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Quantum computing and photonics discovery potentially shrinks critical parts by
1,000 times

PhD scholar Leevi Kallioniemi from NTU Singapore’s College of Bodily & Mathematical
Sciences with a blue laser set-up for producing entangled photon pairs. Credit score:
NTU Singapore

Researchers have made a discovery that might make quantum computing extra
compact, probably shrinking important parts 1,000 occasions whereas additionally
requiring much less gear. The analysis is revealed in Nature Photonics.

A category of quantum computer systems being developed now depends on gentle
particles, or photons, created in pairs linked or “entangled” in quantum physics
parlance. One technique to produce these photons is to shine a laser on millimeter-
thick crystals and use optical gear to make sure the photons grow to be linked. A
disadvantage to this method is that it’s too huge to combine into a pc chip.



Now, Nanyang Technological College, Singapore (NTU Singapore) scientists have
discovered a technique to tackle this method’s drawback by producing linked pairs of
photons utilizing a lot thinner supplies which are simply 1.2 micrometers thick, or about
80 occasions thinner than a strand of hair. And so they did so while not having extra
optical gear to keep up the hyperlink between the photon pairs, making the general set-
up less complicated.

“Our novel technique to create entangled photon pairs paves the way in which for
making quantum optical entanglement sources a lot smaller, which will likely be
important for functions in quantum information and photonic quantum computing,”
stated NTU’s Prof Gao Weibo, who led the researchers.

He added that the strategy might scale down the scale of units for quantum functions
as a result of many of those units at the moment want massive and hulking optical gear,
that are cumbersome to align, earlier than they’ll work.

A blue laser set-up for producing entangled pairs of photons in NTU Singapore’s
experiments. Credit score: NTU Singapore

Thinner supplies

Quantum computer systems are anticipated to revolutionize the method to many
challenges, from serving to us higher perceive local weather change to discovering new
medication sooner by finishing complicated computations and rapidly discovering
patterns in massive knowledge units. For example, calculations that might take



supercomputers right this moment tens of millions of years to resolve could possibly be
performed inside minutes by quantum computer systems.

That is anticipated to occur as a result of quantum computer systems carry out many
computations concurrently as a substitute of doing them separately like normal
computer systems.

Quantum computer systems can accomplish that as they carry out calculations
utilizing tiny switches referred to as quantum bits, or qubits, that may be in each the on
and off place concurrently. It’s akin to flipping a coin within the air, with the spinning
coin in a state between heads and tails. In distinction, normal computer systems use
switches that may be on or off at any time, however not each.

Photons can be utilized as qubits for quantum computer systems to carry out sooner
calculations as they’ll have on and off states on the identical time. However being in
two states concurrently solely occurs if the photons are produced in a pair, with one
photon linked, or entangled, to the opposite. An necessary situation for entanglement is
that the paired photons have to vibrate in sync.

One benefit of utilizing photons as qubits is that they are often produced and entangled
at room temperature. Counting on photons can thus be simpler, cheaper and extra
sensible than utilizing different particles like electrons that want ultra-low temperatures
near the coldness of outer house earlier than they can be utilized for quantum
computing.

Researchers have been looking for thinner supplies to supply linked pairs of photons in
order that they are often labored into computer chips. Nevertheless, one problem is
that when supplies get thinner, they produce photons at a a lot decrease fee, which is
impractical for computing.



Two skinny flakes of niobium oxide dichloride stacked on one another and
photographed underneath a lightweight microscope. One flake’s crystalline grain (gray
flake) is positioned perpendicularly to the grain of the opposite flake (inexperienced
flake). Credit score: NTU Singapore

Current advances confirmed {that a} promising new crystalline materials referred to as
niobium oxide dichloride, which has distinctive optical and electronic properties, can
produce pairs of photons effectively regardless of its thinness. However these photon
pairs are ineffective for quantum computer systems as a result of they don’t seem to be
entangled when produced.

An answer was discovered by NTU scientists led by Prof Gao, from the College’s College
of Electrical & Digital Engineering and College of Bodily & Mathematical Sciences, in
collaboration with Prof Liu Zheng from the College of Supplies Science & Engineering.

Sparked by custom

Prof Gao’s resolution was impressed by a longtime technique to create entangled pairs
of photons with thicker and bulkier crystalline supplies, which was revealed in 1999. It
includes stacking two flakes of thick crystals collectively and positioning the crystalline
grains of every flake perpendicularly to one another.

Nevertheless, the vibrations of photons produced in a pair can nonetheless be out of
sync on account of how they journey throughout the thick crystals after they’re created.



Extra optical gear is due to this fact wanted to synchronize the photon pairs to keep up
the hyperlink between the sunshine particles.

Prof Gao theorized {that a} related two-crystal set-up could possibly be used with two
skinny crystal flakes of niobium oxide dichloride, with a mixed thickness of 1.2

micrometers, to supply the linked photons with out requiring additional optical devices.

Flakes of niobium oxide dichloride on a pattern holder. Credit score: NTU Singapore

He anticipated this to occur as a result of the flakes used are a lot thinner than the
bulkier crystals from earlier research. Because of this, the pairs of photons produced
journey a smaller distance throughout the niobium oxide dichloride flakes, so the
sunshine particles stay in sync with one another. Experiments by the NTU Singapore
staff proved that his hunch was right.

Prof Solar Zhipei from Finland’s Aalto College, who focuses on photonics and was not
concerned in NTU’s analysis, stated that entangled photons are like synchronized
clocks that present the identical time regardless of how far aside they’re and might thus
allow instantaneous communication.

He added the NTU staff’s technique to generate quantum entangled photons “is a
significant development, probably enabling the miniaturization and integration of
quantum applied sciences.”



“This growth has potential in advancing quantum computing and safe communication,
because it permits for extra compact, scalable and environment friendly quantum
techniques,” stated Prof Solar, a co-principal investigator on the Analysis Council of
Finland’s Middle of Excellence in Quantum Expertise.

The NTU staff plans to additional optimize the design of their set-up to generate much
more linked pairs of photons than attainable now.

Some concepts embrace exploring whether or not introducing tiny patterns and grooves
on the floor of niobium oxide dichloride flakes can enhance the variety of photon pairs
produced. One other one will study whether or not stacking the niobium oxide
dichloride flakes with different supplies can enhance photon manufacturing.
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