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Abstract 

Quantum investment spans computing hardware, enabling components, software, networking, 

sensing, timing and post-quantum security. These categories can mature on different clocks and serve 

different customers. They also share scientific talent, fabrication capacity, cryogenics, photonics, 

standards, public funding and adoption constraints. A portfolio that appears diversified by company 

count can remain concentrated in one technical bottleneck or one distant commercial outcome. 

This paper develops the Quantum Clock Portfolio Framework for venture, growth and strategic 

funds. It separates modality risk from dependency risk and maps investments across three horizons: 

deployable infrastructure and security; emerging sensing, networking and enabling systems; and 

long-duration fault-tolerant computation. The framework draws on the United States National 

Quantum Initiative, the United Kingdom National Quantum Strategy and missions, NIST quantum 

and post-quantum programmes, European quantum strategy, official research roadmaps and public 

standards work. 

The central conclusion is that portfolio construction should combine technical diversity, dependency 

mapping, milestone-based reserves and liquidity planning. Different qubit modalities do not provide 

full diversification when they depend on the same error-correction threshold, customer proof, 

specialist supply chain or financing window. Nearer-term sensing, components and post-quantum 

migration can create commercial learning and potential distributions while longer-duration 

computing positions preserve asymmetric exposure. Follow-on capital should respond to verified 

technical and commercial milestones rather than calendar alone. 

Four tables and three figures convert these principles into an investment method. A hypothetical fund 

case illustrates allocation, reserves, capital calls and return scenarios. All numerical values are 

illustrative management assumptions prepared only to demonstrate the framework; they are not 

market observations, forecasts, investment recommendations or valuation advice. 

JEL Classification: G11, G23, G24, G31, O31, O32, O33 

Keywords: quantum technology, portfolio construction, venture capital, fund reserves, technical 

correlation, liquidity, quantum computing, quantum sensing 

This paper is an educational and structural analysis prepared for research purposes. It is not investment advice, an offer, 

or a solicitation. It contains no client information. 
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1. DEFINE THE PORTFOLIO DECISION 

The investment committee must decide how much exposure to allocate across quantum 

modalities, stages and time horizons, and how much capital to reserve for follow-ons. The 

decision should reflect fund life, liquidity, ownership targets, technical risk and the probability 

that companies need several rounds before commercial proof. 

The portfolio thesis should identify the outcomes the fund seeks and the evidence required to 

continue funding. A broad quantum allocation does not establish diversification. The fund should 

map shared dependencies and correlated failure modes before approving construction. 

2. DEFINE THE QUANTUM INVESTMENT UNIVERSE 

The universe includes quantum computing hardware, control electronics, cryogenics, photonics, 

algorithms, software, cloud access, networking, sensing, clocks, navigation and post-quantum 

security. Some companies combine categories. Others supply classical infrastructure essential to 

quantum systems. 

Each category has different customers, capital intensity and time to adoption. The fund should 

classify revenue and milestones by actual product. A company using quantum terminology for a 

classical service should be analysed on its delivered economics. 

3. DEFINE THE QUANTUM CLOCK 

The quantum clock represents the time between investment and a verified technical, commercial 

or liquidity event. Different assets can move on different clocks. Post-quantum migration and 

enabling components may generate current demand, while fault-tolerant computing can require 

longer technical and financing sequences. 

The clock is a scenario tool rather than a prediction. The fund should update it when direct 

evidence changes. Portfolio reserves, valuation and fund-life planning should reflect the range of 

plausible paths. 

4. SEPARATE MODALITY FROM DEPENDENCY 

Modality describes the technical approach, such as superconducting circuits, trapped ions, neutral 

atoms, photonics, semiconductor spin or topological designs. Dependency describes what must 

work for economic success. Multiple modalities may depend on error correction, fabrication, 

cooling, lasers, algorithms, talent and customer adoption. 

The fund should map both. Holding several modalities can reduce platform-specific risk while 

preserving concentration in common dependencies. Portfolio limits should address the 

dependency level. 

5. USE OFFICIAL PROGRAMME CATEGORIES 

The United States National Quantum Initiative groups work across quantum computing, sensing 

and metrology, networking and foundational science. NIST also highlights timekeeping, enabling 

technologies and post-quantum cryptography. The UK strategy uses missions for computing, 

networks, health sensing, navigation and infrastructure sensing. 
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These categories provide a useful starting taxonomy. They do not establish commercial timelines 

or company quality. The fund should translate policy categories into investable products, 

customers and milestones. 

