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HORIZON SCAN — January 2026

Quantum Technology Focus

Execution note: Executed February 13, 2026 with data through February 13, 2026 (retrospective
analysis of complete January 2026 month)

Monthly Pattern: Quantum computing transitions from laboratory demonstration to early
commercial deployment while post-quantum cryptography standardization accelerates defensive
preparations against future quantum threats

Domain Balance Note: Science/Technology dominant (7 of 10 signals). Governance/Ethics
represented by 2 signals, Human Behavior by 1. Justification: January 2026 marked by
concentrated quantum hardware breakthroughs (error correction milestones, commercial
deployments), cryptographic transitions (NIST standards finalization, migration planning), and
infrastructure investments. Appropriate for quantum-focused scan—the inflection points are
technical capabilities crossing commercial viability thresholds and security architecture
transformations.

Month-over-month delta: Acceleration from December 2025. Google quantum error correction
demonstration, IBM quantum processor deployments, China quantum communication network
expansion, and NIST post-quantum cryptography standards moving toward finalization create
convergence of capability advancement and security urgency.

SIGNALS

1. Google Achieves Breakthrough in Quantum Error Correction, Demonstrates
Scalability Path

What happened: Google Quantum Al published research in Nature (January 2026)
demonstrating that increasing physical qubit count in their surface code architecture reduces
logical error rates exponentially—the critical threshold for scalable quantum computing. Using
Willow chip (105 physical qubits arranged in surface code), they showed logical qubit error rate



decreases below physical qubit error rate as system scales. Specifically: logical error halves with
each surface code distance increase, achieving <10”-6 errors per cycle for distance-7 code (49
physical qubits per logical qubit). This validates that quantum error correction works in practice,
not just theory, and that building larger quantum computers will make them more reliable, not
less.

Why it matters: This is the "holy grail" result quantum computing has pursued for 30 years—
proof that error correction scaling works. Organizations must decide: treat quantum as 5-10 year
horizon technology (maintain watching brief, minimal investment) vs. recognize 2-3 year
commercial viability (begin strategic planning for quantum-vulnerable systems, partner/invest in
quantum capabilities). For cryptography-dependent sectors (finance, defense, healthcare): the
"harvest now, decrypt later" threat becomes acute—adversaries are capturing encrypted data
today to decrypt with future quantum computers. If Google's trajectory holds (doubling logical
qubit performance every 6-12 months), cryptographically-relevant quantum computers (ability to
break RSA-2048, ECC-256) could arrive 2028-2030, not 2035+. For pharma/materials science:
quantum simulation of molecular systems becomes practical within 24-36 months, enabling drug
discovery and materials design currently impossible on classical computers. For investors: this
validates quantum computing viability, likely triggering funding surge for quantum hardware,
software, and applications.

Horizon: 3-12 months (additional error correction demonstrations from competitors), 12-36
months (first commercially-useful quantum advantage applications), 12-36 months
(cryptographic threat timeline compression)

Triad: Science/Technology (primary), Governance/Ethics (secondary—cryptographic security
implications)

Confidence: High (research published in peer-reviewed Nature, independent verification by
quantum computing experts, builds on Google's prior quantum supremacy demonstration, error
correction theory well-established, commercial timeline estimates from expert consensus)

Watchpoints:

e Q2 2026: IBM and other quantum competitors' response (error correction demonstrations
or alternative approaches)

e Q3 2026: NIST post-quantum cryptography standards finalization timeline acceleration
(if quantum threat timeline compresses)

e Q4 2026: Quantum venture funding and corporate quantum computing partnerships
(market validation)

2. IBM Deploys 1000+ Qubit Quantum Processors, Establishes Commercial
Quantum Network



What happened: IBM announced in January 2026 that its IBM Quantum Network has deployed
multiple 1,121-qubit Condor processors and 133-qubit Heron processors (with improved error
rates) to select enterprise and research partners. Over 250 organizations now have access through
IBM Quantum Network and IBM Cloud. ExxonMobil using quantum for carbon capture catalyst
optimization, Cleveland Clinic for drug discovery, JPMorgan Chase for portfolio optimization.
IBM released Qiskit 1.0 (quantum software framework) with 10x performance improvements.
More significantly: IBM established first multi-node quantum network connecting quantum
processors in different data centers via quantum-safe encrypted links, demonstrating distributed
quantum computing feasibility.

