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Why qutrits?



Qutrits advantages

Higher storage capacity

log2 3 ≈ 1, 56 bits of information

Richer set of operations

SU(2) algebra vs SU(3) algebra

Real Hardware posibilites

• Quantum Error Correction of Qudits Beyond Break-even
• Quantum-Fourier-transform-based quantum arithmetic with qudits

Not as crazy as it may seem!!
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Step 1: Choose a qubit-based reference
model



Qubit-based reference model

Reference paper: arxiv.org:2502.17301

Key features:
• Great and robust

performance.
• Developed in a framework

with support for qutrits.
• With application for anomaly

detection.
• Uses LHC open data.
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Step 2: Face theoretical limitations and
changes



Development limitations

8-dimentional hypersphere. Non trivial
distinction between pure and mixed states.
https://arxiv.org/abs/1111.4427

Majorana representation for qutrits.
Trivial distinction between pure and mixed
states. https://arxiv.org/abs/1703.06102
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Main differences qubits vs qutrits

Qubits
• 4 Pauli Matrices
• Rotation gates = Pauli matrix

exponentiation
• Hadamard gate
• Standard Swap gate

Qutrits
• 8 Gell-Mann matrices
• Rotation gates ̸= Gell-Mann matrix

exponentiation
• Chereston gate
• Specific SWAP gate
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Generalized gates

Ch = 1√
3

1 1 1
1 e2πi/3 e4πi/3

1 e4πi/3 e2πi/3


https://arxiv.org/abs/1703.06102

USWAP =



1 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 1 0 0
0 1 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 1 0
0 0 1 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 0 1


.

https://arxiv.org/abs/0811.1545
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Step 3: Implement the qutrit-based
model



More data in the encoding

f · pT
pT,jet

· (η − ηjet) → θ

f · pT
pT,jet

· (ϕ − ϕjet) → φ

f · pT
PT,jet

· d0 → ϱ0

f · pT
PT,jet

· dz → ϱz

f · pT
PT,jet

· (E − Ejet) = ε

f · pT
PT,jet

· τ12 = τ12

f · pT
PT,jet

· (E − Ejet) = ε

f · pT
PT,jet

· τ23 = τ23

f · pT
PT,jet

· (E − Ejet) = ε

f · pT
PT,jet

· τ34 = τ34
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Implementation

More limitations
1. Library → Pennylane.
2. Simulators → "Default.qutrit" and

"Default.qubit".
3. Circuit size → 8 qutrit/qubits

• 1 latent space
• 3 trash qubits/qutrits
• 3 reference qubits/qutrits
• 1 ancilla
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Results I - AUC Scores

Model W → qq̄ H → bb̄ t → bqq̄

4-Qb Our Ref. 0.7343 0.7755 0.8460
4-Qt (φ, ϑ, ϱ0, ϱz) 0.7258 0.7677 0.8366

Table: AUC Scores for the different models with flat distribution in jet pT , in the range [500, 1000]
GeV. ’Qb’ = Qubit Model, ’Qt’ = Qutrit Model
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Results II - Fidelity distribution

Figure: (Left) Fidelity distribution obtained by the qubit-based QAE model. (Right) Fidelity
distribution obtained by the qutrit-based QAE model with ϕ1 = ϱ0, ϕ2 = ϱz.

M. Carou, V. Chobanova and M. Lucio Qutrits for physics at the LHC November 19, 2025 15/38



Results III - Separation between signals

Table: Comparison of mean and median absolute fidelity differences between signals for qutrit- and
qubit-based models over 100 executions.

Models Comparison Mean |∆F | Median |∆F |

Qubits
F(H → bb̄) - F(W → qq̄) 0.0227 0.00226
F(H → bb̄) - F(t → bqq̄) 0.0526 0.00756
F(W → qq̄) - F(t → bqq̄) 0.0752 0.00983

Qutrits
F(H → bb̄) - F(W → qq̄) 0.8541 0.05527
F(H → bb̄) - F(t → bqq̄) 0.7097 0.19981
F(W → qq̄) - F(t → bqq̄) 1.5638 0.25508

All fidelity differences are reported in absolute value.

M. Carou, V. Chobanova and M. Lucio Qutrits for physics at the LHC November 19, 2025 16/38



Conclusions



Conclusions

✓ The Majorana representation is an
effective representation for qutrits
within unit spheres.

✓ Comparable performance with the
qubit-based model.

✓ Greater capacity to discriminate
between signals.
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Outlook



Outlook

Generalization to:
• Mixed states:

https://arxiv.org/abs/1909.07740
• Ququarts:

https://arxiv.org/abs/2304.11159
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Qutrit-based model implementation II

Gell-Mann matrices.

λ1 =

0 1 0
1 0 0
0 0 0

 λ2 =

0 −i 0
i 0 0
0 0 0

 λ3 =

1 0 0
0 −1 0
0 0 0



λ4 =

0 0 1
0 0 0
1 0 0

 λ5 =

0 0 −i
0 0 0
i 0 0

 λ6 =

0 0 0
0 0 1
0 1 0



λ7 =

0 0 0
0 0 −i
0 i 0

 λ8 = 1√
3

1 0 0
0 1 0
0 0 −2


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Qutrit-based model implementation III

SO(3) rotation matrices

Σ1 = 1√
2

0 1 0
1 0 1
0 1 0



Σ2 = 1√
2

0 −ι 0
ι 0 −ι

0 ι 0



Σ3 =

1 0 0
0 0 0
0 0 −1


Ri(ξ) = e iξΣi = I + (cos ξ − 1) Σ2

i + i sin ξ Σi.

M. Carou, V. Chobanova and M. Lucio Qutrits for physics at the LHC November 19, 2025 23/38



Qutrit-based model implementation V

Ch = 1√
3

1 1 1
1 e2πi/3 e4πi/3

1 e4πi/3 e2πi/3


https://arxiv.org/abs/1703.06102

USWAP =



1 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 1 0 0
0 1 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 1 0
0 0 1 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 0 1


.

https://arxiv.org/abs/0811.1545
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What’s the LHC?
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Anomaly detection

Example of BSM particle content
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Datasets
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Dataset II
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Reference model
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Autoencoders
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Pros and cons
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HL-LHC Context
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Gell-Mann Matrices
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Jets
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Data correlations
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Gate-Based problems for realistic anomaly detection in
HEP

✗ Gate-based model.

✗ Low hardware scalability.

✗ Optimization process.

✗ High computational cost.
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Reframing the problem as QUBO

✓ Better scaling, no Barren Plateaus.

✓ Global analysis.

✓ Problem fragmentation and physical
restrictions.

✓ Annealing can search solutions which
maximize the fidelity inside real
hardware.

f(x) =
N−1∑
i=0

Qi,ixi+
N−1∑
i,j=0
i̸=j

Qi,jxixj

https://arxiv.org/abs/2311.03227,
https://arxiv.org/abs/2207.01827
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QUBO formulation for anomaly
detection in LHC data?
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