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Welcome to Morgan Creek Digital's digital asset update. It is comprised of a thought piece

from our team. We hope you find this content interesting. Please let us know if you have any
comments or questions or if you would like to speak to a member of the Morgan Creek
Digital team.

Microsoft’s Majorana-1: Could it Redefine Particles,
Matter, and the Future of Computing?

Majorana and e/4 quasiparticles

The Headline: Microsoft fabricated the Majorana-1, which leverages the field of topology
and demonstrates data consistent with the existence of a Majorana state. Majorana fermions
are exotic particles that resist environmental disturbances, which may allow quantum
researchers to enhance stability and reduce decoherence. Unlike traditional qubits, its
topological approach would store information in global properties, potentially bringing us
closer to scalable quantum computing and practical real-world applications.

The Quantum Foundation (Let’s Review Quantum Mechanics)

Quantum computing is built on the powerful principles of quantum mechanics, which govern
the behavior of particles at infinitesimal scales. Unlike classical computers that use bits to

represent 0 or 1, quantum computers leverage qubits, which can exist in multiple states
1

simultaneously until it is measured due to superposition.” This unique property allows


https://www.morgancreekcap.com/
mailto:mcdigital@morgancreekcap.com

quantum computers to process vast amounts of data in parallel, giving them the potential to
solve problems exponentially faster than classical systems.

A key principle of quantum mechanics is entanglement, where particles become linked, and

their states are intertwined, no matter the distance between them.? This non-local property
challenges classical understandings of reality. Similarly, wave-particle duality and
quantization reveal that particles behave as particles and waves, with discrete energy levels,
not continuous.>* These fundamental principles set the stage for innovations in quantum
computing, where qubits can represent complex states beyond the limitations of classical
bits. For more fundamentals, read our Mind-Bending Quantum Breakthroughs and

Implications.

Quantum computing is often hailed as the next frontier in computing technology. It promises
transformative potential for pharmaceuticals, cybersecurity, and artificial intelligence by
solving problems that current computers cannot. However, a critical obstacle to achieving
quantum computing at scale is quantum decoherence (loss of quantum information), where
qubits lose their quantum state due to interference from external noise, leading to errors.
Achieving quantum fidelity—preserving a qubit’s quantum state long enough to perform
calculations—is a massive hurdle. Traditional qubits, such as those in superconducting
quantum computers, are easily disturbed by temperature fluctuations, electromagnetic
interference, and other environmental noise, necessitating complex error correction to keep
them stable.

Enter Topological Quantum Computing

In response to these challenges, topological5 theory offers an approach to traditional
quantum computing by using topological states of matter rather than traditional, more fragile
ones. Topological states are collective states of the electrons in a material considered more
resistant to noise, much like how two links in a chain can be shifted or rotated around each

other while remaining a connected system (fault-tolerant).6 At the heart of topological
quantum computing research lies the use of Majorana Zero Modes (MZM), exotic
quasiparticles that do not behave like fundamental particles, as you would expect of electrons
and photons. Further, when appearing in condensed matter systems, they do not form
traditional bulk matter like solids, liquids, or gases.7’8 This contrarian behavior could allow
information to be stored in a system's global properties rather than local changes, and these
“rebels” would naturally resist environmental disturbances.” Majorana fermions were first
theorized by Italian physicist Ettore Majorana in 1937 as a unique solution to the Dirac

equation, which describes fundamental particles like electrons.'?

In natural units, the Dirac equation is written as: 1

(iy uau_m)\i’zo

where:
® jis the imaginary unit
® ypare the gamma matrices, which encode spin and relativity,
° 6u represents spacetime derivatives,

® m is the mass of the particle,
® y is the Dirac spinor, representing the wave function of a fermion.

Why Is It Important?

