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EXECUTIVE SUMMARY

This Week in 90 Seconds

Quantum Computing: the boundary moved from
isolated claims to qualification evidence

13 English articles were reviewed independently from the Japanese edition. Ten themes are retained for management
decisions.

SIGNAL 01 | QUBIT DEVICE
Jiuzhang 4: Quantum Computing Record
and PQC Migration Timeline

The "Jiuzhang 4" optical quantum computing prototype has
set a new world record, performing a Gaussian Boson
Sampling task in 25 microseconds-a feat that would take the
El Capitan supercomputer over 10742 years.

SIGNAL 02 | CONTROL STACK
Quantinuum Helios: Logical Fidelity
Record and Apollo Roadmap

Quantinuum has achieved a record logical fidelity of
99.9995% on its Helios trapped-ion quantum computer,
reducing errors to approximately five per million operations.

SIGNAL 03 | ERROR CORRECTION
ORNL Isotope Purification: Silicon-28
Purity for Quantum Devices

Oak Ridge National Laboratory (ORNL) has achieved 99.9999
percent purity of silicon-28 in silane production, reducing
contaminants to below one part per million.

SIGNAL 04 | SYSTEM ACCESS
MMM Decoder: Reducing Neutral Atom
Quantum Errors by 25x

Researchers from UCLA and the University of California have
developed the Maximal-Matching-Mixture (MMM) decoder,
which reduces logical error rates by up to 25 times compared
to decoders that ignore atom losses.

DECISION

Focus this week's management attention on verified computational advantage, error
control and usable access. Move only when the linked evidence can be reproduced under

your own operating conditions.

THREE MANAGEMENT MOVES

1. Buyers: benchmark valuable workloads against classical alternatives, including total execution and validation

cost.

2. Suppliers: tie components and control systems to fidelity, uptime, calibration and scaling evidence.

3. Executives: track error rates, logical qubits, workload advantage, uptime, cost and roadmap timing.

EVIDENCE DISCIPLINE

FACT states what the collected English source reports. BUSINESS READ and ACTION are editorial interpretations. UNKNOWN lists
information that the source file does not establish. A linked article is not treated as independent confirmation of every claim.
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Five Evidence Anchors SOURCE-BOUND METRICS

Five numbers or evidence anchors that require conditions

SOURCE-BOUND CONDITION
42 yea rs The "Jiuzhang 4" optical quantum computing prototype has set a new world record,

A06 performing a Gaussian Boson Sampling task in 25 microseconds-a feat that would take the
El Capitan supercomputer over 10742 years.

SOURCE-BOUND CONDITION
99 G 9995 Quantinuum has achieved a record logical fidelity of 99.9995% on its Helios trapped-ion
0/0 quantum computer, reducing errors to approximately five per million operations.

100 . SOURCE-BOUND CONDITION
tl m e This advancement provides a domestic supply chain for the Genesis Mission and offers
S purity at least 100 times greater than existing commercial sources.

SOURCE-BOUND CONDITION

25 times

A09 Maximal-Matching-Mixture (MMM) decoder, which reduces logical error rates by up to 25

Researchers from UCLA and the University of California have developed the

times compared to decoders that ignore atom losses.

0 260/ SOURCE-BOUND CONDITION
. 0 Researchers have demonstrated QLDPC surgery on a Quantinuum H2-2 trapped ion
10

A

processor, achieving logical qubit error rates below 0.26% after three rounds of
measurement.

HOW TO USE THESE NUMBERS
Each value is shown with the condition stated in the collected English article. Do not compare values across

different test methods, device sizes, operating temperatures or commercial stages without normalizing those
conditions.
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Where the Value Chain Moved

Where the value chain moved

VALUE CHAIN / EVIDENCE

Each stage combines one leading theme and one supporting theme. The report treats handoffs as evidence transfers,

not decorative arrows.

Qubit device
P01/P06

The "Jiuzhang 4"
optical quantum
computing prototype
has set a new world
record, performing a
Gaussian Boson
Sampling task in.

Control stack

P02/PO7

Quantinuum has
achieved a record
logical fidelity of
99.9995% on its Helios
trapped-ion quantum
computer, reducing
errors to.

Error correcti
on
P03/P08

Oak Ridge National
Laboratory (ORNL) has
achieved 99.9999
percent purity of
silicon-28 in silane
production, reducing.

System acces
S

P04/P09

Researchers from
UCLA and the
University of
California have
developed the
Maximal-Matching-Mix
ture (MMM) decoder,
which.

Applications
P05/P10

IBM Quantum, QuICS,
and MIT researchers
used a neuro-symbolic
Al framework to
discover 699
magic-state factory
classes.

EVIDENCE REQUIRED AT EACH HANDOFF

Qubit device to Control stack

Control stack to Error correction

Error correction to System access

System access to Applications

Transfer test conditions, acceptance criteria, failure data, owner and decision date.

Recheck error rates, logical qubits, workload advantage, uptime, cost and roadmap timing.

Recheck error rates, logical qubits, workload advantage, uptime, cost and roadmap timing.

Recheck error rates, logical qubits, workload advantage, uptime, cost and roadmap timing.

Recheck error rates, logical qubits, workload advantage, uptime, cost and roadmap timing.

Transfer test conditions, acceptance criteria, failure data, owner and decision date.

Transfer test conditions, acceptance criteria, failure data, owner and decision date.

Transfer test conditions, acceptance criteria, failure data, owner and decision date.

COMMON CONTROL POINT
No theme moves to a commercial commitment until a named owner has reproduced the

relevant evidence and documented error rates, logical qubits, workload advantage,
uptime, cost and roadmap timing.
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Priority Map MATURITY / NEXT DECISION LOCUS

Priority map: maturity and next decision locus

Jiuzhang 4: Quantum Computing
Next decision locus (categories) Record and PQC Migration Timeline
Tech / process | cue: no
system/business cue

Quantinuum Helios: Logical Fidelity
Record and Apollo Roadmap
Business / rules | cue: Fid

Business / rules @ @ @ PO3 ORNL Isotope Purlflcatl?n: Silicon-28
Purity for Quantum Devices

Business / rules | cue: supply chain

P02

MMM Decoder: Reducing Neutral

P04
Atom Quantum Errors by 25x
System / adoption | cue: partner
PO5 Magic-State Factories: IBM and

QuICS Al Search for 699 Protocols
Tech / process | cue: no
system/business cue

Alice & Bob: Multi-Hour Bit-Flip
Suppression on Cat-Qubits
Tech / process | cue: no
system/business cue

System / adoption @ @

35-GHz Resonator: NIST's

PO7
High-Fidelity Qubit Readout Method
Business / rules | cue: NIST

P08 QLDPC Surgery: Quantinuum H2-2

Logical Qubit Error Measurement
Tech / process | cue: no
@ system/business cue
Tech / process @ P08 @ @ 48-Qubit Quantum Code:
Addressable Transversal T Gate
Specs

