
NASA-BPS Cold Atoms in Space*

Ulf Israelsson, Jet Propulsion Laboratory, California Institute of Technology
Fundamental Physics manager,
NASA’s Biological and Physical Science Division

Sep 24, 2021

*Work performed by the Jet Propulsion Laboratory, California Institute of Technology under a contract with NASA



Physics in the 21st Century

• Physics is at the threshold of major discovery

‒ Our two foundational descriptions of nature, quantum 
mechanics and general relativity, are incompatible 

‒ When this conflict is resolved, a different view of reality 
may emerge that unifies matter, space, and time.

• Cosmological observations indicate that our 
understanding is in need of drastic modification.

‒ 2/3 of Universe energy content is unknown - Dark Energy

‒ 1/3 of Universe energy content is in Matter, of which 85% 
is an unknown from dubbed Dark Matter.

Unification of Nature’s 4 Forces

Energy Content of Universe
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U.S. Agency Sponsors of Fundamental Physics

Observational Physics – NASA SMD-Astro, NSF, DOE

• Study how matter, space, energy, and time behave under 

extreme physical conditions.

• Studies are observational in nature, signals emanating beyond 

the solar system. 

• GW, strong gravity GR tests, dark energy surveys, dark matter 

searches, CMB measurements, high energy cosmic rays.

High Precision Space Laboratory Physics – NASA SMD-BPS, NSF

• Studies of matter, space, and time using space laboratories.

• Test-mass or specimen under study is in the laboratory

• Einstein’s Equivalence Principle, Gravitational Physics, Physics 

beyond the Standard model, Quantum phenomena.

High Energy Ground Laboratory Physics – DOE, NSF

• Studies of matter, space, and time using particle accelerators.
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NASA BPS - Making Quantum Leaps in Quantum Science by
Seeking answers to today’s most intriguing questions

• What are the Quantum Properties 

of atoms and molecules?

• How is Quantum Entanglement 

influenced by gravity?

• How does complexity & order arise 

from  Quantum interactions?

Exploring the 

Quantum Realm

New Physics with 

Quantum Tools

• Is Einstein’s General Relativity valid 

under all experimental conditions?

• What is the true nature of Dark 

Energy?

• Is Dark Matter an ultra-light field?

In pursuit of these questions, we will 

• Transform our understanding of matter, space, and time

• Develop new technologies that enable Space & Earth commercial opportunities

• Inspire students to continue the pursuit of new NASA discoveries
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2018 U.S. Quantum Information Science Initiative

2018 National Quantum Initiative directed NSF, DOE, 

and NIST to expand quantum research in four areas

• Quantum sensing: leveraging quantum mechanics for measurements

‒ Atom interferometers in space pioneered by CAL

‒ ACES ESA collaboration, FOCOS Science Definition Team study [Kurt Gibble talk]

• Quantum computing: laboratory algorithms and digital quantum computers

• Quantum Networks: exploring & using coherent or entangled quantum states

‒ SEEQER Science Definition Team Study

• Fundamental Science enabled by quantum devices and theory advances

‒ Studying Quantum Matter in new regimes with CAL

‒ Searching for Dark Energy signals with Atom Interferometers [Nan Yu talk]

‒ Testing Einstein’s General Relativity with Clocks and Atom Interferometers

‒ Searching for Dark Matter signals with Clocks and Atom Interferometers

‒ Studying Quantum Entanglement over light second distances
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Quantum Science Decadal Keystone Mission Candidates
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Quantum 

Matter

Research on Free Flyer 
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BECCAL  (DLR) Quantum Explorer (QUEX)
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Space Time (QTEST)

Research on ISS, 
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Space Experiments Exploring Quantum 

Entanglement and Relativity(SEEQER)
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How does complexity & order arise from Quantum interactions?

What are the properties of quantum systems of atoms and molecules?

How can we design useful science systems and sensors using quantum properties? 

Is there quantum interference from curved spacetime? Is Quantum Mechanics locally real?

What is the role of free will in quantum mechanics?

How does complexity & order arise from  Quantum interactions?

Is Einstein’s theory of General Relativity valid under all experimental conditions?

How can General Relativity be unified with Quantum Mechanics?

Under what conditions will Einstein’s Weak Equivalence Principle be violated?

Are ultra-light scalar fields responsible for Dark Matter?

Is the Chameleon or Symmetron fields Dark Energy?

Are scalar fields responsible for Dark Energy?

CMR/QP
CMR/QP CMR/QP
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Summary and Outlook

Programmatic
• BPS program moved from HEOMD to SMD last year.

‒ Renewed focus on quantum science and quantum tools
‒ Annual research solicitations starting in 2023.

• U.S National Quantum Initiative enacted in 2018
‒ “Science first” approach to develop quantum technologies

• BPS 2023 Decadal Survey critical to grow NASA 

program
‒ Topical White Papers Due Oct 31, 2021
‒ Mission/Research Campaign white Papers Due Dec 23, 2021
‒ International participation welcomed and urged

On-going NASA BPS quantum science activities
• Cold Atom Laboratory operating aboard ISS since 2018

‒ Atom Interferometry, Rb, K39, K41
‒ Science Model upgrade and CAL extension to 2026

• U.S. scientists participating in ESA ACES mission

• JPL/Hanover/DLR search for Dark Energy in Einstein 

Elevator

• NASA partnership on DLR BECCAL follow-on to CAL

• NASA Science Definition Teams
‒ Physics with Optical Clocks in space (FOCOS)
‒ Quantum Entanglement over Lunar Distances (SEEQER)

Outlook
• CAL enhanced and extended to 2026

• Broadening of U.S. research community starting in 2023

• Strong Decadal White Papers -> High Decadal priority on 

Quantum Science MissionsSep 24, 2021

A selection of Quantum Magazine Covers


