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We have developed a Lab-in-a-fiber (LIF) module which is capable of selectively detecting and picking up single 

cells or clusters of labeled cancer cells (MCF-7) for further analysis. 

 

A selective cell picking module was developed from a combination of multimode fiber (MMF) with a core 

diameter of 62.5 µm and 125 µm cladding diameter and silica capillary with an inner diameter of 90 µm and outer 

diameter of 125 µm. The MMF identifies cells that were fluorescently labeled by illuminating them with a laser 

and then collecting the scattered fluorescent light. Once the cell of interest is identified, a pump is activated to 

gently suck the cell inside the silica capillary. The device has demonstrated the ability to pick single cells as well 

as clusters of cells. Viability tests conducted on the cells indicate that cells picked up in the silica capillary can be 

used for further analysis and can be propagated in culture. 

 

The fiber device consists of two uncoated fibers, a multimode fiber used to excite and collect light and a silica 

fiber capillary with a 90 µm inner diameter and 125 µm outer diameter, used to collect the cells. The two fibers 

were inserted inside a 260/330 µm housing capillary to obtain a robust unit. The housing capillary was then flooded 

with sodium silicate (2.5 mol%) water and air-cured to secure the fibers in the desired position. The tip of the fiber 

component was diced flush using a high-speed rotational diamond blade and then treated with a hydrophobic liquid 

to secure the fibers. 

 

A 488 nm laser was used to excite calcein-

AM labeled cells, and the fiber device was 

mounted on a 3D-translation stage to be 

swept throughout the sample using a joystick 

with a precision of nearly 1 µm. When a 

labeled cell was illuminated, a fluorescent 

signal was collected by the MMF, separated 

by a dichroic mirror, and detected with a 

photomultiplier unit (PMT). When the signal 

was above a preset threshold, a negative 

pressure of approximately 1 bar was applied 

with a vacuum pump to the capillary, and the 

cell was captured. The successful collection 

of cells from tumor spheroids and small 

tumor pieces shows the potential of this 

component to be implemented in a clinical 

setting, especially for in vivo diagnosis of 

hard-to-treat cancers, where sample collection is particularly difficult.  

 

This fiber-based cell-picking device can be combined with other technologies for quick downstream analysis, 

alongside another capillary, allowing for local, precise point-of-care 
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Fig. 1 Snapshots of the fluorescent cell cluster being captured 
by our optical fiber probe. The pump gently sucks in the cells 
and can be further used for analysis and cell culture.  
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Hydrogen is gaining importance as a clean energy carrier, but its safe handling is critical. Leaks 
must be detected early to prevent accidents and to reduce the loss of hydrogen, which is also an 
indirect greenhouse gas. 

We present the development and demonstration of a distributed hydrogen leak detection sensor, 
with the potential to monitor large areas of infrastructure, in a safe and reliable fiber optic setup.  

A distributed hydrogen sensor was developed where an optical fiber was coated with a hydrogen 
sensitive material. The material heats up in the presence of hydrogen due to an exothermal 
reaction between the gas and the active coating. The temperature increase can then be probed 
with conventional fiber optic distributed temperature sensor systems (DTS).  

The sensing concept was evaluated in a hydrogen facility at RISE using an off-the-shelf Raman 
DTS, where the fiber was mounted inside an autoclave and subjected to 4 vol% of hydrogen in air. 

 

 

DTS measurement of the fiber under test versus time, showing the evolution 
of the temperature at three different hotspots during the experiment. 
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Sweden being a sparsely populated country with comparatively long distances between cities poses a
challenge for the establishment of a quantum communication link between larger cities. Conventional
quantum communication links are typically done over shorter distances between buildings or adjacent
cities. [1] In particular, as part of the European Council’s Quantum Communication Infrastructure (QCI)
initiative, the establishment of a quantum communication link between Linköping and Stockholm in
Sweden is of interest. In this study we measure a suite of parameters that are relevant for the establishment
of a quantum communication link over 200 km of deployed optical fiber. We measure the attenuation,
single-photon background count rate and polarization drift of the fiber using a superconducting nanowire
single-photon detector (SNSPD). As can be seen in fig. 1a, the background photon count rate in the link
remains stable over the course of 42 hours.

We further characterize the link interferometrically by implementing a Sagnac interferometer with the
entire link constituting the loop. We measure the visibility of the interferometer as a function of time
over 42 hours. The use of Sagnac interferometers as foundation for quantum key distribution (QKD) is
proposed to eliminate differential phase noise between the two arms of the interferometer [2]. However,
we experience a significant drift in the visibility of the interferometer over time as shown in fig. 1b. The
reason for this drift is currently unknown and is subject to further investigation.

This study marks a significant step towards the establishment of a quantum communication link in Sweden
between Linköping and Stockholm, and this serves as a reference for future quantum communication links
over long distances.

(a) Dark count of the 200km link over time (b) Visibility over time of the Sagnac interferometer
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Abstract 

Quantum technologies are evolving rapidly, driving an increasing demand for the enabling 
technologies that support them. Among these, laser systems play a pivotal role in the precise 
control and manipulation of quantum systems. Applications such as atom trapping & cooling as 
well as quantum state manipulation for quantum computer processes require lasers with 
exceptional stability, spectral purity, tunability, and low noise to ensure coherence and accuracy 
in delicate quantum environments. This study explores how advanced laser systems—including 
tunable continuous-wave sources, ultra-low-noise fiber amplifiers, and high-power stable 
lasers—meet the stringent demands of these quantum applications. 

High spectral purity and stability are critical for ensuring accuracy in quantum sensing and 
interferometry, where even minimal frequency drift can disrupt measurements. Lasers with 
narrow linewidths and stable output power allow for consistent and precise manipulation of 
quantum states. Furthermore, ultra-low-noise amplification is essential for maintaining the 
coherence of quantum systems, reducing noise that could otherwise compromise experiments. 
This is particularly crucial in applications sensitive to external perturbations, such as atom 
trapping and cooling. 

The ability to tune continuous-wave lasers across a wide range of wavelengths provides precise 
control over atomic transitions, optimizing interactions in complex quantum setups. Combined 
with high-power sources that maintain stability under demanding conditions, these laser systems 
deliver robust performance across a wide range of quantum experiments, from trapping and 
cooling of atoms to precision measurements and quantum computing. 

This work demonstrates how the performance characteristics of these advanced laser systems 
collectively enhance the precision, stability, and scalability of quantum applications. Their 
contribution to new breakthroughs in quantum research underlines their importance as essential 
tools in the next generation of quantum platforms. 
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Abstract: The first demonstration of a 2.7 µm CO2 gas sensing source exploiting a backward 
wave optical parametric oscillator (BWOPO). Transmission measurements of the backward wave 
are demonstrated through air with good agreement with simulations.  

