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Effective field theories
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Effective field theories
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EFT interactions
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EFT interactions

Lpsm contains
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EFT interactions

Lpsm contains

PAyH AW
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EFT interactions

Lpsm contains
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LsMEFT contains
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The EFT Lagrangian

Properties of the heavy particle(s) ® (or ) are unknown:
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The EFT Lagrangian

Properties of the heavy particle(s) ® (or ) are unknown:

Scalar Boson?

Vector Boson?

Fermion?

U(1) charge?

SU(2),SU(3) representation?
How many heavy particles?
Heavy particle masses?
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The EFT Lagrangian

(o)
1
Lsverr = Lsm+ Y Nd > GO
d=5 A

EFT operators O; contain only SM fields.
Terms are sorted by Mass dimension d.
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The EFT Lagrangian

(o)
1
Lsverr = Lsm + Y Nd >~ C;0;
d=5 A

EFT operators O; contain only SM fields.
Terms are sorted by Mass dimension d.

5/15



The EFT Lagrangian

(o)
1
Lsverr = Lsm + Y Nd >~ C;0;
d=5 A

For fixed mass dimension d:

d
éMEFT X ZC O;
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The EFT Lagrangian

=1
LsmerT = Lsm + Y i > CO;
d=5 i

For fixed mass dimension d:

— Basis vectors
SMEFT X ZC O;
i T Vector components

® The observed BSM effects are one vector in the space spanned by all
EFT operators.

® Diagrams with O; inserted depend on C;
® Need a set of operators with independent C; (basis).
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SMEFT operator bases
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Some SMEFT Dimension 6 operators (Warsaw basis)
(Grzadkowski, Iskrzynski, Misiak, and Rosiek 2010)
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SMEFT operator bases

(LL)(LL) (RR)(RR) (LL)(RR)
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More SMEFT Dimension 6 operators (Warsaw basis)
(Grzadkowski, Iskrzynski, Misiak, and Rosiek 2010)
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SMEFT operator bases

Number of SMEFT operators by Mass dimension d

Mass dimension d
(order 1/A9~%)

Onshell operators

Green's basis operators
(offshell operators)
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12
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2466
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4976 586
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SMEFT operator bases

Number of SMEFT operators by Mass dimension d

Mass dimension d
(order 1/A9~%)

Onshell operators

Green's basis operators
(offshell operators)

5
6
7
8
9

10

12

3045
1542

44 807
90 456
2092441

12

3710
2466
111004
138 228
4976 586

Onshell basis: Used for S-matrix-elements (p|S|k), cross-sections o
Offshell basis: Used for calculations on correlation functions (0[¢. .. |0),
e.g. renormalization: C; pare = Z;iCjR-

7/15



AutoEFT

E F T (Harlander and Schaaf 2024; Schaaf 2024)

EFT operator construction for many different models:

Supported fields Supported symmetries
e Scalar fields e U(1) symmetries
e Fermion fields (left/right Weyl spinors) ® SU(n) symmetries
® Vector fields only as gauge fields Symmetries can be either
® Spin 2 Tensors (GRSMEFT) local (gauge) or global.

Only Lorentz- and Gauge-invariant operators are constructed.
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AutoEFT

E F T (Harlander and Schaaf 2024; Schaaf 2024)

EFT operator construction for many different models:

Supported fields Supported symmetries
e Scalar fields e U(1) symmetries
e Fermion fields (left/right Weyl spinors) ® SU(n) symmetries
® Vector fields only as gauge fields Symmetries can be either
® Spin 2 Tensors (GRSMEFT) local (gauge) or global.

Only Lorentz- and Gauge-invariant operators are constructed.
Added support for offshell basis (Green's basis) construction.
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Operator redundancies

Naive idea: Write down every valid operator.
— Overcomplete basis: C; cannot be fixed by experiments.
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Naive idea: Write down every valid operator.
— Overcomplete basis: C; cannot be fixed by experiments.

Some examples of redundancies:
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Dby o= —py*D,abp — hyHp Db (Integration by Parts)
D,D,¢ — D,D,¢ = Fu,¢ (Commutator of Covariant Derivatives)
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Operator redundancies

Naive idea: Write down every valid operator.
— Overcomplete basis: C; cannot be fixed by experiments.

