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Here you will be introduced to QuEra Computing Inc. and its role in 
advancing quantum computing as a business opportunity that will 
reshape the digital world and information processing.  
 

 
 
 
 
 
 

Target audience 
Business leaders and prospective partners 
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Executive Summary 

 
Quantum computing is a cutting-edge technology redefining the limits of information 
processing. This transformation is powered by hardware whose smallest parts – quantum 
bits, or “qubits” – obey the laws of quantum mechanics, introducing innate probability 
and parallelism to computer programs. This impacts the speed of calculations, quality of 
solutions, and energy consumption needed to address some of today’s hardest 
problems. Finally, it opens the doors for new opportunities, sparking the search for novel 
problems and solutions that will shape the future needs of humankind.  
 
The past few decades have seen many leaps in the development of quantum computing 
and its applications, yet a gap remains between the science and its commercialization. 
Most machines today are too small and too general; qubits are fickle, and a lack of 
hardware-driven application focus has underutilized the limited available quantum 
resources. Furthermore, competing quantum technologies have not demonstrated a 
favorable capacity to scale up these limited resources. 

To address these problems, QuEra focuses its hardware and application development 
to maximize both short and long-term utility. Our technology is very recent, coming out 
of academic laboratories barely a couple of years ago, and is based on neutral atoms. 
It offers new opportunities to tackle near-term useful applications thanks to large avail-
able processor sizes and to being easily deployable as a special-purpose processor. 
Main application targets include quantum dynamics, optimization, and machine learn-
ing. Likewise, we are ready for the long-term game, as this same platform has an innate 
ability to scale up its qubit count and to implement universal quantum computing. We 
support our machines with a team of hardware, algorithms, and software experts that 
shares a single-minded commitment to extract practical use out of the strengths of our 
tech. Attention to problem-device synergy and application efficiency gives us an upper 
hand to accelerate the arrival of useful quantum advantage. 

 

  

What is quantum 
computing? 

Are we there yet? 

QuEra is paving 
the way! 
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1. Introducing QuEra 
Some of the world’s toughest problems are 
“impossible” -- or are they? 
 
 
Some problems are practically impossible for today’s computers 
Today's computers can race through a myriad of tasks, like managing spreadsheets 
or trajectory prediction. Yet, they can be stumped on many critical problems: 
forecasting the weather, efficiently coordinating supply chains, or designing protein 
functions name a few. These problems involve exploring vast numbers of trial 
solutions, requiring exponential resources that make finding answers impossible on 
even the most powerful supercomputers.  
 
Quantum computing could stretch the limits of what is possible 
In the 1980s, Nobel Laureate Richard Feynman proposed an alternative approach 
to at least some of these "impossibly hard problems": build a new class of computers 
on fundamentally new principles given by quantum mechanics. Within the quantum 
realm, objects naturally display discrete behaviors needed to encode the 0 and 1 
bits used for digital computation. More importantly, quantum mechanics brings 
several processing paradigm-shifts, including probabilistic and parallelization 
features, that enables us to fully rethink how we approach computational tasks. To 
top it, quantum mechanics is the motherland of chemistry, much of materials science, 
and fine electronics, thus offering an ideal environment to organically design new 
substances or engineer high-tech products. 
 
Achieving large-scale quantum computers is today’s challenge 
Quantum Computers are already a reality. After four decades of research, 
platforms are available today that contain 50-100 elementary quantum bits 
(“qubits”) for logic processing. These instruments can outperform regular computers 
but, so far, only in tasks without real application. Environmental perturbations and 
faulty control affect the sensitive quantum behavior of qubits (see Figures to the 
right) limiting the size and complexity of problems that can be solved. This challenge 
can only be seen as harder when we realize that, as is accepted by most experts, a 
full-scale quantum computer will need around 1 million qubits.  
 
With companies struggling to deliver commercial value with their devices today, but 
also to increase their computational capacity – in qubit count or calculation length – 
to deliver value tomorrow, the path to useful quantum computing will clearly require 
going beyond finer engineering: a reimagination of approach and technology is 
necessary.  
 

