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SMEFT vs. HEFT

• In the standard model effective field theory (SMEFT) the Higgs 
boson is embedded in an SU(2) doublet

• In the Higgs effective field theory (HEFT) the Higgs boson is 
introduced as a singlet 

• In terms of expansions we typically say:
• SMEFT: Expansion around the EW-symmetric point
• HEFT: Expansion around the EW-vacuum

R. Alonso, E. Jenkins, A. Manohar., arXiv:1605.03602
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SMEFT vs. HEFT: Motivation for Geometry

• A smooth map from SMEFT to HEFT can always be found.

• Any map from HEFT to SMEFT will have singularities 

• The singularities are not necessarily physical.

• Geometry allows us to reveal the nature of the singularities in a 
systematic manner

R. Gomez-Ambrosio, et al., arXiv:2204.01763

T. Cohen, et al, arXiv:2008.08597

R. Alonso, E. Jenkins, A. Manohar., arXiv:1511.00724
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SMEFT vs HEFT: Physical Singularities

• In the case of physical 
singularities, the theory cannot 
be matched onto SMEFT

• Particles that induce additional 
electroweak symmetry breaking 
as well as particles that obtain 
more than half their mass from 
electroweak symmetry breaking 
are examples of such theories

T.Cohen, et al., arXiv:2108.03240La Thuile 2025 - Mohammad Alminawi 4



Geometric formalism of EFTs

• Treat fields as if they are coordinates on a manifold 𝑀 equipped 
with a Riemannian metric 𝑔

• Two derivative term in the Lagrangian comes from the metric

𝐿 =
1

2
𝑔௜௝𝜕ఓ𝜙௜𝜕ఓ𝜙௝ − 𝑉(𝜙) + 𝑂 𝜕ସ

• Physical amplitudes related to tensor on the manifold 𝑀

Two-to-two scattering. T.Cohen, et al., arXiv:2108.03240
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Lagrangian from Metric

• After Poincare invariance

𝑔 = 𝑔ఓఔ𝑑𝑥ఓ ⊗ 𝑑𝑥ఔ + 𝑔௜௝𝑑𝑢௜ ⊗ 𝑑𝑢௝

• Scalar potential is now geometric!

𝑔ఓఔ𝜂ఓఔ = −𝑉 𝜙 ⊂ 𝐿 𝑔௜௝𝜂ఓఔ𝜕ఓ𝜙௜𝜕ఔ𝜙௝ ⊂ 𝐿

𝜙∗(… )
𝜙∗(… )
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Amplitudes on Fibre Bundle

• Individual Feynman rules obtained from taking partial derivatives 
of the two blocks of the metric 𝑔ఓఔ and 𝑔௜௝

• Using the compatibility of the Levi Civita connection we can 
rewrite derivatives in terms of Christoffel symbols 

∇𝑔 = 0 𝜕௞𝑔௜௝ = Γ௞௜
௤

𝑔௤௝ + Γ௞௝
௤

𝑔௤௜
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Amplitudes on Fibre Bundles

Γ௝ఓ
௜ = Γ௜௝

ఓ
= Γఔఘ

ఓ
= 0

Γఓఔ
௜ = −

1

2
𝑔௜௟𝑔ఓఔ,௟

Γ௜ఔ
ఓ

=
1

2
𝑔ఓఘ𝑔ఘఔ,௜

Γ௝௞
௜ =

1

2
𝑔௜௠(𝑔௝௠,௞ + 𝑔௞௠,௝ − 𝑔௝௞,௠)

𝑅ఓఔఘ
௜ = 𝑅௜ఔఘ

ఓ
= 𝑅ఔ௜ఘ

ఓ
= 𝑅ఔఘ௜

ఓ
= 0

𝑅௝௞ఓ
௜ = 𝑅௝ఓ୩

௜ = 𝑅ఓ௝௞
௜ = 𝑅௜௝௞

ఓ
= 0

Non-zero Riemann tensors:

