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Why is there symmetry at all?

There are no physical principles guiding us to any particular 
symmetry patterns or representations. Perhaps trying to uncover 

such a principle can also help resolve long-standing challenges in 
the Standard Model, or simply understand something new about 

particle physics 

“One really hopes that someday our dynamicist colleagues will provide us with a theory 
from which we shall trivially derive all our internal quantum numbers; but this still 
looks like wishful thinking…” - Y. Ne’eman, The eightfold way - Gell-Mann, and Ne’eman
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Why is there symmetry at all?

Δ( |ψ > ) = 0

Δ( |ψ > ) = 1

⋯

?

QFTQI

Unitarity

Causality

Lorentz Invariance



4

From Spencers talk
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From Spencers talk
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The -matrix for quditsS

NM 2504.21079 [hep-th]

Setup:

•1-particle states: 

•Total 2-2 -matrix elements (assuming Lorentz invariance):S

Note: In this initial work(s), I am only trying to understand global symmetries of the 
relativistic S-matrix. See talk by Cervera-Lierta on Thursday for gauge symmetries

https://arxiv.org/abs/2504.21079
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The -matrix for quditsS

NM 2504.21079 [hep-th]

Note: In this initial work(s), I am only trying to understand global symmetries of the 
relativistic S-matrix

https://arxiv.org/abs/2504.21079
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Setup:

In this form, we consider              as a generic tensor operator on 
the bipartite space , the elements of this tensor are 
functions of helicities and kinematics of external particles.

H = HN ⊗ HN

The -matrix for quditsS

NM 2504.21079 [hep-th]

https://arxiv.org/abs/2504.21079
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Setup:

Can expand tensor operator elements in terms of any complete 
operator basis. The only requirement is that this basis span the  
complex numbers in  and be linearly independent.

N2 × N2

Skl,ij

The -matrix for quditsS

NM 2504.21079 [hep-th]

https://arxiv.org/abs/2504.21079
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Setup:

Can expand tensor operator elements in terms of any complete 
operator basis. The only requirement is that this basis span the  
complex numbers in  and be linearly independent.

N2 × N2

Skl,ij

Can choose:

{Ta} ⟹ SU(N) generators

The -matrix for quditsS

NM 2504.21079 [hep-th]

https://arxiv.org/abs/2504.21079
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Setup:

Completely general expansion of the tensor             !

The -matrix for quditsS

NM 2504.21079 [hep-th]

https://arxiv.org/abs/2504.21079
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Symmetries from Quantum Information

NM 2504.21079 [hep-th]

https://arxiv.org/abs/2504.21079
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Non-local correlations generated by :Cab

Symmetries from Quantum Information

NM 2504.21079 [hep-th]

https://arxiv.org/abs/2504.21079
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Symmetries from Quantum Information

NM 2504.21079 [hep-th]

Lets check this setup. Entanglement suppression should naively 
be consistent with Cab = 0

https://arxiv.org/abs/2504.21079
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Eqs 1,2,3 derived in  
M. Carena, I. Low, C.E.M. Wagner, and M. Xiao Phys.Rev.D 109 (2024) 5, L051901    
S. Chang and G. Jacobo, Phys. Rev. D 110, 096020 (2024)  

And rederived for forward scattering in 
K. Kowalska, and E.M. Sessolo JHEP 04 (2026) 014 

Using entanglement measure/concurrence, at leading order in amplitudes 
Δ( |ψ(g) > ) = 0 + 𝒪(M2)

Lets check this setup. Entanglement suppression should naively 
be consistent with Cab = 0

Symmetries from Quantum Information

NM 2504.21079 [hep-th]

https://arxiv.org/abs/2504.21079
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Under this action, “bits” can be fundamental or anti-fundamental

(∑
R

PR = 𝕀)

Symmetries from Quantum Information

Observe:                                           invariant under action of SU(N) , this 
is not a symmetry of the -matrix but of the Hilbert space.S

What class of QFT’s can we study with this?

NM 2504.21079 [hep-th]

https://arxiv.org/abs/2504.21079
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Symmetries from Quantum Information
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is not a symmetry of the -matrix but of the Hilbert space.S
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Symmetries from Quantum Information

NM 2504.21079 [hep-th]

What class of QFT’s can we study with this?

methodology works for any theory

https://arxiv.org/abs/2504.21079
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s, u

t

Symmetries from Quantum Information

NM 2504.21079 [hep-th]

What class of QFT’s can we study with this?