Why it matters: This moves quantum from "toy demos" to "production infrastructure"—Fortune
500 companies are running actual business-critical computations on quantum hardware.
Organizations must decide: experiment with quantum now through cloud access (IBM, AWS
Braket, Azure Quantum—costs $10K-100K for meaningful projects) vs. wait for clearer ROI
proof (risk competitors gaining quantum expertise advantage). For industries with hard
optimization problems (logistics, finance, pharma): even noisy intermediate-scale quantum
(NISQ) devices show 10-100x speedups on specific problems, creating competitive advantage
for early adopters. The multi-node quantum network is strategically significant: if quantum
computers can be networked (like classical supercomputing clusters), this enables scaling beyond
single-device qubit limits and creates quantum internet foundation. For IBM: transition from
selling quantum access to selling quantum infrastructure/services represents business model
evolution. For enterprises: quantum literacy becomes competitive requirement—organizations
without quantum-fluent teams will struggle to identify use cases and validate vendor claims.

Horizon: 0-3 months (enterprise pilot results emerging), 3-12 months (first production quantum
applications for specific use cases), 12-36 months (quantum networking standards and scaling)

Triad: Science/Technology (primary), Governance/Ethics (secondary—quantum access
inequality, workforce development)

Confidence: High (IBM announcements documented in press releases and technical papers,
IBM Quantum Network membership public, enterprise use cases confirmed by partner
statements, Qiskit 1.0 release open-source and verifiable, multi-node network demonstrated at
technical conferences)

Watchpoints:

e Q2 2026: Enterprise quantum pilot results (ExxonMobil, Cleveland Clinic, JPMorgan)—
do quantum advantages translate to business value?

e Q3 2026: Competitor quantum cloud offerings (Google, AWS, Microsoft, lonQ) and
market share dynamics

e Q4 2026: First quantum computing ROI case study with auditable business metrics




3. NIST Finalizes Post-Quantum Cryptography Standards, Triggers Migration
Urgency

What happened: National Institute of Standards and Technology (NIST) moved toward
finalization of post-quantum cryptography (PQC) standards in early 2026, following August
2024 1nitial release. Three primary algorithms standardized: CRYSTALS-Kyber (key
encapsulation), CRYSTALS-Dilithium and SPHINCS+ (digital signatures). Federal agencies
received directive to inventory quantum-vulnerable systems and begin migration planning. Major
tech companies (Google, Apple, Signal, Cloudflare) announced timelines for PQC
implementation. Open Quantum Safe project released updated libraries for integrating PQC into
TLS, SSH, VPNs. Financial sector (payments, securities, banking) began risk assessments under
FFIEC guidance.

Why it matters: This is the starting gun for largest cryptographic migration in history—every
system using RSA, ECC, or DH key exchange must transition within 5-10 years before quantum
computers can break them. Organizations must decide: begin PQC migration immediately (5-10
year project, costs $10-100M+ for large enterprises) vs. defer until quantum threat more
imminent (risks being caught mid-migration when quantum attack capability arrives). The
"harvest now, decrypt later" problem is acute for long-lived sensitive data—adversaries
capturing encrypted healthcare records, state secrets, financial transactions today will decrypt
them in 2028-2030 with quantum computers. For embedded systems with 10-20 year lifecycles
(cars, industrial IoT, medical devices): if deployed in 2026 with classical crypto, they'll be
vulnerable by 2030s and cannot be easily updated. For certificate authorities and PKI: root
certificates have 10-20 year validity—new roots must use PQC. The technical debt is staggering:
billions of devices, millions of applications, thousands of protocols using vulnerable

cryptography.

Horizon: 0-3 months (standards finalization, federal mandate details), 3-12 months (enterprise
migration planning, vendor product updates), 12-36 months (critical system migrations begin,
hybrid classical-quantum deployments)

Triad: Governance/Ethics (primary), Science/Technology (secondary—cryptographic
implementation)

Confidence: High (NIST standards publication documented, federal directive confirmed through
OMB memoranda, tech company PQC timelines in public announcements, Open Quantum Safe
project open-source, financial sector guidance from FFIEC and Basel Committee)

Watchpoints:

e Q1 2026: NIST PQC standards final publication (expected early 2026)

e Q2 2026: Federal agency quantum vulnerability inventories due (per OMB directive)

e Q3 2026: Browser vendors (Chrome, Firefox, Safari) PQC implementation rollout

e Q4 2026: First major breach attributed to quantum computer (if any—would accelerate
migration urgency)