Tech / process | cue: no
system/business cue

Carbene Molecular Qubits: NVision's
Photonic Chip Roadmap to 2030
System / adoption | cue: integrating

P10

Research Prototype  Jointeval. Adoption Scale

Deployment maturity —

REPRODUCIBLE POSITIONING RULE
Horizontal position uses five discrete stages: Research, Prototype, Joint evaluation, Product adoption and Scale. The vertical

bands classify the next decision locus: Tech / process, System / adoption, or Business / rules (including supply systems).
Article-title cues take precedence; the overview is used only when the title is silent. These are categories, not impact ranks. Bubble
diameter reflects the editorial score.
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Priority Themes 01-02

FACT / READ / ACTION / UNKNOWN

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

Jiuzhang 4: Quantum Computing Record and PQC Migration Timeline

A06 | Qubit device | Joint evaluation

FACT
The "Jiuzhang 4" optical quantum computing prototype has

set a new world record, performing a Gaussian Boson
Sampling task in 25 microseconds-a feat that would take the
El Capitan supercomputer over 10742 years. This leap in
quantum power is accelerating the transition to
Post-Quantum Cryptography (PQC) to protect high-value
assets against future decryption risks.

WHY IT MATTERS
The decision relevance is verified computational advantage,

error control and usable access. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

2026-11-06

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, tie components and control
systems to fidelity, uptime, calibration and scaling evidence.

ACTION
Within 30 days, benchmark valuable workloads against

classical alternatives, including total execution and
validation cost; record the evidence and owner against PO1.
UNKNOWN

Still unproven or incompletely stated: error rates, logical
qubits, workload advantage, uptime, cost and roadmap
timing.

EDITORIAL SCORE 20/25 | MATURITY 3/5 | DECISION LOCUS: TECH / PROCESS

Quantinuum Helios: Logical Fidelity Record and Apollo Roadmap

A03 | Control stack | Research

FACT
Quantinuum has achieved a record logical fidelity of

99.9995% on its Helios trapped-ion quantum computer,
reducing errors to approximately five per million operations.
This result demonstrates a scaling curve essential for
fault-tolerant computing and places the company within its
target window for the 2029 Apollo system.

WHY IT MATTERS
The decision relevance is verified computational advantage,

error control and usable access. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

2026-11-05

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, tie components and control
systems to fidelity, uptime, calibration and scaling evidence.
ACTION

Within 30 days, benchmark valuable workloads against
classical alternatives, including total execution and
validation cost; record the evidence and owner against P02.
UNKNOWN

Still unproven or incompletely stated: error rates, logical
qubits, workload advantage, uptime, cost and roadmap
timing.

EDITORIAL SCORE 20/25 | MATURITY 1/5 | DECISION LOCUS: BUSINESS / RULES
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Priority Themes 03-04

FACT / READ / ACTION / UNKNOWN

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

“ ORNL Isotope Purification: Silicon-28 Purity for Quantum Devices

A08 | Error correction | Product adoption

FACT
Oak Ridge National Laboratory (ORNL) has achieved 99.9999

percent purity of silicon-28 in silane production, reducing
contaminants to below one part per million. This
advancement provides a domestic supply chain for the
Genesis Mission and offers purity at least 100 times greater
than existing commercial sources.

WHY IT MATTERS
The decision relevance is verified computational advantage,

error control and usable access. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

2026-11-06

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, tie components and control
systems to fidelity, uptime, calibration and scaling evidence.
ACTION

Within 30 days, benchmark valuable workloads against
classical alternatives, including total execution and
validation cost; record the evidence and owner against P03.

UNKNOWN
Still unproven or incompletely stated: error rates, logical

qubits, workload advantage, uptime, cost and roadmap

timing.

EDITORIAL SCORE 20/25 | MATURITY 4/5 | DECISION LOCUS: BUSINESS / RULES

m MMM Decoder: Reducing Neutral Atom Quantum Errors by 25x

A09 | System access | Pilot

FACT
Researchers from UCLA and the University of California have

developed the Maximal-Matching-Mixture (MMM) decoder,
which reduces logical error rates by up to 25 times
compared to decoders that ignore atom losses. By
exploiting correlations where entangled "gate partner"
atoms fail simultaneously, the method outperforms
previous loss-aware approaches by approximately twofold.
This breakthrough addresses a critical scalability obstacle in
neutral atom quantum computing.

WHY IT MATTERS
The decision relevance is verified computational advantage,

error control and usable access. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

2026-11-02

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, tie components and control
systems to fidelity, uptime, calibration and scaling evidence.
ACTION

Within 30 days, benchmark valuable workloads against
classical alternatives, including total execution and
validation cost; record the evidence and owner against P04.
UNKNOWN

Still unproven or incompletely stated: error rates, logical
qubits, workload advantage, uptime, cost and roadmap

timing.

EDITORIAL SCORE 20/25 | MATURITY 2/5 | DECISION LOCUS: SYSTEM / ADOPTION
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Priority Themes 05-06

FACT / READ / ACTION / UNKNOWN

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

A13 | Applications | Product adoption

FACT
IBM Quantum, QuICS, and MIT researchers used a

neuro-symbolic Al framework to discover 699 magic-state
factory classes, including 564 previously unknown
protocols. These factories produce non-Clifford states with
record-low physical resource footprints, potentially
reducing the massive qubit overhead required for
fault-tolerant quantum computing.

WHY IT MATTERS
The decision relevance is verified computational advantage,

error control and usable access. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

P05 Magic-State Factories: IBM and QulCS Al Search for 699 Protocols

2026-11-04

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, tie components and control
systems to fidelity, uptime, calibration and scaling evidence.

ACTION
Within 30 days, benchmark valuable workloads against

classical alternatives, including total execution and
validation cost; record the evidence and owner against P05.

UNKNOWN
Still unproven or incompletely stated: error rates, logical

qubits, workload advantage, uptime, cost and roadmap
timing.

EDITORIAL SCORE 20/25 | MATURITY 4/5 | DECISION LOCUS: TECH / PROCESS

A04 | Qubit device | Research

FACT

Alice & Bob has demonstrated macroscopic bit-flip lifetimes
exceeding one hour on its bosonic cat-qubit hardware,
including results from its 12-qubit Helium 2 processor. This
empirical milestone validates the physical error-model
assumptions required for scalable, fault-tolerant quantum
computing.

WHY IT MATTERS

The decision relevance is verified computational advantage,
error control and usable access. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

“ Alice & Bob: Multi-Hour Bit-Flip Suppression on Cat-Qubits

2026-11-02

BUSINESS READ

For operating companies, compare the reported change
with current qualification, sourcing and product-roadmap
assumptions. For suppliers, tie components and control
systems to fidelity, uptime, calibration and scaling evidence.
ACTION

Within 30 days, benchmark valuable workloads against
classical alternatives, including total execution and
validation cost; record the evidence and owner against P06.
UNKNOWN

Still unproven or incompletely stated: error rates, logical
qubits, workload advantage, uptime, cost and roadmap
timing.