 
Increasing the precision of existing climate models requires higher spatial resolution concentration data for the most 
ubiquitous greenhouse gases, CO2 and water vapour being two of them [1]. Active sensing systems based on 
differential absorption LIDARs deployed in low Earth orbit satellites offer a promising avenue for high resolution 
and wide coverage. Such missions require environmentally robust light sources with high spectral stability, a 
possibility for fine-tuning of the wavelength, and narrow spectral bandwidth for precisely targeting vibrational-
rotational molecular lines [2,3]. A backward wave optical parametric oscillator (BWOPO) potentially offers the 
required characteristics [4]. In a BWOPO, the oscillation is established due to the counterpropagating parametric 
interaction without the need for optical cavities. This process also ensures high wavelength stability and narrow 
bandwidth of the backward-generated wave.  
 
In this work, we present, to the best of our knowledge, the first BWOPO precisely tuning over several CO2 
absorption lines, demonstrating the viability of this simple narrowband parametric light source. Moreover, the 
counterpropagating nonlinear interaction ensures narrowband backward wave generation even when pumped with a 
multi-longitudinal mode laser with an unstable mode spectrum. The BWOPO is realized in periodically poled 
KTiOPO4 (PPKTP) with submicron poling periodicity. The periodicity was chosen for the generation of the 
backward idler wave at 2.712 µm when pumping at 1.03 µm. This idler wavelength region was selected to coincide 
with relatively strong CO2 (and H2O vapor ) absorption lines, allowing for direct CO2 spectral measurements in the 
ambient laboratory air.  

 

 
 

Figure 1: Schematic of the experimental setup for the BWOPO CO2 gas absorption measurements. The pump operates at 1030 nm, the backward 
signal is centered around 2712 nm and forward signal at 1661 nm. 

  
Figure 1 illustrates the experimental setup where the pump laser (Thorlabs QSL103A, 380 ps, 9 kHz) generating 
pulses with a maximum energy of 45 µJ is guided into the PPKTP. The pump laser was multi-longitudinal mode 
with a spectral width of 360 GHz. 

Tuning the backward wave output was performed by changing the PPKTP temperature (see Figure 2 (a)). 
Experimentally, the tuning was measured with an optical spectrum analyzer and calibrated by observing the 
absorption dips at one H2O and two CO2 rovibrational lines. The positions of these lines are well known from the 



HITRAN database [5]. Tuning rates are compared to those obtained from Sellmeier equations [6]. The results are 
highly consistent with each other giving the temperature tuning rate of 1.77 GHz/K. The absorption line scan (see 
Figure 2 (b)) was measured by tracking powers of the forward and backward waves simultaneously. Due to Manley-
Rowe's condition, the ratio of the powers will be constant unless one of the waves suffers excess losses in the air. 
This measurement protocol reduces the influence of the pump power fluctuations. Using this procedure a 
transmission measurement through ~ 290 cm of ambient air was captured as the PPKTP temperature was tuned (see 
Figure 2 (b)). The data overlaps well with the HITRAN simulations, where the oscillations at the long-wavelength 
end and the small discrepancy at short wavelengths are attributed to the detection scheme. The 2.7 µm backward 
wave was captured on a detector with a rise-time in the order of seconds while the forward wave could be captured 
on a significantly faster detector (<1 µs rise time). This asymmetry falsely correlated fast noise as long-term trends, 
distorting the results slightly. The strong decrease in the transmission at wavelengths shorter than 2.712 µm is due to 
an adjacent H2O absorption line.  

 
 
Figure 2: Measurements from the BWOPO system is illustrated. (a) the tuning with respect to crystal temperature is presented and compared to 

Sellmeier equations and by measuring the location of the three distinct CO2 dips. The CO2 fit is a straight line going through the absorption peaks. 
(b) The transmission spectrum of the ambient air in the lab is shown and compared with a HITRAN-simulated trace. 

 
The bandwidth of the backward wave was too narrow for the OSA to properly capture its true width. Another 
approach was chosen where the convolution of the simulated trace and Gaussian-like spectrum of varying widths 
was compared to the measured trace. By choosing the width of the Gaussian to minimize the error, an estimate of 
the backward linewidth was measured to be approximately 43 pm (~1.7 GHz).  

Further studies of the wavelength stability using the transmission spectra are presented. The intensity noise 
is measured at two regions: one where the transmission has locally no dependence on wavelength and the other 
where the local dependence is maximized. The resulting noise difference gives an upper limit on center wavelength 
stability of 65 MHz; however, it is very likely that the system exhibits a significantly higher stability.  
 
In conclusion, this work demonstrates that a simple BWOPO, even pumped with a multimode laser is perfectly 
suitable for CO2 gas sensing. The technology can readily target suitable absorption lines for a given application. For 
instance, for a space-borne system, weaker absorption lines at wavelengths within the PPKTP transmission band can 
be chosen.  
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ABSTRACT   

Distributed acoustic Sensing (DAS) is an advanced fibre-optic sensing technology that converts a standard 

telecom fiber into a linear array of microphones, which can pick up vibrations every few meters over tens of 

kilometers. These sensors also come with all the intrinsic advantages linked to optical fibers: no electrical power 

is required along the optical fiber beyond the interrogator, small size, immunity to electromagnetic interference 

and corrosion, and the capability to survey up to several kilometers using a single optical fiber cable, exceeding 

the maximum length of hydrophone cables. Hence, a DAS-based solution leads to logistically easier and more 

accurate seismic characterizations, resulting in less time consuming and more cost-effective geophysical 

campaigns.  

 

Over the past few years, RISE Fibre Optics has been working towards 

developing customised DAS interrogator systems in different application 

areas, including seismic measurements during geophysical surveys. In this 

communication, the feasibility of associating this advanced sensing 

technique with standard telecom optical fibres for measuring vibration data 

as a complement to traditional seismic acquisitions during geophysical 

surveys will be presented for two use cases: (i) monitoring mining induced 

seismicity during mine exploitation and (ii) investigating bedrock quality at 

the bottom of water bodies. Event detection such as production blasts and 

small seismic activities could be detected in a tunnel during mine 

exploitation as well as seismic waves propagating at the bottom of a lake (see figure as example). Future work 

will be oriented towards using these types of measurements to provide useful information about the elastic 

properties of the rock and the relative local response to man-induced seismic events.  
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Random numbers play a crucial role in various scientific and technological applications like simulations
and secure communication. In most cases both the uniformity and the unpredictability of the generated
bits are crucial. One approach to generating unpredictable random numbers is by sampling noise and
using this data as the entropy source for the generator. The discretization of light into photons, a
quantum phenomenon, gives rise to shot noise which can be amplified and digitized [1]. If a random
number generator can sample noise from a system and demonstrate that a significant proportion of the
noise originates from photonic shot noise, it would indicate the quantum nature of the sampled noise. By
estimating the electron charge from the sampled noise, we are able to assess the quality of the noise source
while simultaneously generating random bits from the same data. We use an operational amplifier in a
transimpedance configuration to amplify noise from a photodiode illuminated by an LED. By selecting
the optimal feedback resistance (which corresponds to the amplifier gain) we minimize thermal noise in
the system and achieve an estimate of the electron charge with a relative error of 3%.

