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Executive 
Summary

Quantum technology stands at the cusp of ushering in one of the most profound technological shifts in history. As 

recognized by the UNESCO International Year of Quantum Science and Technology (2025), this field is poised to reshape 

industries beyond computing alone. While public discourse often narrows its focus to quantum computing, the reality 

is far more expansive. For example, quantum sensing is already delivering impactful applications, with technologies 

like hyperpolarized MRI enhancing medical imaging and frequency combs revolutionizing the detection of methane 

leaks.

Quantum computing itself is experiencing an unprecedented acceleration, driven by advancements in physical and 

logical qubit counts. Innovations such as modular architectures and new error correction methods are putting scalable 

fault tolerant machines in scope plausibly within the next decade. Along the way, intermediate applications, 

particularly in chemistry and materials science, promise transformative breakthroughs. These developments, may 

come through a potent integration of quantum with high-performance classical computing and AI.

In addition, much like the space race catalyzed the development of integrated circuits and digital image sensors, 

quantum innovation is likely to produce spin-off technologies.  The opportunities are vast, and as resources from both 

government and private capital flow into the field, a virtuous cycle of progress is forming. 

Putting these short-term, intermediate, and long-term possibilities together, provides investors with a unique “call 

option” to capture long-term gains while benefiting from near-term opportunities in sensing and other areas.

However, realizing quantum’s full potential requires navigating its complexity, cutting through the surrounding hype, 

and maintaining tolerance for the volatility and serendipity inherent in scientific discovery. Along with the scientific 

discipline, a deep understanding of the quantum ecosystem and evolving business models will be essential for success.

Goals and Scope: this document outlines a framework for understanding and capturing the value in quantum 

technology that is grounded in the current physics and aimed at a general audience. Rather than providing a 

comprehensive review of this vast field, it uses select concrete examples to illustrate the investment thesis. The 

examples chosen are illustrative and not meant to diminish the contributions of any researchers, institutions or 

companies in this dynamic space.

Dmitry Green
Chief Science Officer & General Partner

https://www.linkedin.com/in/dmitrygreen/
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A Quantum Technology 
Framework for Capturing Value 
Beyond the Beauty of Physics 

I. Quantum technology is on track to be one of the most profound technological shifts in history, yet public discourse 
often reduces it to quantum computing alone. Just to pick two real examples that are already in the quantum sensing 
market today: hyperpolarized MRI technology is enhancing medical imaging [NV1, 2], while frequency comb 
technology is revolutionizing methane leak detection in oil fields [LP]. Quantum networking is another large category 
of emerging applications, e.g., to secure communications. The playground of quantum mechanics is vast [DG21].

II. Quantum computing itself is experiencing dramatic acceleration. Two key drivers determine our path to fault- 
tolerant computing: physical qubit count and logical qubit count. Many innovations have become apparent just in the 
last couple of years. As an example, scaling via modular quantum architectures [Niu23, Akhtar23, Li24 ] and 
remarkable progress on  error correction are on the horizon [Wu22, Koottandavida24, Rodriguez24, Cain24]. 
Assuming that other factors (such as coherence time and speed) also continue to improve, then the possibility of 
breaking RSA encryption within a decade now appears plausible. 

III. Additionally, two types of practical applications may emerge along the way to fully fault-tolerant machines. First, 
the ability to solve some chemistry problems that are not accessible to classical computers using “beyond noisy 
intermediate scale quantum” machines [Preskill24]. Solving chemistry problems could be transformative to many 
industries, e.g., life sciences and manufacturing. In fact, one possible path forward is an exciting combination of high 
performance classical computing, AI and quantum computing all working in tandem [MSFT24].  Second, there will be 
spin-out technologies. Looking back at the space race, it catalyzed the development and evolution of the now 
ubiquitous integrated circuits and digital image sensors. History may rhyme again.