  

Regular bits are robust as small 

variations do not stop us from dis-

tinguishing well separated signals 

for 0s and 1s 

Qubits point continuously at any 

point in a sphere and small varia-

tions accumulate into large 

detrimental errors to calculations 

0

1
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QuEra – Redrawing the line  
between the “possible” and the “impossible” 
 
 
Pioneering a utility-focused approach with new quantum computing architecture 
QuEra Computing was established in 2019 to build the world’s most powerful 
quantum computers and redefine the limits of computation. Our approach is 
uniquely suited to the critical challenges in quantum computing through (i) inherent 
device capacity, scalability, and flexibility and (ii) a development roadmap focused 
on applicability.  

A strong platform, based on cutting-edge scientific breakthroughs 
We base our technology on a recent entrant into the race to build quantum 
processors: arrays of neutral atoms. Through laser beams, we capture atoms – our 
qubits – and arrange them for quantum information processing in a small vacuum 
chamber. The computational potential of this technology is self-evident: even at its 
earliest stage, hundreds of qubits can already be straightforwardly arranged and 
manipulated. Still, this is a highly scalable technology. While adding more qubits is a 
challenge to other technologies, with little more effort than building up laser power, 
our approach can create robust quantum computers with over ten thousand qubits.  

Besides hosting the largest programmable quantum systems today, this platform 
also serves as a core for multiple product lines, either focused on efficient problem 
encoding for specific applications (typically known as analog quantum processors), 
or on general programmability (often known as digital, fault-tolerant, or error-
corrected quantum computers. Finally, these two product lines can be combined on 
a hybrid analog-digital computing paradigm for high-performance on a highly 
flexible range of commercial applications. No other current-day platform is capable 
of this synergy. 

  

Analog quantum processors 
• Efficient use of limited resources 
• Ideal for specific applications: optimization, 

simulation, machine learning 
• Early bloomer: commercial relevance sooner 

Digital quantum processors 
• Based on quantum logic gates 
• Requires error correction but allows full 

range programmability 
• Late bloomer: commercial relevance later 

Hybrid  

Analog-digital 

Neutral atom quantum processors operate in digital, analog, or hybrid analog-digital modes 
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The roadmap matters. We build for value, today and tomorrow 
We believe that early, but also continuous, commercial adoption and investment are 
key for the success of quantum computing. And this is where QuEra’s roadmap differs 
radically from the rest of the quantum industry. Most of our competition’s roadmaps 
follow a reductionist mindset. They build small and faulty prototypes – each of them 
without a particular strength – and gradually increase their size. Yet, a utility-scale 
quantum computer, one that will fully deliver on the promises of quantum digital 
transformation, will be more than the sum of equal faulty parts that can’t deliver 
commercial relevance themselves. 

At QuEra, we are developing a multi-product stream based on the platform 
strengths described above. Our first product line consists of analog devices, with 
large system sizes and quantum power for specific-purposes, capable of short-term 
value generation to enable early adopters. Yet, in parallel, our neutral atom plat-
form can be enhanced with all the necessary features for error correction and digital 
quantum computing for future quantum advantage. Working on feature enhance-
ment, rather than incremental prototyping, without system core duplication is 
QuEra’s exclusivity. This holistic approach circumvents incremental scaling, taking us 
straight “from 0 to 1”, via the deployment of major feature updates that continuously 
enable new problems and adopters at each product generation. 

neutral
atom
core

fast imaging
local qubit control

more laser drives

error correction

more qubits

atom shuttling

Analog
Quantum 
Processor

Fault-tolerant
Universal

Quantum Processor

QuEra’s roadmap: one platform, multiple products. Red describes contributions to the fault-tolerant product line, purple to the analog one. 

In white, features contribute to both product lines at once 

Local control enables digital quantum proces-

sors, but also more varied problem encoding 

for the analog processor stream 

Faster imaging means a faster process of cap-

turing photos of our atoms, speeding up 

calculation routines and their precision 

With atomic shuttling we create a high flexibil-

ity for efficient problem encoding, for analog 

processing, but also enable the efficient crea-

tion of processing/memory zones and long 

distance qubit connectivity for digital pro-

cessing 

We always love more qubits! 

