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A virtual Center at JPL to 
harness and leverage 
breakthrough quantum 
technologies that enable new 
science, and a Hub to build 
connections with universities 
and industry to exploit 
collaborative opportunities 
and develop a quantum 
workforce.
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a new type of machine that can solve, in 
record time, problems that are very hard 
or unsolvable with traditional computers

will have a strong impact on different 
industries by applying quantum sensitivity 
to the external environment to execute 
highly sensitive detection 

guarantee high bandwidth 
communications and safety by using the 
property that quanta cannot be duplicated 

JPL Focus in Quantum Technology
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Why JPL for a quantum center?
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Figure 3 Left: Cold Atom Lab facility on the International Space Station. Right: Physics package at the heart of
CAL with the atom interferometer optical platform mount on top of an ultra-high vacuum science cell. Image
credit: NASA JPL

ing three retro-reflecting Bragg laser pulses to split the atoms into a superposition of two
states, recombine the states, and finally read out the resulting interfering pattern in free
fall. The right-hand panel of Fig. 3 shows the ultra-high vacuum science cell within CAL
with the optomechanical platform above, used to direct the Bragg laser to the atoms. The
science cell is 2.3 cm square by 6 cm high, fitting within the 0.4 m3, 230 kg CAL pay-
load, which is shown installed in the ISS on the left-hand panel. Results from this work are
leading to insights that will inform NASA’s use of atom interferometry for future remote
sensing missions.

2.3 Single photon detection
2.3.1 Superconducting nanowire single-photon detectors
NASA has been developing superconducting nanowire single-photon detectors (SNSPDs)
to detect very faint astronomical signals such as those from distant stars and exoplanets.
Our first use of these ultra-sensitive detectors has been as a key element in the ground
receiver for humanity’s first deep space optical communications system, known as DSOC.
DSOC is a technology demonstration on NASA’s Psyche mission to explore the epony-
mous metal asteroid in the main asteroid belt, and as of this writing DSOC is transmitting
optical communications signals to Earth from beyond Mars (about 2.7 AU) at 8.3 Mbps.
These faint signals are detected by the Hale telescope at the Palomar Observatory by an
SNSPD array designed to cover a large area with a high-count rate. Figure 4 shows the ac-
tive area of 64 SNSPD nanowires divided into four quadrants. The design includes an opti-
mized fill factor to maximize optical absorption while minimizing the kinetic inductance
and crosstalk between pixels. As part of the larger DSOC ground laser receiver system,
the detector assembly enables links at data rates up to 267 Mbps. Using direct readout of
each pixel limits the array size to about 100 pixels [9]. A new, time-domain multiplexing
readout process has been developed and work is underway on a 400,000-pixel array for
use as an ultra-sensitive detector on space telescopes [10].

NASA is working with the commercial sector as well on SNSPD development for use
in a low-cost optical ground receiver for deep space communications. The receiver uses
commercial SNSPDs configured with optical fiber-coupled inputs, operates at 1.55 mi-
crons, and the cryogenically cooled system is packaged in a connectorized box to be rack
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Figure 4 A 64-pixel SNSPD array capable of counting over 1 billion photons per second with time resolution
below 100 ps. The array is mounted in a chip carrier and can be efficiently coupled to a 5-meter telescope.
Image Credit: NASA JPL

mountable. The system’s scalable design has two fundamental architectures as building
blocks, one with a photonic lantern coupled to seven single pixel SNSPDs and one with a
16-element SNSPD array coupled to an individual few-mode optical fiber. The fiber and
SNSPD components of the system have been field tested. A copy of this receiver has been
adopted by the Australian National University and is planned to be used with NASA’s Op-
tical Artemis-2 Orion and DSOC technology demonstrations [11].

2.3.2 Microwave kinetic inductance detectors
Microwave Kinetic Inductance Detectors (MKIDs) measure the surface impedance of su-
perconducting materials as entangled electron bonds (Cooper pairs) are broken by the
energy of incoming photons. The superconducting material is then used as an inductor in
a resonant circuit, with the energy of the photon indicated by a phase shift in the circuit.
Each inductor-capacitor circuit forms a pixel, and up to 2000 pixels can be read with a
single cable and amplifier by using frequency domain multiplexing, yielding both single
photon counting and energy resolution [12, 13].