This work paves the way for cheaper QRNGs with built-in self monitoring as a pragmatic compromise to
more secure schemes like device independent random number generators [2].
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Figure 1: Obtained data for feedback resistances ranging from 1 kΩ to 1 MΩ
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Directional Marangoni flow induced by laser heating of amorphous silicon nanodisks 

Abstract: Gold nanostructures are often used for optical heating, but they can be unstable and prone 

to melting under prolonged light exposure and high temperatures [1, 2]. To address these challenges, 

this study investigates the use of amorphous silicon (a-Si) nanodisks as a more stable and 

biocompatible alternative for photothermal applications. a-Si, known for its higher melting threshold 

and thermal stability, offers promising performance as a nanoheater. Our results demonstrate that a-

Si nanodisks can efficiently vaporize water to generate microbubbles under continuous-wave (CW) 

laser illumination. These microbubbles induce strong, localized fluid flows, governed by the Marangoni 

effect, where temperature gradients along the bubble surface create surface tension differences that 

induce the flow [3]. We observed that these flows are capable of rapid transportation of microparticles 

over significant distances (Figure 1a), and their direction can be controlled by adjusting the laser 

position (Figure 1b).  

 

(a) Marangoni flow generated by asymmetric pairs of a-Si nanodisk arrays, consisting of 37 and 19 nanodisks. 

Left panel: The velocity and trajectories of 1 µm diameter polystyrene (PS) beads moving around the arrays 

due to bubble-induced flow. Right panel: Video stills showing a 2 mm probe at the liquid interface being 

pushed away by the flow generated from the nanodisk pair. The nanodisks appear as two bright white dots 

at the bottom of the image. The inset shows an SEM micrograph of the nanodisk pair. (b) Marangoni flow 

produced by symmetric a-Si nanodisk arrays, each containing 19 nanodisks. The velocity and trajectories of 

1 µm PS beads are shown for three laser focus positions: Left panel: Laser focused on the left array; Middle 

panel: Laser focused on the center of the gap between the two arrays; Right panel: Laser focused on the 

right array. The inset in the middle panel provides an SEM micrograph of one of the arrays. 
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Lithium-ion batteries are central to advancing energy storage technologies, with graphite anodes being a key 
component due to their high theoretical capacity and reliable cycle life[1]. However, the performance of 
graphite anodes is often limited by lithium-ion storage capacity [2] and ion diffusion rates [3]. To address 
these challenges, modifications at the nanoscale, such as increasing porosity [4] and altering the spacing 
between graphite layers [5], have been explored. Our research introduces an innovative, industrially scalable 
laser processing technique that transforms a low-cost nano-graphite and graphene mixture into a nanoporous 
structure, enabling significant improvements in battery performance. This one-step laser method not only 
optimizes surface morphology but also enhances lithium-ion diffusion and intercalation. The laser-processed 
anodes exhibit substantially improved specific capacities across all charge rates, particularly excelling at 
higher rates. In long-term cycling tests at 1C, these anodes demonstrated superior durability and 
performance, achieving specific capacities of 323 mAh/g compared to 241 mAh/g for untreated samples. This 
work showcases the potential of laser-driven material modifications in advancing LIB technology and 
highlights the broader applicability of such approaches in enhancing energy storage solutions. 

 
Figure 1 SEM images of a) cross-section of NG and laser-
processed NG surfaces, NG b,c) surface, and d) cross-
section, laser processed NG e,f) surface, and g) cross-
section. The Cu substrate and coatings are labelled, with 
edges marked. 

 
Figure 2 Mean average galvanostatic charge-
discharge cycling of NG (black solid circles) and 
laser-processed NG (red crosses) cell sets at a 1C 
charge rate. 
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Nanoparticles are increasingly used in various applications from healthcare [1] to energy storage [2]. Pulsed 
laser ablation in liquid (PLAL) has emerged as a promising technique for nanoparticle production, offering 
advantages like high purity and precise size control [3]. Although traditionally hindered by low production 
rates, recent advancements in laser scanning technology, such as polygon scanners, have enabled 
production rates of grams per hour [4], positioning PLAL as a more industrially scalable technique. In 
photonics, rare-earth doped nanoparticles like Yb:YVO4 are particularly interesting due to their favorable 
thermal properties and potential applications in laser-active materials [5]. Here, we present an investigation 
of the synthesis of Yb:YVO4 nanoparticles using a 1030 nm femtosecond laser, focusing on how parameters 
such as pulse repetition rate and solvent composition influence nanoparticle size and morphology. We 
observed ovoid-like structures in deionized water and spherical particles with enhanced colloidal stability in 
ammonia, with particle sizes ranging from 10 to 150 nm. Notably, the structural integrity of the nanoparticles, 
including their composition and crystalline features, remains consistent with that of the bulk Yb:YVO4 target 
material after processing. Characterization was carried out using dynamic light scattering, Raman 
spectroscopy, scanning electron microscopy, and energy-dispersive X-ray spectroscopy. These findings 
demonstrate the potential of femtosecond laser ablation to produce high-quality nanoparticles, paving the 
way for future advancements in scalable nanoparticle production for photonic applications. 

 
Figure 1 Typical SEM imaging of NPs synthesized via PLAL, 

using DI water.  indicating standard ovoid-like NPs, 
synthesized using 0.1kHz pulse repetition rate for 30 

minutes 

 
Figure 2 Raman spectra of bulk Yb:YVO4 crystal (blue), compared to typical 

spectra of NPs synthesized in DI water (red). 
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Self-activating filter for optical power limiting 
(OPL) 
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Inspired by sol-gel materials1 we have developed a transparent and colorless SiO-
based low temperature melting gel2, 3. The gel is a 3D-polymer network of SiO 
with phenyl groups impeding condensation into SiO2. It is cheap to synthesize 
through a sol-gel process at around 100 ºC. The concentration ratio of two 
precursors, phenyltriethoxysilane (PhTES) and diphenyldiethoxysilan (DPhDES), 
determines the melting properties of the gel. In our case, we have tuned the gel to 
transfers from an elastic to a viscous phase at 80 ºC. This allows for doping with 
sensitive organic molecules with nonlinear absorption. The gel exhibits an optical 
power limiting effect, which self-activates thermally by intense hazardous light. 
The gel shows self-healing properties and it is re-shapeable after synthesis. The gel 
is suitable as a self-activating filter inside optical systems to protect sensors, an eye 
or skin. 
 