Particularly useful to make the analog quan-

tum processor architecture more flexible 

Without error correction, digital quantum com-

puting will remain forever limited in its 

applicability 
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A dedicated algorithms team to deliver real-world applications  
Our approach to problem solving also challenges the industry standard. Quantum 
software companies often preach “agnosticism”: the uncertainty of which hardware 
platform will achieve utility scale first is used to argue that commitment to a 
technology is a risky move. Indeed, uninformed and system-independent quantum 
software might make sense in a few decades. Today, remaining “agnostic”, 
developing solutions that work equally in all possible faulty prototypes, is a choice to 
misuse limited quantum resources. The result is a lost opportunity to inform one’s 
business about what quantum processors can actually do, and a guaranteed lower 
return of investment on quantum computing projects.  

While fault-tolerance is not tamed and quantum power remains a limited commodity, 
investment in solutions and exploration can only return value if led by a specialized 
team that perfectly operates hardware with strong quantum properties and unique 
strengths.  That is why QuEra curates an expert applications team, whose attention 
is fully devoted to support customer problem solving and to determine how to 
extract the best performance from our devices. They also focus on the discovery and 
development of novel hardware-efficient algorithms, securing IP. They have already 
pushed the boundaries of quantum application research by demonstrating 
quantum-enhanced optimization [1] and are branching out into other areas such as 
machine learning.  
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2. A brief introduction to QuEra’s 
quantum computers 

 

QuEra’s quantum processing technology is based on trapping, energizing, and 
shuttling atoms with laser beams. Trapping is the technical term used for holding 
atoms in place with magnetic fields and lasers that act as tweezers. These laser 
tweezers hold the atoms so tightly that they are brought to a virtual standstill, 
allowing their quantum properties to manifest.  

Neutral atoms are the new transistors 
For illustration purposes, one may draw an analogy between regular CPU’s and 
QuEra’s quantum processing units (QPU): transistors are replaced by atoms, while 
electric currents and wires are substituted by energizing laser beams. Since the tight 
laser trapping effectively cools the atoms down, one might as well think of them as 
the analogue of a fan; a very powerful one. While the walls of the glass chamber that 
hold our atoms are always at room temperature, just millimeters away the atoms are 
cooled down to one millionth of a Kelvin above absolute zero. Without any 
cryogenics, the “quantumness” of QuEra’s qubits is protected by temperatures about 
a billion times colder than a household freezer, over a million times colder than deep 
space.  

Besides quantum behavior, our atom-based architecture has a further distinguishing 
feature over everyday transistors: While transistors are fixed in place in a CPU core, 
our atoms can be physically repositioned on the fly, offering unique programming 
flexibility to encode problems hard and large. Large, today, means hundreds of 
qubits. 

  

Analogy: in QuEra’s computers, 

transistors and wires are substituted 

by atoms and lasers 
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In-built advantages of neutral atoms 
Neutral atoms have an extensive list of differentials that favours their applicability 
today, ease of deployment, and scalability for the future. Besides position reconfig-
urability, mentioned above, three other noteworthy differentials are: 

Long lifetime. Neutral atoms maintain their quantum behavior for times 
longer than 1s. This is crucial for general quantum algorithms, but also 
enables the creation of quantum memory, frequently overlooked but a 
fundamental part of scalable quantum architectures. 

Small footprint. Our atoms are neutral, and don’t repel in close-packed 
quarters. 10,000s of atoms can be packed within a mm2 area with few other 
infrastructure requirements. 

 On-off crosstalk. Qubits interaction is crucial for quantum computation, 
but also leads to errors when undesired interactions take place. With 
neutral atoms, interactions about arbitrary groups of qubits can be tuned 
by over 10 orders of magnitude at will. This exclusive scalability property 
holds error rates at bay when qubit count increases. 