The Dirac equation had key contributions in modern physics, including predicting
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antiparticles, discovering the positron, and essentially proving that every particle has a

corresponding antimatter counterpart.12 Unlike the Schrodinger equation, which is non-
relativistic, the Dirac equation incorporates special relativity, making it applicable to

particles moving near the speed of light.13 It also naturally explains spin, predicting the
intrinsic spin (+/-) Y2 property of fermions, which is essential for understanding how

electrons interact with magnetic fields. 14

Majorana proposed that certain neutral particles could be their own antiparticles, unlike most

fermions with distinct antiparticles (such as an electron and a posi‘[ron).l5 His idea remained
purely theoretical for decades. However, in recent years, experimental data has suggested
that unique quantum states resembling Majorana fermions can emerge in certain

superconducting and topological materials.!® These particles are now a focal point of
quantum computing research due to their potential to create more stable and fault-tolerant
states, meaning they could significantly reduce the likelihood of decoherence. The

Majoranas themselves are considered non-Abelian!” particles, meaning they are more
immune to small environmental changes. This would allow the quantum information they
carry to be "hidden" in a way that is far less prone to interference.

The Road to Scalable Quantum Systems

The realization of Majorana qubits could potentially benefit quantum computing due to their
inherent noise resistance and the possibility of significantly reducing the number of physical
qubits needed per logical qubit. This advantage stems from topological protection, which, as
mentioned, theoretically minimizes error rates. Microsoft’s Majorana 1 chip is a topological
superconductor material made from carefully engineered combinations of indium arsenide

and aluminum intended to manipulate Majorana fermions.!® At this juncture, however,
Majorana is more of a namesake, as Microsoft’s paper did not demonstrate the existence of a
Majorana qubit or definitively prove the existence of a Majorana state. The data presented
was said to be consistent with a Majorana state, but significant technical hurdles remain
before Majorana can be considered a viable approach to scalable quantum computing. Said
milestones include demonstrating that Majorana could function as a qubit, implementing
quantum logic operations, and scaling the system effectively.

Further, suppose the potential advantage of Majorana qubits lies in their promise of
exceptionally low error rates, eliminating the need to fine-tune each qubit and reducing the
number of qubits required for fault-tolerant quantum computing. In that case, these low error
rates must be maintained in practice as the number of qubits is scaled. Currently, the
benchmark for quantum computers to solve real-world, industrial-scale problems would
require millions (or tens of millions) of qubits. Despite their theoretical promise, translating
these advancements from the laboratory to commercial viability will require more
innovation, as these systems need precise, sophisticated environments and highly specialized
materials to keep the quantum state intact. For example, Microsoft’s approach requires a mix
of semiconducting and superconducting materials that must operate at milli-Kelvin

temperatures (colder temperatures than space), requiring custom-built production methods.!?

Current quantum systems do not yet run large-scale, real-world applications due to the
challenges of adding more qubits without increasing error rates; however, Google’s Willow
announcement last quarter demonstrated, to a meaningful degree, that quantum error
correction (QEC) can be scaled without necessarily increasing error rates, which supports
theoretical predictions and boosts confidence in the industry.20 Additionally, this does not
mean that QEC is fully solved, as scaling to fault-tolerant, practical quantum computers
remains a significant challenge. The success is encouraging but not universally applicable to
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all quantum architectures outside of superconducting. Microsoft’s work with topological
materials suggests a potential paradigm shift in that Majorana fermions may, or could, exist
as quasiparticles in certain conditions, potentially enabling topologically protected qubits for
fault-tolerant quantum computing and ultimately increasing the fidelity needed to rival
classical supercomputers. In addition, we have had the privilege of assessing a cohort of
leading quantum startups that, in conjunction with tech giants like Microsoft and Google, are
making material contributions toward arranging and scaling qubits and building what could
be the foundation of quantum computing hardware and software. As many subject matter
experts have suggested, we may be on the cusp of meaningful quantum computing
applications by the end of the decade instead of waiting decades.
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5“Topology is the branch of mathematics concerned with the properties of a geometric object preserved
under continuous deformations, such as stretching, twisting, crumpling, and bending; that is, without
closing holes, opening holes, tearing, gluing, or passing through itself” source: (2021). India: New state of
the materials discovered that can lead to better, tunable, controllable quantum technologies. MENA
Report.
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17\ on-Abelian particles are exotic quantum particles whose quantum states do not simply swap when

exchanged but transform in a more complex way where their quantum state remembers the order in which

they were moved. In standard physics, swapping two identical particles (like electrons) leads to either no

change (bosons) or a sign change (fermions).
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Important Disclosures