IV. As a result, investors can construct a “quantum call option” where one is effectively paid-to-wait on quantum 
supremacy because other quantum technologies, such as sensing, will be profitable along the way.  In my view 
quantum technology has reached critical mass as the opportunities will attract more capital, both government and 
private. This will feed a virtuous circle as more resources breed more progress and the call option will become more 
valuable.  The call option is not free, however; success will depend on a deep understanding of quantum complexity 
and ecosystem, cutting through hype, and tolerance of the inherent volatility and serendipity of scientific discovery.

“What is proved by impossibility proofs is lack of imagination.”  

- John S. Bell (1982)
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I.A. Advancing 
Medical Imaging 
with Quantum-Enhanced 
Metabolic MRI

Hyperpolarized MRI works by artificially enhancing the magnetic signals from specific molecules, similar to sugar, to make 
them much more detectable in MRI scanning. NVision enables room-temperature hyperpolarization in 3 minutes.*  [NV1, 
NV2]
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I.B. Revolutionizing 
Environmental 
Monitoring
with Quantum-Driven 
Methane Detection

LongPath Technologies uses frequency comb* laser technology to detect methane leaks and other pollutants in the air.  
Based on a technology invented by John Hall a researcher at CU Boulder and NIST who first demonstrated a laser 
frequency comb in 1999. Hall received the 2005 Nobel Prize in Physics [LP,  NIST].

* Frequency combs are lasers that emit multiple frequencies of light with many uses, one of which is to identify specific molecules through their absorption and emission spectra.
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II. Achieving Quantum 
Supremacy:
The Plausibility of Breaking RSA 
Encryption Within a Decade

Two key drivers of full fault-tolerance—number of physical qubits and number of physical qubits per logical qubit.  The 
intersection of the two trends is within 10 yrs.  Enabling innovations include #1 modular scaling and #2 error correction 
(examples follow). Assume other factors improve, too, e.g., coherence time, speed and connectivity.

Hedge: what if we get to ~100k of physical qubits by ~2030 but without full fault-tolerance? It is very possible that there will 
be practical applications to chemistry and materials problems* on such machines [Preskill24, Clinton24, MSFT24].

* Chemistry will require fewer qubits/higher circuit depth, while materials will require more qubits/lower circuit depth.
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II.A. Why It is Plausible: 
#1 Modular scaling 

Architectures for interconnecting qubit modules would enable scaling of the total number of physical qubits. 
Examples of recent proofs of concept:

Superconducting quantum processors [Niu23]

Trapped-Ions [Akhtar23]

Neutral atoms [Li24]
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Logical magic state distillation:   

Magic states are a key requirement for scalable processing. 
They complete the set of universal gates but are resource 
intensive. Such higher fidelity gates were recently 
demonstrated with neutral atoms. [Rodriguez24]

Correlated decoding: 

Errors on one logical qubit can be correlated to errors on 
other logical qubits, and this information  can be utilized 
within error correcting algorithms  to reduce the resource 
requirements. This methodology was recently proposed. 
[Cain24]

Erasure: 

The dominant source of error in some architectures is qubit 
leakage errors out of the computation space. Raising a flag 
on leakage errors converts them to erasures, which are 
easier to correct since we know where they are. 

This idea was recently demonstrated with  neutral atoms* 
[Wu22] and quickly spread to other modalities [e.g., 
Koottandavida24]. This could make errors up to ten times 
easier to correct [Princeton].  

II.B. Why It is Plausible: 
#2 Remarkable progress in 
error correction

[AWS]

[Yale]

* Erasure errors are known to be easier to correct in the context of photonic systems [Knill01]

Error correction is crucial for controlling qubit decoherence so as to preserve the fragile quantum information stored in qubits. 
Below are three examples of recent innovations that promise to reduce the ratio of physical-to-logical qubits dramatically.  
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III. High-Performance 
Computing + AI + 
Quantum: 
an exciting prospect
Chemistry example

*Dotted circle added by me  for emphasis

Solutions to important chemistry problems are likely to require an integration of classical high-performance computing 
(HPC), AI and quantum computing. Below is a proof of concept example [MSFT24]. 

