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2025 Physics Nobel Prize honored Quantum Engineering Efforts




Quantum circuit on the IBM

(a) M = Q

] _ ‘. D
following some rules (algorithm) <>

‘Quantum circuit describes an evolution of a state

‘Read from left to right (time arrow) BS BS D>

()

A language that executable on any quantum hardware

‘A quantum testbed for experiments
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Burlington 08/20 84.88 67.36 1.50 464 T e
Essex 08/20 10431 123.7 1.76 3.59 0.2 ) .
London 08/20 6145 62.74 1.75 440 ourense london valencia
Ourense 08/20 93.15 66.43 0.92 2.96 burli :
Valencia (Fig. 2) 08/20 84.18 6278 111 232 01 essex urlington vigo X2
Valencia (Fig. 3) 09/20 100.00 80.49 1.10 2.52 - Devices
Vigo (Figs. 1, 2) 08/20 73.28 50.73 1.07 1.66
Vigo (Fig. 4) 09/20 107.64 74.04 0.94 1.96 T
X2 08/20 57.08 4540 1.82 3.18 X Nguyen, EPJQT 2022




Hardy’s nonlocality
Consider 2 physical observables in their bases {u,v} and {c.d}

The quantum state write equivalently
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= N(AB|u1)|vz) + AB|v1)|ug) + B*|v1)|v2))
= N(le1)(Alug) + Blvg)) — A*(A%|e1) — Blda))uz)) without [d1)[v2)  P(U2|Dy) =1
= N((Alu1) + Blv1))|ea) — A*|ur) (A%|ea) — Bldz))) P(U1|1D2) =1
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In Hardy’s original notation:



Simulating Hardy’s paradox on IBM quantum devices
The equivalent between optical apparatus and quantum circuit
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Generalization to the n-particle: 1st condition

ux) = Aglck) — Bildi), |vk) = Bglck) + Akldk),
\Ck> — Ak|uk> =+ Bk|vk>7 ‘dk> — —BZ‘UQ T AZ‘UQ,

‘\Ijn> — NU61C2 $ e Cn> — AQ‘UlUQ A Un>]

Our first condition:

P(Uq) = P(UIU,---U,) =0.

Nguyen, PRA 2023



Generalization to the n-particle: 2nd condition

Particle kth is measured in {c,d}, while others are measured in {u,v}

W) = N|(Asfw) + Bifen) @ -+ @ |ox) ® -+ @ (Anfun) + Bolv,))

— Aqglur -+ - up—1) ® ( klCk) — Bk‘dk» ® |Upt1 - Un)

the only term containing dj, is By Aq|uq - - - di - - - up)

If one measure Dk, it infers a complete collapse of \psi to this substate.

U; measurement at i # k would yield U; = 1.

P(Ux|Dy) =1, Yk € Q. Nguyen, PRA 2023



Generalization to the n-particle: 3rd condition

P(Dy) >0, VaeP(R), |a| =2

And success probabillity

Agl* = 1— A
P, success — ‘Aﬂ‘z Z

1 — |Agl* &= |A|?
which maximize when all A equal
b B A2n B A4n—2(1 _AZ)
SUCCESS — n 1 - Azn

Nguyen, PRA 2023



Simulation on quantum circuit
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Hardy for n-particle: simulation vs analytical
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Success probability
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Realization of nonlocality on quantum hardware
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Summary

* An insight from quantum circuit symmetry originate the generalization
* Analytic, simulation, and experiment verification
 Complicated quantum nonlocality generated on generic platform with cloud access

* A new testbed for foundation of quantum physics
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