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The Co-design Center for Quantum AdvThe Co-design Center for Quantum Advantage (C2QA) aims tantage (C2QA) aims to oo oververcome the limitations of tcome the limitations of today’oday’s noisy intermediate scale quantums noisy intermediate scale quantum  
(NISQ) computer(NISQ) computer systems  systems by applying by applying quantum quantum co-design principles. As materials co-design principles. As materials scientists are scientists are uncouncovering the vering the micrmicroscopic mechanismsoscopic mechanisms  
behind quantum computational errbehind quantum computational errors, other C2QA researors, other C2QA researchers are designing and optimizing dechers are designing and optimizing devices tvices to impro improove perve performanceformance  
parparameters, including the amount of time before errameters, including the amount of time before errors oors oververwhelm quantum computations and the distance owhelm quantum computations and the distance over which quantum systemsver which quantum systems  
can communicate. Software and algorithms expercan communicate. Software and algorithms experts are simultaneously lets are simultaneously leververaging the latest hardware advaging the latest hardware advances tances to achieo achieve quantumve quantum  
advadvantage for scientific computations in high-energy, nuclearantage for scientific computations in high-energy, nuclear, chemical and condensed matter physics., chemical and condensed matter physics.

The Quantum Science Center (QSCThe Quantum Science Center (QSC) per) performs cutting edge researforms cutting edge research at national laborch at national laboratatories, universities, and industry parories, universities, and industry partners ttners too  
ooververcome key rcome key roadblocks in quantum state resilience, controadblocks in quantum state resilience, controllability and ultimately the scalability of quantum technologies. QSCollability and ultimately the scalability of quantum technologies. QSC  
researresearchers are designing materials that enable tchers are designing materials that enable topological quantum computing; implementing new quantum sensors topological quantum computing; implementing new quantum sensors to charo characterizeacterize  
ttopological states and detect dark matter; and designing quantum algorithms and simulations topological states and detect dark matter; and designing quantum algorithms and simulations to pro proovide a greater understanding ofvide a greater understanding of  
quantum materials, chemistry, and quantum field theories. quantum materials, chemistry, and quantum field theories. These innoThese innovvations enable the QSC, headquarations enable the QSC, headquartered at ORNL, ttered at ORNL, to accelero accelerateate  
information prinformation processing, explore the preocessing, explore the previously unmeasurviously unmeasurable, and better predict quantum perable, and better predict quantum performance acrformance across technologies.oss technologies.

The Quantum Systems AccelerThe Quantum Systems Acceleratator (QSA) catalyzes national leadership in quantum information science tor (QSA) catalyzes national leadership in quantum information science to co-design the algorithms,o co-design the algorithms,  
quantum dequantum devices, and engineering solutions needed tvices, and engineering solutions needed to deliver cero deliver certified quantum advtified quantum advantage in scientific applications. Led by Lawrenceantage in scientific applications. Led by Lawrence  
Berkeley National LaborBerkeley National Laboratatory with lead parory with lead partner Sandia National Labortner Sandia National Laboratatories, the QSA brings tories, the QSA brings together doogether dozens of scientists who arezens of scientists who are  
pioneers of many of tpioneers of many of today’oday’s quantum capabilities frs quantum capabilities from 15 institutions. om 15 institutions. The team pairs advThe team pairs advanced quantum pranced quantum protototypes — based on neutrotypes — based on neutralal  
atatoms, troms, trapped ions, and superapped ions, and superconducting circonducting circuits — with algorithms specifically designed for impercuits — with algorithms specifically designed for imperfect hardware tfect hardware to demonstro demonstrateate  
optimal applications for each platform in scientific computing, materials science, and fundamental physics.optimal applications for each platform in scientific computing, materials science, and fundamental physics.