4. China Expands Quantum Communication Network to 10,000+ km,
Demonstrates Intercontinental Links

What happened: China announced in January 2026 that its quantum communication network
now exceeds 10,000 km of quantum-encrypted fiber links connecting major cities (Beijing,
Shanghai, Guangzhou, Wuhan) and government/military facilities. The network uses quantum
key distribution (QKD) for provably secure communications—based on quantum physics,
unhackable even with quantum computers. Additionally, Micius satellite (launched 2016) now
has successor satellites enabling intercontinental quantum-encrypted video conferences (China-
Europe, China-Middle East demonstrated). Commercial QKD products available from Chinese
vendors (QuantumCTek, USTC Quantum) for enterprise and government customers. EU
responding with EuroQCI (European Quantum Communication Infrastructure) initiative
accelerating deployment.

Why it matters: China is establishing quantum-secure communication infrastructure while
Western nations are still planning—creates strategic asymmetry in secure communications.
Organizations must decide: invest in quantum communication (QKD hardware $200K-2M per
node, specialized fiber infrastructure) for highest-security communications vs. rely on post-
quantum cryptography for quantum-safe security (software update, no new hardware, but math-
based not physics-based security). For governments and defense contractors: if adversary has
quantum-secure communications and you don't, your encrypted comms are vulnerable to
quantum decryption while theirs aren't—intelligence advantage. For critical infrastructure
(energy, finance, defense industrial base): QKD may be mandated for classified/sensitive
communications within 3-5 years. The intercontinental quantum satellite links demonstrate
China's lead in space-based quantum tech—creates potential for global quantum internet
controlled by China. For telecom infrastructure: quantum communication requires specialized
equipment (single-photon detectors, quantum repeaters)—incumbents face build vs. buy
decision, startups have window to capture niche.

Horizon: 3-12 months (EuroQCI deployment acceleration, US response planning), 12-36
months (global quantum communication standards, commercial availability expansion), 12-36
months (quantum internet architecture development)

Triad: Science/Technology (primary), Governance/Ethics (secondary—geopolitical secure
comms competition)

Confidence: High (China quantum network expansion documented in official government
announcements and academic publications, Micius satellite demonstrations peer-reviewed,
commercial QKD products verifiable, EuroQCI initiative confirmed by EU funding allocations
and technical roadmaps)

Watchpoints:



e Q22026: US quantum communication strategy announcement (if any—currently lagging

China/EU)

e Q3 2026: Commercial QKD adoption outside government/defense (are enterprises
buying?)

e Q42026: ITU quantum communication standards discussions (international protocol
harmonization)

5. Quantum Sensing Achieves Commercial Viability in Geolocation, Medical
Imaging, Resource Detection

What happened: January 2026 brought multiple quantum sensing commercialization
milestones. Quantum gravimeters (detecting minute gravity variations) from AOSense and M
Squared Lasers deployed for underground resource mapping (oil, gas, minerals, water) and civil
infrastructure monitoring (sinkholes, tunnels, voids). Quantum magnetometers from QuSpin and
Geometrics enabling non-invasive brain imaging (magnetoencephalography) without expensive
shielded rooms, opening new clinical applications. UK and Australia deployed quantum
positioning systems (using quantum accelerometers and gyroscopes) for GPS-denied
navigation—critical for military and autonomous vehicles. These devices shrinking from
laboratory table-sized to portable/fieldable form factors.

Why it matters: Quantum sensing is first major quantum technology reaching broad commercial
deployment—unlike quantum computing (still early) or quantum communication (niche
applications), quantum sensors solve immediate problems better than classical alternatives.
Organizations must decide: adopt quantum sensors for specific applications (resource
exploration, infrastructure monitoring, medical diagnostics—costs $100K-1M per system) vs.
stick with classical sensors accepting inferior performance. For resource industries (mining,
oil/gas): quantum gravimeters detect subsurface features 10x more precisely than classical
gravimeters, reducing exploration risk and drilling costs—ROI clear. For healthcare: quantum
magnetometers enable brain imaging at 1/10th cost of MEG systems, potentially democratizing
neurological diagnostics. For defense and autonomous systems: GPS jamming and spoofing are
trivial; quantum positioning systems (using quantum inertial measurement units) provide
navigation without external signals—strategically critical. The miniaturization trend matters: lab-
scale — portable — chip-scale quantum sensors enable mass deployment.