Despite many advantages, there is still a long way to go before we can achieve full-
scale universal quantum computers. Like all qubit technologies, controlling even 
thousands of individual qubits at the same time is a major challenge. As so QuEra is 
also developing scalable solutions via proprietary laser technology and chip-based 
photonic solutions for miniaturization of controls. 

A patented new approach to quantum computing 
The technology behind QuEra’s QPU is based on licensing the patented research of 
our founders at Harvard (Professors Mikhail Lukin and Markus Greiner) and MIT 
(Professors Vladan Vuletic and Dirk Englund). Following a spate of scientific 
breakthroughs from these groups, Science magazine in 2018 aptly labeled neutral-
atom arrays the “dark horse candidate to power quantum computers'' [2].  This 
“dark horse” approach has been on a winning streak since then, challenging today 
the performance of classical computers on problems ranging from fundamental 
physics research [3] to graph optimization [1].  

QuEra is advised by these reputed scientific leadership, and enjoys close 
collaborative ties with them, enabling an efficient pipeline between academic 
breakthrough, industrial development, and commercialization. 
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The Aquila neutral-atom  
quantum computing platform 
 
Analog computation: the key to near-term applications of qubits at scale 
Aquila, QuEra’s first-generation QPU, embodies our strategy of developing a scala-
ble quantum technology via iterations of singular application potential. To enable 
value creation today, the programming architecture of choice for this QPU is the 
“analog mode”. This implies that its quantum calculations are not decomposed in 
multiples of faulty few-qubit gates, but rather are performed via a continuous 
temporal control over laser drives, leveraging the naturally occurring atomic 
interactions of the atoms.  This way, Aquila’s quantum power is leveraged to its full 
extension: few controls efficiently address multiple qubits, which can then number in 
hundreds, and the composition of multiple faulty gates can be mitigated for high-
performing applications.  
 
 
 
 
 
 
 Aquila at QuEra’s Boston headquarters 
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Aquila: quantum phenomena at a new scale 
Aquila operates 256 qubits. As systems increase in qubit count, it is typical for the 
quantum properties, particularly something called quantum coherence, to go away 
due to difficulty in controlling and isolating qubits from the environment and one an-
other. Crucially, keeping a high quantum coherence is a must for quantum mechanics 
to play any role in improving any kind of computational performance. And, remark-
ably, Aquila is a system in its own class. While Aquila is not the first special-purpose 
quantum computer, it is the first one capable of keeping system-scale quantum co-
herence over more than 200 qubits throughout a calculation. [see figure for a brief 
anatomy analysis] 

 
 

 

 

 
 

 

  

Aquila’s inner works. Rubidium’s outermost electronic ground (purple) and highly excited (pink) 

orbitals form qubit states ‘g’ and ‘r’, respectively. Atoms are positioned in quasi-arbitrary 2D 

geometries and driven by in plane (yellow) and transverse (red) lasers 
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A step towards a universal quantum processors 
 As discussed above, QuEra’s development roadmap is based on two product lines 
of processors (analog and digital) whose development cross-pollinate via a single 
neutral-atom core architecture. Aquila, an analog product, thus contains major fea-
tures of interest for our future utility-scale quantum computing stack, including digital 
quantum computing. 

 One of Aquila’s key contributions to this stack is the reconfigurability of atomic posi-
tions. In each processing cycle, the whole layout of the processor topology can be re-
defined by the user, completely changing the qubit connectivity. Today, this means 
unique programming opportunities for end users, including parallelization of the pro-
cessor for higher throughput, and even the direct mimicking of geometric problems 
with atoms (such as the positions of atoms in molecules, of antennas in a city, or of 
robots in a factory). In the future, this will enable zoned architectures, where atoms 
can be moved between efficient memory and processing areas defined in a single 
QPU. It will also enable the fast testing and analysis of different strategies for the 
most efficient approaches to error correction and fault tolerance, unavailable for 
chip-based technologies (which must redesign and manufacture chips for every pro-
cessor, forcing them to commit to specific error correction strategies prematurely).  

In sum, Aquila’s efficient few-laser multi-qubit analog control ties together large 
system sizes, long quantum coherence, and processor reconfigurability, delivering on 
our commitment of creating highly applicable iterations of our technologies. 