Table 1. Quantum investment modalities, clocks and diligence evidence 

Investment 

modality 
Potential 

commercial clock 
Shared 

dependencies 
Primary diligence 

evidence 
Portfolio role 

Post-quantum 

security and 

migration 

Current to medium 

term 
Standards, customer 

inventories, software 

integration and 

procurement 

Paid deployments, 

standards support, 

migration telemetry 

and renewal 

Nearer-term 

adoption and 

cybersecurity 

exposure 

Quantum sensing, 

timing and 

navigation 

Near to medium 

term 
Device performance, 

ruggedisation, 

manufacturing and 

customer validation 

Field trials, unit 

economics, 

qualification and 

repeat orders 

Application-led 

exposure with 

physical-product risk 

Enabling 

components and 

control systems 

Near to long term Customer roadmaps, 

specialist supply 

chain and interface 

standards 

Design wins, 

backlog, gross 

margin, 

concentration and 

reuse 

Picks-and-shovels 

exposure across 

modalities 

Quantum networking 

and communications 
Medium to long 

term 
Photonics, 

memories, repeaters, 

standards and 

infrastructure 

Testbeds, distance, 

fidelity, integration 

and funded 

customers 

Network option with 

infrastructure 

dependency 

Quantum software 

and workflow 
Near to long term Useful hardware, 

classical integration, 

customer problem 

and proof of 

advantage 

Paid use, benchmark 

design, workflow 

adoption and 

hardware 

independence 

Capital-light option 

subject to hardware 

timing 

Quantum computing 

hardware 
Long and uncertain Qubit quality, 

control, error 

correction, 

fabrication, facilities 

and capital 

Reproducible 

performance, scaling 

path, yield, team and 

financing plan 

High-upside 

platform exposure 

with long-duration 

risk 

Time horizons vary by company, product and evidence; the classifications are a portfolio framework rather than a forecast. 

6. MAP COMPUTING MODALITIES 

Computing modalities differ in qubit implementation, control, connectivity, operating 

environment, fabrication and scaling. No single metric captures system usefulness. Qubit count 

without quality, connectivity, error, speed and workload context can mislead. 

The fund should compare each company against its stated architecture and roadmap. It should 

inspect reproducible results, independent access and engineering constraints. Modality allocation 

should follow evidence rather than equal weights. 

7. ANALYSE SUPERCONDUCTING SYSTEMS 

Superconducting circuits can use established fabrication methods and fast gates while requiring 

cryogenic operation and careful control. Scaling can depend on wiring, packaging, calibration, 

yield and error correction. The fund should examine the complete system rather than a device 

metric. 
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Diligence should inspect fabrication ownership, supplier concentration, control-stack cost and 

reproducible performance. Capital planning should include facilities and successive system 

generations. Strategic buyers and partnerships require verification. 

8. ANALYSE TRAPPED-ION SYSTEMS 

Trapped-ion approaches can offer high-fidelity operations and flexible connectivity while facing 

speed, optical control and scaling challenges. Architectures can use modular systems and 

photonic links. Engineering progress should be assessed at system level. 

The fund should examine laser systems, control automation, packaging, uptime and 

manufacturing. Customer access and workload results should support commercial claims. A 

technically strong demonstration may still require material capital before repeatable delivery. 

9. ANALYSE NEUTRAL-ATOM SYSTEMS 

Neutral-atom systems use arrays of atoms controlled by optical fields. They can support large 

configurable arrays and analog or digital operation. Scaling depends on preparation, control, 

fidelity, loss, calibration and error-management paths. 

Diligence should inspect reproducibility, duty cycle, logical-operation roadmap and customer 

workloads. The fund should distinguish research access from contracted economic use. Optical 

supply-chain and specialist talent can create shared dependencies. 

10. ANALYSE PHOTONIC SYSTEMS 

Photonic approaches use light and optical components for computation, networking or sensing. 

Potential advantages can include room-temperature operation for parts of the system and links to 

communications infrastructure. Sources, detectors, loss, switching and manufacturing remain 

material. 

The fund should examine foundry access, packaging, component yield and error-correction 

strategy. Photonics exposure can create correlation across computing, networking and 

components. Portfolio mapping should reflect that overlap. 

11. ANALYSE SEMICONDUCTOR-SPIN SYSTEMS 

Semiconductor-spin approaches seek to use established semiconductor knowledge and small 

device dimensions. They can face fabrication uniformity, control, readout and cryogenic 

integration challenges. The industrialisation path matters as much as laboratory performance. 

Diligence should inspect process control, foundry partnerships, yield and scaling evidence. The 

fund should assess whether semiconductor partners have committed resources. Claimed 

compatibility with existing manufacturing requires direct verification. 