The primary advantages of MKIDs over conventional detectors are the fast readout
time—the equivalent of several thousand frames per second—and the absence of read
noise and dark current. Ultraviolet-optical-near infrared MKID detector arrays are now
being used in the Hale telescope at Palomar Observatory and the Subaru telescope at
Mauna Kea Observatory [14, 15]. The former uses a 2000-pixel array and the latter a
10,000-pixel array. A newer version, with 20,000 pixels, is shown in Fig. 5 and will be used
for future exoplanet observations at the Subaru telescope. These detectors act as both sci-
ence cameras and focal-plane wavefront sensors, enabling higher contrast ratios between a
bright star and a nearby faint exoplanet. Figure 6 shows an image from the MKID sensor on
the Hale telescope (Array Camera for Optical to Near-IR Spectrophotometry [ARCONS])
with each pixel containing an instantaneous wavelength spectrum [16]. MKID technology
is included in the Probe Far-Infrared Mission for Astrophysics (PRIMA) mission which is
one of the concepts NASA is funding for further study. Should the mission be confirmed,
it would launch in 2032 to study the far-infrared universe with a 1.8 m telescope.
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Figure 5 MKID array: 140 X 146 pixels, 150 um pitch, 22 X 22 mm. Image credit: NASA JPL

Figure 6 Mosaic of interacting galaxies was taken with ARCONS. The inset shows the same field of view from
the Hubble Space Telescope using multiple exposures through color filters. Image credit: Hubble Space
Telescope (left), ARCONS (right), overall image JPL

2.4 Transition-edge sensors
Transition-edge sensors (TES) make use of the strongly temperature-dependent super-
conducting phase transition. This transition enables extremely precise measurements of
small heat inputs such as those provided by individual photons. These sensors can provide
100 times better energy resolution compared to traditional detectors and can resolve key
emission lines that are not detectable using more traditional approaches.

TES sensors have been used at least since 2007 on ground-based telescopes [17]. NASA
has developed TES sensors for several suborbital flights, including two balloon flights and
one airborne sensor. A TES bolometer was flown on the Balloon Experimental Twin Tele-
scope for Infrared Interferometry (BETTII) as a technology demonstration for future in-
terferometric missions to study galactic clustered star formation. As shown in Fig. 7, BET-
TII’s detector was based on a reproduceable, stable broadband molybdenum nitride ab-
sorber operating in the 30 – 90 micron band. Another TES sensor developed for a balloon
flight is also shown in Fig. 7: the low-noise backshort-under-grid (BUG) kilopixel sen-
sor array. This 32x40 element detector is included in each of the twin telescopes on the
Primordial Inflation Polarization Explorer (PIPER) balloon experiment to map the polar-
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Figure 11 Deep Space Atomic Clock. Image credit:
NASA JPL

3 Current investments
3.1 Astrophysics
Astrophysical sciences can significantly benefit from the advantages and diverse proper-
ties of quantum sensing because distant sources, such as those found in the primordial
universe, produce signals of interest that are in an ‘information-starved’ regime (i.e., re-
quire single photon detection). For these observations of the distant universe, the detec-
tion levels are already in the quantum regime of single photons arriving at the telescope
focal plane, which make them suitable for acquisition by superconducting quantum de-
vices.

To achieve the next level of detection in astrophysics, sensing technology demands the
exploitation of quantum effects to obtain the highest sensitivity observations allowed by
nature. The search for life on distant planets, for example, will demand the use of super-
conducting detectors because of their superior noise performance compared to semicon-
ductor detectors such as charge-coupled devices and complementary metal-oxide semi-
conductors.

Consequently, most NASA astrophysics investments to date have focused on quantum
technologies related to single-photon detectors, ultrasensitive bolometers, and quantum
calorimeters. These technologies use quantum effects such as superconductivity, quan-
tum interference, quantum capacitance, quantum tunneling and quasi-particle trapping
to achieve high sensitivity and optimal performance.

As described in Sect. 2, SNSPDs, MKIDs, TESs, and quantum microcalorimeters are
already making substantial improvements to astrophysics measurements and NASA is
investing in performance improvements for each. SNSPD technology has been advanced
from the 64-pixel detector used to receive signals from DSOC to the development of a
camera with 400,000 pixels in collaboration with researchers at the National Institute of
Standards and Technology (NIST), as shown in Fig. 12 [35]. NASA is also funding an effort
to develop higher performance SNSPDs based on transparent superconducting thin films.
These new materials offer the promise of improved efficiency and signal-to-noise ratio,
and reduced detector deadtime and intrinsic timing jitter [36].