 
 
 

                                                 
1 L. C. Klein, et al., J. Sol-Gel Sci. Technol. 2010, 55(1), 86 
2 Nils Ross, M.Sc. thesis 87424, 2021, FOI and Luleå University  
3 Work in manuscript. 
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Generation of circular THz vortex by direct optical rectification 
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Abstract: A circularly-polarized THz vortex was generated using field synthesis in optical rectification of two 
interfering near-infrared delayed vortices. Two-dimensional electro-optic imaging and terahertz polarimetry 
techniques were employed for frequency-resolved THz field amplitude and phase characterization.  

Terahertz (THz) attracts great interest for its existing and potential applications in spectroscopy, imaging, sensing, and 
communication [1-3]. Circularly polarized vortex THz beams, which contain both orbital angular momentum (OAM) 
and spin angular momentum (SAM), provide additional tools for applications in the next generation of wireless 
communications, spectroscopy, and manipulation of novel magnetic and chiral materials, and others [4, 5]. Here, we 
propose an experimental method to directly generate a circularly polarized vortex THz beam by OR using two vortex 
infrared femtosecond beams with an adjustable phase difference.  

The setup for the generation of the THz vortex beam is shown in Fig. 1(a). A linearly polarized laser with a central 
wavelength of 800 nm, a pulse duration of 33 fs, and a repetition rate of 1 kHz was used as pump and probe. The two 
pump beams are 45° polarized with each other with the balanced power. A delay line controlled the pulse delay between 
two pump beams. An S-waveplate was inserted to convert linear polarized pumps into radially polarized beams with the 
polarization winding number of 1 before [111]-cut ZnTe. The probe beam was used for 2D time-resolved EO imaging in 
a [110]-cut ZnTe crystal. Two wire-grid polarizers were inserted before the EO crystal for THz field polarimetry.  

To generate a THz vector vortex beam with a helicity, a non-zero time-delay was introduced between two pump 
vortices. The characteristics of circular THz vortex at 1 THz were illustrated in Fig. 1(b), and the results were observed 
from the point of source. The phases and amplitudes distribution with the first THz wire-grid polarizer along X and Y 
axis (see Fig. 1(a)) are depicted in Fig. 1 (b)-i, ii, iv and v. The phase profiles both exhibit a clockwise of 4π indicating 
the presence of OAM of +2ħ. The theoretical state of polarization of this circular vortex is depicted in Fig. 1(b)-iii. The 
typical electric-field trajectory of the generated THz waveform was shown in Fig. 1(b)-vi. The helicity was verified as 
right-handed, suggesting a SAM of +ħ. The total angular momentum of this circular polarized terahertz vortex summed 
up to +3ħ. 

 
Fig. 1. The schematic diagram of THz generation and imaging setup (a). BS1-4: beam splitters. HWP: half waveplate. M1-M10: reflective mirrors. 
L1-L3: focusing lenses. TPX1, TPX2: TPX lens, WGP1, WGP2 wire grid THz polarizers. E1, E2: polarization of two pumps. Dashed frames: delay 

lines. Left corner: XYZ laboratory coordinate system. Measurement of the circular THz vortex (b). (i) Transverse phase distribution of X axis 
polarized, and (ii) Transverse phase distribution of Y axis polarized THz field. (iii) Transverse amplitude distribution of X axis polarized, and (iv) 

Transverse amplitude distribution of Y axis polarized THz field. Color bars in (i) and (ii) show the phase scale (radian), and color bars in (iii) and d 
represent the field amplitudes in arbitrary units. (v) State of polarization profile. (vi) Electric field trajectory of THz waveform. 

In conclusion, we proposed and experimentally demonstrated an approach to generate the circularly polarized terahertz 
vortex field using OR of two infrared vortices. The total angular momentum and chirality, and frequency-resolved 
characteristics of circular THz vortex were studied by 2D THz-TDS and polarimetry technique. This approach provides 
the potential to synthesize more complex vector THz beams, broadening the possible THz applications. 
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Author: Marzo López Cerón (cr0676lo-s@student.lu.se) (Master Student)
Co-authors: Daniel Dı́az Rivas, Ivan Sytcevich, Ann-Kathrin Raab, Miguel Canhota, Chen Guo,
Anne L’Huillier and Cord Arnold

The dispersion scan (d-scan) is a technique aimed for ultrafast pulse characterisation in the femtosec-
ond regime. The technique is based on generating a non-linear signal from the pulse to be measured
while manipulating its spectral phase. The manipulation of the phase is done by introducing different
amounts of group delay dispersion (GDD) to the beam. In this case, the second harmonic is generated,
and the outcome is a two-dimensional trace of the SH spectrum vs. the introduced dispersion. This
trace allows a numerical retrieval of the spectral phase, which ultimately permits the temporal profile
and phase to be obtained [1], [2], [3].

Two approaches of this technique are presented: the scanning d-scan and the single-shot (s-shot)
d-scan.

The scanning d-scan uses translating wedges in order to introduce different amounts of dispersion to
the beam, which then is directed to a BBO crystal where the second harmonic is generated. Afterwards
it reaches a spectrometer that records the signal. This approach allows the measurement of few- and
many-cycle femtosecond pulses [2].

Due to its scanning nature, the d-scan only provides averaged measurements, which is totally fine
as long the laser source is stable. For low repetition rate ultrafast lasers, however scanning can
take inconveniently long and single-shot pulse characterisation is preferable. Furthermore, single-shot
approaches can give immediate feedback to the laser operator. The s-shot is a single-shot d-scan
implementation, introducing different amounts of GDD to different spatial parts of the beam using
material dispersion. A prism of a dispersive material, suitable for the time regime and wavelength
of the pulse to be measured is placed before the BBO to achieve spatially varying dispersion. Once
again, the generated second-order non-linear signal is recorded with a spectrometer, and the pulse can
be retrieved with the same mathematical methods [1].

