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Physics Beyond the Standard Model

• The shortcomings of the standard model indicate the presence of 
new undiscovered physical theories

• EFTs serve as a primary method of probing new physics using the 
standard model as a base

• SMEFT and HEFT emerged as the main EFT extensions of the 
standard model
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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
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SMEFT vs. HEFT: Motivation for Geometry

• While mapping SMEFT to HEFT is well defined, the map from HEFT 
to SMEFT is plagued with singularities in the scalar sector.

• Singularities may be non-physical S-Matrix invariant under the 
map S-Matrix could be expressed via geometric invariants

• If any of the singularities introduced by the mapping are physical, 
then the HEFT theory cannot be expressed in terms of SMEFT
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SMEFT vs HEFT: Physical Singularities

• A phenomenological difference 
between the two extensions would 
likely emerge in such a scenario

• Loryons serve as a simple example 
of such a situation. By acquiring 
more than ½ their mass from EW 
symmetry breaking they require 
HEFT
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Geometric formalism of EFTs

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

• Two derivative term in the Lagrangian comes from the metric

௜௝ ఓ
௜ ఓ ௝ ସ

• Physical amplitudes related to tensor on the manifold 

Two-to-two scattering. T.Cohen, et al., arXiv:2108.03240
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Fibre Bundles

• Aim to obtain the entire Lagrangian from geometry
ଵ

ଶ
ିଵ ∗

• Replace manifold where fields are coordinates with a manifold 
with both space time coordinates ఓ and “field coordinates” ௜

• Introduce a map from space-time to the manifold; 

• Map has local inverses called sections which become our fields

• Field redefinitions become bundle morphisms
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Lagrangian from Metric

• After Poincare invariance

ఓఔ
ఓ ఔ

௜௝
௜ ௝

• Scalar potential is now geometric!
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Jet Bundles

• Given a smooth fibre bundle we can extend it to create a 
jet bundle

• At each point we define equivalence classes ௣
ଵ . The set of 

all equivalence classes is a smooth manifold ଵ

• The manifolds ଵ create the first jet bundle ଵ
ଵ
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Geometry on Jet Bundle

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

the metric becomes 

ఓ ௜
ఓ
௜
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• The coordinates are independent on the manifold ଵ
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Lagrangian from Jet Bundle Metric
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Three Point Amplitude on 0-Jet Bundle

• Accounting for the symmetry factors the three-point amplitude is given 
by

• On-shell only the tensorial piece survives

• Agrees with results from previous formalisms
[T. Cohen, N. Craig, X. Lu and D. 
Sutherland, arXiv:2108.03240]
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Diffeomorphisms and Tensors

• Under a general diffeomorphism the Riemann tensor is not 
invariant

𝑅ூ௃௄௅ 𝑥 𝑑𝑥ூ𝑑𝑥௃𝑑𝑥௄𝑑𝑥௅ → 𝑅ூ௃௄௅(𝑓 𝑥 )
డ(௙∘௫಺)

డ௫ಲ

డ(௙∘௫಻)

డ௫ಳ

డ(௙∘௫಼)

డ௫಴

డ(௙∘௫ಽ)

డ௫ವ 𝑑𝑥஺𝑑𝑥஻𝑑𝑥஼𝑑𝑥஽

• A diffeomorphism of the form ௡
௡ with is 

special since at the point we have

௨→଴ ௨→଴ ௨→଴

௜

௝ ௝
௜

• Tensors are invariant under such a transformation at the vacuum 
just like amplitudes
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Two to Two Scattering
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Two to Two Scattering
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Conclusion

• Jet Bundles provide a way to describe scalar EFTs geometrically to 
any order.

• Amplitudes are naturally related to geometric invariants.

• Geometric differences between theories can be related to 
physical observables.

HIGGS - Uppsala 2024 22



Outlook

• Automation of computation of amplitudes in terms of geometric 
tensors – Coming soon!

• Introduction of gauge field to the bundle formulation – In progress

• Renormalization of scalar theories on the 0-jet bundle- In progress

• Computation of amplitudes on 1-jet bundle and beyond
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