Some examples of redundancies:

(V" PL) ((yuPrx) = (9" Prx) (XyuPri) (Fierz Identity)
Dby o= —py*D,abp — hyHp Db (Integration by Parts)
D,D,¢ — D,D,¢ = Fu,¢ (Commutator of Covariant Derivatives)

Only for onshell bases:
O¢p~0, D"y ~0, D,F" >0 (Equation of Motion)

Only for offshell bases:
eaﬁDgFLm o~ eij/FR‘j‘B (Bianchi identity)
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Construction algorithm

Describe the field's representation in all symmetry groups:
® Lorentz group: SOT(3,1) ~ SL(2,C) ~ SU(2) x SU(2)
— A tuple of SU(2)-tableaux (77, ; Tr).
e SU(n) groups: One SU(n)-tableau T.
e U(1) groups: A charge q.
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Construction algorithm

Describe the field's representation in all symmetry groups:
® Lorentz group: SOT(3,1) ~ SL(2,C) ~ SU(2) x SU(2)
— A tuple of SU(2)-tableaux (77, ; Tr).
e SU(n) groups: One SU(n)-tableau T.
e U(1) groups: A charge q.

Example: SM Gluon field strength tensor wa:

Lorentz (Left): (GL)ag = (0")apGu — (2]B8];1)
Lorentz (Right): (Gr)® = (6)%G,, — (1:[a]4)
G, — SU(3): Gabe — cade(TIGL 5 |2 ]
SU(2): G (trivial) S
U(1): G (trivial) — 0
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Construction algorithm

Young Tableau product (modified Littlewood-Richardson rule):

ol . et N G(IGJ), 5IJGIGJ, f]']KGIGJ,

alb alb]d]
Zb‘@)jel—abdle‘@cd@ce ®
L1 L | e f i
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Construction algorithm

Young Tableau product (modified Littlewood-Richardson rule):

ol . et N G(IGJ) sVala . f]JKGIGJ

alb al|b dl
ab[® dle] _ abaz|e[69 Tal @ [l @
- 7] e|7 ]

One SU(3) invariant contraction.
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Construction algorithm

Young Tableau product (modified Littlewood-Richardson rule):

ol . et N G(IGJ) sValag? fI']KGIGJ,
a bl d e‘ al|b dlel alb alb d‘

" X 7 = © |c|d] D |c|e ®
L1 L | e f i

One SU(3) invariant contraction. Combine with fields G-

alb O = EacefbdfGabCGdﬁ'/'
cld - > (I Nb I dhf Jve ~J
elf = €ace€bdf (nga(T )qG )(6 A (T )hG )
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Projection

Two groups work with an EFT operator A:
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Projection

Two groups work with an EFT operator A:

Group A uses a basis that
contains A:

A=0;

Result is o(Cy).
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Projection

Two groups work with an EFT operator A:

Group A uses a basis that Group B uses basis that does
contains A: not contain A:
A=0; A=>"a,0,
n
Result is o (C1). Result is o(C],...C)).
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Projection

Two groups work with

an EFT operator A:

Group A uses a basis that
contains A:

A=0;

Result is o(Cy).

Group B uses basis that does
not contain A:

A= Za;O;

Result is o(C],...C)).

What are the expansion coefficients a/,?
What are the Wilson coefficients C/(Cy,...C,,)?
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Projection

dc; = —cyg — 30v,

Cgg = CGG
Cww = CWW ,

g*eww +4g%g%cwn + g'*cep
Czz = )

(9> +97)?
B gQCWW _ 2(g2 _ ng)CWB _ 9/2633
Coy = 92 + g7 ’
Cyy = cww + ¢ — 4w,
2 2
Cwld = W[g cws — cr + 6],
2
c.o= — 7[07‘—51}},
_ 2 2, 2
o = W[(g + 9 ewn — 2cr + 26v] .

Relations between redundant Wilson coefficients in SMEFT
(Falkowski, Fuks, Mawatari, Mimasu, Riva, and Sanz 2015)
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Projection

Projection algorithm: Find a general function

P: A—a, suchthat A:Zanon
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Projection

Projection algorithm: Find a general function

P:A— a, suchthat A:Zano

Inner product (A|B):

A’B Zan m O |Om> = Zangnmam

Define gnm = (On|Opn) = dpm for one special basis.
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Summary

e General EFT operators can be used to describe high-energy effects
without having to decide on a specific high-energy model.

¢ The Number of operators of an EFT increases with mass dimension,
and for SMEFT past dimension 7 the basis can not be constructed by
hand.

® AutoEFT generates EFT operator bases for SMEFT, and any other
model with U(1) and SU(N) symmetries.

e Both Onshell and Offshell bases are supported. Mass dimension is
limited only by computation time.

e Operator projection enables us to deal with EFT operators just like
ordinary vectors, including easy change of basis.
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Backup

Backup
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