Figure 1: Scanning d-scan and single-shot d-scan basic set-up
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Revealing the Fano Combs in Mie Scattering 

Javier Tello Marmolejo, Adriana Canales, Dag Hanstorp, and Ricardo Méndez-Fragoso 
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A droplet trapped in an optical trap emits light in complex patterns called Mie Scattering. The 
scattering includes Transverse Electric (TE) and Magnetic (TM) modes in all directions and 
polarizations, resulting in a pattern full of overlapping resonances. Although the problem has an 
analytical solution, the full spectrum is so complex that recognizable patterns have not been found 
and is only understood by comparing to numerical simulations. Here we show the arising structure 
of Fano combs in the directional Mie scattering of evaporating water droplets [1]. It shows how 
resonances arrange themselves in consecutive combs.  Inside of each comb the Q-factor of the 
resonances rises exponentially, resulting in extreme sensitive to absorbance at the far right of the 
combs. The spectrum is fully defined by the refractive index of the droplet, allowing us to measure 
the refractance and absorbance in absolute terms, for a spectrum of wavelengths. In other words, 
a refractometer and spectrophotometer in one, with detection limit in absorbance from 10-3 to 10-8 
and a precision of about 10%. 

 

 

Fig. 1 The size dependent resonances of a sphere arrange themselves in combs made up of 
evolving Fano profiles from broad and symmetric to narrow and asymmetric.  

 

[1]  Fano Combs in the Directional Mie Scattering of a Water Droplet, Javier Tello Marmolejo, 
Adriana Canales, Dag Hanstorp, and Ricardo Méndez-Fragoso, Phys. Rev. Lett. 130, 043804, (2023) 
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We build a double optical tweezer that generates two potential wells capable of trapping 
micrometric particles. When these are very close, a double optical potential well is produced. We 
use a piezoelectric dispenser to deposit silicone oil particles with sizes between 20 and 35 µm. In 
the experiment we can control the relative intensity between each of the wells and the distance 
that separates them in order to take advantage of the Brawnian motion of the particle and thus 
produce spontaneus jumps between them [1]. We use a lens array and two perpendicular Position 
Sensing Detectors to locate the particle in three dimensions along its trajectory. With this 
information we make statistics of the particle's movement over time to show that this system is 
analogous to a particle in a double potential well used in quantum mechanics [2]. Properties that 
both systems share are calculated for different parameters of the experiment. This contribution is 
one of the first steps towards future experiments in which properties of atomic systems can be 
simulated using analogues in optics. 
 
 
[1] Loïc Rondin, Jan Gieseler, Francesco Ricci, Romain Quidant, Christoph Dellago, and Lukas 
Novotny. Direct measurement of kramers turnover with a levitated nanoparticle. Nature 
Nanotechnology, 12:1130–1133, 2017. 
 
[2] Yu P. Kalmykov, W. T. Coffey, and S. V. Titov. On the brownian motion in a double-well potential 
in the overdamped limit. Physica A: Statistical Mechanics and its Applications, 377:412–420, 4 
2007. 
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Abstract 

Light exposure significantly affects human health and behaviour, modulating sleep, cognitive 
functions and neuroendocrine processes. The effects of light on human physiology can be 
observed acutely as changes in subjective alertness, mood, sleep architecture, heart rate and 
suppression of the hormone melatonin, usually produced by the brain before the biological 
night. The invention of electric lighting has led people to spending more time indoors during the 
day, including working remotely from home, and staying up later in the evening. However, the 
intensity of artificial light is only a fraction of that of daylight (a half for a cloudy sky, and less 
than 1 % of a sunny afternoon), while their spectral compositions differ in terms of blue light 
proportion. Implications for health and well-being vary from mood and wakefulness to sleep 
deprivation, including severe health problems, such as depression and heart diseases.  

New standardised metrics for measuring the physiological, non-visual effects of light have been 
recently introduced and wearable light loggers have been developed as a way to measure an 
individual’s personal light dose. However, the optical characterisation of these dosimeters is 
challenging because of the compromises needed to make them wearable and affordable. This 
poster presents the work performed in the European project “Metrology for wearable light 
loggers and optical radiation dosimeters – MeLiDos”, which aims to provide the scientific and 
industrial communities with the necessary tools (e.g. best practice guides) for the 
characterisation and use of wearable light loggers and solar UV dosimeters. 

In this project characterisation methods for wearable optical radiation dosimeters are under 
development and will in the next step be validated in an international intercomparison. Five 
different wearable light loggers from different manufacturers in different price ranges have been 
acquired. Also, three different solar UV-dosimeters from different manufacturers are being 
characterized and compared.  

Further analysing the quality of data collection methods, a multi-center field study with wearable 
light loggers is being performed where research subjects in six different countries (Sweden, 
Germany, The Netherlands, Spain, Turkey and Ghana) are wearing light loggers for one week 
while also reporting sleep quality, mood and tiredness.  

Keywords: Wearable light logger, light dosimeter, non-image forming effects, UV-dosimeter 

  
 

Figure 1 – The wearable light logger used in the multi-centric field study (left). The spectral 
response of the different channels of the light logger (right). 
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Abstract 

This poster describes a multidisciplinary research project that aims to generate knowledge and 
improve the physical environment and its impact on staff’s health and wellbeing in intensive 
care units (ICUs). ICUs are complicated hospital units to design due to the complex nature of 
the clinical care and the needs of patients, families, and staff. The growing amount of 
technology has led to cramped spaces causing difficulties to perform nursing and medical 
interventions. Workers in these environments face a significant probability of experiencing 
physical and psychological symptoms associated with environmental discomfort which may also 
affect the patient care. Despite advances in critical care, the physical environment continues to 
be an area that calls for improvement. More knowledge is needed concerning environmental 
factors like sound, light and spatial layout. 

Visual discomfort can negatively affect the ability to perform different tasks; too high or too low 
light levels may lead to headache, eyestrain or fatigue. Light plays a crucial role in regulating 
wakefulness and alertness and limited access to ‘daylight-like’ light during the day may result 
in fatigue and depression, and too much light at night-time with frequently occurring high 
intensity interruptions may lead to sleep disturbances. Furthermore, alarm and monitoring 
sounds can cause psychological stress for both patients and staff, and intermittent, 
uncontrollable sounds can induce acute stress reactions. Noise in the workplace can impair 
communication ability with the patients, concentration and attention, and lead to fatigue. 
In this project, the light and sound exposures of members of the staff in the ICU at Sahlgrenska 
University Hospital are to be measured both with wearable devices and by characterization of 
the lighting and acoustics in the different rooms of the workplace. The impact of light and noise 
on the staff’s mood, alertness wellbeing and sleep during the study period is estimated using 
questionnaires. Environmental factors causing interruptions leading to missed nursing care and 
stress among ICU staff is identified by including observational protocols, self-reported stress 
questionnaires, and physiological stress indicators like heart rate variability (HRV) and skin 
conductance.  

