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Light-based technologies
at Nanyang Technological

University ‘illuminate’

quantum computing

Nanyang Technological University, Singapore
(NTU Singapore) Professors Baile Zhang and Leong
Chuan Kwek share their work on photonic chips
that could usher in the era of quantum computers.

DAPHME NG

aile Zhang developed achip
B that slows light for efficient

quantum information pro-
cessing, And Leong Chuan Kwek's
chip leverages the quantum prop-
erties of light and uses photons Lo
deduce the chemical properties of
malecubes, which opens thedoor to
faster drug discovery.

Laser Focus World: Whatinspired
yourwork?

Zhang: Our initial interast lay in
electromagnetic materials known
as photonic topological insulators,
which are photonie erystals that
control photons analogous to how
topological Insulators control elec-
trons. Although a few propesals
have discussed using pholonie Le-
pological insulators to slow down
light, they tend to be overly complex
and difficult to achieve. In 2021, we
cami: up with the idea of coupling
topalogieal photonic states with en-
ergy bands known as flat bands—a
hot topic currently under active

investigation. This idea made the
concept of topological slow light
practically achievable,

Kwek: Our group is interested in
using light for quantum simulatbon,
with the idea of controlling the in-
teractions of photons to simulate
a physical system or process that
would be difficult to model using
elassieal computing. The vibronie
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transitions of melecules are a good
target for this approach. Our team
is proficient at translatinglinear op-
ties platforms to photonic chips, so
it macde sense for us to experiment
with anintegrated chip.

LFW: Can you describe the basic
optics/photonics/quantum con-
cepts involved?

Zhang: The first concept is the pho-
tonic chiral edge states, which are
electromagneticwaves {electromag-
netie modes) that propagate along
the edge of a photonic topological
insulator. These modes are unique
because they only travel in one di-
rection, elther leftor right. which is
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why they are called “chiral.” While
these chiral edge statesare guaran-
teed, their speed of propagation can
be engineered.

The second concept involves flat
bands, emergy bands independent of
momentum, corresponding Lo zero
group veloeity. This means photons
at the energy level remain fully lo-
calized at specific positions,

By eoupling chiral edge states
with flat bands, photons can travel
inasingle direction with no reflec-
tion and retain chirality but at much
slower speeds due to the “deagging”
effect of the flat bands.

A more abstract description is

that these chiral edge states wind
arsund the Brillouin zone— points
in the imaginary space of the crys-
tal lattice—multiple times. This is
how our seientists conceplualized
this phenomenon.
Kwek: Qurexperiment uses Gaussian
boson sampling. a technigue that
showeases quantum advantage,
with quantum computers elaiming
Lo SUrpass supercompulers signif-
icantly. This method parallels the
tramsition probability of melecules
between vibronke states and dem-
gnstrates that the Franck-Condon
Factor, which measures the transi-
tion probability, and the coneept of
“permanence” within matriees are
mathematically related, Permanence
istheidea that algebraic operations
should behave consistently wit hin
every number system.

Thecomplexity of boson sampling
iscomputationally challenging. and
wier use this technigue in our exper-
iment Lo ealeulate the probabilities
of vibranic transitions in molecules.

LFW: Any interesting design
work involved?

Zhang: Our design is simple yet
elegant. To slow down light, we
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attached devices called resonators
to the edge of the photonie topo-
logieal insulator to generate the
required flat bands—which slows
dowmn the chiral edge states within
the photonic topologieal insulator.
Kwek: To increase the sensitiv-
ity of detection, we made use of
“squeezed” coherent light with low
guantum noise, Light in o coherent
state is equivalent toa displaced vac-
uum state, In the original scheme,
researchers use light that is dis-
placed and then squeezed to remove
noise, Bul we found that the anal-
wals worked with lght that is first
squeezed then displaced.

LFW: Main thing you'd like peo-
ple to know about your work?
Key benafits?

Zhang: The key benefit of our re-
search is achieving broadband slow
light without backscattering. Slow
light is typically constrained by
narrow bandwidth, and the slow-
er the light the more it suffers from
backseattering, Ourdemonstration
proves it's possible to enable slow,

unidirectional light propagation
across a much broader bandwidth
than previously possible,

Kwek: The main message is the
possibility of harnessing quantum
theory s a new technigue for chem-
iatey and possibly molecular biology.
The technbgue can be extended to
many more chemistry problems
amenable to graph theoretic analy-
siz—the analysisof interconnected
networkstosolvecomplex problems.
The key benefit will be the insights
gained in chemistry and molecular
Biology through our investigations.

LFW: Most surprising/coolestas-
pects of your werk?

Zhang: The coolest aspect of
our work is that we addressed a
long-standing challenge in slow-light
engineering using an exceptionally
simple design. The “a-ha” moment
came withthe realization: “A-ha, it's
just this simplet™

Kwek: We also show in Uhe paper
that we ean probe the molecular
spectrum with and without exci-
tations. We simulated the vibronic
spectra of formic acid (CH,0,) for
four vibronbe modes and thymine
(C,H N0, for seven modes using a
l6-mode integrated photonic chip.
W simulated spectra for naphtha-
lene (G HL phenanthrene (C H )
and benzene (CH) for more di-
verse transitions. We hope such
technigues will provide insights
inte bigger and more complicat-
ed molecules.

LFW: Any big challenges to
overcome?

Zhang: Thereareseveral challenges
ahead. Since the photonic topolog-
ical insulator requires a magnetic
response, scaling the approach to
optical frequencies for ather appli-
cations is difficult. And extending
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the working bandwidth of the sys-
tem is another area that demands
further investigation,

KEwek: Making the chip larger,
which is necessary to simulate big-
ger malecules, invelves more heating
to adjust the phase ghifters and it

becomes more difficult manually.
It's really an engineering problem,
but [ think it should be possible,

LFW: What's next?
Zhang: Our findings have the po-
tential to be applied to gquantum

compulers operaling at microwave
frequencies, The next step will be
integrating these designs with qu-
bits—basic units of information
used to encode data in quantum
computing—for quantum informa-
thon processing.

Kwaek: We're exploring more appli-
cationsofthechip tosolve chemistry,
madecular biology, pharmaceutical,
and logistics problems, ©
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