Scientists have demonstrated that sunlight, as a natural light

source, can generate quantum-entangled photon pairs. With
their findings, the international research team challenges the
long-held assumption that lasers are indispensable for pre-
paring quantum states of light. The study recently published
in Optica opens a path toward new sustainable and energy-ef-
ficient photonic quantum technologies.

Entangled photons are pairs of light particles that remain cor-
related in ways no classical physics can explain. They are a key
resource for quantum communication, computing, and sens-
ing. Such photon pairs are routinely produced through a pro-
cess called spontaneous parametric down-conversion (SPDC),
in which photons from a pump beam are converted inside a
nonlinear crystal into pairs of daughter photons.

Laser loses its distinctiveness

For decades, lasers have been considered the only suitable
pump source for this process, while sunlight was regarded an
unviable source. This belief was rooted in two fundamental as-
sumptions. First, the high optical coherence of lasers was con-
sidered essential. Optical coherence means that the light waves
are in a fixed, synchronized temporal or spatial relationship to
one another. It was assumed that the phase-stable electromag-
netic fields are required for generating quantum correlations
through SPDC. Second, it was assumed that lasers are the only
light sources capable of delivering the optical power densities
needed to drive nonlinear optical processes efficiently. Natural
sunlight, however, is incoherent and much less intense than la-
ser light. Due to these features, many scientists had dismissed
sunlight as a viable pump for entanglement generation.

In a collaborative research project by the Max Planck Institute
for the Science of Light (MPL), Max Planck Center for Extreme
and Quantum Photonics (MPC) and the University of Ottawa,
scientists have demonstrated for the first time that, contrary to
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Using a new cone-shaped solar concentrator, researchers showed that sunlight
can be used to create entangled photons. This could one day enable satellites to
create secure encryption keys using the sunlight already abundant in space.

the previously held scientific view, entangled photons can be
generated from solar light.

Incoherence leaves room for entanglement

In optics, “coherence” is not a single property. Light can be de-
scribed by various defined physical parameters, known as de-
grees of freedom. Thus, light can act regularly in one degree of
freedom while remaining disordered in another. For instance, a
beam can be perfectly polarized yet completely incoherent in
space and time. For SPDC, the pump's incoherence in one de-
gree of freedom only limits entanglement in that same degree
of freedom. For instance, position-momentum entanglement -
a type of spatial entanglement - is known to vanish when the
pump beam loses its spatial coherence. Such a relation does
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not hold when the targeted entanglement is found in a different
degree of freedom than that of the pump beam'’s incoherence.
“As long as the pump beam is perfectly polarized, its spatial
or temporal incoherence should not preclude the generation of
polarization entanglement,” says Dr. Cheng Li, a PhD graduate
from Prof. Robert Boyd’s group at the University of Ottawa. “The
trick to harnessing sunlight is to keep different degrees of free-
dom of light from influencing each other during the process.
This means that sunlight is perfectly capable of generating en-
tangled photons, as long as one can concentrate enough sun-
light into a nonlinear crystal to induce SPDC.”

Solar concentrator delivers sufficient pump power

The clear aperture of a nonlinear optical crystal typically spans
only a few millimeters. To direct enough sunlight — which di-
verges widely in the natural environment — into such a confined
region, the group of Dr. Hanieh Fattahi, research group leader
MPL built a sunlight concentration system. This system col-
lects light over 1.4 square meters and funnels it down into a
fiber as thin as a human hair.

The core of this system is a solar concentrator developed and
made in-house at the MPL. It is a cone-shaped device made of
glass. The base of the cone is placed at the focal spot of a large
Fresnel lens, which is mounted on a solar-tracking motor. The
focused sunlight then receives further concentration through
total internal reflections as it propagates towards the tip of the
cone, which couples the sunlight into a multimode fiber. The
fiber can then guide the sunlight into a nonlinear crystal to drive
entanglement generation via SPDC.