Q-Q-NEXTNEXT brings t brings together leading experogether leading experts frts from national laborom national laboratatories, academia and the privories, academia and the private sectate sector tor to deo develop the science andvelop the science and
technology ttechnology to contro control and distribute quantum information. ol and distribute quantum information. The center deThe center develops technologies tvelops technologies to enable secure communication oo enable secure communication over longver long
distances using quantum repeaters, quantum sensors tdistances using quantum repeaters, quantum sensors to achieo achieve unprecedented sensitivities, and prve unprecedented sensitivities, and processing and test beds for quantumocessing and test beds for quantum
simulatsimulators and future full-stack universal quantum computers. Q-NEXTors and future full-stack universal quantum computers. Q-NEXT has launched two national foundries for quantum materials, has launched two national foundries for quantum materials,
is working tis working to establish a National Quantum Deo establish a National Quantum Devices Database for standardizing next-genervices Database for standardizing next-generation quantum deation quantum devices, and is trvices, and is training theaining the
quantum workforquantum workforce thrce through innoough innovvative prative progrograms with industry, academia and goams with industry, academia and government.vernment.

The SuperThe Superconducting Quantum Materials and Systems Center (SQMS) brings tconducting Quantum Materials and Systems Center (SQMS) brings together parogether partners frtners from more than 30 institutions tom more than 30 institutions to makeo make  
rerevvolutionary advolutionary advances in QIS. A key SQMS goal is tances in QIS. A key SQMS goal is to extend the ‘o extend the ‘coherence timecoherence time’ — or lifetime — of quantum states. Building on a world-’ — or lifetime — of quantum states. Building on a world-
record coherence time, demonstrrecord coherence time, demonstrated at Fermilab in superated at Fermilab in superconducting deconducting devices and drvices and drawing on experawing on expertise in materials science, condensedtise in materials science, condensed  
matter physics, parmatter physics, particle physics and computational science, SQMS is building national QIS platforms for discoticle physics and computational science, SQMS is building national QIS platforms for discovery. With expervery. With experts frts from theom the  
U.U.S., U.K., Italy and Canada, SQMS has become one of the world’S., U.K., Italy and Canada, SQMS has become one of the world’s largest hubs for the advs largest hubs for the advancement of quantum technologies.ancement of quantum technologies.
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The US Department of Energy’s (DOE’s) National Quantum Information Science Research 
Centers (NQISRCs) have advanced critical components of the national quantum science 
and technology ecosystem through integrated research campaigns that address major 
cross-cutting challenges. The centers have created new national quantum foundries, chip-
scale quantum computers, molecular-scale quantum sensors, and long-range quantum 
networks. The following accomplishments emphasize the expertise, facilities, and cross-
collaborative nature of the five centers.

The US Department of Energy’s (DOE’s) National Quantum Information Science Research 
Centers (NQISRCs) have advanced critical components of the national quantum science 
and technology ecosystem through integrated research campaigns that address major 
cross-cutting challenges. The centers have created new national quantum foundries, chip-
scale quantum computers, molecular-scale quantum sensors, and long-range quantum 
networks. The following accomplishments emphasize the expertise, facilities, and cross-
collaborative nature of the five centers.

Established multiple quantum foundries that 
reinforce the US supply chain for critical mate-
rials, devices, and cryogenics used for quantum 
computing, sensing, and communication.

Established multiple quantum foundries that 
reinforce the US supply chain for critical mate-
rials, devices, and cryogenics used for quantum 
computing, sensing, and communication.

Delivered new technologies for ion traps, 
superconducting platforms, and cryogenics, 
thereby enabling quantum computing scale up 
by 100×.

Delivered new technologies for ion traps, 
superconducting platforms, and cryogenics, 
thereby enabling quantum computing scale up 
by 100×.

Established a national user community whose 
efforts created a 10× scale up in programming 
quantum computers using open-source 
hardware. 

Established a national user community whose 
efforts created a 10× scale up in programming 
quantum computers using open-source 
hardware. 

Built a national facility to test and evaluate 
quantum technologies underground with 200× 
greater sensitivity.

Built a national facility to test and evaluate 
quantum technologies underground with 200× 
greater sensitivity.

Improved quantum computer program 
performance by 100× for more accurate and 
sophisticated simulations.

