From MQC/MQT 1985
to Qubits 2000
to Nobel Prize 2025
to Quantum Advantage 2045 ?

And then what ??
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When T = 0 (thermal energy kgT =0)
the “particle” becomes trapped (MQCQC)

before tunneling out through the JJ barrier (MQT)
= Sharp, long-lived qubit levels




2014 - At the threshold for scaling up

Superconducting quantum circuits at the surface
code threshold for fault tolerance  iohnMartinis ucse
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2014 - At the threshold for scaling up

500 | NATURE | VOL 508 | 24 APRIL 2014

Fidelity: 0.995(4)

0.863(5) 0.817(5)
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“5-qubit entanglement”
Gate fidelities: 1q, 99.92; 2q, 99.4 After millions of tries !



Quantum supremacy using a programmable
superconducting processor
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Quantum Volume (QV) (IBM 2019)
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The definition of QV: d = N  Sizeof the R
state space! SE.



Quantinuum Sets
New World Record
in Quantum Volume

QUANTUM VOLUME

Quantum Volume:

2% = 33,554,432
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Simulating physical systems on
engineered quantum platforms

Quantum information scrambling:
Quantum scrambling is the
dispersal of local information

Into many-body quantum entanglements and correlations
distributed throughout an entire system, leading to the
loss of local recoverability of guantum information
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S



Simulating physical systems on
engineered quantum platforms

Quantum information scrambling:
Quantum scrambling is the
dispersal of local information

Into many-body quantum entanglements and correlations
distributed throughout an entire system, leading to the
loss of local recoverability of guantum information

RI.
S



Observation of constructive interference at
the edge of quantum ergodicity

Nature | Vol 646 | 23 October 2025 | 829 Google
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Quantum computation of molecular geometry via many-body nuclear spin echoes
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2022 2023 2024 2025 2026 2027 2033+
Foundation Quantum Utility Quantum Advantage
Simulation Short to medium-sized molecular simulations (e.g., H20, LiH, BeH2) Medium size molecular simulations and new quantum materials Drug discovery, catalyst and fertilizers design, carbon capture
$28bn value in 2030 and simulations of Ising and fermion models for battery optimization and carbon capture Development of novel quantum materials, battery materials and
Proof of concept: simulation of battery electrolytes energy storage
Opti mization System . Proof of concept: power plant maintenance scheduling, Product portfolio Medium size problems: portfolio optimization, traveling salesperson Advanced logistics and routing, energy grid Global supply chain
$18bn value in 2030 bepchmarklng. optimization, train scheduling and graph coloring problems optimization, risk management, infrastructure and transport, global
noise planning, telecom and data center energy systems
characterisation management
Quantum Proof of concept: predicting chemical reaction behaviour, Anomaly detection, feature selection, quantum data encoding, Bio data generation for training, drug-discovery, personalized medicine,
- s fraud detection drug discovery,image generation complex market dynamics modelling, optimizing trading strategies,
Machine Learnlng smart cities and autonomous systems
$26bn value in 2030
.Loose . AEe !ntegratlon Tight HPC integration Realtime encoding of QLDPC code
Software tandalons HPC integration guidebook
algorithm execution
Platform 9

Pulse-level access Open architecture and programming framework for developers and partners
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NISQ QEC Demonstrators Fault Tolerance
Performance 99.8% 99.8% 99.9% 99.92% 99.94% 105 10 -6 10 -8 10-°
 ®  Crystal
¢ o Topology
40k 100k ™M

Logical qubits Testbeds for 1-2 logical qubits 240-720 600-1800 2400-7200




Development roadmap

2020
___________________ ._____-._.______..____
SYSTEMS: :
PHYSICAL
QUBITS: 20
PHYSICAL
2-QUBIT 1%x10-3

GATE ERROR:

LOGICAL
QUBITS:

LOGICAL
ERROR
RATES:
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2029
------------------ e
i
QUANTINUUM [ QuanTinuum
SOL - APOLLO
s
192 1000’s
<2x10% 1%x104
~ 100 100's
~ 105 1% 10-5to 1% 10-10"

*analysis based on recent literature in new, novel error correcting codes predict that
error could be as low as 1E-10 in Apollo (ref: arXiv:2403.16054, arXiv:2308.07915)



2025 | 2026 | 2027 | 2028

64-100+ Physical Qubits 100-256+ Physical Qubits 10,000 Physical Qubits 20,000 Pnysical Qubits
99.99% Physical Qubit Fidelity 99.99% Physical Qubit Fidelity 99.99% Physical Qubit Fidelity 99.99% Physical Qubit Fidelity
7 Logical Qubits 800 Logical Qubits Cogical Qubits
\/All—to—AII Connectivity \ <1.00E-7 Logical Error Rate <1.00E-7 Logical Error Rate <1.00E-7 Logical Error Rate
: Microwave Gat? Operations ‘ \ All-to-All Connectivity \ \ All-to-All Connectivity \ \ All-to-All Connectivity \
: 20 QIS AT ‘ \ \ Microwave Gate Operations \ \ Microwave Gate Operationsj\ \ Microwave Gate Operationsj\
\: MR Measur?ment ‘ \ 2D Qubit Array\:\ \ 2D Qubit Array \ \ 2D Qubit Array \
‘\ Parallel Operations ‘ \ Mid-Circuit Measurement \ \ Mid-Circuit Measurement \ \ Mid-Circuit Measurement \
\ Parallel Operations \ \ Parallel Operations \ \ Photonic Interconnect \

Parallel Operations |




Quantum Computing Benchmarks: Top Specs by Architecture

QUBIT TYPE
ARCHITECTURE
IDENTICAL QUBITS

CONNECTIVITY

MID-CIRCUIT MEASUREMENT AND RE-USE
(DEMONSTRATED)

QUANTUM VOLUME
(11I2]

2 QUBIT GATE ERROR RATE
[3]1[4][5]

1QUBIT GATE ERROR RATE
[6]1[71[8]

QUANTINUUM QCCD

lon
(charged atom)

Quantum
Charge-coupled
Device

SUPERCONDUCTING

Transmon

Fixed 2D grid

Nearest-neighbor |

NEUTRAL ATOM

Neutral Atom

Neutral atom
tweezer array

Not published




STATE PREP AND MEASUREMENT (SPAM) ERROR (%)
[81[10] [11]

COHERENCE TIME (LIS)

(121 [13] (14}

LOGICAL ERROR RATE PER ERROR CORRECTION ROUND (%)
(DEMONSTRATED)
i —

2 QUBIT GATE TIME (uS), INCLUDING TRANSPORT OVERHEADS
[15] [16] [17]

CONDITIONAL LOGIC?

(18] [19] [20]

PARAMETERIZED ANGLE GATES
[20] [21]

REAL-TIME DECODING
[22] [23]
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. Quantum Benchmarks: QV versus .... ?

Are the roadmaps realistic - FTQC around the corner.

Who is creating all the Q-hype ?

QA for physical experiments but not for digital computation ?
Role of Al: Al-4-QC / QC-4-Al (QML)?

Q-integration: Q-sensors + QIP + Qcomm + .....

2045 - where are we ?

Quantum Evolution or Revolution ?
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