EDITORIAL SCORE 20/25 | MATURITY 1/5 | DECISION LOCUS: TECH / PROCESS
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Priority Themes 07-08

FACT / READ / ACTION / UNKNOWN

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

35-GHz Resonator: NIST's High-Fidelity Qubit Readout Method

AO07 | Control stack | Pilot

FACT
Researchers at NIST have developed a 35-GHz resonator

capable of reading superconducting qubit states with over
99 percent accuracy. By utilizing millimeter waves to
separate measurement signals from qubit energy, the
system allows for stronger signals without altering the
quantum state, potentially simplifying quantum hardware
architecture.

WHY IT MATTERS
The decision relevance is verified computational advantage,

error control and usable access. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

2026-11-01

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, tie components and control
systems to fidelity, uptime, calibration and scaling evidence.

ACTION
Within 30 days, benchmark valuable workloads against

classical alternatives, including total execution and
validation cost; record the evidence and owner against P07.
UNKNOWN

Still unproven or incompletely stated: error rates, logical
qubits, workload advantage, uptime, cost and roadmap
timing.

EDITORIAL SCORE 19/25 | MATURITY 2/5 | DECISION LOCUS: BUSINESS / RULES

QLDPC Surgery: Quantinuum H2-2 Logical Qubit Error Measurement

A10 | Error correction | Pilot

FACT
Researchers have demonstrated QLDPC surgery on a

Quantinuum H2-2 trapped ion processor, achieving logical
qubit error rates below 0.26% after three rounds of
measurement. This technique enables non-destructive,
selective measurement of individual logical qubits within
multi-qubit systems. The result represents a significant step
toward reducing physical qubit overhead for scalable,
fault-tolerant quantum computing.

WHY IT MATTERS

The decision relevance is verified computational advantage,
error control and usable access. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

2026-11-01

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, tie components and control
systems to fidelity, uptime, calibration and scaling evidence.
ACTION

Within 30 days, benchmark valuable workloads against
classical alternatives, including total execution and
validation cost; record the evidence and owner against P08.
UNKNOWN

Still unproven or incompletely stated: error rates, logical
qubits, workload advantage, uptime, cost and roadmap
timing.

EDITORIAL SCORE 19/25 | MATURITY 2/5 | DECISION LOCUS: TECH / PROCESS
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Priority Themes 09-10

FACT / READ / ACTION / UNKNOWN

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

A12 | System access | Pilot

FACT
Researchers from the International Quantum Academy and

the National University of Singapore have developed a
48-qubit code that supports fully addressable transversal T
gates. The construction utilizes a novel cyclic encoding to
separate logical phase control from code rate and distance,
improving performance by a factor of approximately 2.86.
WHY IT MATTERS

The decision relevance is verified computational advantage,
error control and usable access. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

m 48-Qubit Quantum Code: Addressable Transversal T Gate Specs

2026-11-05

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, tie components and control
systems to fidelity, uptime, calibration and scaling evidence.

ACTION
Within 30 days, benchmark valuable workloads against

classical alternatives, including total execution and
validation cost; record the evidence and owner against P09.

UNKNOWN
Still unproven or incompletely stated: error rates, logical

qubits, workload advantage, uptime, cost and roadmap
timing.

EDITORIAL SCORE 19/25 | MATURITY 2/5 | DECISION LOCUS: TECH / PROCESS

A01 | Applications | Research

FACT
NVision Quantum Technologies has demonstrated the

ability to address individual molecular qubits using light,
achieving spin coherence times of approximately 2
milliseconds. By integrating these carbene-based systems
with photonic chips, the company aims to scale to 1,000
logical fault-tolerant qubits by 2030 for use in data centers.

WHY IT MATTERS
The decision relevance is verified computational advantage,

error control and usable access. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

Carbene Molecular Qubits: NVision's Photonic Chip Roadmap to 2030

2026-11-04

BUSINESS READ

For operating companies, compare the reported change
with current qualification, sourcing and product-roadmap
assumptions. For suppliers, tie components and control
systems to fidelity, uptime, calibration and scaling evidence.
ACTION

Within 30 days, benchmark valuable workloads against
classical alternatives, including total execution and
validation cost; record the evidence and owner against P10.
UNKNOWN

Still unproven or incompletely stated: error rates, logical
qubits, workload advantage, uptime, cost and roadmap
timing.

EDITORIAL SCORE 19/25 | MATURITY 1/5 | DECISION LOCUS: SYSTEM / ADOPTION
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Playbook and Roadmap

Playbook and 0-5 year roadmap

Operating companies

workloads against
classical alternatives,
including total execution

benchmark valuable

STAKEHOLDER NOW | 0-30 DAYS NEXT | 1-12 MONTHS LATER | 1-5 YEARS

Run production-like

acceptance and stop
criteria.

and validation cost

Materials, equipment and
technology suppliers

uptime, calibration and
scaling evidence

Trading, investment and
legal teams

advantage, uptime, cost
and roadmap timing.

ROADMAP

tie components and
control systems to fidelity,

Map error rates, logical
qubits, workload

Create shared reliability,
process-window and

customers.

Contract for capacity,
quality, change notice,

exit.

qualification with explicit

failure-analysis data with

liability, alternatives and

OWNERS / GATES / DELIVERABLES

Build a portfolio and
architecture that can
absorb technology and
supplier changes.

Standardize interfaces,
traceability, lifecycle
support and recovery

services.

Diversify regional,
technical and customer
concentration risk.

NOW | 0-30 DAYS

Evidence ledger

Owner: Strategy + quality
Deliverable: claim, source, condition,

owner

NOW | 0-30 DAYS
Risk screen

Owner: Procurement + legal
Deliverable: unknowns, alternatives,

stop

NEXT | 1-12 MONTHS

Joint qualification

Owner: R&D + supplier
Deliverable: process window and

failure data

NEXT | 1-12 MONTHS
Commercial gate

Owner: Business + finance
Deliverable: unit economics and

capacity

LATER | 1-5 YEARS
Platform strategy

Owner: Executive team
Deliverable: portfolio and interface

roadmap

LATER | 1-5 YEARS
Service layer

Owner: Operations + channel
Deliverable: monitoring, maintenance

and recovery

GO /NO-GO GATES

GATE OWNER REQUIRED EVIDENCE NO-GO CONDITION

G1 Evidence Quality

G2 Integration R&D

G3 Commercial Business
G4 Lifecycle Operations

Source, test conditions and reproducibility

Interface, process window and failure analysis

Capacity, total cost, contract and alternatives

Monitoring, maintenance, change notice and exit
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Cannot meet system
conditions

Economics or supply cannot
be supported

No accountable operating
plan
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Analyzed Articles 1/1

ANALYZED ARTICLES | ITEMS 01-13

Every title and URL is displayed in full. URLs wrap without shortening and remain clickable. A verified-reference label means the

translated HTML did not retain its original source URL.