The above information reflects the opinions of Morgan Creek Digital as of the time this is written and all such
opinions are subject to change. No representation or warranty, express or implied, is given by Morgan Creek Digital
as to the accuracy of such opinions, and no liability is accepted by such persons for the accuracy or completeness of
any such opinions.

No Warranty
Neither Morgan Creek Capital Management, LLC nor Morgan Creek Digital warrants the accuracy, adequacy,
completeness, timeliness, or availability of any information provided by non-Morgan Creek sources.

This information is neither an offer to sell nor a solicitation of an offer to buy interests in any investment fund
managed by Morgan Creek Capital Management, LLC or its affiliates, nor shall there be any sale of securities in any
state or jurisdiction in which such offer or solicitation or sale would be unlawful prior to registration or qualification
under the laws of such state or jurisdiction. Alternative investments involve specific risks that may be greater than
those associated with traditional investments.

Forward-Looking Statements

This presentation contains certain statements that may include "forward-looking statements" within the meaning of
Section 27A of the Securities Act of 1933 and Section 21E of the Securities Exchange Act of 1934. All statements,
other than statements of historical fact, included herein are "forward-looking statements." Included among
"forward-looking statements" are, among other things, statements about our future outlook on opportunities based
upon current market conditions. Although the company believes that the expectations reflected in these forward-
looking statements are reasonable, they do reflect all assumptions, risks and uncertainties, and these expectations
may prove to be incorrect. Actual results could differ materially from those anticipated in these forward-looking
statements as a result of a variety of factors. One should not place undue reliance on these forward-looking
statements, which speak only as of the date of this discussion. Other than as required by law, the company does not
assume a duty to update these forward-looking statements. Past performance is no guarantee of future results. The
illustrations are not intended to predict the performance of any specific investment or security.

General

This is neither an offer to sell nor a solicitation of an offer to buy interests in any investment fund managed by
Morgan Creek Capital Management, LLC or its affiliates, nor shall there be any sale of securities in any state or
jurisdiction in which such offer or solicitation or sale would be unlawful prior to registration or qualification under
the laws of such state or jurisdiction. Any such offering can be made only at the time a qualified offeree receives a
Confidential Private Offering Memorandum and other operative documents which contain significant details with
respect to risks and should be carefully read. Neither the Securities and Exchange Commission nor any State
securities administrator has passed on or endorsed the merits of any such offerings of these securities, nor is it
intended that they will. This document is for informational purposes only and should not be distributed.
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Risk Summary

Interests in the Morgan Creek Digital Fund IV, LP ("Fund") are speculative and involve a significant degree of risk.
Cryptocurrencies and related businesses have limited performance histories, can be extremely volatile, and are not
subject to many of the regulatory oversights over which other investable assets are subject. An investment in the
Fund is suitable only for sophisticated investors and requires the financial ability and willingness to accept the high
risks and limited liquidity inherent in the Units.

There can be no assurance that the Fund will be successful or that losses will not be incurred by the Fund. Each
investor in the Fund must have the ability to bear the risk of loss of their entire investment and must be prepared to
bear such risks for an extended period of time. Investors are strongly urged to consult with their professional
advisors and to carefully review the risk prior to investing.

Performance Disclosures

There can be no assurance that the investment objectives of any fund managed by Morgan Creek Capital
Management, LLC will be achieved. Past performance is not indicative of the performance that any fund managed
by Morgan Creek will achieve in the future. Although Morgan Creek Capital Management, LLC has been presented
with co-investment opportunities in the past, there can be no assurance that Morgan Creek will be presented with
similar opportunities in the future. Further, there can be no assurance that co-investment opportunities will be
available in the future.
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NC 27517 US
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