
Qudits vs Qubits: Faster and More Reliable Quantum Gates?
A Comparative Study of Gate Efficiency and Noise Resilience

Denis Jankovića,c, Jean-Gabriel Hartmanna, Paul-Antoine Hervieuxa, Mario Rubenb,c,d

a Institutde Physique et Chimiedes Matériauxde Strasbourg (IPCMS)   b European Center for Quantum Sciences (CESQ) −Strasbourg, France         jankovic@ipcms.unistra.fr         c Institute of Nanotechnology (INT)  d Institute for Quantum Materials and Technologies (IQMT)  −KarlsruherInstitutfür Technologie, Karlsruhe, Germany

Background

Qubits Qudit

State of the art

What now?

                

𝑁 classical bits

• Only one of the 2𝑁

states at once

𝑁 qubits

• Work with all 2𝑁

states at once

𝑁 qudits

• Work with all 𝑑𝑁

states at once

01

10

11

00

|0⟩

|3⟩

|1⟩

|2⟩

|00⟩

|11⟩

|01⟩

|10⟩

› Lanthanide-organic complexes ⇒ Quantum Information Processing.[2]

› Ln3+ in Ln-based complexes ⇒ interesting optical and magnetic properties. [3]

› Nuclear (high spin + deformed) + electronic properties (4𝑓-valence electrons)

⇒ individually addressable hyperfine levels = qu𝑑its. [4-5]

› Qu𝑑its = denser information but more decoherence channels vs. qubits. [6]
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Open Quantum Systems : Lindblad Master Equation
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Figure of Merit
𝜏 = 𝛾𝑇𝑔

𝛾 : strenght of the noise

𝑇𝑔 : duration of a gate

 First order in 𝛾𝑡

𝑑 𝑛 𝑇2 𝑇𝑔 ∼ log10(𝜏)

2 2 ∼ 10 µs 60 ns −2 [7]

2 2 ∼ 2 µs 51 ns −2 [8]

2 17 ∼ 30 µs ∼ 100 ns −3 [9]

2 24 ∼ 100 ms ∼ 200 µs −3 [10]

4 1 0.32 ms ∼ 100 ns −4 [11]

3 2 ∼ 100 ms ∼ 100 µs −3 [12]

∞ − −∞ [13]

52 1 − ∼ 100 ns − [14]

4 2
Physical platforms with 
qudit advantages exist !

Longer coherence and faster gates

(smaller 𝜏) alone are not sufficient. 

⇒ They need to be MUCH better.

How can a qudit catch-up 
with equivalent qubits ?

› How to engineer faster gates? › What happens for multiple qudits?› How to increase noise robustness?

𝜏𝑁 = 𝛾𝑁𝑇𝑔,𝑁

𝛾𝑁 =? 𝑁𝛾 𝑇𝑔,𝑁 =? 𝑁𝑇𝑔

Numerical methods
to explore the space   

of possible pulses

|0𝐿⟩
|1𝐿⟩

Smart “encodings”  to remove the 
first 𝑘th orders of noise.[15]

⟹ 1 physical qudit = 1 logical qubit
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