“ FULL ARTICLE TITLE FULL SOURCE / VERIFIED REFERENCE URL - CLICKABLE

A01

A02

A03

A04

A05

A06

A07

A08

A09

A10

All

Al12

Al3

Carbene Molecular Qubits: NVision's Photonic Chip Roadmap
to0 2030

Google Quantum Al: Magic State Cultivation and 40x Error
Reduction

Quantinuum Helios: Logical Fidelity Record and Apollo
Roadmap

Alice & Bob: Multi-Hour Bit-Flip Suppression on Cat-Qubits

lon Trap Quantum Error Correction: USTC's 2026 Break-Even
Milestone

Jiuzhang 4: Quantum Computing Record and PQC Migration
Timeline

35-GHz Resonator: NIST's High-Fidelity Qubit Readout Method

ORNL Isotope Purification: Silicon-28 Purity for Quantum
Devices

MMM Decoder: Reducing Neutral Atom Quantum Errors by 25x

QLDPC Surgery: Quantinuum H2-2 Logical Qubit Error
Measurement

Hybrid Qubit-Boson Processors: Scaling Simulations for 2026

48-Qubit Quantum Code: Addressable Transversal T Gate
Specs

Magic-State Factories: IBM and QulCS Al Search for 699
Protocols
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FULL TITLES / FULL SOURCE URLS

https://www.optica-opn.org/home/newsroom/2026/november/light_ad
dresses_single_molecular_qubits/

https://gcn.com/google-magic-state-quantum-error/22992/

https://gcn.com/error-rate-colorado-quantum-machine-hit/23020/

https://quantumcomputingreport.com/alice-bob-demonstrates-multi-h
our-physical-bit-flip-suppression-on-single-cat-and-helium-2-processors

/

https://news.qq.com/rain/a/20261104A0CPW200

https://www.news.cn/tech/20261106/c7acf577401d43dbbfe1295fea76e7
e2/c.html

https://www.forschung-und-wissen.de/nachrichten/physik/35-ghz-reson
ator-liest-qubits-mit-ueber-99-prozent-genauigkeit-133715314

https://quantumzeitgeist.com/ornl-isotope-purification-cuts-energy-lab/

https://quantumzeitgeist.com/neutral-atom-quantum-computing-loss-d
ecoder/

https://quantumzeitgeist.com/quantum-surgery-logical-qubit-error-mea
surement/

https://quantumzeitgeist.com/hybrid-quantum-processors-sidestep-err
or/

https://quantumzeitgeist.com/singapore-qubit-code-supports-48-qubit/

https://quantumcomputingreport.com/ibm-quantum-and-quics-deploy-
ai-agents-to-discover-over-500-high-efficiency-magic-state-factories/
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#01 Carbene Molecular Qubits: NVision's Photonic
Chip Roadmap to 2030

Published November 04, 2026  Optics & Photonics News (Optica) USA

| OVERVIEW

NVision Quantum Technologies has demonstrated the ability to address individual
molecular qubits using light, achieving spin coherence times of approximately 2

milliseconds. By integrating these carbene-based systems with photonic chips, the
company aims to scale to 1,000 logical fault-tolerant qubits by 2030 for use in data

centers.



| IN DEPTH

Key Findings

Researchers at NVision Quantum Technologies, in collaboration with German and Israeli
academics, have successfully addressed individual molecular qubits using light. The
team identified a specific organic "carbene" molecule—consisting of two pairs of phenyl
rings connected by a central carbon atom—as a robust qubit candidate. This system
utilizes two strongly correlated unpaired electrons located near the central carbon atom

to derive its qubit properties.

Technical Details

The molecular system was created by doping a rigid crystalline matrix with light-
activated precursor molecules. Using a cryo-confocal microscope at 4.5 Kelvin and an
orange laser beam, the precursors were converted into carbene qubits. Key

performance metrics include:

o Spectral Stability: Center frequencies of two distinct molecular lines varied by no

more than a few megahertz over one hour of repeated excitation.

o Spin-Optical Interface: Changing the spin state shifts the optical transition by
several gigahertz, which is resolvable against an inhomogeneous linewidth of a few

hundred megahertz.

* Coherence and Relaxation: Spin coherence time was measured at roughly 2

milliseconds, with a spin relaxation time of approximately 20 milliseconds.

» Fidelity: The system can store a quantum state with 99% fidelity for around 40

microseconds, an order of magnitude longer than molecular ensembles.

Background & Context

Previous quantum node research focused on wide-bandgap semiconductor defects,
such as nitrogen-vacancy centers in diamond. However, these solid-state systems often
suffer from electron defects and charge variations that distort optical properties.
NVision's approach replaces continuous covalent networks with artificial crystals of

weakly bound molecules to overcome these distortions.



Significance & Outlook

The stability and coherence of these carbene crystals make them suitable for quantum
repeaters, which transmit quantum states over long distances by storing information in
matter qubits to perform Bell measurements. NVision has partnered with HyperLight to
manufacture photonic chips using thin-film lithium niobate, with the first prototype
integrated chips expected by the end of the year. The long-term roadmap targets 1,000
physical qubits, progressing to 1,000 logical fault-tolerant qubits by 2030.

Source: https://www.optica-

opn.org/home/newsroom/2026/november/light_addresses_single_molecular_qubits/
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#02 Google Quantum Al: Magic State Cultivation and
40x Error Reduction

Published November 04, 2026 GCN USA

o

| _.". .
Faa S

F

r_-_

| OVERVIEW

Google Quantum Al has demonstrated a "magic state cultivation" technique on its
Willow processor that reduces errors in critical quantum resources by approximately

40 times. The method achieves a logical fidelity of 99.99(1)% for T-states, addressing

a primary bottleneck in the development of practical, error-corrected quantum
computers.



| IN DEPTH

Key Findings

Google Quantum Al researchers have successfully implemented a technique called
magic state cultivation on the Willow processor, resulting in a 40-fold reduction in errors
compared to methods without this protocol. The experiment produced T-states with a
logical fidelity of 99.99(1)%, meaning the error rate was < 0.0001. This result is framed

as a foundational engineering step toward building a fault-tolerant quantum computer.

Technical Details

The experiment utilized 54 physical qubits from the Willow processor's total of 105. The

cultivation process involves the following steps:

Injecting a noisy quantum state into a small region of the Willow chip.

Running coordinated measurements to filter out errors.

Discarding failed attempts, retaining roughly 8% of the attempts.

Growing the surviving states into cleaner, larger states.

This approach differs from traditional "distillation," which creates a few accurate states
from many imperfect ones. Cultivation instead checks a rough state and grows survivors,
which proponents suggest could significantly reduce the hardware overhead required for

scaling.

Background & Context

Magic states are specialized resources required for operations that standard error
correction cannot handle independently. Because each state can be used only once,
they are costly to produce; research scientist Emma Rosenfeld notes that up to 95% of a
quantum computer's resources could be spent generating high-fidelity magic states. The
cultivation approach was developed in 2024 by researchers Craig Gidney, Noah Shultty,

and Cody Jones, based on earlier research.



