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EFT operator bases
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The Standard Model as EFT (SMEFT)

Lagrangian

Lsvert = Lsm

Operators
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The Standard Model as EFT (SMEFT)

Lagrangian

1 5) (5
Lsvert = Lsm + A Z Ci( )O/( )
i
e Os invariant under Lorentz and gauge symmetry
Operators

00) = (L H)(L*H)
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The Standard Model as EFT (SMEFT)

Lagrangian

1 5) A(5) | 1 6) (6
ESMEFTZESM+KZC,-( ol “rﬁZCf Jo® 4.
i i
e Os invariant under Lorentz and gauge symmetry
Operators

OB = (L H)(L*H)
0® = (H'H) G, G, (HiT'H) W, B, ...
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Redundancies

1. Fierz identities: g,wo—aaaﬁﬁ = 2¢capéyp

2. Equations of motion: iDy +Jdy =0

3. Integration by parts: XD,)Y~-D,XY

4. Flavour relations: (LA H)(LRH) = (L2H)(L" H)
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Brief History of SMEFT

1980 - Weinberg: d =5 & ny = 1
— 1 Operator (LLHH)

1986 -e Buchmuller-Wyler: d =6 & nf =1
— 80 Operators (22 redundant, 1 missing)

2010 -e Grzadkowski etal.: d =6 & nf =1
— 59 Operators

2020-e H.-L. Lietal: d=8,9&nf=1,3
[Li,Ren,Shu,Xiao,Yu,Zheng, 2020]
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https://arxiv.org/abs/2005.00008

Outline

Some details on the explicit construction
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Operator Structure

Explicit index notation

¢ (L Q) (Qup Qb) = e L1, Q% 0, QL

abc _ik jl o

= 0 K copens 17 QL QYL Qe

~ — —— ————
Tsu@) Tsu) Tiorentz [T, %n

operators of same type only differ in choice of T
e.g.: TSU(Q) =elek

= Tsy), Tsu@) & TLorentz gOvern the symmetry
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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(S) € ( 27 €abc) €
TSU(2) € <€IJK7 6“7 (Tl)lh €ijs €U>

L —paa af
ad,U , €

i

Tiorentz € (0%75@;, g 7€o'z,6">
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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>

b
a» €abey €

Tsu(s) € (
TSU(2) € <€IJK7 6“? (Tl)lh €ijs €U>

1z B o—pao off =
acr @€ 8 )

uy o —puv
Tiorentz € <0a57gdﬁ'va
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Fundamental Representation

Gauge group: SU(3)¢c x SU(2)w x U(1)y
Gabe = €aca(M)IGA Wj = ep(r)kw!
Lorentz group: SL(2,C) = SU(2), x SU(2),
¢ € (0,0) Y €(1/2,0) FLog = éFWUZg €(1,0)

D..= uUZd € (1/271/2)
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Explicit Contraction of Lorentz Indices

Integration by parts
—D,p1 p203D" 4 = ¢1 Do 3D P4 + d1¢2D,.63 D" Py

Operators < Tableaux

_ — _ +
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Explicit Contraction of Lorentz Indices

Integration by parts
—D,p1 p203D" 4 = ¢1 Do 3D P4 + d1¢2D,.63 D" Py

Operators < Tableaux

~[2]d _ [T [
3[4 3[4 2[4

w

semi-standard Young tableaux

= 2 independent Lorentz invariants
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Explicit Contraction of Gauge Group Indices

Littlewood—-Richardson rule

Q: Q: Q: L: W:
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Explicit Contraction of Gauge Group Indices

Littlewood—-Richardson rule

Q: Q: Q: L: W:

(7] (71K~ [TTRTT) — P LT dem e .0, @ W,

11 Magnus C. Schaaf | AutoEFT | CRC TRR 257 - YSM 2022




Explicit Contraction of Gauge Group Indices

Littlewood—-Richardson rule

Q: Q: Q: L: W:

%|j|klﬁlj|k|,‘% j klllgf {,:1,7/72 -~ ejiekm16lm20ijQlLin1m2
[~ [71K] - L. / kil //nl’(l1rrl72 ~ ™ ™2 Qe QUL Wiy my
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Explicit Contraction of Gauge Group Indices