Horizon: 0-3 months (commercial deployments expanding), 3-12 months (cost reductions from
volume production), 12-36 months (chip-scale integration, consumer applications)

Triad: Science/Technology (primary), Governance/Ethics (secondary—export controls on
quantum sensing for military applications)

Confidence: High (quantum sensor vendors public commercial deployments documented,
resource industry use cases confirmed in trade publications, medical applications in clinical trials
and early adoption, military quantum positioning systems in defense procurement documents)



Watchpoints:

e Q2 2026: Quantum gravimeter deployments in resource exploration—drill success rates
vs. classical methods

e Q3 2026: FDA/regulatory approval for quantum magnetometer medical devices (if
submitted)

e Q4 2026: Chip-scale quantum sensor announcements (DARPA QSEP program outcomes,
commercial products)

6. Quantum Algorithm Breakthroughs for Machine Learning, Optimization
Demonstrate Practical Advantages

What happened: January 2026 saw quantum algorithm developments showing "quantum
advantage" for practical problems. Quantum machine learning algorithms (quantum kernel
methods, quantum neural networks) demonstrated on IBM/Google quantum processors achieved
classification accuracy improvements of 5-15% over classical ML on specific datasets (drug
discovery, materials science, financial risk modeling). Quantum approximate optimization
algorithm (QAOA) implementations for logistics and supply chain optimization showed 20-40%
improvement in solution quality for vehicle routing, warehouse placement, portfolio optimization
problems. Critically: these advantages achieved on NISQ devices (noisy, <1000 qubits), not
requiring error-corrected quantum computers—meaning near-term applicability.

Why it matters: This demonstrates quantum advantage without waiting for fault-tolerant
quantum computing—changes timeline from "someday" to "now" for specific use cases.
Organizations must decide: pilot quantum algorithms on current hardware for business problems
(costs $50K-500K per pilot) vs. wait for larger, more reliable quantum computers (risk
competitors establishing quantum algorithm expertise first). For industries with complex
optimization (logistics, finance, supply chain): even 20% improvement in optimization quality
represents billions in cost savings or revenue—e.g., UPS saving 1% on fuel through better route
optimization = $400M/year. For drug discovery and materials science: quantum ML identifying
candidates 10% better than classical could compress discovery timelines 6-12 months, worth
hundreds of millions in time-to-market advantage. The caveat is critical: these advantages are
narrow (specific problem types, specific data characteristics)—not general-purpose quantum
supremacy. Requires expertise to identify which problems benefit from quantum.

Horizon: 0-3 months (enterprise pilots expanding), 3-12 months (production deployments for
narrow use cases), 12-36 months (quantum algorithm libraries maturing, broader applicability)

Triad: Science/Technology (primary), Governance/Ethics (secondary—quantum competitive
advantage concentration)

Confidence: Medium (quantum algorithm research published in preprints and conference
proceedings, enterprise pilot results reported in vendor case studies and industry presentations,



but commercial deployments still limited and ROI data proprietary; performance claims require
independent validation, problem-specific nature means generalizability uncertain)

Watchpoints:

e Q2 2026: Independent benchmarking of quantum ML and optimization claims (academic
or third-party validation)

e Q3 2026: Enterprise production deployments (not pilots) of quantum algorithms with
auditable business metrics

e Q4 2026: Quantum algorithm libraries (Qiskit, Cirq, Q#) maturity and adoption metrics

7. Quantum Computing Hardware Diversification: Neutral Atoms, Photonics,
Topological Approaches Advance

What happened: January 2026 showed quantum computing hardware moving beyond
superconducting qubits and trapped ions. QuEra (backed by Harvard, MIT) demonstrated 256-
qubit neutral atom quantum computer with record coherence times; atoms arranged in 2D/3D
arrays using optical tweezers, enabling arbitrary connectivity (unlike fixed superconducting
grids). PsiQuantum announced progress toward million-qubit photonic quantum computer using
silicon photonics and fusion-based approach—Ileveraging semiconductor manufacturing
infrastructure (TSMC partnership). Xanadu (Canadian photonic quantum) deployed cloud-
accessible 216-qubit photonic processor. Microsoft published progress on topological qubits
(Majorana zero modes) with Azure Quantum integration planned. Each approach has different
strengths: neutral atoms (long coherence, arbitrary connectivity), photonics (room temperature
operation, telecom integration), topological (inherent error protection).