𝑅௝ఓఔ
௜ , 𝑅ఓ௝ఔ

௜ , 𝑅௜௝ఔ
ఓ

, 𝑅ఔ௜௝
ఓ

, 𝑅ఔఘఙ
ఓ

, 𝑅௝௞௟
௜  
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Amplitudes on Fibre Bundles

• The three-point amplitude is given as*:

−
𝑖

2
∇௔య

𝑅௔భఓ௔మ

ఓ
+ Γ௔భ௔మ௔య

𝑝௔భ
ଶ − 𝑚௔భ

ଶ + Γ௔మ௔భ௔య
𝑝௔మ

ଶ − 𝑚௔మ
ଶ

+ Γ௔య௔మ௔భ
(𝑝௔య

ଶ − 𝑚௔య
ଶ )
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Amplitudes on Fibre Bundles
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Amplitudes on Fibre Bundles
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Jet Bundles

• Given a smooth fibre bundle (𝐸, Σ, 𝜋) we can extend it to create a 
jet bundle

• At each point 𝑝 ∈ 𝐸 we define equivalence classes 𝑗௣
ଵ𝜙. The set of 

all equivalence classes is a smooth manifold 𝐽ଵ𝐸

• The manifolds Σ, 𝐽ଵ𝐸 create the first jet bundle (Σ, 𝐽ଵ𝐸, 𝜋ଵ)
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Geometry on Jet Bundle

• The first jet bundle introduces an additional coordinate 𝑢ఓ
௜ thus 

the metric becomes 

𝑔 = 𝑑𝑥ఓ 𝑑𝑢௜ 𝑑𝑢ఓ
௜

𝑔ఓఔ 𝑔ఓ௜ 𝑔ఓ௜
  ఔ

𝑔ఓ௜ 𝑔௜௝ 𝑔௜௝
  ఔ

𝑔ఓ௜
  ఔ 𝑔௜௝

  ఔ 𝑔௜௝
ఓఔ

𝑑𝑥ఔ

𝑑𝑢௝

𝑑𝑢ఔ
௝

• The coordinates are independent on the manifold 𝐽ଵ𝐸
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Lagrangian from Jet Bundle Metric

𝑔 = 𝑔ఓఔ𝑑𝑥ఓ ⊗ 𝑑𝑥ఔ + 𝑔௜௝𝑑𝑢௜ ⊗ 𝑑𝑢௝ + 𝑔௜௝
ఓఔ

𝑑𝑢ఓ
௜ ⊗ 𝑑𝑢ఔ

௝

+𝑔௜ఓ𝑑𝑢௜ ⊗ 𝑑𝑥ఓ + 𝑔௜௝
ఓ

𝑑𝑢ఓ
௜ ⊗ 𝑑𝑢௝ + 𝑔௜ఔ

ఓ
𝑑𝑢ఓ

௜ ⊗ 𝑑𝑥ఔ

𝑔ఓఔ𝜂ఓఔ = −𝑉 𝜙 + ⋯ ⊂ 𝐿 

𝑔௜௝𝜂ఓఔ𝜕ఓ𝜙௜𝜕ఔ𝜙௝ ⊂ 𝐿

𝑔௜௝
ఓఔ

𝜂ఘఙ𝜕ఘ𝜕ఓ𝜙௜𝜕ఙ𝜕ఔ𝜙௝ ⊂ 𝐿
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Conclusions
• Fibre bundles allow us to describe all terms in a geometric 

manner
• On-shell amplitudes correspond to geometric tensors
• Invariance of S-Matrix given by the transformation properties of 

tensors

Outlook
• Computation of amplitudes in higher jet bundle orders
• Renormalization of scalar theories 
• Introduction of gauge fields into the formalism
• Automation of the computation up to higher point functions
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Back up

• The propagator is defined by

• If the masses are diagonal and the kinetic term is canonical then it 
is possible to rewrite as

Δ 𝑝 =
𝑔௜௝

𝑝ଶ − 𝑚ଶ
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