Through the use of TES thermometers, the quantum microcalorimeter technology de-
veloped for Resolve as described in Sect. 2 has been expanded to 2000 pixels for the Euro-
pean Space Agency (ESA) Advanced Telescope for High Energy Astrophysics (ATHENA)
mission to study high energy astrophysical processes, and a collaboration between GSFC,
the Massachusetts Institute of Technology Lincoln Laboratories, and the National Insti-
tute of Standards and Technology is underway to create a 100,000-pixel version using both
TES and paramagnetic thermometers [37].
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Figure 13 Sketch of a notional concept for a single source design of the pathfinder payload based on a
Rubidium source. (Credit: NASA JPL)

Measuring changes in how mass is distributed on and beneath Earth’s surface, particu-
larly in the form of water and ice, are fundamental indicators of the large-scale dynamics
of the planet. By measuring tiny gravitational changes over timescales of days to months to
years, scientists can observe the movement of ice sheets and glaciers, monitor the rise and
fall of underground aquifers, detect changes in the levels and currents of the oceans, gauge
the amount of water in large lakes and rivers, and even discern underground features of
interest.

Early work funded by NASA showed the feasibility of using two stacked atom interfer-
ometers for absolute-gravity gradiometry and identified the expected benefit of long in-
terrogation times afforded by a microgravity environment [42]. NASA is now developing
a Quantum Gravity Gradiometer (QGG) pathfinder instrument, with the aim to deliver
an instrument for on-orbit testing no earlier than 2030 [43]. A notional schematic of an
instrument reference design is shown in Fig. 13.

Using cold atom interferometry, the QGG has the potential to collect more precise mea-
surements of Earth’s gravitational field than existing methods—such as the satellite-to-
satellite tracking utilized by NASA’s Gravity Recovery and Climate Experiment (GRACE)
and GRACE-Follow On missions [44]—and could do so from a single satellite.

One of the largest components of an atom interferometer is the ultra-high vacuum sys-
tem needed to interrogate atoms over extended periods or with large separations. NASA is
funding Q-Peak, Inc. to develop an ultra-high vacuum chamber using an aluminum alloy
to significantly reduce the weight and passive pumping based on non-evaporable getter
pumps to reduce the power consumption [45].

Rydberg Sensing instruments: Rydberg atomic sensors are highly sensitive broad-
spectrum quantum detectors that can be dynamically tuned to sense micrometer-to-
millimeter waves with no requirement for radio frequency (RF) band-specific electronics.
Rydberg atomic sensors can use existing transmitted signals such as those from navigation
and communication satellites to enable remote sensing over a broad spectrum. NASA is
currently investing in two Rydberg sensing instrument development efforts:

Quantum Rydberg Radar: NASA is investing in quantum Rydberg radar technologies
with the potential to enable high-sensitivity, dynamic, and rapidly tunable radar remote
sensing across the radio window without the need for specialized science antennas, or
RF front-end electronics. The rapid tunability and the ability to leverage existing satellite

Cold Atom Lab (2018) DSAC (2019) SEAQUE (2024)

QGG SNSPDs MKIDs

Miniature
Microwave
Trapped-Ion
Clock

Lunar Atomic 
Seismometer 

Atomic Drag-free 
Reference 
Accelerometer 

4



Cold Atom Testbeds Atomic Clock TestbedsQuantum Entanglement/Quantum Optics

Laser Optical Systems

JPL's Quantum Facilities

Microdevices
Laboratory



The Quantum Hub

The Quantum Hub is an informal consortium of (originally local) universities 
with educational and research programs in quantum technologies.  The 
purpose of the Hub is to foster communication, collaboration, and talent 
sharing among the consortium members to advance the quantum economy.  

The Hub involves:
• Collaborations/Partnerships
• Facility/Equipment Sharing
• Visiting Researchers
• Internships
• Curriculum Development
• Seminars, eMail List, Website
• Workshops
• “The Quantum Valley”



Goals

Create opportunity and capture work - $1B for 
next 5 years

Position the Lab to lead space borne missions 
– 2 missions in next 7 years

Establish workshops, training, and internship 
with industry and universities - yearly

Advance JPL unique technology and capability 
for spaceborne missions – 3 product line, 5 
base technologies
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How To Reach Us
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• Center Director: Jason Hyon, Jason.j.hyon@jpl.nasa.gov, 818-354-0730
• Deputy:  John Callas, John.l.callas@jpl.nasa.gov, 818-354-9088
• Deputy: Ed Chow, Edward.t.chow@jpl.nasa.gov , 818-393.3854

• Types of interactions
• Opportunity capture
• Capability assessment
• Partnership
• A joint workshop or studies
• Curriculum development
• Internship opportunities
• Speaker engagements
• Roadmaps
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