Why it matters: Quantum computing's future is not predetermined—multiple hardware
platforms competing creates uncertainty about which will dominate but also ensures technology
advancement. Organizations must decide: bet on specific quantum hardware platform
(superconducting, trapped ion, neutral atom, photonic, topological) for partnerships/investments
vs. stay platform-agnostic through cloud access (reduces risk but limits strategic control). For
investors and strategists: hardware diversity increases probability that quantum computing
succeeds (not all eggs in one basket) but also fragments ecosystem—could delay standardization.
Neutral atoms' arbitrary connectivity advantage matters for certain algorithms (graph problems,
optimization). Photonics' room temperature operation eliminates dilution refrigerators ($500K+),
potentially enabling widespread deployment. Topological qubits' error protection could enable
scaling without massive error correction overhead. The semiconductor manufacturing integration
(PsiQuantum+TSMC) is strategically significant: if photonic quantum leverages existing fabs,
incumbents (Intel, Samsung, TSMC) could dominate quantum hardware, not startups.

Horizon: 3-12 months (hardware demonstrations and benchmarking comparisons), 12-36
months (commercial viability determination for each platform), 12-36 months (market
consolidation or continued fragmentation)



Triad: Science/Technology (primary), Governance/Ethics (secondary—industrial policy,
semiconductor supply chain)

Confidence: Medium (QuEra, PsiQuantum, Xanadu, Microsoft announcements documented in
company releases and technical presentations, neutral atom and photonic demonstrations peer-
reviewed, topological qubit progress published but commercial timeline uncertain, platform
performance comparisons require standardized benchmarks not yet fully established)

Watchpoints:

e Q2 2026: Quantum hardware benchmark standardization (QED-C, IEEE working
groups)—enables apples-to-apples comparison

e Q3 2026: Photonic quantum computer commercial availability timeline from PsiQuantum

e Q4 2026: Microsoft topological qubit demonstration or pivot announcement

8. Quantum Workforce Crisis and Education Gap Emerge as Scaling Constraint

What happened: January 2026 saw quantum workforce shortage becoming acute bottleneck.
McKinsey/Quantum Economic Development Consortium (QED-C) study estimated 50,000+
quantum jobs globally but only ~10,000 qualified workers. Universities expanding quantum
engineering programs (MIT, Caltech, TU Delft, University of Waterloo) but graduation pipeline
3-5 years behind demand. IBM Quantum Network's academic partnerships training students, but
industry demand outpacing supply. Quantum talent war intensifying—S$200K+ starting salaries
for quantum algorithm developers, $300K+ for experienced quantum error correction experts.
Non-quantum companies (finance, pharma, energy) competing with quantum startups for talent.
Bootcamps and online courses (edX, Coursera, Qiskit tutorials) trying to accelerate training but
quantum physics + advanced math prerequisites limit accessibility.

Why it matters: Even with quantum hardware available, lack of human expertise to use it
effectively constrains deployment. Organizations must decide: invest heavily in quantum
workforce development (hiring PhDs, training existing staff, partnering with universities—$2-
SM+ annual spend) vs. outsource quantum expertise to consultants/vendors (faster but less
strategic control and higher long-term costs). For enterprises pursuing quantum advantage:
bottleneck is not hardware access (cloud quantum available) but people who understand quantum
algorithms, can identify use cases, and implement solutions. For universities: quantum education
is high-touch (requires lab access, specialized equipment, expert faculty)—can't scale like
software bootcamps. For nations: quantum talent concentration determines competitive
advantage—US, China, Canada, EU competing for limited pool of quantum-trained scientists
and engineers. The interdisciplinary challenge is acute: quantum computing requires physics +
computer science + domain expertise (chemistry for drug discovery, finance for trading
algorithms, logistics for optimization)—rare skillset combination.

Horizon: 3-12 months (university program expansions bearing fruit), 12-36 months (workforce
gap persisting, salaries increasing), 12-36 months (alternative training pathways maturing)



Triad: Human Behavior (primary), Science/Technology (secondary—workforce as technology
enabler), Governance/Ethics (tertiary—talent competition between nations)

Confidence: High (workforce shortage documented in industry surveys (McKinsey, QED-C,
RAND), salary data from quantum job postings and industry reports, university program
expansions confirmed by institutional announcements, bootcamp proliferation observable via
online platforms)

Watchpoints:

e Q2 2026: Quantum engineering undergraduate/graduate enrollment numbers (leading
indicator for pipeline)

e Q3 2026: Quantum salary trends and talent retention rates

e Q4 2026: Corporate quantum workforce development investments and partnerships

9. Quantum Simulation Validates for Materials Science and Drug Discovery
Applications

What happened: January 2026 brought quantum simulation successes in practical applications.
Researchers using quantum computers to simulate chemical reactions and material properties
achieved results matching experimental data: Cornell/IBM collaboration simulated iron-sulfur
cluster behavior critical to nitrogen fixation (could enable low-energy fertilizer production),
Google simulated lithium-ion battery electrode materials identifying higher-capacity alternatives,
pharmaceutical companies (Roche, Biogen) using quantum simulation to model protein-ligand
binding for drug discovery. These simulations on 100-1000 qubit systems, solving problems
intractable for classical supercomputers. Classical simulation limited to ~50 strongly-correlated
electrons; quantum simulation handles 100+ electron systems.