   
                         Figure 1 – Work environment in the ICU 
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Scattering-based microscopy methods has recently gathered attention as an alternative to the 
ubiquitous fluorescence microscopy [1] with several configurations showing super-resolution by 
techniques such as structured illumination [2] or coherent light [3]. The advantages of scattering 
over fluorescence include: 1) no requirement for fluorescent tagging of the imaged object - 
scattering microscopy is label-free; 2) experiment times is not limited,  fluorescent tags get 
photobleached; 3) scattering does not get saturated, the fluorophore do, which limits the rate of 
detection [4].  

To suppress the background signal and only collect the scattered light, darkfield imaging (DF) or 
total internal reflection (TIR) are frequently used where TIR generates an evanescent field which 
generates scattering from the object. Another efficient way to achieve evanescent fields is to 
couple the excitation light to a waveguide. Multiple configurations have been realized using 
materials such as silicon dioxide and a polymer [5], microscope slides [6], or silicon nitride [7]. 
However, the current platforms utilize external lasers that couples the light into the waveguide by 
butt-coupling. This makes the platform complex to use and more sensitive to outer disturbances.   

By integrating a laser directly onto a waveguide, a fully on-chip illumination source can be 
fabricated. This illumination source would not require any additional equipment and would 
generate a scattering TIR illumination platform for a standard microscope.  

Vertical cavity surface emitting lasers (VCSELs) were recently used for label-free imaging in both 
darkfield and TIR. This was made possible by deflecting the light with a monolithically integrated 
metasurface, deflecting the beam at a high angle [8]. We are now expanding this concept by 
coupling the VCSELs light into a waveguide, thereby providing more uniform illumination with 
ultralow background and an expanded field-of-view. 

1. Astratov, V.N., et al., Roadmap on Label-Free Super-Resolution Imaging. Laser & 
Photonics Reviews, 2023. 17(12): p. 2200029. 
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imaging using rotating coherent scattering (ROCS) microscopy. Scientific Reports, 2016. 
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Nanoparticles to Single Proteins. Chemical Reviews, 2021. 121(19): p. 11937-11970. 
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Dark pulses are pulses characterised by a temporal dip in the 

intensity. Examples of applications for such pulses are optical 

gyroscopes and telecommunication links [1, 2]. Their reduced 

sensitivity to transmission losses and lower intensity, and thus 

reduced sensitivity to nonlinear effects, means that they 

propagate differently to normal pulses. After their theorisation, 

experimental verification has so far mostly been the generation 

of optical dark solitons in optical fibres. Recent publications 

have demonstrated free-space propagating dark pulses on the 

picosecond timescale, synchronized to partnered bright pulses 

[3]. To measure the intensity of dark pulses is easily achievable 

by means of photodetectors, the phase however remains 

inherently different to characterise because of the relatively low 

intensity.  

In this article we demonstrate for the first time ever 

experimental characterisation of the phase of a dark pulse 

which is achieved by means of blind-FROG measurements in 

combination with a new FROG algorithm with a reduced 

sensitivity to measurement noise [4, 5].  

The dark pulses are generated through intra-cavity sum-

frequency generation between two lasers, resulting in 

synchronised bright and dark pulses. These bright and dark 

pulses have comparable bandwidths to each other which makes 

them suitable candidates for a blind cross-correlation 

measurement. The experimental set-up can ve seen in fig. 2 and 

the results can be observed in fig. 2 and demonstrates a 

discrete near-π phase-jump in the temporal phase profile, as is 

expected in simulations. Further, the intensity profile shows 

bumps along the sides of the dark pulse, matching what is to be 

expected during bright-dark pulse pair generation under group-

velocity mismatch [6]. 

 

Figure 2: Experimental set-up for the blind FROG measurement 

 

Figure 1. a) Measured blind-FROG trace b) Retrieved dark pulse 

intensity and phase. 
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ABSTRACT 

Laser Microtomy utilizing Femtosecond lasers presents a cutting-edge method for non-contact 

sectioning of biological tissues or materials with high precision and minimum thermal damage.  Laser 

microtome can handle hard materials, including bones, teeth, and ceramics. They can slice tissues with 

minimal damage, which is crucial for immunohistology investigations. 

In this study, we focus on optimizing laser beam parameters for sectioning mouse femur bones, which 

demands high precision. Generally, laser pulses with a Gaussian profile result in a non-uniform intensity 

distribution, causing tapering along the edges and compromising the quality of the sectioning’s surface.  

To ensure a uniform intensity profile across the sample, we can employ flat-top beams to provide 

consistent cuts. 

For the femtosecond laser bone sectioning of mouse femur bones, a CPA-2001 Amplified kHz Ti: 

Sapphire Laser System (Clark-MXR, Inc) operating at a wavelength of 775 nm, alongside beam shaping 

optics, a high-power objective lens, and a motorized sample position system is used to manipulate the 

cutting process. The femtosecond laser creates sectioning with low thermal shocked zones, which is 

beneficial for the preservation of tissues. 

The aim is to produce thin slices of bones nearly 10 micrometers thick while preserving the cellular 

integrity. Presently, we are working on beam-shaping optics to achieve the desired flat-top profile and 

to focus the beam to femur bone using high objective lens while maintaining its profile, which can 

minimize the edge effects while enhancing the uniformity of the intensity profile. The cutting process 

is also automated using Python and the Kinesis control software. 

The sectioned samples can improve the understanding of bone marrow function as the cells have 

minimum damage, which is helpful in leukemia research. 

Keywords: Laser microtomy, Femtosecond laser, Flat top profile, Beam shaping, Femur bone, Bone 

sectioning, Thermal shock zone 
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Abstract: Evaporation dynamics of droplets are critical in atmospheric sciences, combustion, and industrial
processes. In scenarios such as cloud formation and laser diagnostics of fuel droplets, radiative heating, including
laser irradiation, significantly influences evaporation rates, often resulting in deviations from established theoretical
models. Using optical levitation, we can suspend droplets in the air and study them under controlled heating. The
classical D²-law estimates droplet evaporation, assuming stable conditions and fast mixing. However, its accuracy
is limited in laser diagnostics or cloud formation, especially for droplets smaller than 5 microns, like those in
aerosols or fuel sprays. Studying these small droplets is difficult because they are hard to trap. Here we show how
the single-component water droplets smaller than 5 microns evaporate under near-infrared heating. We find that
the evaporation does not fully follow the D²-law, showing a different pattern. As droplets shrink, their heat
absorption changes, which likely causes these differences. Understanding these behaviors helps improve
applications where droplet evaporation is important.