Littlewood—-Richardson rule

Q: Q: Q: L: W:

(71— [T K]~ [TTRT 7] — DL S ULELL] ks im0, Wi

| ! I {M4|M2
2Ny /| K] JIRTT) TR kg im,
%% | - i — i ~ e e QQk QL Winym,

_> N lj( I‘ N j llll_> l/( I -~ Ejk61m1€imZQijQIL/Wm1m2
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Explicit Contraction of Gauge Group Indices

Littlewood—-Richardson rule

Q: Q: Q: L: W:

(7= [T k]~ [TTRT 7] — DL S ULELLL kom0, Wi

| ! I |my|me
2Ny /| K] JIRTT) CTRTT] kg im,
%% | - i — T i ~ e e QQk QL Winym,

j—> N0 /] Y lli‘—>j AN ™ M2 Q Qe QiLi Wi, m,
k

= 3 independent SU(2) invariants
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Multiple Generations

Relations between generations
Oflyy = (L' H)(LEH) = Offy,,
= 3 independent operators for ny = 2:
OffHH’ OLLHH’ OLLHH
Higher rank tensors

Ofils — 0[3]f2f3 + 0[f12f21’]'3 + O[f1 fz]fs Of1 ffy _ b)‘ Ofihh
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Outline

Implementation of the algorithm
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Automated Construction

AutoEFT

TLorentz

d Lorentz cl SSYTx
invariance e.o.m. &ib.p.

flavour sym.

LR rule

contractions

Tsu@),su@)

symmetry

e implemented in SageMath + FORM
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Custom Models

name: SMEFT

symmetries:
SUN:
SU3_C:
N: 3
SU2_W:
N: 2
U1l:
U1l_Yy

fields:
G:
reprs:
Lorentz: -1
SuU3_C: [2,1]
uC:
reprs:
Lorentz: -1/2
SuU3_C: [1,1]
U1_Y: -2/3
anticommute: True
nf: 3
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16

Comparison to Hilbert Series

[Henning,Lu,Melia,Murayama, 2017]
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https://arxiv.org/abs/1512.03433

Summary

Operator Basis

e Automated EFT construction

Custom low energy models

Arbitrary mass dimensions d
d =9 SMEFT in < 1min
Validated upto d = 12

Work in progress
e Operator projection

* 1-loop matching using
BSUOLEA [summ, 2020]
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https://arxiv.org/abs/2103.02487

Backup



New Physics in Effective Field Theories

Fermi Theory (EFT) Standard Model

/

possible realisations

\ e (no FCNC in $M) Ve

1 Yy

< mw
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New Physics in Effective Field Theories

SMEFT High Energy Theory ?
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Redundancies

Fierz identities

gHVaaa 55 - zeaﬁgdﬁ.
P + P59 4 98 =0

5 +6575a+€7a(5 =0

Field strength tensor

(D Do) = —iFy
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Redundancies

Equations of motion

D2¢+J¢=0
ilDiﬁ—l—Jq/}:O
D F™ 4 J5 =0

Integration by parts

D.(XY)~0 = XD,Y ~—D,XY
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Hilbert Series

H(pa ¢1 ey ¢n) = /d)u‘COHf dﬂgauge Z pini;O] H PE[¢]XJ(q) «, ﬂ)]
i=1 j

[Henning,Lu,Melia,Murayama, 2017]
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https://arxiv.org/abs/1512.03433

Building Blocks

|| | Dawa - Doty gram @ girsniny | qt—h
(D7) ) atr—ma) . alren =

Dyya -+ - Doy gr-m ®gir—nro)

- i
DiaaDpypd = —capissD?6 + EeaﬁUSB[Dm D.]¢

Dioatbs = —€ap(Di)a
DiacFrLply = 2605054 D" Fpuu

M. .alrth rh r—h r+h
o)y = o eyt e (S5 1)

Lalr+h)

h<0
h>0
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Lorentz Structure as SU(N) State

Young diagrams for N = 4 fields

-5 BH

~ e o —=N=1
7-Lorentz = (€dkd,)®n(€a'a’)®n =T + +

NN —
primary total derivative
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Field Definitions
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