Easy access through the Cloud 
To support our mission of delivering useful quantum computing, empowering users 
far and wide is one of our priorities. For so, Aquila is prepared for cloud access. It 
debuts in 2022 for general availability on AWS Braket and can also be accessed di-
rectly by QuEra’s close partners via our partnership programs. Our direct partners 
also enjoy special support from our team to push Aquila’s capabilities somewhat 
beyond our standard offer, to satisfy specific needs. 

Aquila’s reconfigurability is key 

to its applicability. Atomic 

layouts can be designed on the 

fly for efficient parallelization 

or even mimic specific problems 

 



   
 

  

 MEET QUERA   1 

14 

3. Application opportunities 
Meet QuEra’s application team 
Today and in the close – 5-10 years – future, even the world’s most powerful quantum 
processors remain useless if not operated efficiently when trying to address a calcu-
lation. Because of that QuEra also invests in cultivating a strong applications team. 
This elite squad of scientists and software engineers has the mission of focusing on 
customer needs and use state-of-the-art algorithm development to (i) apply the 
main strengths of our hardware, (ii) stretch these strengths beyond their known limits, 
and (iii) secure the most promising IP opportunities ahead of the competition.  
 
  

Optimizing the resilience of complex power distribution networks, such as in the Gulf of Mexico as below, is one of the tasks Aquila is set to address 
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Enabling the full range of quantum computing applications  
Today, our team has developed a strong portfolio of algorithms focused on Aquila’s 
main offerings (large system size, system-scale quantum coherence, flexible atomic 
positioning).  This portfolio is broken down in three main categories: 
 

• Combinatorial optimization: finding high-quality solutions in short times for 
hard optimization problems. This includes sampling solutions and also the 
determination of collections of quasi-optimal solutions. Our team has also 
developed a state-of-the-art encoding methodology enabling arbitrarily 
general optimization problems to be solved by Aquila. Our team and 
academic partners are presently the world leaders on quantum optimization 
with neutral atoms [4] [1] [5]; 
 

• Machine learning: the system-scale quantum coherence over 256 qubits, 
combined with efficient global system control due to the analog mode, 
provide powerful resources to enable expressive learning models and tasks. 
We have further developed methodologies that avoid the need of gradients, 
overcoming one of the main difficulties faced by quantum machine learning; 

 
• Quantum simulation: the direct simulation of one quantum system (say a 

material or chemical),  with another that is controllable is the earliest and 
most well-adapted application of our tech. Our team has explored several 
ways of deploying Aquila to analyse phase transitions and quantum 
dynamics; 

 
The topics above cover a wide range of industry verticals, including the 
forecasting/analysis of caotic systems such as in finance markets, the optimal 
coordination of vehicles, communications, or energy distribution networks, and the 
analysis of images and spectral data for Magnetic Resonance Imaging.  
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4. Final words 
Our unique roadmap to universal quantum computing is designed to create value for 
customers today, while working towards a highly scalable and flexible quantum ar-
chitecture for the future. This path is enabled by the unique differentials of neutral 
atoms as a technology platform, but also by insight and strategic analysis from our 
team of experts and world-leading advisors. It is furthermore supported by an appli-
cations team who develops the tools to extract maximal compute power from our 
devices and make them easily deployable by our customers to solve hard computa-
tional problems across all range of industry verticals: from finance, telecom, and 
chemicals, to transport, logistics, energy, pharma, and more. 

As part of our focus on applicability, QuEra is continuously searching for new ways to 
generate value for customers. In order to select business problems that are most 
meaningful, we welcome input from industry leaders on what matters to them. 
Through partnerships across industries, we jointly explore the power of our quantum 
hardware. 

Technology is essential to improve human live. Today, the limits of computation are 
being redefined by quantum computing and QuEra is leading the way. Are you in an 
industry that could be disrupted by quantum computing, and would you like to ex-
plore how it could deliver value for your organization? Get in touch with us for an 
initial use case exploration and potential research partnership. 
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