Such algorithms will continue to improve as the number of qubits increases and we are able to experiment with and 
develop the algorithms on larger machines. This would mirror the the evolution of AI which required bigger hardware in 
order for the initial models to become practical.

Recent case study from Microsoft Azure for a practical problem 
involving a chiral reaction and a catalyst.

Quantum computers enable the solution by targeting just the 
molecular configurations that are impossible for classical computers to 
solve, i.e., the strongly correlated configurations where electron 
entanglement is important. 

Workflow*
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IV. Capturing value will 
require cutting through 
complexity & hype

From exotic concepts…
50 most used keywords in quantum technology publications [Kurek20]

… to a structured portfolio of real applications
Illustrative. Many factors, e.g., size and timing must also be considered [MCK21]
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“I think there is a world market for 
maybe five computers.”

  
- Thomas Watson, chairman of IBM (1943)



UNESCO | International Year of Quantum Science and Technology (2025): quantum2025.org
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Glossary
Fault-Tolerant Quantum Computer: 
A quantum computer uses qubits to reliably performs computations despite errors, using quantum error correction to 

maintain accuracy.

High-Performance Computing (HPC):
A system that combines multiple powerful classical computers working together to solve complex problems and process 

massive amounts of data far faster than standard computers can achieve.

Logical Qubit:
A reliable unit of quantum information in a quantum computer, created by combining multiple physical qubits to correct 

errors. This makes quantum computations more accurate, ensuring dependable results even when individual physical qubits 

might be prone to mistakes.

Modular architecture:
A design approach where a quantum computer is built from smaller, interconnected units rather than one large system, 

allowing better control, error correction, and scalability.

Physical Qubit:
The actual hardware unit in a quantum computer that stores and processes quantum information. It is the quantum 

equivalent of a classical computer bit. Unlike a classical bit, which can be either 0 or 1, a qubit can exist in a superposition of 

both states simultaneously, enabling more complex computations.

Quantum Error Correction:
Techniques used to protect quantum information from errors due to decoherence and other quantum noise. Error 

correction is essential for building practical and reliable quantum computers.

RSA Encryption:
A widely-used security method to protect digital communication, forming the backbone of modern internet 

security.Encryption systems like RSA rely on the difficulty of factoring large numbers to keep information secure. In 

principle a fault-tolerant quantum computer could break RSA encryption by efficiently solving the factoring problem.
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QCC - Riders – Disclosures

This document is being distributed by Quantum Coast Capital Management LLC (“QCC”). Unless otherwise noted, references to “we,” “us,” 
“our,” and similar expressions are to QCC, which includes its funds and special purpose vehicles. 

This material is provided for informational purposes only and nothing herein constitutes investment, legal, accounting or tax advice. This 
material is general in nature and is not directed to any category of investors and should not be regarded as individualized, a recommendation, 
investment advice or a suggestion to engage in or refrain from any investment-related course of action. Investment decisions and the 
appropriateness of this material should be made based on an investor's individual objectives and circumstances and in consultation with his or 
her advisors. Third-party economic or market estimates discussed herein may or may not be realized and no opinion or representation is 
being given regarding such estimates. Information is obtained from sources deemed reliable, but there is no representation or warranty as to 
its accuracy, completeness or reliability. All information is current as of the date of this material and is subject to change without notice. QCC, 
its employees and advisory accounts may hold positions of any companies discussed. Any views or opinions expressed may not reflect those of 
QCC as a whole. QCC products and services may not be available in all jurisdictions or to all client types. References to third-party sites are 
for informational purposes only and do not imply any endorsement, approval, investigation, verification or monitoring by QCC of any content 
or information contained within or accessible from such sites.