Figures:

Fig. 1: Water droplet trapped in a Fig. 2:Temporal Evolution of droplet diameter squared
counter-propagating optical trap. under different levels of NIR heating.
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Comparison of layered coating materials in a neutral particle detector plate.
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Negative ions have gained significant interest since they can explain the behaviour of a quantum system when
the single particle model breaks down. These systems emerge when an electron binds to a neutral system that
does not experience the long-range Coulomb force. This highlights the importance of the electron correlation and
the interest in studying the electron affinities for numerous elements. The Gothenburg University Negative Ion
Laser Laboratory (GUNILLA) has thoroughly analyzed these systems by using laser photodetachment threshold
spectroscopy to study the p-wave electron in Tungsten (W−). A neutral particle detector with a graphene-
based target is used to track neutral atoms resulting from the photodetachment process. The target must be a
transparent plate to allow laser light to pass through while also serving as a conducting material to prevent it
from becoming electrically charged, hence a glass or quarts plate coated with a conucting layer is the solution.

However, in recent analysis, the performance shown by the graphene layer on the detector’s plate has de-
graded due to prolonged use, reducing the necessary conductivity for accurate measurements and contribuiting
to unexpected results. Replacing the graphene-coated quartz plate with a material of similar properties such as
an Indium Tin Oxide (ITO) plate is expected to improve the results in the spectroscopy, allowing the p-wave in
Tungsten (W−) to be observed as it has been in previous papers. A comparative analysis using different plates
in the detector will determinate whether the deterioration of the graphene layer was responsible for the observed
changes. This might also provide some insight into how prolonged radiation exposure affects the coating materials
in the neutral particle detector plate.

Figure 1: Schematic representation of the interaction region and the
neutral particle detector. Right next to it, the CAD-model of the
neutral particle detector used. [3]
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Coherent Anti-Stokes Raman Spectroscopy (CARS) considered a gold standard for thermometry in 

reactive flows. We introduce a novel method to further enhance its diagnostic capabilities using 

quantum control by engineering the interference of two quantum wavepackets. This involves a 2-beam 

[1] hybrid fs/ns rotational CARS [2] setup with a second control pulse having a variable delay. The 

initial femtosecond (fs) pulse creates a rotational wavepacket. When the control pulse arrives at an 

integer multiple of the molecular revival period (Trev) it generates a wavepacket in phase with the initial 

one, leading to constructive interference and signal amplification. This is especially beneficial in high-

temperature applications with low species number density. Conversely, if the control pulse arrives at an 

integer multiple of half the revival period (
1

2
 Trev), it creates an out-of-phase wavepacket, resulting in 

destructive interference and signal annihilation. This allows for improved species-specific detection by 

eliminating specific molecular fingerprints in complex mixtures. By selecting an optimal delay time, 

we can enhance species selectivity and measurement accuracy in real-time, non-stationary reactive 

flows. Figure 1 shows the theoretical and experimental spectro-temporal map of IQC-RCARS with 

variable delay, demonstrating the efficacy of this approach. 

 

Figure :(a) Theoretically prepared spectro-temporal mapping of IQC-RCARS spectra with respect to pump-control pulse delay(δt), by a step 
of 100 fs and (b) corresponding experimental data. The red vertical dashed lines indicate special spectra atδt1≈ 2.01 ps (1/4 Trev) for selective 

nuclear-spin-isomer excitation,δt2 = 4.19 ps (1/2Trev) for species-selective signal annihilation, and δt3 = 8.38 ps (Trev) for species-selective 

signal amplification. 
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Optimizing magnetic traps for diamagnetic particles 
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Given that optical and electrostatic traps present problems like electrodynamic noise or particle damage, 
magnetic traps have emerged as a viable alternative. These traps use powerful magnets to create a small 
zero-field point between them, surrounded by strong magnetic field gradients. Diamagnetic particles are 
repelled by magnetic field and become trapped in the zero-field point. Despite the promising potential, 
there is insufficient information about the limits of magnetic traps for micro-sized particles. Here we 
show the progress towards characterizing a magnetic trap for water and silica particles. Optimizing 
parameters such as the separation distance between the tips (d) and the angle of the magnetic tips (θ), we 
will be able to determine the maximum size of particles that can be stably trapped and their trap stiffness 
(k). 
This provides a cheap and safe alternative to study micro-particles without high laser power. Additionally, 
since we expect the vertical stability position depend on the mass, we foresee the possibility of measuring 
the weight of micro particles through their vertical displacement. 

Fig 1. Water droplet trapped between two neodymium magnetic tips illuminated by a 532 nm low-power laser. 
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Abstract:
Driven by the increasing need for sensitive, rapid, affordable, and ease-of-use biosensors for 
medical diagnostics and biological research, an enormous amount of biosensing techniques and 
their corresponding devices have been developed in the last decades. In the plethora of 
biosensors, optical sensors based on the excitation of surface plasmon-polaritons, called 
surface plasmon resonance (SPR) sensors, have since their inception been one of the fastest-
developing label-free sensing techniques [1]. Since the momentum of the surface plasmon lies 
beyond the light cone in air, the traditional SPR sensor uses a coupling prism to excite a surface 
plasmon in a thin metal film [2]. The prism limits the prospect of a miniaturized SPR-sensor 
which has kept the technique as a tool mainly used for research and in large bioindustry labs. 

We present a flat and miniaturized illumination module for SPR sensing, enabled by a vertical-
cavity surface-emitting laser with a monolithically integrated metasurface [3]. The metasurface 
laser is bonded to a glass substrate and emits a beam into the glass that can be used for angle-
resolved SPR sensing. On the opposite side of the surface plasmon supporting film, we have 
designed a simple multichannel microfluidic cell to flow different analytes to the sensor. We 
have characterized the device's performance, and we show that the resolution is comparable to 
the state-of-the-art at  refractive index units [4]. We also demonstrate specific detection of 
microribonucleic acids (miRNA) for concentrations as low as  nM and  nM for direct 
detection and antibody-amplified detection, respectively [5]. We believe that this flat, highly 
scalable, and potentially affordable illumination source can pave the way for bringing SPR-
sensing out of the lab and to be used for point-of-care devices. 
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Fig. 1 3D-render of the full miniaturized SPR-
sensor. 

Fig. 2 Time trace from direct detection 
and antibody-amplified detection of 

miRNA.



Optics & Photonics in Sweden Conference 2024
Chalmers, Lindholmen, Gothenburg

Determine higher-order dispersion constants in arbitrarily patterned waveguides
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Abstract – We report on our work on developing techniques to simulate long waveguides in
nonlinear optics, taking the Kerr effect into account, with the use of the nonlinear Schrödinger
equation (NLSE). To solve this equation, we need to determine higher-order dispersion con-
stants. We show techniques to numerically calculate higher-order dispersion coefficients for
arbitrarily patterned waveguides using eigenmode simulations using the finite-element method.

