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Same, same. But different.

EFT operators

Amplitude contact 
terms

Form factors

States in Hilbert 
space
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Same, same. But different.
EFT operators

Amplitude contact 
terms

Form factors

States in Hilbert 
space

I will elaborate on this 
piece of the story today.

Hopefully we’ll gain 
further insight into the 

rest of this diagram
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EFT operators
The “traditional” working 

definition of EFTs

Basic question: what is a basis of operators?

● # of operators? → counting

● What are the operators? → constructing

*See talks by J. Serra, J.C. Criado

Important question: what physics do these ops give?

*See talks by most people here
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Amplitudes
*See talks by C. Machado, Y. Shadmi, ...

Amplitudes can have “contact” terms, which exhibit 
polynomial growth in energy

What is the connection to EFT operators?

consider Dyson’s formula...

...in the leading approximation:

→ For every contact term there exists a 
corresponding local operator!
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Form factors

● Form factors have well-studied connection with EFTs

● Currently, not particularly in vogue for the SMEFT/HEFT 

communities (however, see talk by M. Riembau)

● I will not say anything more about them in this talk
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Hilbert space states

By considering operators acting on the 
vacuum, we can generate states

I will elaborate much more on this 
picture shortly
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Recent years have seen tremendous 

progress on enumeration and 

construction of ops/amplitudes

I defer to the aforementioned talks 

for details

However, I would like to mention 

two very challenging issues 

concerning N > 4 point amplitudes
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Group relations in kinematics
a.k.a. Gram conditions/Schouten identities
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Group relations in kinematics
a.k.a. Gram conditions/Schouten identities

Bonus difficulty: The constraints aren’t all independent!

→Relations among relations (syzygies)
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Group relations in kinematics
a.k.a. Gram conditions/Schouten identities

I want to point out that the results of 1902.06754 

automatically account for these relations

*See also talk by T. Melia at HEFT 2019
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Comments on symmeterization

(I’m going to speak a very technical comment)
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Building a Hilbert space

Throughout this 
talk
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Single particle states

spin/helicity state

we’ll take m=0
(valid for SMEFT)

States are normalized as

on-shell

𝛿-fxn norm ↔ distribution
(blah blah blah...wavepackets...blah blah blah)
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We introduce creation/annihilation operators...

Single particle states

...and then construct interpolating fields*

for example:

*fields are constrained (EoM, Bianchi identities) 
→ allows a covariant transformation rule which 
correctly reproduces transformation of single 
particle states

on-shell, positive energy

Integrating 
over p0 
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Massless? Use spinors!

massless

switch to 
spinors

will label the momentum 
state with 𝜆:

note the matrix 
notation
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examples
–helicity 0

–helicity +1

–spinors capture helicity info (no need for polarization tensors)

–for general helicity h:
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having constructed the single particle Hilbert 

space, we can build the multi-particle Hilbert 

space as a tensor product

intuitively, this implies the existence of 

interpolating operators which are polynomials 

in the fields and their derivatives

we will formulate this more precisely over the 

coming slides
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Multi-particle states/operators

*Define* an N-particle operator via

tensor product 
of creation ops

The functions f(𝜆) are the objects of interest

→Unitarity (requiring finite norms) will imply 
the f’s are polynomial functions

→In turn, this implies ops are polys in fields and 
their derivatives

→Along the way, a natural basis will present 
itself :)

we’re coming in 
HOT with the 

matrix 
notation...best to 

think of 𝜆 as a 
2xN matrix!
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Multi-particle states/operators

*Define* an N-particle operator via

tensor product 
of creation ops

The functions f(𝜆) are the objects of interest
→Unitarity (requiring finite norms) will imply 
the f’s are polynomial functions
→In turn, this implies ops are polys in fields and 
their derivatives



Brian Henning HEFT 2020 21

Multi-particle states/operators

*Define* an N-particle operator via

We assume the fourier transform to exist, 
and choose to work in momentum space.

