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UK Quantum Missions
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Computers?

Quantum computer: Operates as per the laws of quantum mechanics
– many-particle quantum mechanics

– Quantum 2.0

Present supercomputers are classical devices

May use single-particle quantum mechanics – Quantum 1.0
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Quantum computer

Figure:
�� ��Khan/Robles-Kelly, IEEE Access, 8, 219275 (2020)

Inputs and outputs are classical bit strings

Probability distributions of classical bit stings

Randomness in quantum measurements
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Quantum algorithms
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Quantum algorithms

Figure: arXiv:2310.03011

Quantum Algorithm for the Vlasov-Poisson System�� ��Christensen/Goffrey/AD, arXiv:2607.28426

Credibility of Quantum Computers https://warwick.ac.uk/qinfo 7



Quantum algorithms

Seek more efficient algorithms - number of operations for problem size n

More efficient does not mean faster: ‘Clock’ speeds may vary

Desirably exponential: Polynomial, logarithmic, constant
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Credibility question

Is the output of my quantum computer correct?

Why would it not be?

✗ Solving wrong problem Validation

✗ Implement wrong programme: Apply wrong gates Verification

✗ Uncertainties in model UQ

✓ Hardware noisy and imperfect (even after error correction)

Errors: Classical ∼ 10−16/gate. Quantum ∼ 10−2/gate.
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What to pay for?
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Companies
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Is the output of a quantum computer correct?

Solves a problem in NP : check the correctness efficiently.

Integer factoring: O(exp(n1/3))

Shor: O(n3). Multiplication O(n2)

Solves a problem (not in NP) : Differential eqn., optimization, ...

Cannot check efficiently on a classical computer

Must work independently of computation & hardware
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Mathematically,

Outputs of quantum devices are classical probability distributions

Real device produces preal instead of pideal

Is the solution correct, or close to correct?

VD(pideal, preal) ≡
1

2

2n∑
s=1

∣∣pideal(s)− preal(s)
∣∣

?
≤ small

Total variation distance: 0 ≤ VD(pideal, preal) ≤ 1

✗ Exponential to classically compute pideal

✗ Exponential to measure preal
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How is it usually done?
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Classical verification of quantum computation

Compute preal, pideal classically, and compare with measured

Cross entropy (Google), quantum volume (IBM)

Figure:
�� ��Nature, 574, 505 (2019)
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Classical verification of quantum computation

Fidelity: Closeness of quantum states

Figure:
�� ��arXiv:2607.25941
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Classical verification of quantum computation

PHYS: Exponential – defeats the purpose
�� ��Bouland et al., Nat. Phys. (2018)

Impossible – Commercial secrets

TCS: Quantum interactive proofs
�� ��Childs, Aharonov, Ben-Or, Broadbent, Hayashi, Kashefi,...

∼ O(|C |3) �� ��Mahadev, FOCS 2018

∼ O(|C |) �� ��Zhang, arXiv:2202.13997

Assumptions: Some problems too hard for quantum computers

Scalable ̸= Practical
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Question: Given a quantum circuit, is the solution close to correct?

VD(pideal, preal) ≡
1

2

2n∑
s=1

∣∣pideal(s)− preal(s)
∣∣ ?
≤ small

0 ≤ VD(pideal, preal) ≤ 1

Answer

Quantum Accreditation

Without measuring preal or calculating pideal.
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Inspiration: Interactive proofs

Hard computation: ‘Target’

Build easy ‘trap’ computations similar to hard computation

Run ‘trap’ and ‘target’ computations on same hardware

Check the correctness of the ‘traps’

Bound distance between ideal (pideal) and actual (preal) output

�� ��Childs, Aharonov, Ben-Or, Broadbent, Fitzsimons, Kashefi, Mahadev, Olivier, ... , ... , Vidick,Zhang
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What is new?

Interactive proofs Accreditation

Assumptions Hardness (LWEs) Easiness (Good 1-qubit gates)

Overheads Polynomial Constant

Model MBQC Circuit

Combine the best of theoretical CS and experimental physics
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Quantum Accreditation

Theorem

An n-qubit quantum computation with noise given by N1-N3, with
probability ≥ 1− 4−n, obeys

VD(pideal, preal) =
1

2

∑
s

∣∣pideal(s)− preal(s)
∣∣ ≤ 2p̂inc,

where p̂inc is the probability that a trap output is incorrect.

p̂inc is experimentally estimated to accuracy θ with confidence α

prob

(∣∣∣∣p̂inc − Ninc

v

∣∣∣∣ ≤ θ

)
≥ 1− α

�� ��Ferracin/Kapourniotis/AD, NJP, 21 113038 (2019)
�� ��Ferracin/Merkel/McKay/AD,PRA, 104, 042603 (2021)
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Noise model

N1: Noisy single-qubit gates are (weakly gate-dependent) CPTP maps

Ũj = Ej
(
Uj

)

N2: Noisy state preparation, entangling gates, measurements are
(operation-dependent) CPTP maps

G̃j = Ej ,G
(
Gj

)

N3: Noise processes independent and identically distributed (iid)�� ��Ferracin/Merkel/McKay/AD, PRA, 104, 042603 (2021)
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N1

Table: Quantum Hardware Gate and Measurement Error Profiles

Hardware 1-qubit (%) 2-qubit (%) Measurement (%)

Superconducting 0.01 – 0.05 0.1 – 0.5 0.5 – 2.0
Trapped Ions 10−4 – 0.01 0.05 – 0.2 0.1 – 0.4
Neutral Atoms 0.05 – 0.1 0.2 – 1.0 1.0 – 4.0
Silicon Spins 0.05 – 0.1 0.5 – 1.5 1.0 – 3.0

Empirical fact: Single-qubit gates the best components in hardware

Credibility of Quantum Computers https://warwick.ac.uk/qinfo 28



Target

i

j
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Trap circuits of same size as target
– Same sequence of preparations, gates, measurements

Traps see same noise as target
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Traps

Trap circuits are Clifford & random

Scatter H and S gates to avoid cancelling errors in traps

If no noise, trap output = 000....0
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Resources

Implement v trap computations with target on same hardware

v ≥ log(2/α)

2θ2
set by confidence (α) and accuracy (θ)

User sets confidence (α) and accuracy (θ)

User decides tradeoff between v , α, θ

v independent of

computational task (simulation, optimisation, sampling, ..)

depth and width of quantum circuit

hardware
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Experiments

�� ��Ferracin/Merkel/McKay/AD, PRA, 104, 042603 (2021)

�� ��Liu et al., Chinese Optics Letters 24, 042701 (2026)
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To conclude,

Is the output of my quantum computer correct? Accreditation

Applicability: Independent of hardware & problem (nature & size)

Cost: Constant depending of accuracy and confidence

‘Better’ bounds rely on detailed hardware modelling
– Not what a user could/would do
– Impossible, Exponential

Thank you!
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Appendix
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Analogue (= continuous-time) accreditation

Figure: Picture from Lukin group.

UK groups in Strathclyde, Durham, Cambridge,...
Companies: PasQal, QueRa, ...
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Analogue Quantum Simulators: Two challenges

Old: Classical simulation of quantum Hamiltonians - exponential

New: Variety of Hamiltonians - lack of universality
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New ingredient: Universal Hamiltonians�� ��PNAS, 115, 9497 (2018)
�� ��arXiv:2102.02991
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Accreditation of analogue quantum simulators

Theoretical Physics: Universal hamiltonians

Experimental Physics: Hybrid analogue-digital simulators (HQS)

Figure:
�� ��Jackson/Kapourniotis/AD, PNAS, 121, e2309627121 (2024)
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