12. ANALYSE TOPOLOGICAL AND EMERGING APPROACHES 

Topological and other emerging approaches seek different protection or control advantages. Their 

scientific uncertainty and milestone sequence can be substantial. Evidence should distinguish 

theoretical promise, component observation and system demonstration. 
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The fund should use staged capital and independent review. Portfolio exposure should reflect the 

probability and timing of decisive experiments. Strategic option value should not substitute for 

verified progress. 

13. ANALYSE QUANTUM SOFTWARE 

Quantum software spans compilers, error mitigation, algorithm development, resource 

estimation, workflow integration and application tools. Some revenue can arise before fault-

tolerant hardware through education, simulation and hybrid workflows. The enduring product 

position requires examination. 

The fund should test paid customer use, hardware portability and classical alternatives. Services-

heavy projects should be allocated accordingly. Software value should not depend on 

unsupported claims of near-term advantage. 

14. ANALYSE ENABLING TECHNOLOGIES 

Enabling technologies include lasers, detectors, control electronics, cryogenics, materials, 

packaging and test equipment. These companies can sell across modalities and adjacent markets. 

They can also depend on concentrated quantum customers with uncertain purchasing cycles. 

Diligence should separate quantum and non-quantum revenue. It should examine design wins, 

qualification, backlog, gross margin and manufacturing scale. Cross-market use can improve 

resilience when verified. 

15. ANALYSE QUANTUM SENSING 

Quantum sensing uses quantum effects to improve measurement of time, field, acceleration, 

gravity and other quantities. Applications can include healthcare, navigation, infrastructure, 

defence and scientific instruments. Commercialisation depends on field performance and 

integration. 

The fund should examine customer trials, ruggedisation, calibration, certification and unit 

economics. Laboratory sensitivity does not establish operating value. Repeat orders and 

deployment data provide stronger evidence. 

Field evidence should include the operating environment, baseline technology, false results, 

maintenance and user workflow. A sensor can outperform in sensitivity while losing on size, 

calibration or total cost. The investment case should identify the customer decision and the 

measurable advantage required for adoption. 

16. ANALYSE QUANTUM TIMING AND NAVIGATION 

Advanced clocks and quantum navigation can improve resilience where satellite signals are 

unavailable or contested. The UK quantum missions include aircraft deployment of quantum 

navigation systems by 2030. NIST develops precision timekeeping and related standards. 

Diligence should identify the specific customer problem, required accuracy, size, cost and 

qualification. Government trials and procurement stages should be recorded accurately. Long 

sales cycles and system integration affect reserves. 
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17. ANALYSE QUANTUM NETWORKING 

Quantum networking seeks to distribute quantum states and connect devices. Potential uses 

include networking processors, secure communication and distributed sensing. The path depends 

on sources, detectors, memories, repeaters, fibre or free-space links and standards. 

The fund should inspect testbed results, distance, fidelity, rate, uptime and customer funding. 

Infrastructure dependence can make liquidity and capital needs different from software. 

Partnerships should be supported by contracts and delivered milestones. 

18. ANALYSE POST-QUANTUM SECURITY 

Post-quantum cryptography uses classical algorithms designed to resist future quantum attacks. 

NIST finalised FIPS 203, 204 and 205 in 2024 and encourages migration. This creates an 

investment clock separate from quantum-computer readiness. 

The fund should examine inventory discovery, crypto-agility, implementation, performance and 

customer migration. Standards support does not establish product adoption. Revenue, renewals 

and successful deployment should drive the case. 

19. DISTINGUISH QUANTUM CRYPTOGRAPHY 

Quantum cryptography and quantum key distribution use quantum properties in communications. 

They differ from post-quantum cryptography, which runs on classical systems. Product, 

infrastructure and threat assumptions should remain clear. 

Diligence should identify customer requirements, network topology, hardware, key management 

and operating cost. Claims of unconditional security require precise assumptions and qualified 

technical review. The portfolio should avoid double counting security exposure. 

20. ESTABLISH THE DILIGENCE POPULATION 

The population should include every portfolio company, modality, dependency, stage, 

geography, financing history, ownership position, milestone and reserve commitment. Proposed 

companies should remain separate from signed investments. The fund should include indirect 

exposure through suppliers and strategic partners. 

The manager should reconcile the population to legal documents, cap tables, bank records and 

portfolio reporting. This creates the basis for concentration, reserves and liquidity analysis. 

Unverified management values should remain labelled. 

21. BUILD THE DEPENDENCY GRAPH 

The dependency graph should connect companies to critical technologies, suppliers, facilities, 

standards, talent, customers and financing conditions. It should identify dependencies shared 

across apparently different modalities. The graph should be updated when architecture or strategy 

changes. 