That is, we define states as
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Inner product

The creation/annihilation ops endow a natural inner 
product on these states

From translational invariance. 
Reflects distributional 
character of these states

This inner product amounts to

To be a Hilbert space, this needs to be positive 
definite and finite. What does this imply about f ?
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Radial coords

Implies P is in the forward 
lightcone (timelike, positive 
energy)

Can pass to 
“radial” 
coordinates

Under this change of variables:

Jacobian factor follows by Lorentz invariance 
(with exponent fixed by dim analysis)
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Back to inner product...

compact manifold!

Hilbert space = square 
integrable functions on 

this manifold!



Brian Henning HEFT 2020 25

Basis on compact manifold

square integrable functions on a compact manifold

can be expanded in polynomials

Upshot: A natural basis is supplied by the 
“spherical harmonics” on the manifold (which 

correspond to certain homogeneous polys in the 
spinors)
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Naming the manifold

Called a Stiefel manifold: 

Can be viewed as a homogeneous space
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upshot on Stiefel harmonics

harmonics labeled by Young diagrams
(with at most two rows)

comments:

1) each shape corresponds to operators

2) multiple operators belong to same shape

a) these involve particles with different spin

3) these operators are conformal primaries

these dictate specific polynomials in the spinors
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Lorentz invariant operators: 

Grassmannian harmonics

For Lorentz invariant 
polynomials, can 

further mod out by a 
factor of U(2)

Young diagrams for 
Grassmann harmonics

Grassmannian
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Constructing other terms in 
the operator

We’ve identified the “all a†” term in the operator.

Rest of the terms constructed by continuation from 

positive to negative energy 

These pieces can contribute to matrix elements, 

and can have non-compact behavior [e.g. U(N) → U(N-1,1)?]

→Much to study/explore 
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Applications
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EFT non-renormalization
Alonso et. al. 1409.0868; Elias-Miró et. al. 1412.7151; 
Cheung & Shen 1505.01844, Bern et. al. 1910.05831

Families of operators belong to a given weight

*See also talk by M. Riembau
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EFT non-renormalization

The families of operators 
belong to the same 

Grassmann harmonic!
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EFT non-renormalization

Easy to generalize to 
higher mass dimension
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EFT non-renorm & conf-hel duality

non-renorm from helicity 
selection rules

→ using the duality →

must also follow from 
conformal selection rules

Not just selection rules:

Conjecture: up to powers of marginal 

coupling constants, one-loop anomalous 

dimension matrix determined by free OPE 

coefficients
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the dumbest idea which might 
actually work

UV

IR
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the dumbest idea which might 
actually work

UV

IR

say we know CFT 

data at fixed point
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the dumbest idea which might 
actually work
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the dumbest idea which might 
actually work

UV

IR

say we know CFT 

data at fixed point

deform with some 

relevant operator

compute matrix 

elements
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the dumbest idea which might 
actually work

UV

IR

say we know CFT 

data at fixed point

deform with some 

relevant operator

compute matrix 

elements

diagonalize

result approximates 

true spectrum
“Hamiltonian truncation”

See, e.g., Katz, Khandker, Walters 
arXiv:1604.01766
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HT ingredients

Many of the same ingredients that we discuss in EFT 
also enter in HT

Perhaps some of you, like me, could enjoy playing 
around with this promising, non-perturbative 

technique for studying quantum field theories (in 
Lorentzian signature, at infinite-volume)
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HT...something to think about
We firmly believe HT would benefit/
needs the input of phenomenologists

The barrier of entry is a bit high, but 
we expect this to be significantly 
lowered in about 1 year

**who knows if we’ll 

get funding, but 

we’re hopeful
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Summary

● A basis for the Hilbert space can be put in 

correspondence with a basis of operators/basis of 

contact terms in amplitudes

● For massless particles, a simple geometric picture 

involving Stiefel/Grassmann manifolds arises

● Similar constructions work in d = 2,3 dimensions 

as well

● Can a similar perspective be developed for massive 

particles?

● We’re beginning to see useful applications to 

dynamics – surely many more goodies to discover!
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Thank you!

Stay healthy, safe, and in 

solidarity during these trying 

times

Much love
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Come to Granada they said

It will be a good time of year 

to visit they said
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