Improved quantum computer program 
performance by 100× for more accurate and 
sophisticated simulations.

Trained over 1,000 students and teachers, 
helping build quantum science and technology’s
next generation of experts and practitioners.

Trained over 1,000 students and teachers, 
helping build quantum science and technology’s
next generation of experts and practitioners.

Demonstrated the first applications of quantum 
error correction, which increased the accuracy 
of quantum computing systems and reduced 
failure rates by up to 70×.

Demonstrated the first applications of quantum 
error correction, which increased the accuracy 
of quantum computing systems and reduced 
failure rates by up to 70×.

Demonstrated new qubits that operate at 
100× higher temperatures and frequencies for 
improved performance.

Demonstrated new qubits that operate at 
100× higher temperatures and frequencies for 
improved performance.

Connected two atom-based quantum 
computers with light to demonstrate a path to 
scalable quantum technologies.

Connected two atom-based quantum 
computers with light to demonstrate a path to 
scalable quantum technologies.

Codesigned a new fabrication process with in-
dustry that more than doubled the performance 
accuracy for quantum computer chips.

Codesigned a new fabrication process with in-
dustry that more than doubled the performance 
accuracy for quantum computer chips.
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The Co-design Center for Quantum Advantage (C2QA) aims to overcome the limitations of today’s noisy intermediate scale quantum 
(NISQ) computer systems by applying quantum co-design principles. As materials scientists are uncovering the microscopic mechanisms 
behind quantum computational errors, other C2QA researchers are designing and optimizing devices to improve performance 
parameters, including the amount of time before errors overwhelm quantum computations and the distance over which quantum systems 
can communicate. Software and algorithms experts are simultaneously leveraging the latest hardware advances to achieve quantum 
advantage for scientific computations in high-energy, nuclear, chemical and condensed matter physics.

Website: https://www.bnl.gov/quantumcenter/
Lead laboratory: Brookhaven National Laboratory

The Quantum Science Center (QSC) performs cutting edge research at national laboratories, universities, and industry partners to 
overcome key roadblocks in quantum state resilience, controllability and ultimately the scalability of quantum technologies. QSC 
researchers are designing materials that enable topological quantum computing; implementing new quantum sensors to characterize 
topological states and detect dark matter; and designing quantum algorithms and simulations to provide a greater understanding of 
quantum materials, chemistry, and quantum field theories. These innovations enable the QSC, headquartered at ORNL, to accelerate 
information processing, explore the previously unmeasurable, and better predict quantum performance across technologies.

The Quantum Systems Accelerator (QSA) catalyzes national leadership in quantum information science to co-design the algorithms, 
quantum devices, and engineering solutions needed to deliver certified quantum advantage in scientific applications. Led by Lawrence 
Berkeley National Laboratory with lead partner Sandia National Laboratories, the QSA brings together dozens of scientists who are 
pioneers of many of today’s quantum capabilities from 15 institutions. The team pairs advanced quantum prototypes — based on neutral 
atoms, trapped ions, and superconducting circuits — with algorithms specifically designed for imperfect hardware to demonstrate 
optimal applications for each platform in scientific computing, materials science, and fundamental physics.

Q-NEXT brings together leading experts from national laboratories, academia and the private sector to develop the science and
technology to control and distribute quantum information. The center develops technologies to enable secure communication over long
distances using quantum repeaters, quantum sensors to achieve unprecedented sensitivities, and processing and test beds for quantum
simulators and future full-stack universal quantum computers. Q-NEXT has launched two national foundries for quantum materials,
is working to establish a National Quantum Devices Database for standardizing next-generation quantum devices, and is training the
quantum workforce through innovative programs with industry, academia and government.

The Superconducting Quantum Materials and Systems Center (SQMS) brings together partners from more than 30 institutions to make 
revolutionary advances in QIS. A key SQMS goal is to extend the ‘coherence time’ — or lifetime — of quantum states. Building on a world-
record coherence time, demonstrated at Fermilab in superconducting devices and drawing on expertise in materials science, condensed 
matter physics, particle physics and computational science, SQMS is building national QIS platforms for discovery. With experts from the 
U.S., U.K., Italy and Canada, SQMS has become one of the world’s largest hubs for the advancement of quantum technologies.