The manager should test the most material links with company evidence and independent 

sources. A supplier named in a roadmap may not have committed capacity. Shared dependency 

exposure should enter portfolio limits and reserve scenarios. 
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The graph should distinguish an unavoidable scientific dependency from a commercial choice. 

Two companies can share a laser supplier because it is uniquely qualified or because neither has 

funded an alternative. The response differs. The first may require concentration acceptance and 

supplier diligence; the second may justify qualification capital. The fund should record which 

party owns mitigation. 

22. MEASURE TECHNICAL CORRELATION 

Technical correlation describes the possibility that one discovery, bottleneck or standard affects 

several holdings. It can arise through error-correction assumptions, photonic components, 

cryogenics, fabrication, algorithms or common scientific claims. Historical return correlations 

provide limited guidance for private early-stage assets. 

The fund should use structured scenarios and expert review. It should record the holdings 

affected, direction, severity and potential mitigation. Correlation estimates are management 

assumptions until supported by observed evidence. 

Scenarios should consider positive correlation as well. A common standard, manufacturing 

breakthrough or validated customer application can improve several holdings together. The fund 

should avoid counting the same ecosystem improvement in every company valuation and again 

as a portfolio premium. The decision model should show the shared driver once and allocate its 

effect consistently. 

23. MEASURE COMMERCIAL CORRELATION 

Commercial correlation can arise from common government budgets, cloud channels, enterprise 

adoption, procurement cycles and risk appetite. Several companies may depend on the same 

small group of customers even when their technologies differ. 

The manager should map customer and partner concentration across the portfolio. It should 

inspect pipeline overlap and timing. One cancelled programme can affect multiple holdings, 

requiring coordinated reserve planning. 

Customer maps should look through channel and cloud partners to the ultimate budget where 

possible. Several contracts can depend on one government programme or corporate innovation 

fund. Reported diversification by logo may therefore overstate independent demand. Collections, 

renewal authority and procurement source strengthen the analysis. 

24. MEASURE FINANCING CORRELATION 

Frontier-technology companies can seek capital in the same market window. A risk-off 

environment, public-market correction or strategic-budget change can extend every round. 

Capital intensity magnifies this correlation. 

The fund should model simultaneous financing needs rather than company cases in isolation. It 

should identify syndicate depth and insiders' capacity. Follow-on reserves should include stressed 

timing and round-size scenarios. 

The model should also recognise competition among holdings for the same specialist investors. A 

fund may be unable to lead every bridge without creating signalling or conflict concerns. 

Syndicate development is therefore a portfolio activity. The manager should record potential co-

investors, decision timing, allocation constraints and evidence of interest. 
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25. MEASURE POLICY CORRELATION 

Public programmes can support research, facilities, procurement and talent. They can also 

concentrate exposure to budget cycles, export controls and national-security policy. Geographic 

diversification does not remove policy risk when supply chains cross borders. 

The fund should map grants, contracts, restrictions and eligibility. It should distinguish awarded 

funds from applications and announced programmes. Policy support should not be capitalised 

without evidence of company access. 

Policy analysis should include the obligations attached to support. Domestic manufacturing, 

security review, publication restrictions, cost sharing or geographic limitations can affect strategy 

and exit. A grant can reduce dilution while narrowing buyer options. The investment case should 

measure both effects. 

26. DEFINE PORTFOLIO BUCKETS 

Portfolio buckets should reflect economic roles rather than marketing categories. A fund can use 

deployment, enabling, network and long-duration platform buckets. Each bucket should have 

target exposure, evidence gates and reserve policy. 

The buckets should remain flexible when a company changes product. Classification should 

follow principal value driver and capital use. The investment committee should record changes 

and concentration effects. 

Table 2. Quantum portfolio-construction matrix 

Portfolio bucket Illustrative initial 

allocation 
Illustrative reserve 

ratio 
Principal milestone Primary portfolio 

purpose 

Deployable security, 

sensing and timing 
20-30% 0.5-1.0 times initial 

cost 
Paid deployment, 

qualification or 

repeat order 

Earlier commercial 

evidence and 

potential liquidity 

Enabling 

components and 

control 

20-30% 0.8-1.5 times initial 

cost 
Design win, 

manufacturing yield 

and repeatable gross 

margin 

Cross-modality 

exposure with 

supply-chain risk 

Networking and 

infrastructure 
10-20% 1.0-2.0 times initial 

cost 
Field test, standard 

progress and funded 

customer 

Medium-duration 

infrastructure option 

Quantum software 

and workflow 
10-20% 0.8-1.5 times initial 

cost 
Paid use, renewal 

and hardware-

independent value 

Capital-light 

application and 

integration exposure 

Computing hardware 

platforms 
20-35% 1.5-3.0 times initial 

cost 
Reproducible system 

milestone and 

financed scale path 

Long-duration 

asymmetric platform 

exposure 
Allocation ranges are illustrative management assumptions for framework demonstration; they are not investment recommendations. 

