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(even/odd # of fermions) is not physically allowed.

Connecting it to micro-causality. 
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Coherent superposition between 
states with different topological 

charges is not physically allowed.
Charge super-selection rule (cSSR)

The cSSR also restricts the set of physically allowed operations/maps.  

What are the ramifications of cSSR (together with the 
fusion rules) in quantum information theory of anyons?
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Non-Abelian anyons:  Fibonacci anyons
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Fusion rules Dirac notation

Splitting Fusion



Non-Abelian anyons:  Fibonacci anyons

e

τ

Vacuum

Quasi-excitation 

In general

|e, e; e⟩

|e, τ; τ⟩
|τ, e; τ⟩

|τ, τ; τ⟩|τ, τ; e⟩,

e × e = e

e × τ = τ
τ × e = τ

τ × τ = e + τ

Fusion rules Dirac notation

Splitting Fusion

Has distinctive Hilbert/state space
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Notation and change in bases



Non-Abelian anyons:  Fibonacci anyons

Notation and change in bases

Not associative and bases transformation with F-moves

If , i.e., trivial, then the F-moves become simpler and the components equal to 1. g = e



Non-Abelian anyons: cSSR

All states with charge e

All states with charge τ

Restrictions on physical states?



Non-Abelian anyons: cSSR

All states with charge e

All states with charge τ

Restrictions on physical operations/maps?

All those that respect cSSR, i.e., cannot create superpositions 
between charges   and .e τ

K = Ke ⊕ Kτ

Restrictions on physical states?



Non-Abelian anyons:  Fibonacci anyons

Extension: local to global operators, A1A2 → A1A2B1B2

Like, for qudit:

Example
A1 → A1A2



Reduction: partial tracing, A1A2B1B2 → A1A2

Non-Abelian anyons:  Fibonacci anyons

Extension: local to global operators, A1A2 → A1A2B1B2

Like, for qudit:

Example

For  ,A1A2 → A1

A1 → A1A2
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Anyonic states: marginal spectra ambiguity
Bipartite pure state Marginal states

Schmidt decomposition?

Questioning traditional methods to characterise entanglement!



Anyonic states: marginal spectra ambiguity
Bipartite pure state Marginal states

Classically correlated state Marginal states

Questioning traditional approach to characterise information!

Schmidt decomposition?

Questioning traditional methods to characterise entanglement!



Correlated anyonic states
Uncorrelated states

All states with charge e Uncorrelated states



Correlated anyonic states
Uncorrelated states

All states with charge e Uncorrelated states

All states with charge τ

Uncorrelated states



Maximally entangled states,

with maximally mixed marginals

Do not have a complete set maximally entangled states spanning the entire state space.

Correlated anyonic states
Uncorrelated states

 with charge τ

 with charge e

All states with charge e Uncorrelated states

All states with charge τ

Uncorrelated states
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Quantum teleportation: Asymmetric entanglement

Alice to Bob teleportation: the global state

Quantum message



Quantum teleportation: Asymmetric entanglement

Alice to Bob teleportation: the global state

Bases transformation

Quantum message



For MA

Global state, again

Quantum teleportation: Asymmetric entanglement



Measurements by Alice

Global state, again

Local OPs by Bob

Bob can recover the message

Perfect teleportation from Alice to Bob.

Quantum teleportation: Asymmetric entanglement

For MA



Teleportation from Bob to Alice

Quantum teleportation: Asymmetric entanglement
Quantum message



Teleportation from Bob to Alice

Bases transformation by F-moves

Quantum teleportation: Asymmetric entanglement
Quantum message



cSSR in action!

Cannot perform all measurements.

Regardless, the local state of Alice would be probabilistic mixture of 

Quantum teleportation: Asymmetric entanglement
Quantum message

Teleportation from Bob to Alice

Bases transformation by F-moves



Quantum teleportation: Asymmetric entanglement
Quantum message

Teleportation from Bob to Alice

Bases transformation by F-moves

No (perfect) quantum teleportation is possible from Bob to Alice! 

The asymmetry in entanglement sharing is not due to unequal marginal spectra.



Conclusions

• cSSR and the fusion rules deep implications in anyonic quantum 
information theory.

• Marginal spectra ambiguity and ambiguity in global vs local spectra: 
warrants a radically new approach to understand and characterise 
information and correlation.

• In a bipartite pure entangled state, the parties do not have uniform 
access to entanglement. This asymmetric nature is manifested in 
teleportation. 

• Possibilities of quantum tasks such as communication or cryptographic 
protocols where one party has the superiority in accessing correlation 
and manipulation of information over the other.

For more details, see arXiv:2406.03546

https://arxiv.org/abs/2406.03546
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An appeal…
A photographer came to take her picture and this little refugee toddler 
offered him food, thinking he is hungry. Its such a beautiful picture yet so 
thought provoking!!! What’s been done to these angels in the name of War…

Thank you


