auto_eft/autoeft

Redundancies

1. Completeness relations: g, 0" UBB_Zeageaﬁ

2. Field redefinitions: 0+520' ~0
3. Topological terms: O+00" ~0O
4. Repeated fields: 900 =0
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Completeness Relations

Lorentz group: SO*(1,3)

¢ €(0,0)
Yo € (1/270) W(" € (07 1/2)

éFWasz (1,00 F= P, € (0,1)

D, = D,o". €(1/2,1/2)

FL(\;')) =

Gauge group: SU(3)¢c x SU(2)w x U(1)y

Gabe = €aca(M)IGA W = ei(riw'
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Field Redefinitions

Fields
¢€(0’0) wL€(1/270) FL6(150)
Equations of motion

D?¢ € (0,0)&(1,0) @ (0,1) & (1,1)
— ——

~ ~F
Dyy, € (0,1/2)®(1,1/2)
~pr
DFy. € (1/2,1/2)®(3/2,1/2)
~A
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Field Redefinitions

Fields
¢€(0,0) wL€(1/2a0) FLE(150)
Equations of motion

D?¢ € (0,0)&(1,0) @ (0,1) & (1.1)
— ——

~ ~F
Dyy, € (0,1/2)(1,1/2)
~pr
DF, e (1/2,1/2)®(3/2,1/2)
~A

=> only keep symmetric combinations
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Topological Terms

Invariant tensor

Tiorentz = (edkd, )®nR (€aiaj )®nL

The SU(ny) trick

nR n
R n, /—’\—f—’tﬁ

= .. [0, ot
d e b 5.0 \HE

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

Lorentz
invariance

families

EoM & IbP

1011881

internal

symmetry algebraic

invariants

Tinternal
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The Model File

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

symmetries:
ul_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
QCcD: [1]
GL:
representations:
Lorentz: -1
QCcD: [2,1]
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Outlook Alultlo

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

N
_ 7igr iy I} i,
O = T3 Tsu(z) Tlorentz < L1 (D" ®0) gy 1.3

i=1

Invariant tensors

fABC7 dABC, 5AB’ ()\A) abc>

7-SU(3) € ( 27 €abe; €
7-SU(2) € <€IJK7 6“? (Tl)lh €ijs €U>

B —paa af
ad 9 ) €

i

Tiorentz € <UZ}§75dg, g 7€d5>
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SMEFT Operators

General operator

N

_ 7lgr {h {3 oy

0= TSU(B) TSU(2) Tlorentz % I | (D" ®i) g1 1h111}
i=1

Invariant tensors

fABC7 dABC, 5AB’ ()\A) abc>

Tsye) € ( b €abes €
7-SU(2) € <€IJK7 6“? (Tl)lh i FU>

pyo o —pv e —poaa  off v
Tiorentz € <Ua570dﬁ'a0ad70u ) € 7F('L)’>
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Equations of Motion

D a0 - - Doramygrim @orininy o—n, h<0

(D710 (. ar-mat _atn =
o o D o - Doo—nyar—m®@ue—nin _geem, h>0

- i
DiacDy)p¢ = —€apéssD°¢ + 5eapdss[Du, D10

Diaatrs) = —€as(DY)a
D[adFLB]w = 2Ea50',’;dD‘uFW,

r—|h| (a a’”’)_ r—|h| r+h r—nh r+h
(D q))(a Lalr— h) (D (b)a’ h 2 ' 9o
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Irreducible Representations

Integration by parts

—D¢1 p2¢3Dps = 1 Do 3D P4 + ¢p1¢2Dp3 D

Irreducible representation of SU(N)

211 112
3|4 3|4 24

—_
w
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Irreducible Representations

Integration by parts

—D¢1 p2¢3Dps = 1 Do 3D P4 + ¢p1¢2Dp3 D

Irreducible representation of SU(N)

21 112 1
3|4 3|4 24

w

= only keep Semi-Standard Young Tableaux

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



Irreducible Representations

Gauge group: SU(3)¢c x SU(2)w x U(1)y

SU@B):  3~[ | 3~ 8 ~

sU@): 2~ | 3~[ [ ]
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Irreducible Representations

Invariant contractions

L~ a~l] Qe~[k] a~[1]
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Irreducible Representations

Invariant contractions

L~ a~l] Qe~[k] a~[1]

-~
~.

- —— ilj ]
(1) [ -
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Irreducible Representations

Invariant contractions

L~ a~l] Qe~[k] a~[1]

~.

—>—> II( j‘—) k ~ elkeﬂL,'QijQ/

-
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Irreducible Representations

Invariant contractions

L~ a~l] Qe~[k] a~[1]

—>—> II( j‘—) K J ~ elkeﬂL,'QijQ/

-

% %{k‘%{k

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



Irreducible Representations

Invariant contractions

L~ a~l] Qe~[k] a~[1]

—>—> II( j‘—) K J ~ elkeﬂL,'QijQ/

-

% N l k‘% ’ k ~ ei/ek’L,‘QijQ/

=
~
—
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Irreducible Representations

Invariant contractions

L~ a~l] Qe~[k] a~[1]

-~
~.

—>—> II( j‘—) k ~ (/k('//L,Q/QkQ/

-

-~

= tensors according to Littlewood-Richardson rule
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