27. SET MODALITY LIMITS 

Modality limits prevent one technical approach from dominating cost or fair value. Limits should 

include direct holdings and suppliers dependent on that modality. They should consider stage and 

financing exposure. 



 

Chennakeshav Adya  |  Betting across the Quantum Clock  |  2026 

The committee can approve exceptions when evidence and expected value justify them. The 

exception should state size, duration and review trigger. Equal company counts do not create 

equal risk. 

Limits should be tested on cost, fair value, planned reserves and downside capital. A young 

holding can appear small at cost while commanding a large reserve. A successful holding can 

become a fair-value concentration before liquidity is available. The dashboard should show all 

four views. 

28. SET DEPENDENCY LIMITS 

Dependency limits address exposures such as one foundry, cryogenic platform, laser supplier, 

public programme or customer. The fund should use look-through data where available. 

Unknown dependencies should be treated as diligence gaps. 

Limits can trigger syndication, reserve changes or new investment in alternative paths. The 

purpose is informed concentration, not mechanical diversification. A scarce supplier can also 

hold strategic value. 

Dependency limits should include the consequence of failure and time to replace. A low-cost 

component can still stop a system. The fund should identify inventory, qualification and redesign 

requirements. Exposure can be reduced through contractual access, technical alternatives or 

investment in the dependency itself, subject to conflicts and economics. 

29. SET STAGE LIMITS 

Stage limits align technical uncertainty with fund life and reserve capacity. Seed investments can 

provide option value but require more follow-on decisions. Growth investments can have 

stronger evidence and higher entry values while remaining exposed to technical and market risk. 

The fund should measure stage by evidence and financing needs, not round label alone. A Series 

C hardware company can still face research-stage milestones. Ownership and expected dilution 

should be modelled. 
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Figure 1. Quantum portfolio map by modality and commercial clock 

Positions are illustrative; a fund should populate the map with current, verified company evidence. 

30. MODEL OWNERSHIP 

Ownership determines the share of future value and the capital required to maintain it. The fund 

should model initial, pro rata and enhanced follow-ons under plausible rounds. Option pools, 

convertible instruments and strategic rights affect dilution. 

The model should use executed terms and supported assumptions. Maintaining percentage 

ownership is not always optimal when evidence weakens. Reserve decisions should maximise 

expected fund value rather than defend a headline stake. 

Ownership analysis should distinguish economic, voting, information and protective rights. 

Strategic rounds can change governance without proportionate dilution. The fund should model 

pay-to-play provisions, senior securities and option-pool changes. The value of follow-on 

participation depends on the full security package. 

31. DESIGN MILESTONE RESERVES 

Milestone reserves release capital when technical and commercial evidence improves. Each 

company should have defined milestones, evidence sources, review dates and decision rights. 

Milestones should match the company's architecture and customer path. 

The fund can reserve a base amount without committing it irrevocably. Failure, delay or changed 

economics should permit reallocation. Side letters and participation rights should be reflected 

accurately. 

Milestones should have evidence tolerances. A hardware result can meet a headline metric while 

missing uptime, yield or reproducibility. A commercial milestone can meet bookings while 

missing acceptance or cash. The committee should define the complete gate before the company 

reports progress and document any departure. 
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32. DEFINE TECHNICAL MILESTONES 

Technical milestones can include fidelity, error rate, uptime, scale, yield, performance, power, 

packaging and reproducibility. A metric should be linked to the product and next risk. The fund 

should understand how it was measured. 

Independent access, customer validation or repeat results can strengthen evidence. A press 

release alone is insufficient. The committee should record limitations and remaining 

dependencies. 

33. DEFINE COMMERCIAL MILESTONES 

Commercial milestones can include paid pilots, repeat orders, renewals, qualification, contracted 

backlog and positive contribution. The fund should distinguish grants, collaborations and non-

binding announcements from customer revenue. 

The milestone should include price, cost, acceptance and collection where relevant. A pilot can 

validate access while failing to validate unit economics. Follow-on decisions should reflect both. 

34. DEFINE FINANCING MILESTONES 

Financing milestones include runway, syndicate formation, strategic participation and a funded 

path to the next technical proof. The company should show use of funds and contingency. Non-

dilutive funding should have award and payment evidence. 

The fund should avoid financing an undefined sequence of experiments. It should assess whether 

the next round depends on one result or a broader pattern. Bridge capital requires a decision case, 

not calendar relief. 