Ex:

methodology works for any theory

https://arxiv.org/abs/2504.21079
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s, u

t

Symmetries from Quantum Information

NM 2504.21079 [hep-th]

For -invariant theories:SU(N)

What class of QFT’s can we study with this?

https://arxiv.org/abs/2504.21079
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Symmetries and Quantum Computation

NM 2511.10550 [quant-ph]

(s)

(t)

https://arxiv.org/abs/2511.10550
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Symmetries and Quantum Computation

NM 2511.10550 [quant-ph]

(s)

(t)

Cab = 0

Cab = 0

=

=

https://arxiv.org/abs/2511.10550
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Symmetries and Quantum Computation

NM 2511.10550 [quant-ph]

(s)

(t)

Crossing implies

=

=

Cab = 0

https://arxiv.org/abs/2511.10550


=

=

Cab = 0
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Symmetries and Quantum Computation

NM 2511.10550 [quant-ph]

(s)

(t)

Crossing implies

=

=

 incompatible with crossing 
relations! 

Any theory with an  symmetry 
must generate entanglement in at 

least one scattering channel!

Cab = 0

SU(N)

https://arxiv.org/abs/2511.10550
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Symmetries and Quantum Computation

NM 2511.10550 [quant-ph]

(s)

(t)

Crossing implies

=

=

Cab = 0There’s a reason I’m suppressing helicities in the notation…..

https://arxiv.org/abs/2511.10550
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Symmetries and Quantum Computation

NM 2511.10550 [quant-ph]

s

t

https://arxiv.org/abs/2511.10550
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In either case 

NM 2511.10550 [quant-ph]

s

t

Symmetries and Quantum Computation

https://arxiv.org/abs/2511.10550
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t

s

NM 2511.10550 [quant-ph]

Symmetries and Quantum Computation

Linear Combination of Unitaries

https://arxiv.org/abs/2511.10550
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NM 2511.10550 [quant-ph]

Symmetries and Quantum Computation

Linear Combination of Unitaries

|0 > |ψ > cos(γ) |0 > |ψ > + sin(γ) |1 > |ψ >

cos(γ) |0 > UI |ψ > + sin(γ) |1 > UZ |ψ >

cos2(γ) |0 > UI |ψ > + sin2(γ) |0 > UZ |ψ >
−cos(γ)sin(γ) |1 > UI |ψ > − cos(γ)sin(γ) |1 > UZ |ψ >

https://arxiv.org/abs/2511.10550
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Symmetries and Quantum Computation

Linear Combination of Unitaries
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Symmetries and Quantum Computation

Linear Combination of Unitaries

|0 > |ψ > cos(γ) |0 > |ψ > + sin(γ) |1 > |ψ >

cos(γ) |0 > UI |ψ > + sin(γ) |1 > UZ |ψ >

cos2(γ) |0 > UI |ψ > + sin2(γ) |0 > UZ |ψ >
−cos(γ)sin(γ) |1 > UI |ψ > − cos(γ)sin(γ) |1 > UZ |ψ >

https://arxiv.org/abs/2511.10550
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Symmetries and Quantum Computation

Linear Combination of Unitaries

=

cos2(γ)UI |ψ > + sin2(γ)UZ |ψ >

https://arxiv.org/abs/2511.10550
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Scattering amplitudes are block-encodable!

t

s

NM 2511.10550 [quant-ph]

Symmetries and Quantum Computation

Linear Combination of Unitaries

Useful application in helicity space:  
Y. Haddad, K. Xu, V. Croft, J. Halimeh, M. Grossi 2602.21311 [hep-ph]

https://arxiv.org/abs/2511.10550
https://arxiv.org/abs/2602.21311
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Symmetries and Quantum Computation
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Perspective

Entanglement (or Magic/Discord/etc.) is only well defined with respect 
to a specified tensor product structure on a Hilbert space.  

This is determined (or rather induced) by the observable algebra that is 
accessed by measurements. See: P. Zanardi, D. Lidar, and S. Loyd Phys.Rev.Lett. 
92 (2004) 060402 

Rather than looking for principles that operate on Entanglement (or 
Magic/Discord/etc.), perhaps there are principles that can be formulated 
on the underlying observable algebras

For the answer, invite me again next year :)


