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Without trust in qubit allocation, entanglement certification should be carried out at one shot



Main Idea: Entanglement Witnessing Circuit (EWC)

In cloud-based quantum computing services,

- Is it possible that the EVV is measured in a single measurement !

Yes, with EWC Framework

- How to compose such a quantum circuit performing the one-shot measurement!?

Theoretical framework: Structural Physical Approximation (SPA)

State Purification

- Does the size of such a circuit scale reasonably with # of qubits!?

Scale issue: # of fundamental gates required to compose a general #-qubit unitary
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3. Design of a quantum circuit realizing the purified observable | W)

W)= Uy (10),®10),)

J. Bae, Rep. Prog. Phys. 80 104001 (2017)
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- Lesser Quantum Resources in Measurements
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Cloud Quantum Computing Service Current
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State Prep. Superconducting loops  Trapped ions
A resistance-free current Electrically charged atoms, or
oscillates back and fortharound  jons, have quantum energies
a circuit loop. An injected that depend on the location of
microwave signal excites the electrons. Tuned lasers cool
current into super- and trap the ions, and put them
position states. In superposition states.
Longevity (seconds)
0.00005 >1000

Logic success rate
Outcome Statistics 99.4% 99.9%

Number entangled
| W 7 9 14
| I I I Tr ( p ) Company support
Google, IBM, Quantum Circuits ionQ
» o o
Fast working. Build on existing  Very stable. Highest achieved
semiconductor industry. gate fidelities.
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L — ( 10) — ~2U Collapse easily and must be Slow operation. Many lasers
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doi: 10.1126/science.aal0442
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| Quantum Circuits with 2 qubits for demonstration
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2-qubit demonstration in lon Q
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l Quantum Circuits with 3 qubits for demonstration
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l Quantum Circuits with 3 qubits for demonstration
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3-qubit demonstration in lon Q
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3-qubit demonstration in lon Q
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Conclusions

 We have established the framework of certifying entanglement generation in a cloud-
based quantum computing service without the assumption of trusting qubit
allocations.

* The entanglement certification circuits are constructed by transferring the framework of
EW 2.0 to a guantum circuit model via SPA to EWs.

 We have used the circuit architecture to certify entanglement generation in IBM Q and
lonQ services.

 QOurresults can be generally used to certify entanglement generation in a cloud

quantum computing service. |
+

~— Criterion for Separable States
Cloud-Based Quantum Computing Service ‘/‘/
Cir(.::lz](O) uantu ircuits p _— BL S Tr ( Wp) S BU
irc.cx(1,2) :
circ.cx(1,3) . An Entangled State? i
aroxor | S . - n Entangled Statesl_ o Entanglement _If violated,
A vt Anre A Separable State? w | Witness 2.0 then [ is an entangled state!

0)
c 2

irc.x(
irc.x(
. X Allocations
Design of How to i ment EW 2.0 in a quantum cir
a Quantum Circuit [ | IBM Q ;

1P)=U, 102" |W)=Ugl10®"
Quantum i .
QUANTUM DEVICE | Il ~ij2LL)

HK nario U:%?N‘_)%?N

W=TrA/<’W> <W’)
A'S

)
)
III 4-4- p=TrA(|p>AS(pI)
easuremen
- ( -: J J | State Purification

Outcome Statistics




: -
»
Ve

YOUR/ATTENTION