35. ALLOCATE RESERVES ACROSS CLOCKS 

Nearer-term holdings may need working capital and scale finance. Long-duration platforms may 

need large rounds over several years. The reserve policy should reflect expected amount, timing 

and uncertainty. 

The manager should maintain company, bucket and fund-level reserve views. It should model 

simultaneous calls. Unallocated reserves preserve flexibility for outliers and new evidence. 

Reserve ratios should change as uncertainty resolves. A successful early result may increase the 

capital required to scale even while reducing technical risk. A delay may reduce expected value 

and increase financing need. The decision should consider both rather than releasing capital 

automatically to the company with the shortest runway. 
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Table 3. Hypothetical milestone-reserve schedule 

Portfolio clock Illustrative initial 

cost 
Illustrative planned 

reserve 
Illustrative release 

gate 
Illustrative timing 

range 

Deployable USD 18m USD 12m Paid deployment, 

repeat order and 

acceptable 

contribution 

12-30 months 

Enabling USD 22m USD 22m Qualified design 

win, yield evidence 

and scalable 

production 

18-42 months 

Network USD 12m USD 18m Field performance, 

standard path and 

funded customer 

24-60 months 

Software USD 14m USD 16m Renewing paid use 

and defensible 

workflow position 

12-42 months 

Computing platform USD 24m USD 52m Reproducible system 

milestone and 

financed scale plan 

24-84 months 

All amounts and probabilities are illustrative management assumptions; they are not forecasts or recommendations. 

36. MODEL CAPITAL CALLS 

Capital calls should reflect investment execution, fees, expenses and reserves. Long-duration 

companies can create later calls when early distributions remain limited. The fund should model 

pacing under base, delay and stress cases. 

Limited-partner communication should distinguish committed, called, invested, reserved and 

available capital. Recycling and subscription facilities should follow fund documents. Liquidity 

tools cannot cure an under-reserved portfolio. 

37. MODEL THE LIQUIDITY CURVE 

Liquidity can arise through trade sales, secondary transactions, public markets, dividends or 

distributions from portfolio cash flow. Quantum assets may have uneven liquidity because 

strategic buyers, policy and technical proof matter. The fund should use ranges. 

The liquidity curve should align with fund term and extension rights. It should identify holdings 

likely to remain private at termination. Continuation or secondary options require governance and 

conflict management. 

The curve should also incorporate distribution concentration. One early exit can return capital 

while leaving most value in long-duration holdings. Limited partners may experience very 

different cash timing from the headline gross multiple. Net cash flows, fees and carried interest 

should follow fund documents and supported assumptions. 

38. MODEL VALUATION UNCERTAINTY 

Private quantum-company valuations can use financing prices, comparable evidence and scenario 

analysis. Technical progress, financing conditions and rights affect fair value. A recent round can 

become stale when evidence changes. 
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The fund should apply its valuation policy consistently and document inputs. Model outputs are 

management estimates. Independent review and governance help prevent milestone narratives 

from replacing evidence. 

39. MODEL EXIT PATHWAYS 

Strategic acquisition can provide earlier liquidity for components, software and sensing. 

Hardware platforms may pursue public markets, strategic partnerships or consolidation. Exit 

pathways depend on customers, intellectual property, export controls and capital markets. 

The fund should identify credible buyer categories and transaction barriers. Corporate 

relationships do not prove acquisition intent. Exit value should remain a scenario until supported 

by a process or market evidence. 

Different buyers may value the same company for product, talent, supply security, intellectual 

property or national capability. Each rationale has different evidence and transaction constraints. 

The fund should avoid applying platform valuations to talent acquisitions. Comparable 

transactions require adjustment for stage, rights, capital invested and strategic context. 

40. MODEL FAILURE AND SALVAGE 

Failure can occur through technical, financing, team, market or policy events. Salvage value may 

include patents, equipment, data, contracts, talent or tax assets. Recovery can be limited and 

slow. 

The fund should model write-offs and partial recoveries. Security interests and liquidation 

preferences should be read from executed documents. Portfolio construction should tolerate 

several failures without depending on unsupported salvage. 

41. STRESS-TEST TECHNICAL DELAY 

A technical-delay scenario should extend milestones, increase burn and defer commercial proof. 

It can also trigger down rounds or insider dependence. The stress should affect correlated 

holdings sharing the same bottleneck. 

The fund should model capital required to reach a decision point, not merely another date. 

Management should identify which costs can be reduced without destroying the programme. 

Reserve sufficiency should be tested after dilution. 

Delay scenarios should distinguish scientific work from industrialisation. Additional experiments 

may resolve a technical question, while packaging, qualification and manufacturing can consume 

capital after science succeeds. The reserve model should identify the phase, deliverable, 

responsible team and independent evidence. Funding an undefined delay can preserve activity 

without increasing decision value. 