Website: https://www.qscience.org
Lead laboratory: Oak Ridge National Laboratory

Website: https://quantumsystemsaccelerator.org
Lead laboratory: Lawrence Berkeley National Laboratory

Website: https://sqmscenter.fnal.gov
Lead laboratory: Fermi National Accelerator Laboratory

Website: https://q-next.org
Lead laboratory: Argonne National Laboratory

The Co-design Center for Quantum Advantage (C2QA) aims to overcome the limitations of today’s noisy intermediate scale quantum 
(NISQ) computer systems by applying quantum co-design principles. As materials scientists are uncovering the microscopic mechanisms 
behind quantum computational errors, other C2QA researchers are designing and optimizing devices to improve performance 
parameters, including the amount of time before errors overwhelm quantum computations and the distance over which quantum systems 
can communicate. Software and algorithms experts are simultaneously leveraging the latest hardware advances to achieve quantum 
advantage for scientific computations in high-energy, nuclear, chemical and condensed matter physics.

Website: https://www.bnl.gov/quantumcenter/
Lead laboratory: Brookhaven National Laboratory

The Quantum Science Center (QSC) performs cutting edge research at national laboratories, universities, and industry partners to 
overcome key roadblocks in quantum state resilience, controllability and ultimately the scalability of quantum technologies. QSC 
researchers are designing materials that enable topological quantum computing; implementing new quantum sensors to characterize 
topological states and detect dark matter; and designing quantum algorithms and simulations to provide a greater understanding of 
quantum materials, chemistry, and quantum field theories. These innovations enable the QSC, headquartered at ORNL, to accelerate 
information processing, explore the previously unmeasurable, and better predict quantum performance across technologies.

The Quantum Systems Accelerator (QSA) catalyzes national leadership in quantum information science to co-design the algorithms, 
quantum devices, and engineering solutions needed to deliver certified quantum advantage in scientific applications. Led by Lawrence 
Berkeley National Laboratory with lead partner Sandia National Laboratories, the QSA brings together dozens of scientists who are 
pioneers of many of today’s quantum capabilities from 15 institutions. The team pairs advanced quantum prototypes — based on neutral 
atoms, trapped ions, and superconducting circuits — with algorithms specifically designed for imperfect hardware to demonstrate 
optimal applications for each platform in scientific computing, materials science, and fundamental physics.

Q-NEXT brings together leading experts from national laboratories, academia and the private sector to develop the science and
technology to control and distribute quantum information. The center develops technologies to enable secure communication over long
distances using quantum repeaters, quantum sensors to achieve unprecedented sensitivities, and processing and test beds for quantum
simulators and future full-stack universal quantum computers. Q-NEXT has launched two national foundries for quantum materials,
is working to establish a National Quantum Devices Database for standardizing next-generation quantum devices, and is training the
quantum workforce through innovative programs with industry, academia and government.

The Superconducting Quantum Materials and Systems Center (SQMS) brings together partners from more than 30 institutions to make 
revolutionary advances in QIS. A key SQMS goal is to extend the ‘coherence time’ — or lifetime — of quantum states. Building on a world-
record coherence time, demonstrated at Fermilab in superconducting devices and drawing on expertise in materials science, condensed 
matter physics, particle physics and computational science, SQMS is building national QIS platforms for discovery. With experts from the 
U.S., U.K., Italy and Canada, SQMS has become one of the world’s largest hubs for the advancement of quantum technologies.

Website: https://www.qscience.org
Lead laboratory: Oak Ridge National Laboratory

Website: https://quantumsystemsaccelerator.org
Lead laboratory: Lawrence Berkeley National Laboratory

Website: https://sqmscenter.fnal.gov
Lead laboratory: Fermi National Accelerator Laboratory

Website: https://q-next.org
Lead laboratory: Argonne National Laboratory
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