The views expressed herein constitute our judgment based on current market conditions and are subject to change without notice. This has 
not been prepared with any particular investor in mind, and it may not be suitable for all investors. Investors should speak to their financial 
representatives before engaging in any investment product or strategy. This material should not be regarded as research. Outlooks and past 
performance are not reliable indicators of future results.

Quantum technology investments are alternative assets that involve higher risks than traditional investments and are suitable only for 
sophisticated investors. Alternative asset investments have higher fees than traditional investments and may also be highly leveraged and 
engage in speculative investment techniques, which can magnify the potential for investment loss or gain. The value of the investment may fall 
as well as rise, and investors may get back less than they invested.

This document includes forward-looking statements that represent our opinions, expectations, beliefs, intentions, estimates, or strategies 
regarding the future, which may not be realized. These statements may be identified by the use of words like “anticipate,” “believe,” “estimate,” 
“expect,” “intend,” “may,” “plan,” “will,” “should,” “seek,” and similar expressions. The forward-looking statements reflect our views and 
assumptions with respect to future events as of the date of this document and are subject to risks and uncertainties. Actual and future results 
and trends could differ materially from those described by such statements due to various factors, including those beyond our ability to 
control or predict. Given these uncertainties, you should not place undue reliance on the forward-looking statements. We do not undertake 
any obligation to update or revise any forward-looking statements, whether as a result of new information, future events or otherwise. Any 
discussion in this document of past or proposed investment opportunities should not be relied upon as any indication of future deal flow.

Any views, strategies, or products discussed in this material may not be appropriate for all individuals and are subject to risks. Investors may 
get back less than they invested, and past performance is not a reliable indicator of future results. Asset allocation/diversification does not 
guarantee a profit or protect against loss. Nothing in this material should be relied upon in isolation for the purpose of making an investment 
decision. You are urged to consider carefully whether the services, products, asset classes or strategies discussed are suitable to your needs. 
You must also consider the objectives, risks, charges, and expenses associated with an investment service, product, or strategy prior to making 
an investment decision. Recipients of this document should neither treat nor rely on the contents of this document as advice relating to legal, 
taxation, or investment matters and are advised to consult their own professional advisers. This document and its contents are confidential to 
the person to whom it is provided and should not be copied or distributed in whole or in part or disclosed by such persons to any other person 
without our prior written consent.

No representation or warranty should be made with regard to any computations, graphs, tables, diagrams, or commentary in this material, 
which are provided for illustration/reference purposes only. The views, opinions, estimates, and strategies expressed in this material 
constitute our judgment based on current market conditions and are subject to change without notice. QCC assumes no duty to update any 
information in this material in the event that such information changes. Views, opinions, estimates, and strategies expressed herein may differ 
from those expressed by other areas of QCC, views expressed for other purposes or in other contexts, and this material should not be 
regarded as a research report. Any projected results and risks are based solely on hypothetical examples cited, and actual results and risks will 
vary depending on specific circumstances. Forward-looking statements should not be considered as guarantees or predictions of future 
events. There is no guarantee QCC will be able to execute its investment strategy or make the type of investments presented herein. QCC 
may change its investment strategy and focus at any point without notice to any prospective or existing investors. Nothing in this document 
shall be construed as giving rise to any duty of care owed to, or advisory relationship with, you or any third party. You should consult your own 
tax, legal, and accounting advisors before engaging in any financial transactions.

Any specific investments or case studies identified herein were selected for inclusion in this presentation on the basis of being representative 
of investments or commitments to invest that we believe are comparable to investments that QCC may seek to make. They do not represent 
all investments made, sold, or recommended that would be comparable to the investment criteria of QCC and further represent only a small 
percentage of investments recommended by QCC. We have selected certain investments and case studies presented herein because they are 
located in QCC target geographic area or investment area, as relevant, and the sectors represented are likely target sectors for the Fund. 
These examples were also selected to show the nature of the investment process within the applicable industries. It should not be assumed 
that investments identified were or will be profitable or that the decisions that QCC makes in the future will be profitable.