Significance & Outlook

While the result demonstrates the first physical hardware implementation of magic state
cultivation, it does not yet deliver a cryptography-breaking machine. To achieve a full-
scale fault-tolerant computer, Google must still demonstrate cultivation at a larger scale
and integrate these states into larger error-correcting architectures. This development
occurs alongside other industry movements, such as NVIDIA's 104-qubit simulation of a

fault-tolerant processor on the JUPITER supercomputer.

Source: https://gcn.com/google-magic-state-quantum-error/22992/
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#03 Quantinuum Helios: Logical Fidelity Record and

Apollo Roadmap

Published November 05, 2026 GCN USA

| oveERVIEW

Quantinuum has achieved a record logical fidelity of 99.9995% on its Helios trapped-
ion quantum computer, reducing errors to approximately five per million operations.
This result demonstrates a scaling curve essential for fault-tolerant computing and

places the company within its target window for the 2029 Apollo system.



| IN DEPTH

Key Findings

On October 19, 2026, Quantinuum reported that its Helios commercial quantum
computer reached a logical fidelity of 99.9995%, equating to roughly five mistakes per
million operations. This error rate is 10x lower than the company's own September 2026
record and 100x lower than the best published result from superconducting systems,

specifically those reported by Google Quantum Al.

Technical Details

The Helios system is a 98-qubit trapped-ion quantum computer that utilizes
electromagnetic fields to stabilize atoms rather than superconducting loops cooled to
near absolute zero. To achieve these results, engineers implemented a denser error-
correcting pattern known as a "color code." While a previous "Helix" code used 10
physical qubits per logical qubit, the color code used up to 37 physical qubits per logical
qubit. This redundancy allowed 48 logical qubits to achieve performance superior to

physical qubits.

Crucially, the team observed that each increase in the code size reduced remaining
logical errors by a factor of 12. This scaling behavior indicates that the machine
becomes proportionally more accurate as protection is added, a signature requirement

for fault-tolerant quantum computing.

Background & Context

Unlike laboratory prototypes, Helios is a commercial system already rented to customers
and is being deployed in a US-based Oracle Cloud Infrastructure Al data center. The
hardware remains the same trapped-ion system previously installed; the performance
jump resulted from the software-level error correction architecture rather than new

silicon.



Significance & Outlook

Quantinuum CEO Rajeeb Hazra stated the company has crossed the threshold
necessary for exponential improvements in accuracy. This milestone aligns Helios with
the target range for Apollo, a planned fault-tolerant quantum computer due by 2029.
However, limitations remain: the result focuses on logical memory fidelity under active
syndrome extraction rather than arbitrary computation gate results. Additionally, the 98-
qubit scale is still well below the tens of thousands of qubits generally considered

necessary for a truly useful machine.

Source: https://gcn.com/error-rate-colorado-quantum-machine-hit/23020/
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#04 Alice & Bob: Multi-Hour Bit-Flip Suppression on
Cat-Qubits

Published November 02, 2026 Quantum Computing Report USA

| OVERVIEW

Alice & Bob has demonstrated macroscopic bit-flip lifetimes exceeding one hour on
its bosonic cat-qubit hardware, including results from its 12-qubit Helium 2 processor.

This empirical milestone validates the physical error-model assumptions required for

scalable, fault-tolerant quantum computing.



| IN DEPTH

Key Findings

Alice & Bob has reported experimental results showing macroscopic bit-flip lifetimes that
exceed one hour. Specifically, the company measured an average idle bit-flip lifetime of
44 minutes on a single-qubit device. On the 12-qubit Helium 2 processor, multi-qubit

runs demonstrated stability exceeding three to four hours.

Technical Details

The hardware utilizes cat qubits, which stabilize quantum information in superpositions
of coherent states within superconducting microwave cavities. This approach uses two-
photon dissipation to exponentially suppress bit-flip errors, though it results in a linear

increase in phase-flip noise.

¢ Monitoring: In a 61-hour continuous monitoring run on a single-cavity test device
(pumped to an average occupation of 11 photons), the team recorded 41 discrete

quantum jump events.

» Analysis: Bayesian and autocorrelation analysis confirmed single-exponential,

memoryless Poisson statistics consistent with Markovian switching.

o Coherence: To ensure stability did not compromise coherence, researchers tracked
state parity decay and performed continuous Bloch-sphere Z rotations, achieving a
94.2% gate fidelity in 26.5 ns.

Background & Context

These results provide empirical backing for the error-model assumptions used in Alice &
Bob’s previous compilation of Shor’s algorithm. While an idealized model for factoring
RSA-2048 on 22,593 qubits assumed a 100-year bit-flip lifetime, the company's fault-
tolerant model indicates that a physical bit-flip rate of once per hour can be corrected.
This is achieved by concatenating cat qubits into an outer distance-3 bit-flip code, which

would expand the required processor size to approximately 45,000 qubits.



Significance & Outlook

The demonstration confirms that physical devices can operate within the necessary
concatenation threshold during idle periods, addressing a primary bottleneck in bosonic
quantum error correction. The next technical milestone is to sustain these lifetimes
during two-qubit entangling operations, such as bias-preserving CNOT gates, before

active logical error correction can be fully realized.

Source: https://quantumcomputingreport.com/alice-bob-demonstrates-multi-hour-physical-bit-flip-

suppression-on-single-cat-and-helium-2-processors/
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#05 lon Trap Quantum Error Correction: USTC's 2026
Break-Even Milestone

Published November 04, 2026  KEtEiE (BEfEE) China

| oveERVIEW

Researchers at the University of Science and Technology of China (USTC) have
achieved autonomous quantum error correction (QEC) in an ion trap system,
surpassing the "break-even point." By utilizing multi-level encoding in a single ion and

dissipation engineering, the team extended the coherence time of a logical qubit

beyond that of the system's best physical qubit.



| IN DEPTH

Key Findings

A research team led by Professor Lin Yiheng from the Spin Magnetic Resonance
Laboratory and Professor Zou Changling from the Quantum Information Laboratory at
the University of Science and Technology of China (USTC) has successfully
implemented multi-round autonomous quantum error correction. The study, published in
Nature Physics, demonstrates that the coherence time of the logical qubit exceeds that
of the best physical qubit in the system, officially surpassing the quantum error

correction break-even point.

Technical Details

The team utilized a multi-level encoding logical qubit within a single ion. To avoid the
experimental complexity of traditional QEC—which typically relies on error syndrome
measurement and real-time feedback—the researchers employed an autonomous

scheme based on dissipation engineering. The process operates as follows:

o Entropy Transfer: Using multi-frequency laser manipulation, the team transferred
entropy introduced by noise from the quantum information to an auxiliary system (a

shared vibration mode) via coherent control.

o State Recovery: This process restores the quantum state to the encoding space

without affecting components already in the logical state.

o Sympathetic Cooling: The auxiliary system is reset to a low-entropy ground state
through sympathetic cooling. By cooling the auxiliary ion, excess energy is removed

from the shared vibration mode, preparing the system for the next correction cycle.

