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Experimental demonstration of non-local magic in a 
superconducting quantum processor

*or 
The story of bringing experiment and theory together  

(Pragma (πρᾶγμα): Enduring, long-lasting love that develops over a long time.)

Theory
Experiment

https://www.google.com/search?client=safari&cs=0&sca_esv=602bc0460517bd79&sxsrf=AE3TifNlVneUfXfHwUy4_4iYmgTqvRDMbQ%3A1760730921199&q=Pragma+%28%CF%80%CF%81%E1%BE%B6%CE%B3%CE%BC%CE%B1%29&sa=X&ved=2ahUKEwjP6LDogayQAxWr_rsIHYdSBKQQxccNegQIFRAB&mstk=AUtExfCq7ONGY_SO-auzvXRxchKjWB9SoKKhqJZUKygWw0aNhHFjz2E-S8XcpzSCZAMTlAGJmwmv761eDGgK2xQcM0z7TNo6XlChBzGI0WMh2SGC8jQMvZcyzQUIV1LmqOu71v63xhj8x0Of0zM2qZX3Yz8rPUgQLXfdRIu27HBD1fTmRBPhgxPVD20Kp3WSE4hnNavn-UoNwKkS4dWHnVOOHMk0rur5E4O7AK6n2CaOBWzhXKCSqbW8vqfl2IyPSgbrAEVHz7MVqCgCuU4zItCQrOEqwqWMwwip4Z41TenIoIjN84MDIkulrC3h2JydoVQDANo7zsv9Rz5pt91RaZJyHB1goOJf18VmlaSwlPy7czqCuIxOzDSfZb1TufkMg14FHQ&csui=3


UniNA quantum computer

• Unina host the first public quantum computer in Italy


• We were fortunate to start a collaboration

Prof. Tafuri at the unveiling of the first Italian public UniNA 



The collaboration - almost 2 years in the making

Experimental group of Prof. TafuriTheory group of Prof. Hamma



C0
C2 C1

B0

D0
D5 A1 A2

D2 D4 A3

D1 D3 A6

C5 C4 C3

B5

B3 B1

B4 B2

A4 A5

A0

Isolated qubit

Intermediate frequency

Low frequency

High frequency

Feedlines

Coupling resonator

Readout resonator

Superconducting Quantum Processing unit. Schematics of the processor. In yellow, 
isolated fixed-frequency qubits; in red, blue and green the high-, intermediate- and low-

frequency qubits, respectively. 
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Focus on the investigated pair (D3-C4), coupled with a high-
frequency qubit (A6), parked at its sweet spot and a low-frequency 

qubit (C3) at the anti-sweet spot (in black).

60+ qubit processor coming soon, but also for custom architecture developed at UniNa —> for more details ask the experimentalist

The quantum processing unit (QPU) - a Noisy Intermediate Scale Quantum (NISQ) chip 



Let’s talk about stabilizer states
on the single qubit example

The octahedron in the Bloch sphere 
defines the states accessible via 
single-qubit Clifford gates (From 
https://pennylane.ai/qml/demos/
tutorial_clifford_circuit_simulations).

From PRX QUANTUM 4, 010301 (2023)

only exploring small patches of the full Hilbert space 
—> 6 pure stabilizer state in case of 1 qubit Non-Clifford gates allows for the exploration of the full Hilbert space

Everything beyond these points—>non-stabilizerness or “magic"

https://pennylane.ai/qml/demos/tutorial_clifford_circuit_simulations
https://pennylane.ai/qml/demos/tutorial_clifford_circuit_simulations


The effects of T-gate doping

From Niroula, P., White, C.D., Wang, Q. et al. Phase transition in magic 
with random quantum circuits. Nat. Phys. 20, 1786–1792 (2024)

From SciPost Phys. 9, 087 (2020)

Stabilizer Entropy as a quantity to capture the the departure from stabilizer states 
(zero for stabilizer states) L. Leone, S.F.E. Oliviero, A. Hamma PRL 128, 050402(2022)



Stabilizer Entropy is efficiently experimentally measurable in multi-qubit systems

…. sampling via Randomized Measurements

+classical post-processing

personally reminds me of Monte-Carlo sampling



What is Non-Local magic?
• Non-Local magic appears when magic gets spread around in a state with entanglement: PRX Quantum 

6, 040375 (2025)


• Intrinsically related to entanglement.


• Protocol: preparing non-local states and trying to erase it locally.

• NL magic has not yet never been measured!

Artistic visualization of entanglement 
between two spins/qubits



NL magic has not yet been experimentally measured!

So we do it! 
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Benchmarks and identification of noise channels
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Our job as theoreticians in this case
…identify and understand the noise channels  from a big set of preliminary/benchmark data

1. Measurement Readout Error


2.  CNOT Gate Error (depolarizing noise)

Error Mitigation and Error Correction Lecture Notes - Philippe Faist

Readout errors occur at the point of measurement, where, in the act of 
measurement, a bit string element is randomly flipped as




Class 1: Local Magic (L)

preparation erase
magic

RCM
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Alternative but not as scalable method to evaluate NL magic



Class 2: Local+Non-Local Magic (M)

preparation erase
magic
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What’s left is non-local magic!



Class 3: Non-Local Magic (NLM)

preparation RCM

|0→qD3 Rx(ω)
Ed

ep
.C

Z C

|0→qC4 C →

ε3(ω)
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All together—> smoking gun for experimental non-local magic in a superconducting QPU 



Conclusions and Outlook

- Indeed a love story between 
experimentalist and theorists with a 
happy ending 💙


- First experimental demonstration of non-
local magic using in-depth knowledge of 
QPU noise channels


- Error Mitigation applicable to all other 
future experiments of the UniNA QPUs


- RCM approach extendable large qubit 
numbers and other observables


- Non-Local magic in relation to AdS/CFT 
(arXiv:2403.07056)

The story of bringing 
experiment and theory 

together  