42. STRESS-TEST FINANCING CONTRACTION 

A financing-contraction scenario should reduce external capital availability and values while 

extending round timelines. Capital-intensive platforms can be affected most. Strong companies 

may also require insider support. 
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The manager should prioritise holdings using evidence, expected value and strategic alternatives. 

Pre-emptive syndication and milestone discipline can reduce pressure. The policy should manage 

conflicts among portfolio companies seeking the same capital. 

The stress case should include weaker terms, smaller rounds and investor protection. A company 

may survive while existing ownership loses substantial value. The fund should compare bridge, 

priced round, strategic capital, asset sale and shutdown. Every option should include timing, 

control and follow-on consequences. 

43. STRESS-TEST SUPPLY DISRUPTION 

Specialist components, fabrication, cryogenics and lasers can create long lead times. Export 

controls or geopolitical events can constrain access. The fund should map alternative suppliers 

and redesign cost. 

Diligence should verify inventory, contracts and qualification. A dual-source plan is not complete 

until the alternative works. Supply stress can affect several modalities and should enter 

correlation scenarios. 

44. STRESS-TEST CUSTOMER DELAY 

Government and enterprise customers can defer trials, qualification and procurement. Technical 

success may therefore fail to produce timely cash. The fund should examine backlog quality and 

acceptance. 

The scenario should include receivables, working capital and bridge needs. Customer 

concentration across the portfolio can amplify the effect. Earlier application exposure should not 

be treated as liquid without collection evidence. 

45. STRESS-TEST SCIENTIFIC REPRICING 

A decisive result can change expectations for one modality or the entire sector. Positive results 

can draw capital and talent; negative results can impair valuations. The portfolio should have a 

response process. 

The manager should update dependency maps, reserves and fair values when evidence changes. 

Public commentary should not substitute for technical review. Decision records should state 

sources and uncertainty. 

46. ANALYSE TEAM CONCENTRATION 

Quantum companies can depend on founders, principal scientists and specialist engineers. The 

same experts can sit across academic, government and company roles. The fund should examine 

commitment, conflicts, intellectual property and succession. 

Retention should support knowledge transfer and scalable organisation. A celebrated scientist 

does not replace engineering, product and commercial leadership. Reserves should include talent-

building needs. 
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47. ANALYSE INTELLECTUAL PROPERTY 

The fund should trace patents, know-how, software, designs and data to employees, universities, 

laboratories, contractors and collaborators. Licences can include fields, milestones, royalties and 

change-of-control terms. Freedom to operate requires qualified advice. 

Diligence should inspect assignments and sponsored-research agreements. Patent count does not 

establish defensibility. Manufacturing process and control know-how can be material even when 

not patented. 

48. ANALYSE EXPORT CONTROLS AND SECURITY 

Quantum technologies can have national-security significance. Export controls, foreign-

investment rules, classified work and security obligations can affect ownership, governance, 

hiring, collaboration and exit. Requirements vary by technology and jurisdiction. 

The fund should obtain qualified advice and maintain a current matrix. Transaction structures 

should not assume unrestricted transfer. Compliance cost and buyer universe should enter 

valuation. 

49. ANALYSE GOVERNMENT FUNDING 

Government grants and contracts can fund research, facilities and procurement. The fund should 

verify award, milestones, cost sharing, intellectual-property terms and payment. Announced 

programmes are not company cash. 

Non-dilutive funding can extend runway while imposing restrictions or reporting. The manager 

should model timing and eligible cost. Policy concentration remains a portfolio dependency. 

50. ANALYSE STRATEGIC PARTNERSHIPS 

Partnerships with technology, defence, pharmaceutical, energy and financial companies can 

provide access and validation. They can also be non-exclusive research arrangements without 

committed revenue. The fund should classify each relationship. 

Executed contracts, work delivered, payments and customer decisions provide direct evidence. 

Exclusivity and rights can constrain exit. The investment case should avoid treating logos as 

economic proof. 

51. CONSTRUCT RETURN SCENARIOS 

Return scenarios should combine ownership, dilution, follow-ons, timing and exit value. They 

should reflect correlated outcomes and reserve decisions. One high-upside platform can drive 

fund value, while nearer-term holdings can contribute smaller distributions. 