To validate the protection effect, the team tested the system against controllable low-
frequency magnetic field noise and compared the coherence times of the best physical
qubit, the uncorrected logical qubit, and the multi-round autonomous corrected logical

qubit.



Significance and Outlook

This approach reduces the encoding resources and control overhead required for
quantum error correction by combining multi-level encoding with autonomous
dissipation. While the current implementation specifically addresses phase errors for a
single logical qubit, it provides an experimental foundation for developing stable
quantum storage units and fault-tolerant quantum computing in ion trap systems. Future
research will focus on exploring quantum operations and error correction across multiple

logical qubits.

Source: https://news.qq.com/rain/a/20261104A0CPW200
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#06 Jiuzhang 4: Quantum Computing Record and PQC
Migration Timeline

Published November 06, 2026  #EM (R4%H#R)  China

| OVERVIEW

The "Jiuzhang 4" optical quantum computing prototype has set a new world record,

performing a Gaussian Boson Sampling task in 25 microseconds—a feat that would
take the El Capitan supercomputer over 10742 years. This leap in quantum power is
accelerating the transition to Post-Quantum Cryptography (PQC) to protect high-

value assets against future decryption risks.



| IN DEPTH

Key Findings

The "Jiuzhang 4" optical quantum computing prototype, led by the University of Science
and Technology of China, was awarded a Leading Technology Award at the 2026 World
Internet Conference in Wuzhen on November 2. It was one of only two basic research
achievements among 20 award-winning results selected from over 430 entries across 43

countries and regions.

Technical Performance

In solving the specific mathematical problem of Gaussian Boson Sampling, "Jiuzhang 4"
generates a single sample in 25 microseconds. In comparison, the El Capitan
supercomputer, utilizing the most advanced classical algorithms, would require more
than 10742 years to complete the same task. This represents a computational speed
increase of 10754 times over the supercomputer, establishing a new world record in

optical quantum computing.

The Shift to Post-Quantum Cryptography (PQC)

The advancement of quantum computing has intensified the urgency for cryptographic
migration. A Google white paper published on March 31, 2026, estimated that an
optimized Shor's algorithm could theoretically derive a private key from a public key for
Bitcoin's Elliptic Curve Cryptography (ECC-256) within 9 minutes, requiring
approximately 500,000 physical qubits.

In response, the U.S. National Institute of Standards and Technology (NIST) released
"Transitioning to Post-Quantum Cryptography Standards" on October 27. The guidelines
mandate that federal high-value assets and high-impact systems complete the migration
of key establishment by the end of 2030 and digital signatures by the end of 2031, with

an overall target completion year of 2035.



Engineering Implementation

Industrial responses are emerging, such as the "Xuanyue Tianjian Quantum Zero Trust"
system released in September 2026 by Xuanyue Technology (incubated by the Zhejiang
University Huzhou Research Institute). This system employs a hybrid route combining
national secret algorithms with PQC, supporting ML-KEM key encapsulation and ML-
DSA digital signatures integrated with the SM2/SM4/TLCP framework. This approach
targets data with secrecy cycles of ten or more years to mitigate "harvest now, decrypt

later" risks.

Source: https://www.news.cn/tech/20261106/c7acf577401d43dbbfe1295fea76e7e2/c.html
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#07 35-GHz Resonator: NIST's High-Fidelity Qubit
Readout Method

Published November 01, 2026  Forschung und Wissen  Germany

| oveERVIEW

Researchers at NIST have developed a 35-GHz resonator capable of reading
superconducting qubit states with over 99 percent accuracy. By utilizing millimeter
waves to separate measurement signals from qubit energy, the system allows for
stronger signals without altering the quantum state, potentially simplifying quantum

hardware architecture.



| IN DEPTH

Key Findings

Akash V. Dixit and colleagues at the National Institute of Standards and Technology
(NIST) in Boulder have demonstrated a novel resonator that reads the state of
superconducting qubits with a fidelity exceeding 99 percent. The system operates using
millimeter waves at 35 GHz, allowing it to handle significantly stronger measurement
signals than conventional readout systems without inducing unwanted state transitions in
the qubit.

Technical Details

The experimental setup pairs a superconducting transmon—a type of qubit that
assumes quantized states at extremely low temperatures—with an electromagnetic
cavity resonator. The resonator acts as a measurement chamber where the qubit
influences the resonance frequency; this shift is then detected to determine the qubit's

state.

* Frequency Architecture: The resonator frequency is positioned far above the qubit
frequency. This large detuning reduces the probability that a strong measurement

field will push the qubit into an unintended state via unwanted resonances.

« Signal Strength: The researchers drove the resonator with more than 100 photons.
Despite this high excitation, the team recorded no resonant state transitions that

would move the qubit out of its intended plane.

+ Hardware Simplification: The readout was achieved without the use of a quantum-
limited amplifier, a component typically required to boost weak signals with low noise

but which adds complexity to cryogenic systems.

Background & Context

In standard superconducting processors, a physical conflict exists between signal clarity
and state preservation. While stronger signals are easier to distinguish from background
noise and speed up readout, too many photons in the resonator can trigger unintended
transitions, corrupting the stored quantum information. Such errors are particularly
critical in sequences of multiple operations, as they can invalidate subsequent

calculation steps and complicate error correction.



Significance & Outlook

Reliable readout is a fundamental requirement for fault-tolerant quantum computing, as
control circuits must regularly check for disturbances without destroying stored
information. While this proof-of-concept was demonstrated on a single qubit rather than
a full processor, the ability to maintain high fidelity with stronger signals and fewer
amplifier components could facilitate the scaling of larger systems requiring parallel

measurements and short readout times.

Source: https://www.forschung-und-wissen.de/nachrichten/physik/35-ghz-resonator-liest-qubits-mit-

ueber-99-prozent-genauigkeit-133715314
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#08 ORNL Isotope Purification: Silicon-28 Purity for
Quantum Devices

Published November 06, 2026 Quantum Zeitgeist USA

| OVERVIEW

Oak Ridge National Laboratory (ORNL) has achieved 99.9999 percent purity of
silicon-28 in silane production, reducing contaminants to below one part per million.
This advancement provides a domestic supply chain for the Genesis Mission and

offers purity at least 100 times greater than existing commercial sources.



| IN DEPTH

Key Findings

Researchers at Oak Ridge National Laboratory (ORNL) have reached a silicon-28 purity
level of 99.9999 percent during silane production. This achievement significantly reduces
contaminant isotopes, specifically reducing germanium-73 and silicon-29 to levels below
one part per million. This level of purification is at least 100 times greater than any

commercially available source worldwide.

Technical Details

The purification process directly addresses stability issues inherent in quantum devices
by eliminating isotopes that act as contaminants. By achieving 99.9999 percent purity,
the researchers have minimized the presence of germanium-73 and silicon-29, which

are critical factors in the performance and stability of quantum hardware.