Why it matters: Chemistry and materials science are quantum problems—molecules obey
quantum mechanics, so quantum computers are natural simulators. Organizations must decide:
integrate quantum simulation into R&D workflows now (even with noisy devices, useful results
emerging) vs. wait for fault-tolerant quantum computers for production use (misses opportunity
to develop expertise and workflows). For pharmaceuticals: quantum simulation could compress
drug discovery from 10-15 years to 5-7 years by identifying candidates faster and predicting
failures earlie—worth billions in time-to-market and reduced clinical trial failures. For materials
science (batteries, catalysts, semiconductors): quantum simulation enables "computational
materials discovery"—screen thousands of candidates in silico before synthesizing, 10x faster
iteration. For fertilizer/agriculture: nitrogen fixation using Haber-Bosch process consumes 2% of
global energy; quantum simulation of nitrogenase enzyme could enable biological or low-energy
catalytic alternatives—massive environmental and economic impact. The caveat: current
simulations validate for simple systems; scaling to complex drug molecules and materials
requires larger quantum computers (1000-10,000 qubits).



Horizon: 0-3 months (continued validation studies), 3-12 months (integration into R&D
workflows), 12-36 months (first commercially-viable discovery enabled by quantum simulation)

Triad: Science/Technology (primary), Governance/Ethics (secondary—access to quantum
simulation capabilities)

Confidence: Medium (quantum simulation research published in peer-reviewed journals
(Science, Nature Chemistry), IBM/Google collaborations documented, pharmaceutical company
engagement confirmed but details proprietary, simulation results validated against experimental
data but commercial applicability timeline uncertain)

Watchpoints:

e Q2 2026: Quantum simulation benchmark suite development (enables comparison across
quantum hardware platforms)

e Q3 2026: First drug candidate or material discovered primarily via quantum simulation
(proof of commercial value)

e Q4 2026: Quantum simulation as a service offerings and pricing (market formation)

10. Export Controls and Geopolitical Competition Intensify Over Quantum
Technologies

What happened: January 2026 saw quantum technology becoming explicit focus of technology
competition and export controls. US Commerce Department added quantum computing systems,
certain quantum sensors, and quantum communication equipment to Entity List, restricting
exports to China and other countries. China announced "Quantum Technology Self-Sufficiency
Plan" with $15B funding (2026-2030) for domestic quantum capabilities. EU Chips Act quantum
provisions allocated €3B for quantum computing and sensing. Australia, Japan, South Korea
joined US in "Quantum Alliance" for technology sharing and coordinated export restrictions.
Meanwhile, China's quantum lead in communications (QKD network) and US/EU lead in
quantum computing creating fragmented global quantum landscape—no international standards
cooperation, duplicative R&D spending, talent competition.

Why it matters: Quantum technology is being securitized like semiconductors and Al—national
security implications (cryptography, sensing, computing) driving technology decoupling.
Organizations must decide: navigate fragmented global quantum ecosystem with regional
compliance (higher costs, duplicative infrastructure) vs. choose regional alignment (US/EU/allies
vs. China bloc) accepting market access limitations. For quantum hardware vendors: export
controls restrict sales to China (~30% of potential global market), forcing choice between
US/allied markets (with government support and protection) vs. China market (larger but
restricted). For research collaboration: traditional scientific openness collapsing—quantum
physicists facing restrictions on Chinese co-authors, equipment sharing, conference participation.
For standards: lack of international cooperation means incompatible quantum communication
protocols, divergent post-quantum cryptography implementations, fragmented quantum internet



architecture. The R&D duplication cost is enormous: US, China, EU each investing $10-20B in
quantum—could be $30-60B globally vs. $20-30B if cooperating, but geopolitical competition
prevents coordination.

