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The effect of an operator in <E> (s

amplitudes goes roughly as A

s We can cut the expansion at a
fixed operator dimension
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Integrating general
extensions with new particles

Indirect study of new particles

Masses of the heavy particles

Energies accessible to the collider (LHC)

Measure precision observables




Tree level Integration

UV theory

EOM

Classical
solution
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Tree level Integration

Seff[¢] — S[qba (I)c]
S

We only keep terms with dimension 6 or less



Tree level Integration

Expand Q' in powers of the covariant derivative:
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Increasing dimension

It some heavy fields appear in the expansion,
substitute iteratively until all terms under some
dimension depend only on the light tields



Basis of dim. 6 operators

* |dentities for tensor products (such as Fierz)
e |Integration by parts
 EOMSs for light fields

{

Complete set of independent operators (basis)



Heavy quarks

Single heavy quark and two heavy quarks contributions

F. del Aguila, M. Pérez-Victoria, J. Santiago, [hep-ph/0007316]



Heavy scalars
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J. de Blas, M. Chala, M. Pérez-Victoria, [1412.8480]



Heavy leptons and vectors

The contributions from each kind
of particle have been computed

F. del Aguila, J. de Blas, M. Pérez-Victoria, [0803.4008, 1005.3998]



Mixed contributions
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The importance of
dimension 3 linear couplings

L5 8,084 + 2,08 1 2,8,0"

- - EEEEEN . -
- " " -
o ]
- -

’ SM SM SM
:' Ol 012 02 ‘\
1
%
~~~ (I)1 (DQ "¢
____________________ Oeff

6 > dim(Ocs¢) = dim(OFM) + dim(O5M) + dim(OLM)

—> A linear coupling of dim. 3 is necessary



Finding the dimension 3
Inear couplings

For fermions:

e Fach one has dimension 3/2
* [hey need to couple to at least
another fermion

No dimension 3 couplings




Finding the dimension 3
Inear couplings

For vectors:

 Each one has dimension 1
* [heir Lorentz index can couple to:

1. A gamma matrix. Brings 2 fermions

2. A covariant derivative. Adds 1 to the dim.
* We can only add a SM field with dim. 1: Higgs

V#D'u'd) — V’u S 21/2



Finding the dimension 3
Inear couplings

For scalars:

 Each one has dimension 1
* Should couple to SM dim. 2 scalar operator:
two Higgs bosons
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Example of mixed
contribution

Dimension 3



Example of mixed
contribution
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Example of mixed

contribution
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Mixed contributions

Establish a complete dictionary

- -

All tree-level contributions to dim. 6 SM EFT

This work will be published soon



Example coefficient
Oy = (¢'9)0(¢"9)
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Computer tools

A Python library for these symbolic
calculations:

* [ree level integration in any model

e Transformations of the effective
lagrangian

This work will be published soon



Sample code: integration

Lo =—KkZ%DTo% — NEE4HT

sigma = TensorBuilder("sigma")
kappa = TensorBuilder('"kappa")
lamb = TensorBuilder("lamb")

phi = FieldBuilder("phi", 1, boson)
phic = FieldBuilder("phic", 1, boson)
Xi = FieldBuilder("Xi", 1, boson)

interaction lag = -OpSum(
Op(kappa(), Xi(0), phic(l), sigma(0, 1, 2), phi(2)),
Op(lamb(), Xi(0), Xi(0), phic(l), phi(1l)))

heavy Xi = RealScalar("Xi", 1)
effective lag = integrate([heavy Xi], interaction_lag, 6)




Sample code:
transformation rules

Fierz identities

a _a
U’ijakfl — 251[(5193' — 5'ij5kl

fierz rule = (
Op(sigma(0, -1, -2), sigma(0, -3, -4)),
OpSum(number op(2) * Op(kdelta(-1, -4), kdelta(-3, -2)),
-Op (kdelta(-1, -2), kdelta(-3, -4)))




Sample code: op. basis

Ops = (¢'0)", Opa = (9'9)",
" (1 T . gy . 3) INCT ey
O, ) = oTp(D,o) T DH 9, O‘(ﬁ, = (0" D, 0) (D)1 4,

OD.;:. — Cf’f(D;zd’)d)TD“@: OZ)¢ — (D , “ '

Ophi6é = tensor op("Ophié6")
Ophi4 = tensor op("Ophi4")
Olphi tensor op("Olphi")

definition rules = |
(Op(phic(0), phi(0), phic(l), phi(1l), phic(2), phi(2)),
OpSum(Ophi6)),
(Op(phic(0), phi(0), phic(1l), phi(1l)),
OpSum(Ophi4d)),
(Op(D(2, phic(0)), D(2, phi(0)), phic(l), phi(l)),
OpSum(Olphi)),
- ]




Sample results

(1)

x, . KK
rules = [fierz rule] + definition rules Kg Z‘th{i
max iterations = 2 o=
transf eff lag = apply rules( |
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Conclusions

Complete study of new particles at low energies:
integrate general extensions of the Standard Model

Non-trivial mixed contributions appear

Results: a dictionary between general new
particles and the effective operators of the SM

The tree-level contribution to dimension 6 of any
model Is a particular case