Background & Context

This work was recognized with a DOE Secretary’s Achievement Award. According to
ORNL Director Stephen Streiffer, the project demonstrates the application of deep
scientific and technical expertise to address difficult national challenges. Additionally, the
achievement bolsters the domestic supply chain necessary to support the Genesis

Mission.

Parallel to its quantum materials work, ORNL received an award for enhancing global
nuclear security. A team led by Kris Gaines developed and implemented an interim
storage solution for spent highly enriched uranium (HEU) from Kazakhstan’s IVG.1M
research reactor. This international effort involved relocating the material to mitigate

proliferation risks and ensure security until long-term disposition options are finalized.



Significance & Outlook

The ability to produce ultra-pure silicon-28 provides a critical material foundation for the
development of more stable quantum devices. By reducing contaminants to one in a
million, ORNL has established a new benchmark for material purity in the quantum
sector. Furthermore, the lab's dual success in isotope purification and nuclear security
highlights the role of national laboratories, managed by UT-Battelle for the Department of

Energy’s Office of Science, in addressing complex technical and security threats.

Source: https://quantumzeitgeist.com/ornl-isotope-purification-cuts-energy-lab/
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#09 MMM Decoder: Reducing Neutral Atom Quantum
Errors by 25x

Published November 02, 2026 Quantum Zeitgeist USA

| OVERVIEW

Researchers from UCLA and the University of California have developed the
Maximal-Matching-Mixture (MMM) decoder, which reduces logical error rates by up to
25 times compared to decoders that ignore atom losses. By exploiting correlations
where entangled "gate partner" atoms fail simultaneously, the method outperforms
previous loss-aware approaches by approximately twofold. This breakthrough

addresses a critical scalability obstacle in neutral atom quantum computing.



| IN DEPTH

Key Findings

The Maximal-Matching-Mixture (MMM) decoder achieves a reduction in logical error
rates of up to 25x when applied to the [[144,12,12]] Gross code compared to decoders
that do not account for atom losses. This performance represents a roughly twofold
improvement over previous state-of-the-art loss-aware techniques, such as those

developed by Baranes et al.

Technical Details

The MMM decoder is designed to address a specific vulnerability in neutral atom
quantum computers: the tendency for qubit failures to occur in pairs. When one
entangled "gate partner" atom is lost during computation, its connected partner
frequently fails as well. The MMM decoder exploits these correlations through the

following mechanism:

* Weighted Mapping: The decoder constructs a complex, weighted map of potential

error scenarios based on likely correlated loss events.

+ Belief Propagation: It utilizes standard belief propagation—an algorithm similar to
how rumors spread—to analyze the map and identify the most probable cause of the

error.

+ Hypergraph Mixtures: The process creates weighted mixtures of decoding
hypergraphs focused on syndrome extraction circuits within the Gross code

framework.

Background & Context

Neutral atom quantum computers offer potential scalability, but they are highly
susceptible to qubit losses. Previous error correction methods often treated these losses
as random or simply acknowledged that they occurred together without fully exploiting
the correlation. The research conducted by UCLA and University of California scientists
demonstrates that treating these linked failures as a predictable pattern rather than

random noise significantly boosts performance.



Significance & Outlook

By accounting for correlated qubit loss, the MMM decoder provides a substantial gain in
error correction efficiency. However, the researchers note that these results were
demonstrated specifically within the Gross code structure. A primary remaining question
for future work is whether these performance benefits can scale effectively as quantum
computers grow in complexity and whether the benefits extend beyond the specific code

structure used in these experiments.

Source: https://quantumzeitgeist.com/neutral-atom-quantum-computing-loss-decoder/
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#10 QLDPC Surgery: Quantinuum H2-2 Logical Qubit
Error Measurement

Published November 01, 2026 Quantum Zeitgeist USA

| OVERVIEW

Researchers have demonstrated QLDPC surgery on a Quantinuum H2-2 trapped ion
processor, achieving logical qubit error rates below 0.26% after three rounds of
measurement. This technique enables non-destructive, selective measurement of
individual logical qubits within multi-qubit systems. The result represents a significant
step toward reducing physical qubit overhead for scalable, fault-tolerant quantum

computing.



| IN DEPTH

Key Findings

The research team, including Surabhi Luthra and Alex Owens, successfully implemented
Quantum Low-Density Parity Check (QLDPC) surgery on a [[10,2,3]] generalized bicycle
code using the Quantinuum H2-2 trapped ion processor. The primary achievement was
the reduction of overall error rates to below 0.26% after repeating the syndrome
extraction process three times. This performance marks a sharp improvement over
previous lattice surgery demonstrations that were limited to single logical qubit blocks

and could not achieve similar error suppression through repeated measurements.

Technical Details

The team performed surgery on a multi-qubit system by measuring an individual logical
qubit within a block encoding two qubits. The process utilized seven ancillary "gadget"
qubits for measurement. Initial single measurements yielded error rates of 0.72 [0.32,
1.41]% for one operator and 1.03 [0.60, 1.65]% for another. During the three rounds of
syndrome extraction, unaddressed "spectator" qubits remained stable with an error rate
of only 0.21 [0.04, 0.67]%. Additionally, the researchers demonstrated resource
efficiency by reusing the same gadget qubits to sequentially measure two different

operators (X1 then Z2), resulting in a combined error of 1.12 [0.60, 1.94]%.

Background and Context

Building practical fault-tolerant quantum computers requires reducing the number of
physical qubits needed to represent a single logical qubit. QLDPC codes offer potential
for significant resource reduction, acting as extra checks in a message to ensure
understanding even if parts are corrupted. However, implementing these codes
efficiently has been challenging. QLDPC surgery addresses this by allowing for the

selective, non-destructive measurement of encoded quantum information.



Significance and Outlook

This demonstration validates the "surgery primitive," proving that syndrome information
can be extracted without collapsing the quantum state. By reusing ancillary gadget
qubits, the approach minimizes resource demands. While the researchers acknowledge
that scaling challenges remain—specifically whether these low error rates will hold as
code blocks grow or complex logical operations are layered—the work confirms a

pathway toward more efficient, scalable quantum error correction.

Source: https://quantumzeitgeist.com/quantum-surgery-logical-qubit-error-measurement/

Collected: November 07, 2026 | Automated Research System (Al)


https://quantumzeitgeist.com/quantum-surgery-logical-qubit-error-measurement/

#11 Hybrid Qubit-Boson Processors: Scaling
Simulations for 2026

Published November 06, 2026 Quantum Zeitgeist USA

| OVERVIEW

Researchers led by Eleanor Crane have developed a hybrid quantum processor
framework that simulates strongly correlated fermion-boson models by encoding
bosonic matter directly into native oscillator modes. This approach sidesteps the error
correction overhead required by purely qubit-based systems, enabling simulations of
(2+1)-dimensional gauge theories. The framework provides a pathway to "post-qubit

quantum advantage" for complex systems in physics and materials science.



| IN DEPTH

Key Findings

The hybrid quantum processor framework achieves a constant number of operations per
gate as a function of the bosonic cutoff, significantly reducing computational resources
compared to purely qubit-based approaches. A critical performance gap exists in gate
fidelity: while the hybrid system could achieve 99.9% per-gate fidelity (based on Lindblad
simulation estimates), a qubit-only computer would require fidelities of at least 99.9999%

to match the same circuit fidelity, likely necessitating substantial error correction.