The model should show gross and net results under consistent assumptions. It should identify the 

outcomes required to meet target returns. Scenario values remain management estimates. 
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Table 4. Hypothetical quantum-fund return scenarios 

Scenario Illustrative invested 

capital 
Illustrative gross 

distributions 
Illustrative gross 

multiple 
Illustrative 

principal driver 

Downside USD 160m USD 95m 0.6x Platform delays, 

financing contraction 

and limited salvage 

Preservation USD 160m USD 240m 1.5x Components, 

sensing and security 

offset hardware 

losses 

Base illustration USD 160m USD 560m 3.5x Several application 

exits and one scaled 

platform outcome 

Upside USD 160m USD 1.2bn 7.5x Multiple strategic 

exits and a high-

value computing 

platform 

Concentrated upside USD 160m USD 1.6bn 10.0x One platform 

contributes most 

value, increasing 

outcome 

concentration 
All amounts, multiples and timing assumptions are illustrative management estimates; they are not market observations, forecasts or 

investment recommendations. 

52. AVOID FALSE PRECISION 

Quantum timelines and outcomes are uncertain. A detailed model can create unjustified 

confidence. The fund should use ranges, sensitivities and decision triggers. Assumptions should 

be visible and dated. 

The model is useful when it changes allocation or reserves. It should not imply a scientific 

forecast. The committee should revisit it after material evidence, financing and policy changes. 

53. GOVERN FOLLOW-ON DECISIONS 

Follow-on decisions should use a current investment memorandum covering evidence, valuation, 

financing, ownership, alternatives and portfolio effects. Sunk cost and reputation should not drive 

capital. The committee should compare the holding with other uses of reserves. 

Pro rata rights provide an option rather than an obligation. Insider bridges require a defined 

milestone and runway. Conflicts and information rights should be managed. 

54. GOVERN CROSS-PORTFOLIO LEARNING 

The fund can learn across holdings about suppliers, customers, standards and talent. Information 

sharing must respect confidentiality, competition and governance. Portfolio companies should not 

be required to disclose protected information to competitors. 

Aggregated dependency data can improve risk management. The manager should maintain 

ethical walls and permissions. Cross-portfolio procurement or technical work requires clear 

agreements. 
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55. PLAN LIQUIDITY ACTIONS 

The manager should review secondary sales, structured liquidity, strategic processes and 

continuation options before fund pressure becomes acute. Each action affects value, control and 

alignment. Limited-partner governance matters. 

Liquidity decisions should use supported bids and terms. A secondary discount can be rational 

when it releases capital or reduces concentration. The decision record should show alternatives 

and conflicts. 

56. DESIGN THE DASHBOARD 

The dashboard should connect technical, commercial, financing and portfolio evidence. Measures 

can include milestone status, runway, reserve need, ownership, customer proof, concentration, 

fair value and liquidity range. Definitions should remain stable. 

Each company should have an accountable partner and next decision date. The dashboard should 

distinguish verified evidence from management estimates. Aggregate value can conceal a 

stressed dependency. 

57. REBALANCE THE PORTFOLIO 

Rebalancing occurs through new investments, follow-ons, sales, write-offs and reserve changes. 

Private assets limit rapid adjustment. The fund should act when evidence changes rather than 

wait for formal rounds. 

Rebalancing should consider dependency and clock exposure together. Adding another company 

in a favoured modality can increase concentration even when the stage differs. Decisions should 

preserve fund-level liquidity. 

 
Figure 2. Illustrative capital calls, reserves and liquidity curve 

The curves are hypothetical management assumptions; actual timing and values depend on portfolio evidence and transactions. 
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58. APPLY FIVE PORTFOLIO GATES 

The first gate tests technical evidence. The second tests commercial proof. The third tests 

dependency and concentration. The fourth tests financing and reserves. The fifth tests fund-life 

and liquidity fit. 

An open gate should trigger more evidence, revised terms, syndication, reserve change or a stop 

decision. The committee should record owner and deadline. A milestone announcement does not 

close a gate without support. 

 
Figure 3. The quantum-clock portfolio gates 

Each gate should be supported by direct evidence and connected to allocation, reserves and liquidity decisions. 

59. MAINTAIN THE DECISION RECORD 

The manager should record every allocation, reserve, valuation, dependency, assumption, 

exception and review trigger. The record should identify direct evidence and unresolved items. It 

should support limited-partner reporting and later performance review. 

This prevents technical narratives from becoming facts without support. It also helps explain why 

capital moved between holdings. The record should survive team changes and fund extensions. 

60. CONCLUSION 

Quantum investing spans different technical and commercial clocks. Diversification requires 

more than multiple companies or modalities because shared dependencies can produce correlated 

outcomes. Fund construction should connect technical evidence to reserves and liquidity. 

The Quantum Clock Portfolio Framework combines modality buckets, dependency mapping, 

milestone-based follow-ons and scenario analysis. It gives managers a disciplined way to 

preserve asymmetric exposure while protecting fund-level capital and time. 
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