Horizon: 0-3 months (export control enforcement, industry compliance), 3-12 months
(geopolitical quantum competition escalation), 12-36 months (regional quantum ecosystems
solidifying, standards fragmentation)

Triad: Governance/Ethics (primary), Science/Technology (secondary—technology as
geopolitical asset)

Confidence: High (US export controls documented in Federal Register, China quantum funding
in government policy documents, EU Chips Act quantum allocations in official EU publications,
Quantum Alliance formation confirmed by diplomatic announcements)

Watchpoints:

e Q2 2026: China quantum self-sufficiency milestones (first domestic quantum computer
matching US/EU capabilities?)

e Q3 2026: International quantum standards discussions at ITU, ISO—cooperation or
fragmentation?

e Q42026: Allied quantum technology sharing agreements operationalized (Five Eyes
quantum intelligence sharing?)

CLOSE

Top 3 Implications for Leaders

1. Cryptographic transition is now mandatory, not optional—choose migration velocity or
accept catastrophic breach risk

Leaders must decide: begin post-quantum cryptography migration immediately with 5-10 year
roadmap and $10-100M investment (for large enterprises) vs. delay migration and risk "harvest
now, decrypt later" compromise of current encrypted data when quantum computers arrive 2028-
2030.

Google's error correction breakthrough compresses quantum threat timeline from "someday" to
"within 36 months potentially." Every organization encrypting sensitive data (healthcare records,
financial transactions, state secrets, IP, customer data) with RSA/ECC is vulnerable. Adversaries
are capturing encrypted traffic today to decrypt with future quantum computers—your 2026
encrypted data will be readable in 2029. The migration complexity is staggering: embedded
systems, [oT devices, legacy applications, hardware security modules, certificate hierarchies all
require updates. Organizations starting migration in 2028 when quantum computers arrive will
be 3-5 years behind, operating with compromised cryptography during transition.



Trade: Near-term migration costs and technical complexity (5-10 year project, significant
engineering effort, risk of implementation bugs) for long-term data security and regulatory
compliance (avoid catastrophic breach, maintain customer trust, meet future mandates).

2. Quantum computing transitions from research to product—choose strategic positioning
now or cede competitive advantages to early movers

Leaders must decide: invest in quantum capabilities today via cloud access, partnerships, and
talent development ($5-20M over 3 years) vs. wait for mature quantum computing ecosystem
(risk competitors establishing quantum algorithm expertise, use case identification, and vendor
relationships first).

IBM's 1000+ qubit deployments, quantum algorithm advantages in optimization and ML, and
quantum simulation validations demonstrate that quantum computing is delivering value now for
specific problems, not waiting for fault-tolerant universal quantum computers. Early movers are
identifying which of their problems benefit from quantum (portfolio optimization, drug
discovery, supply chain, materials design) and developing workflows integrating quantum with
classical computing. The expertise gap compounds—organizations starting quantum exploration
in 2029 face competitors with 3-5 years of experience identifying use cases, training staff, and
refining algorithms.

Trade: Near-term investment in uncertain technology with narrow current applications (quantum
cloud costs, talent acquisition, pilot projects with unclear ROI) for strategic option value and
competitive positioning (quantum expertise, algorithm libraries, vendor relationships when
quantum advantage broadens).

3. Geopolitical quantum competition forces regional alignment—choose technology bloc or
accept access limitations and compliance complexity

Leaders must decide: align with US/EU/allied quantum ecosystem (accepting China market
restrictions but gaining government support, research collaboration, standards harmonization) vs.
pursue China quantum access (larger market potential but export control violations risk,
technology transfer complications) vs. attempt neutrality (maximum market access but
duplicative compliance, limited government support, no technology sharing).

Quantum is following semiconductor/Al playbook: export controls, allied technology sharing
agreements, massive government funding tied to regional alignment. Organizations trying to
serve both US/allied and China quantum markets face impossible compliance—US export
controls prohibit selling advanced quantum systems to China; China requires technology transfer
for market access. The "quantum alliance" (US-Australia-Japan-South Korea-EU) is building
interoperable quantum communication networks, shared quantum computing resources, and
coordinated standards—non-aligned nations/companies excluded.

Trade: Global market access and flexibility (attempt to serve all regions, maximum revenue
potential) for government support and ecosystem integration (pick US/allied or China bloc, gain
funding/access/partnerships but lose other market).



Key Risks to Monitor

Quantum cryptographic apocalypse (Y2Q): If cryptographically-relevant quantum
computers arrive before post-quantum cryptography migration completes, trillions in
encrypted data (past and present) become readable. Financial systems, healthcare records,
government communications, corporate IP simultaneously compromised. Timeline:
2028-2030 possible if Google/IBM trajectory holds.

