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High Q-factor reconfigurable microresonators
induced in side-coupled optical fibres
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Abstract
Recently, significant efforts have been devoted to enable light resonating inside various resonators for long time,
leading to high Q factors. Achieving tunability of the free spectral range while maintaining high Q has been, however,
challenging.

Interferometers are in the core of the most sensitive
experiments carried out in science, ranging from famous
Michelson–Morley interferometer that proved inex-
istence of aether to the recent proof of existence of
gravitational waves. As interferometer’s resolution gen-
erally scales with the accumulated light phase (commonly
characterized by the Q-factor, which is usually roughly
proportional to the accumulated light delay), multi-path
interferometers based on resonators such as Fabry–Perot
or ring resonator are very popular, providing large delays
in a small form factor. Resonators are also often behind a
key tool that emerged from optical resonators: Optical
Frequency Combs (OFCs).
When it comes to the question of how an ideal reso-

nator would look like, one of the key items on the “wish
list” is its tunability, in particular its spectral period, a.k.a.
free spectral range (FSR) or comb spacing in OFCs.
Tunability would allow to tayilor the resonator for various
fields or enable its continuous change, of interest in a
range of applications such as optomechanics1,2 or las-
ing3,4. However, FSR tunability requires the resonator’s
length to be altered, e.g., when targeting one order of
magnitude tunability, the length should be changeable by
an order of magnitude. This is a requirement that most
resonators, especially those with very high Q, struggle
with.

In the newly published paper in Light: Science &
Applications, Victor Vassiliev with Misha Sumetsky from
the Aston Institute of Photonic Technologies, Aston
University, Birmingham, UK, have proposed how to make
FSR tuneable in a particular configuration of high-Q
coupled microresonators5. To enable this, they chose very
flexible platform in which two 3D microresonators are
formed in two optical fibres, each exciting so-called Sur-
face Nanoscale Axial Photonics (SNAP) microresonator6,
Fig. 1. These are a special type of bottle resonators, where
the bottle is formed by sub-micron fibre radius changes
along the length due to the fabrication imperfections. The
authors use two degrees of freedom to achieve wide
continuous tuneability in FSR (over an order of magni-
tude) while keeping high Q factor (in excess of 1 million),
which is very challenging to achieve for any high-Q
resonators. These two degrees of freedom are the bend
radius, which modifies the SNAP resonator shape and
relative distance between the two fibres.
As with any proof-of-concept demonstration, it will be

interesting to see which direction(s) this coupled special
type of bottle resonator configuration will take. The
authors make some suggestions in this regard, perhaps
most exciting is replacing pure silica fibres with a material
with high non-linearity or to use fibre twist as the third
degree of freedom to achieve even more complex
coupled-resonance systems, enabling to realize complex
“photonics molecules”7. The authors also suggest to
introduce a gap between the exciting fibre and the
microresonators to boost the already-high Q by another
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The power of light and sound: optoacoustic skin
imaging for diabetes progression monitoring
Amanda P. Siegel 1 and Kamran Avanaki 1,2,3✉

Abstract
Diabetes progression is marked by damage to vascular and neural networks. Raster-scan optoacoustic mesoscopy
holds the potential to measure extent of diabetes progression by analyzing changes in skin vasculature.

It is estimated that over half a billion adults worldwide
are living with diabetes1 including over five million people
in the UK2 and over 37 million in the US3. The costs spent
on treating diabetes and its complications is staggering:
over $750 billion worldwide and nearly $200 billion in the
US alone4. Half to two thirds of these costs are attribu-
table to complications of diabetes5. Diabetes disrupts
angiogenesis which causes damage to large and small
blood vessels, leading to a host of complications that
include impaired wound healing, cardiovascular compli-
cations, and dysregulation of neovascularization causing
retinopathy, neuropathy, nephropathy, diabetic micro-
angiopathy, and peripheral vascular disease6,7 (Fig. 1).
Because of the fine network of microvasculature that

runs through the dermis, researchers have long suspected
that the extent of vascular deficiencies associated with
diabetes might also be detected or monitored through
skin imaging8. A range of imaging technologies have been
employed for this purpose, including purely optical
techniques such as confocal or two-photon micro-
scopy9,10, hyperspectral imaging11,12, laser speckle con-
trast imaging13, optical coherence tomography14,15,
nailfold capillaroscopy16,17, and a purely acoustic techni-
que, high frequency ultrasound18–21. These studies have
generally shown they are capable of differentiationg

between healthy subjects and persons with diabetes, but
have not had sufficient resolution, contrast, or penetration
depth to confidently differentiate among people with
diabetes exhibiting different complications.
Ultra-wideband raster scan optoacoustic mesoscopy

(UWM-RSOM) is particularly valuable for capturing deep
microvasculature because it combines optical contrast
and ultrasound’s high spatial resolution and penetration
depth. Hemoglobin is a highly absorbing chromophore
capable of generating a strong optoacoustic signal,
enabling RSOM to visualize dermal microvasculature
features up to 1.5 mm deep. This suggests that RSOM
could potentially image microangiopathy in the skin to
not only detect diabetes, but grade the extent of change of
microvasculature, which may enable it to grade the
expected extent of complications currently or anticipated
to be found in a person with diabetes. This is crucially
important because current methods for quantifying dia-
betes complications are very imprecise, relying more on
predictions by risk factors and/or assessment of clinical
symptoms and signs, such as presence and quality of
symptoms.
In a newly published paper in Light: Science & Applica-

tions, a team led by Vasilis Ntziachristos have demonstrated
that RSOM can not only detect but also quantify levels of
changes in dermal microvasculature that correlate with
extent of complications associated with diabetes. 98 subjects
with diabetes and 48 healthy matched controls (HC) were
recruited for their study22. Approximately half of the sub-
jects with diabetes had no existing complications (NC), one
quarter had neuropathy, but no atherosclerotic
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two orders of magnitude. Such ultra-high Q in excess of
100 million are not necessary for a range of applications
such as delay lines8, signal processors9, and microlasers3,4,
but may open door to new applications such as tuneable
repetition rate OFCs, cavity quantum electrodynamic
(QED)10,11, and optomechanical applications1,2. In the
future, it will be also interesting to see whether and how
this research could be adopted to platforms that are more

akin to integration and mass production such as photo-
nics integrated circuits.
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Fig. 1 Schematic of a SNAP resonance. SNAP is a bottle-type
resonator made by sub-micrometre fibre diameter imperfection (a).
Here, resonator’s resonance with axial number of 3 is shown (a)
together with its field profile (b). Compared to a simple whispering
gallery mode resonance (axial number of 1), the shown mode extends
into the 3rd dimension (fibre axial dimension), making it sensitive to
fibre bending. Exciting two of such resonances in two closely-placed
fibres makes them coupled. Subsequently, two degrees of freedom
(bend radius and distance of the two fibres) enables wide tuneability
of the coupled resonance properties
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