Technical Details

The framework pairs superconducting qubits with microwave cavities to simulate
interacting fermions and bosons. By encoding bosonic matter and gauge fields directly in
native oscillator modes, the system bypasses the overhead of converting bosons into

qubits. Key technical features include:

o Gate Implementation: Use of the SNAP gate for implementing time-evolution

operators and the native availability of bosonic gate sets.

o Algorithms: Integration of variational quantum eigensolvers (VQE), quantum signal

processing (QSP), and Trotterization.

+ Optimizations: A new qubit algorithm for beam splitter simulation achieves scaling of

approximately N1+o(1)max using a boson number cutoff of Nmax.

o Validation: The team applied these methods to the quantum link model (fermionic

matter) and variants of the -Higgs model (bosonic matter).

Background & Context

Simulating fundamental interactions typically relies on Euclidean lattice gauge theory or
quantum Monte Carlo, but these methods struggle with real-time scattering and
continuous gauge fields. The hybrid architecture is adaptable across superconducting,
trapped-ion, and neutral-atom hardware, offering flexibility in studying diverse

Hamiltonians and measuring long-range observables such as the string-order correlator.



Significance & Outlook

This framework enables the simulation of (2+1)-dimensional gauge theories previously
inaccessible to classical and existing quantum computers. Beyond fundamental physics,
the technology has potential applications in drug discovery, energy technology, and
materials science, specifically for improving solar energy conversion and lossless

electricity transmission.

Source: https://quantumzeitgeist.com/hybrid-quantum-processors-sidestep-error/
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#12 48-Qubit Quantum Code: Addressable Transversal
T Gate Specs

Published November 05, 2026 Quantum Zeitgeist

| OVERVIEW

Researchers from the International Quantum Academy and the National University of
Singapore have developed a 48-qubit code that supports fully addressable
transversal T gates. The construction utilizes a novel cyclic encoding to separate
logical phase control from code rate and distance, improving performance by a factor

of approximately 2.86.



| IN DEPTH

Key Findings

The research team has constructed quantum codes with 48 and 90 physical qubits that
support fully addressable transversal T gates, which are essential for fault-tolerant
quantum computation. By employing a cyclic encoding scheme that operates outside the
conventional binary CSS framework, the researchers achieved a performance
improvement by a factor of approximately 2.86. Furthermore, they established a
universal upper bound for codes supporting fully addressable transversal single-qubit
phase gates that is only 1.28 times greater than the lower bound achieved by their

exponential-time construction.

Technical Details

The construction offers two distinct approaches based on computational demands:

+ Polynomial-time construction: An algebraic-geometric construction that yields a
rate of 2.57% and a corresponding relative distance. This deterministic method uses

evaluation matrices generated in polynomial time.

+ Exponential-time construction: A method using a counting argument over encoding
matrices and quadratic phases that elevates the rate and distance guarantee to
approximately 7.34%. This approach utilizes sampling and exact rejection tests to

verify performance and detect Pauli errors up to a defined weight.

The 8-t0-10 inner encoding preserves logical phase action using registers represented
by h qubits, relying on the invertibility of matrix B for an injective map. For the 48-qubit

code, the researchers also describe an ancilla-free encoder.

Background and Context

The work addresses the challenge of controlling quantum phase in error-corrected
systems. The deterministic construction establishes a lower bound of 52/(675h) for both
rate and relative distance. The analysis of Garcia-Stichtenoth towers over F_(256) was
used to yield AG code families with positive asymptotic rate and relative minimum

distance, where degrees satisfy 2g_i-2 < a_(0,i) <a_(1,i) < n_i for sufficiently large V’.



Significance and Outlook

This approach allows for the separation of logical phase control from the design of code
rate and distance. By enhancing fully addressable transversal phase gates at each fixed
level h = 3 of the Clifford hierarchy, the method effectively doubles the certified physical-
qubit distance with a 25% increase in blocklength while maintaining the number of

logical qubits.

Source: https://quantumzeitgeist.com/singapore-qubit-code-supports-48-qubit/
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| OVERVIEW

IBM Quantum, QuiICS, and MIT researchers used a neuro-symbolic Al framework to
discover 699 magic-state factory classes, including 564 previously unknown
protocols. These factories produce non-Clifford states with record-low physical
resource footprints, potentially reducing the massive qubit overhead required for fault-

tolerant quantum computing.



| IN DEPTH

Key Findings

Researchers from IBM Quantum, the Joint Center for Quantum Information and
Computer Science (QuICS / NIST / UMD), and MIT have identified 699 factory classes
for magic-state distillation. Of these, 564 are previously unknown protocols that deliver
non-Clifford states while minimizing physical resource footprints. The team also
discovered factories capable of outputting entangled states, specifically CCZ ®2 and T ®

CCZ ®4, which can reduce the gate depth required during algorithm synthesis.

Technical Details

The discovery was enabled by a neuro-symbolic search framework that combines large
language model (LLM) agents with deterministic solvers. To make the search tractable
for larger input sizes (beyond the historical limit of n < 54), the team proved that
achieving a code distance d = 3 is mathematically equivalent to selecting nonzero,

pairwise distinct syndromes within a binary-matrix representation.

The automated multi-agent loop operates as follows:

LLM agents propose targeted subgroup symmetry orbits.

An integer-programming solver constructs candidate circuit matrices.

An independent verification engine validates code distances and gate identities.

A reviewing agent analyzes solver logs to optimize subsequent search geometries.

Background & Context

Universal fault-tolerant quantum computers utilizing surface codes or planar CSS codes
cannot natively execute non-Clifford operations via transversal gates. Consequently,
these architectures rely on distillation factories to purify noisy ancilla states through gate
teleportation. Historically, this process has been a major bottleneck, projected to

consume up to 90% of a machine's runtime and physical qubits.



Significance & Outlook

By mapping uncharted distillation protocols and reducing resource footprints, this
framework lowers the barrier to executing complex quantum algorithms. To support
further resource estimation by the community, the researchers have released the verified
circuits in an open-access repository, complete with matrix export formats and Clifford

correction rules.

Source: https://quantumcomputingreport.com/ibm-quantum-and-quics-deploy-ai-agents-to-discover-over-

500-high-efficiency-magic-state-factories/

Collected: November 07, 2026 | Automated Research System (Al)


https://quantumcomputingreport.com/ibm-quantum-and-quics-deploy-ai-agents-to-discover-over-500-high-efficiency-magic-state-factories/
https://quantumcomputingreport.com/ibm-quantum-and-quics-deploy-ai-agents-to-discover-over-500-high-efficiency-magic-state-factories/