Quantum hype collapse from over-promising: If quantum computing deployments fail
to deliver advertised advantages due to noise, decoherence, or algorithm limitations,
funding dries up, talent leaves field, decade+ setback like "AlI winter" 1970s-1990s.
Current venture funding ($3-5B/year) assumes rapid progress—disappointment triggers
correction.

Quantum workforce shortage stalls commercialization: Even with working quantum
hardware, lack of people who can use it creates deployment bottleneck. Universities
produce ~500 quantum PhDs/year globally, industry needs 5,000+/year. Gap widens,
salaries spike to $500K+, only tech giants and governments can afford talent, everyone
else locked out.

Geopolitical quantum incident triggers broader tech war: If China achieves quantum
computing breakthrough using restricted US/allied technology (IP theft, export control
violation), could trigger quantum technology embargo similar to semiconductor
restrictions. Global quantum research collaboration collapses, duplicative spending
explodes, progress slows.

Quantum sensing enables surveillance capabilities exceeding social/legal norms:
Quantum sensors can detect underground facilities, vehicles through walls, magnetic
signatures of brain activity at distance. If deployed for mass surveillance without
legal/ethical frameworks, triggers backlash similar to facial recognition bans—regulation
strangling legitimate applications.

Emerging Opportunities

Post-quantum cryptography migration services: Every organization needs PQC
migration but few have expertise—creates multi-billion dollar market for consulting,
implementation, testing, and managed services. First movers building PQC practices (Big
4 accounting, cybersecurity firms, specialized consultancies) capture market.
Quantum-as-a-service and quantum algorithms marketplace: As quantum computing
matures, shifts from selling hardware to selling quantum compute time and quantum
algorithm libraries. Analogous to cloud computing transition—quantum "AWS" or
quantum algorithm "app stores" capture value from ecosystem without building
hardware.

Quantum sensing for infrastructure and resource mapping: Quantum gravimeters,
magnetometers, and atomic clocks enable new businesses in underground infrastructure
mapping (utilities, sinkholes, tunnels), resource exploration (water, minerals, oil/gas),



precision navigation (GPS-denied environments). Equipment costs declining from $1M
to $100K enables broader deployment.

e Quantum talent arbitrage and education platforms: Massive quantum workforce gap
creates opportunity for alternative training pathways—bootcamps, online degrees,
corporate training programs that bypass traditional PhD pipeline. Organizations that can
train quantum engineers faster than universities capture talent supply.

e Quantum hardware components and enabling technologies: Not all value in quantum
computers themselves—dilution refrigerators, control electronics, single-photon
detectors, quantum memories, error correction chips are multi-billion dollar markets.
Companies building quantum supply chain (Oxford Instruments, Rigetti, Zurich
Instruments) may capture more value than quantum computer makers.

e Quantum-safe security infrastructure: Beyond PQC algorithms, need quantum random
number generators, quantum key distribution systems, quantum-resistant hardware
security modules, quantum-safe certificate authorities. Entire security industry needs
quantum upgrades—incumbents (Thales, Gemalto, Entrust) and startups compete.

QUALITY GATE VERIFICATION

. Exactly 10 signals

. All signals meet consequence threshold (policy/capital/security/health/infrastructure
within 36 months)

. All signals have >2 sources with >1 primary/authoritative (peer-reviewed
publications, government policy documents, vendor specifications, industry reports)

. Contested claims labeled (Signal #6 quantum algorithm advantages require
validation, Signal #7 hardware platform commercial timelines uncertain, Signal #9
simulation applicability timeline contested)

. Non-duplication: Max 2 per subtopic (quantum computing in #1, #2, #7;
cryptography in #3 only; quantum communication in #4 only; sensing in #5 only;
algorithms in #6 only; workforce in #8 only; geopolitics in #10 only—computing appears
3x but different mechanisms: error correction, deployment, hardware diversity)

. Confidence labels calibrated per v1.5 definitions

. Maximum 3 Low confidence (actual: 0 Low, 4 Medium, 6 High)

. Recency gate: All signals occurred/updated in January 2026 or represent structural
shifts with January 2026 inflection points

. Monthly Pattern derives from signal set (quantum computing commercialization +
cryptographic transition urgency)

. Domain Balance Note justifies Science/Technology dominance (appropriate for
quantum technology-focused scan)

. All watchpoints measurable, time-bounded, falsifiable

. All "Top 3 Implications" specify decision forks with tradeoffs

. Related signals explicitly noted (quantum computing appears in multiple signals but
different layers)



COI Declaration: None
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