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Framework: 
Effective Theories for New Physics

SM
Effective Theory

✓ Impose established symmetries: Lorentz, gauge, ...

✓ Assume “fundamental” scale Λ

✓ Choose fields to describe relevant d.o.f.

Effective Theories
w/ Extra Particles

✓ Write local symmetric operators of dim Δ with 
arbitrary coefficients of order Λ4-Δ



Effective Theory
w/ Extra Scalars

• Field content: SM (w/ Higgs) + extra spin 0 

• Impose SU(3)xSU(2)xU(1) gauge invariance

• Power counting: start with renormalizable couplings

• Phenomenology: leading effects ➞	 linear interactions

• General couplings and masses. Mass scales << Λ.

J. de Blas, M. Chala, MPV, J. Santiago,
JHEP 1504 (2015) 078    [1412.8480]
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[See also ph/9808484, 0908.1567, 1108.4027] 



4

Outline

1. General new scalars and their interactions

2. Indirect effects & Effective Lagrangian

3. Limits on new scalars
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Color Singlets

S ∈ (1, 1)0

S1 ∈ (1, 1)1

S2 ∈ (1, 1)2

ϕ ∈ (1, 2) 1
2

Ξ0 ∈ (1, 3)0

Ξ1 ∈ (1, 3)1

Θ3 ∈ (1, 4) 3
2

Θ1 ∈ (1, 4) 1
2

Color Triplets

ω1 ∈ (3, 1)− 1
3

ω2 ∈ (3, 1) 2
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ω4 ∈ (3, 1)− 4
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Π1 ∈ (3, 2) 1
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Π7 ∈ (3, 2) 7
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3
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Ω2 ∈ (6, 1)− 2
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3

Color Sextets

Color Octet

Φ ∈ (8, 2) 1
2

Scalar Irreps
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L = LSM
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L = LSM

+
�

σ ησ

�
(Dµσ)†Dµσ −M2
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Also mixed interactions:
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Indirect effects
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Indirect effects
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Assumption:  in symmetric phase
mass matrix has only one 
negative eigenvalue
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SM Effective 
theory

w/ coefficients given by the 
parameters of “complete” theory

Example: SM + one isotriplet (1, 3)1
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SM Effective 
theory
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SM Effective 
theory
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ions

LEP2, Moller /
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Higgs selfcoupling.
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SM Effective 
theory

w/ coefficients given by the 
parameters of “complete” theory

Matching with SM effective theory

• Can use EFT results to constrain parameters.

• Or, better, fit in terms of “complete” parameters to take 
correlations into account.

• Can combine with other contributions to EFT
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Limits from indirect effects: Observables

✓      &   

✓ Flavor physics (hadronic & leptonic) 

✓ EWPD: Z-pole, low-energy, W mass & 
width, t and H mass,         ,    , LEP2, 
CKM unitarity

✓ LHC dilepton & dijet searches

✓ Higgs observables

�B �L

∆α(5)
had αs
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Avoid simultaneous 
dangerous couplings

Align
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Limits from indirect effects:

Col
orl
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Limits from indirect effects:
Colored Scalars
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Limits from indirect effects: cancellations 
• Among scalars
• Among scalars and fermions
• Among scalars and vectors

Four fermions, i=l, j=k +: same sign
-: opposite sign



Constraints 
from precision
 observables

Global picture
A standard gauge-invariant approach allows for a model-

independent interpretation/guide of particle searches 

SU(3)xSU(2)xU(1)
multiplets:

M, κ, λ

Collider 
searches

Models 

L(M, κ, λ )
M (α,β,μ)
κ (α,β,μ)
λ (α,β,μ)

Theorists
Experim

entalist
s
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Global picture
 Linear renormalizable interactions; 

✓ (Vectorlike) Quarks

✓ (Vectorlike) Leptons

✓ Vector Bosons

✓ Scalars

‣ Combined Fermions + Scalars

‣ Loops

‣ Non-renormalizable interactions



Back slides
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Interactions of new scalars
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