The nonlinear optical coefficients are very small for most materials. This results in a need for very long wave-
guides in integrated optics in order to achieve nonlinear optical processes such as optical parametric oscillation
with appreciable efficiency, meter-long waveguide structures not being uncommon. This in turn makes simula-
tions of nonlinear integrated optical devices challenging. Translationally invariant waveguides can be simulated
using approximate methods such as the the beam envelope method. However, for more complicated structures,
for instance a periodically patterned waveguide, these approaches becomes unfeasible. In this contribution, we
describe how the nonlinear wave propagation in periodically patterned waveguides with a χ(3) nonlinearity can
be simulated using the nonlinear Schrödinger equation. We show how the weak form of Maxwell’s equations
can be rewritten in order to solve for propagation constants at fixed frequencies using eigenmode simulations in
COMSOL. With this information,we can then determine the higher-order dispersion coefficients needed to solve
the nonlinear Schrödinger equation for long, periodically patterned structures.
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Abstract   We present an overview of an experimental infrastructure for attosecond science operating at 200 kHz 

repetition rate. Three light sources that deliver µJ-level pulses with durations ranging from 6 to 31 fs in the near-

(NIR) and short-wave infrared (SWIR), combined with high-order harmonic generation (HHG) in a high-

pressure gas jet constitute an ideal platform for statistics-demanding studies in gases and solids. 
 
In this work, we present a beamline for gen-

eration of attosecond pulses at 200 kHz repeti-

tion rate, involving three different laser sources 

for driving the HHG process. The layout of the 

experimental setup is shown in Fig. 1(a). All 

three laser branches are derived from the same 

Ti:Sapphire oscillator. Part of the oscillator 

spectrum around 1030 nm seeds an Ytterbium 

(Yb) chirped pulse amplification (CPA) chain, 

which serves as a pump for each of the outputs. 

The workhorse of the beamline is an NIR op-

tical parametric chirped pulse amplifier 

(OPCPA) [1]. Seeded by the rest of the oscilla-

tor spectrum, the amplifier emits 6 fs (2.2 cycle), 

carrier-envelope-phase (CEP) stable pulses at 

850 nm with 15 µJ of energy. The output is fo-

cused into a high-pressure gas jet for HHG (a 

typical spectrum in argon is shown in Fig. 1 (b)), 

producing short trains of attosecond pulses in 

the extreme ultraviolet. This system is routinely 

used for studies of gas phase photoelectron dy-

namics using a 3D momentum spectrometer. 

The second branch is based on nonlinear 

pulse post-compression of the Yb CPA laser in 

a multipass cell (MPC), using bulk glass as non-

linear medium [2]. This compression stage re-

sults in 150 µJ, 31 fs pulses at 1030 nm, allow-

ing for the generation of <130 eV photon ener-

gies via HHG in neon (Fig 1 (c)). 

The third branch is a recently developed 

SWIR OPCPA, producing CEP-stable, 2.3-

cycle (16 fs), 13 µJ pulses around 2 µm, capable 

of driving HHG in argon, Fig. 1 (d) [3]. 

Future development of the beamline involves 

an upgrade of the Yb pump laser, aiming to 

boost the output pulse energy of the two 

OPCPAs to hundreds of µJ. This will allow for 

more energy-demanding attosecond XUV spec-

troscopy experiments with the NIR arm, and for 

the generation of water-window soft-X-Ray at-

tosecond pulses from the SWIR arm. Further-

more, an additional compression stage for the 

MPC output is supposed to bring the pulse dura-

tion down to the few-cycle regime. Combined 

with CEP-tagging, this approach poses an at-

tractive alternative to more experimentally 

complex, OPCPA-driven HHG platforms.  

 

Figure 1. a) An illustration of the 200 kHz HHG beam-

line and typical HHG spectra for the output of: b) the 

NIR OPCPA (argon); c) the Yb MPC (neon); d) the 

SWIR OPCPA (argon). 
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Detecting Nanomotions of Single Cells using Optically Trapped Nanomotors 

Authors:  
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Understanding cells, the fundamental units of life, is crucial for advancements in fields like 

medicine and biotechnology.  Advances in cellular research are closely linked to the 

development of methods that can measure nanoscale biological processes, both in time and 

space. A particularly important area is the study of mechanical motions in single cells, which 

are connected to cell viability and health1,2. To study these nanomotions, a highly sensitive, 

non-invasive method is essential. 

We present a method for detecting nanomotions in living cells using a single rotating 

nanomotor trapped with optical tweezers3,4. Optical tweezers are a popular tool used in 

biological research due to their ability to sense and apply minute forces and torques to 

microscopic objects, as well as their ease of implementation allowing for precise studies of 

biological samples.  In this approach, a nanorod supporting plasmonic resonances is trapped 

in two dimensions against a glass surface and rotated through torque transfer from a circularly 

polarized laser beam. The rotation frequency of the nanomotor is proportional to the optical 

torque, which is determined by the light intensity. By manipulating the nanomotor along the 

focus of the beam, this work demonstrates a near-linear relationship between its rotation 

frequency and position.  Fluctuations of the cell membrane can displace the nanomotor along 

the laser beam, allowing for the detection of cellular nanomotions ranging from tens of 

nanometers to up to a micrometer.  This opens new opportunities to study specific cellular 

processes, and in turn facilitating a deeper understanding of single-cell pathology. 

 

Calibration curve acquisition for nanomotion detection by moving the microscope stage and measuring the rotation 

frequency at different positions along the laser beam axis. (a): Schematic representation. (b): Typical relationship 

between height offset and rotation frequency of a nanomotor (approximately 164 × 98 nm) at a laser power of 5.5  
mW. The dashed line represents a fit with a second-order polynomial. (c) Rotation frequency and displacement in 

the z-direction over time for a nanomotor trapped over a glass surface (left) and over a cell (right). 
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Sensors are widely used in our daily life, and further development and improvement of 
current sensing technologies are continually demanded. They are driven by applications 
and markets in various areas including health, wellbeing, green energy, sustainable cities, 
as well as promotion of industry innovations.  

In this work we present a few sensor examples, one is an integrated sensor utilizing 
graphene with asymmetric meta-surfaces to detect CO2 and/or alcohol in IR regimes. 
Another is the development of THz detectors for sensing of illicit material for postal 
services and express courier flows within our ongoing EU project IFLOWS. It aims to 
enhance detection capabilities of dangerous and illicit goods transported within post and 
parcels flows in EU. The third example is the demonstration of printable photonic inks 
based on thermochromic ultra-fine VO2 nanoparticles and hydrophobic Ag nanoparticles. 
This work was carried out successfully by joint effort from ISSP/RISE within EU Emerge 
project. 
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