Directly driving entanglement generation with sunlight

As predicted by Boyd’s team, sunlight-driven SPDC generated
photon pairs with a very high degree of entanglement: With a
fidelity of nearly 94%, this comes very close to the performance
of a laser. The SPDC photons also display correlations that can
violate Bell's inequality, indicating that these correlations can-
not be modelled with classical theories of physics and are in-
deed features of quantum entanglement.

The team also found that, when the photon production rate is
normalized against the pump power and effective bandwidth
of the nonlinear process, the efficiency of sunlight-driven en-
tanglement generation is on par with that which is laser-driven.
This finding suggests that lasers may not hold as many funda-
mental advantages over sunlight as researchers assumed, and
practical sunlight-driven quantum light sources can become
increasingly realizable through technical optimizations of, for
example, sunlight collection and bandwidth utilization.
“Sunlight is an abundant and reliable resource in many environ-
ments, especially in space. Being able to generate quantum-en-
tangled photons directly from sunlight could enable simpler
and more resilient quantum systems for satellites and future
deep-space missions,” says Fattahi.

Sunlight-driven quantum devices also offer other advantages
that lasers cannot provide. The broad spectrum of sunlight
could offer access to entangled photons across a wider range
of wavelengths, especially where lasers are not available. More
importantly, driving quantum light sources directly with sunlight
eliminates the electrical-to-optical conversion entirely — no ac-
tive stabilization and far less waste heat to manage. Such a
system will have fewer points of potential failure. This feature
is particularly appealing for deployment in strategically import-
ant yet resource-constrained environments, such as satellites,
interplanetary missions, and remote regions like the Arctic. A
spacecraft in a Sun-synchronous orbit, for example, would en-
joy nearly uninterrupted access to its pump source.

“The best part of this research is that it is only a beginning”,
says Boyd. “In addition to SPDC, there are many other nonlinear
optical approaches to generate entangled photons—four-wave
mixing is one good example. For each of these nonlinear inter-
actions, there are ways to make it more efficient. We believe this
work can inspire much new research in nonlinear and quantum
optics, and these researches may in turn make sunlight-driven
quantum technology more practical.”
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Research at the Max Planck Institute for the Science of Light (MPL) covers a wide range of topics, including nonlinear optics,
quantum optics, nanophotonics, photonic crystal fibres, optomechanics, quantum technologies, biophysics, and - in collabora-
tion with the Max-Planck-Zentrum fiir Physik und Medizin - links between physics and medicine. MPL was founded in 2009 and
is one of the over 80 institutes that make up the Max Planck Society, whose mission is to conduct basic research in the service
of the general public in the natural sciences, life sciences, social sciences and the humanities.

The University of Ottawa is powered by research. Located in Canada’s capital, we bring together energetic and creative schol-
ars to tackle urgent global challenges and to respond to emerging opportunities. As one of Canada’s most innovative univer-
sities, we generate breakthroughs and discoveries that make a real difference in communities across Ontario, Canada and
the world. Our thought leaders provide evidence-based insights that inform policy and support industry. Our influence keeps
growing due to our vast range of international partnerships, including our membership in the U7+ Alliance. As the world’s larg-
est French-English university, we are a driving force in the Francophonie.

Max Planck Institute for the Science of Light Staudtstrale 2 91058 Erlangen Germany
Contact: Edda Fischer E-Mail: MPLpresse@mpl.mpg.de Phone: +49 (0)9131 7133 805
mpl.mpg.de @ Max Planck Institute for the Science of Light @physik_des_lichts
O PhysikDesLichts 0 @mpi-scienceoflight.bsky.social @ @MPI_PhysikDesLichts



https://mpl.mpg.de
http://www.mpl.mpg.de 
mailto:%20hanieh.fattahi%40mpl.mpg.de?subject=
https://www.uottawa.ca
mailto:rboyd@uOttawa.ca
https://doi.org/10.1364/OPTICA.601797

