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      Nanotechnology. The latest news on  nanoscience, nanoelectronics, science and technology. Updated Daily.


      
        Not just a lodger: Novel host-guest assembly provides enhanced reactivity
        By design, synthetic molecules typically have specific jobs to prevent or accelerate reactions between other molecules. To help control more complicated reactions, researchers may harness spare space in one molecule to synthesize another chemical structure. The host-guest assembly can better induce the specific desired reaction than either component individually--if the scientists designing the assembly get it right.

      

      
        In vivo production of CAR-T cells using virus-mimetic fusogenic nanovesicles
        Chimeric antigen receptors (CARs) are synthesized membrane proteins that enable lymphocytes to recognize and respond to the specific antigens of target cells. Despite the impressive efficacy of CAR-T cell therapy in treating B-cell lymphoma or leukemia, the expensive and complex manufacturing process has hindered its widespread clinical application.

      

      
        New technique in tiny tool tuning: Making microscopic measurements more accurate
        Fluidic force microscopy (FluidFM) combines the sensitivity of atomic force microscopy with microfluidics' capabilities, necessitating precise calibration of its cantilevers for reliable data. Traditional methods, however, struggle with the unique internal structure of FluidFM cantilevers, leading to inaccuracies.
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Not just a lodger: Novel host-guest assembly provides enhanced reactivity

										

    
        
            [image: Not just a lodger: Novel host-guest assembly provides enhanced reactivity]
             
                In the cavity of a molecular framework of multiple negatively charged metal ions and shared oxygen atoms called a polyoxometalate, researchers successfully fabricated a novel multicomponent cluster comprising positively charged ions of iron and cerium and phosphate. The assembly demonstrates enhanced catalytic activity, according to the researchers. Credit: Polyoxometalates, Tsinghua University Press
            
        

    


By design, synthetic molecules typically have specific jobs to prevent or accelerate reactions between other molecules. To help control more complicated reactions, researchers may harness spare space in one molecule to synthesize another chemical structure. The host-guest assembly can better induce the specific desired reaction than either component individually--if the scientists designing the assembly get it right.



										      
         
        
        
        

      

																																	
A multi-institution team based in China has reported a novel cluster--the guest--that nucleated inside of a polyoxometalate (POM) nanoreactor--the host. The resulting host-guest assembly has enhanced peroxidase-like activity, meaning it could help accelerate reactions involving the decomposition of H2O2.

These reactions are critical in biological processes, such as protecting genetic material from oxidation damage, and have implications for advanced biotechnological processes, according to the researchers.

They published their work in Polyoxometalates.

"The advantages of space-confined synthesis are not limited to the customization of shape, size, and composition, but of precise crystal orientation and spatial position of desired products," said corresponding author Peng Yang, professor in the College of Chemistry and Chemical Engineering, Advanced Engineering Research Center of the Ministry of Education, Hunan University.

"From nanotechnology to crystal engineering, a multitude of chemical forces have been employed to steer the confined growth of guest components within the host containers, such as carbon nanotubes or metal-organic framework/cages."


																																						
    
     




																																			The POM is a molecular framework that consists of multiple metal ions and shared oxygen atoms with a cavity at the center. In this cavity, researchers synthesized a novel multi-component cluster using positively charged ions of iron and cerium, as well as phosphate. The cluster nucleated, meaning it formed a cluster with a clear center in the POM's cavity.

"We found that novel structures of polyoxometalates can be obtained by confining the synthons within specific nanospaces, and the confined synthetic method excels at allowing us to take advantage of those nanospaces," Yang said, explaining that synthons are not a reagent but can signal the start of a reagent needed to synthesize a target molecule. "Within the cavity of this polyoxometalate, we successfully nucleated this novel cluster for the first time."

The researchers analyzed the cluster's structure and composition, as well as investigated its potential functions. According to Yang, preliminary studies on the POM cluster yielded promising results attesting to its ability to detect ascorbic acid--an antioxidant that helps protect cells from free oxygen that can inflect damage--with high sensitivity and specificity.

"This work opens up more possibilities in the development of POM-based molecular assemblies from customized synthesis via structural design to application expansion," Yang said.



																																																					
																				
																						More information:
												Hong-Xin Sheng et al, From confined growth to enhanced peroxidase-like activity: Nucleation of a phosphate-mediated Fe III-Ce III-oxo cluster inside the {P 8W 48} nanoreactor, Polyoxometalates (2024). DOI: 10.26599/POM.2024.9140060
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In vivo production of CAR-T cells using virus-mimetic fusogenic nanovesicles
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                The virus-mimetic fusogenic nanovesicle (FuNV) can efficiently fuse with T cell in vivo, thereby delivering the loaded anti-CD19 (aCD19) chimeric antigen receptor (CAR) onto T cells to produce aCD19 CAR-T cells. These in vivo engineered aCD19 CAR-T cells show effective inhibition of B-cell lymphoma. Credit: Science China Press
            
        

    


Chimeric antigen receptors (CARs) are synthesized membrane proteins that enable lymphocytes to recognize and respond to the specific antigens of target cells. Despite the impressive efficacy of CAR-T cell therapy in treating B-cell lymphoma or leukemia, the expensive and complex manufacturing process has hindered its widespread clinical application.



										      
         
        
        
        

      

																																	
Previous research has explored the use of nanoparticles for delivering nucleic acids to program circulating T cells in vivo, streamlining CAR-T cell generation and obviating the need for isolating T cells from patients. Meanwhile, inserting the CAR protein directly into the T cell membrane could present a straightforward method, circumventing complications such as cytokine release syndrome (CRS) and the tumorigenic risk associated with random viral gene insertion into the genome.

Led by Prof. Jun Wang and Prof. Cong-Fei Xu from the School of Biomedical Sciences and Engineering at the South China University of Technology, researchers have developed a promising strategy that involves the direct fusion of CAR molecules, pre-expressed on fusogenic nanovesicles (FuNVs), to T cells, thereby constructing CAR-T cells in vivo.

They engineered the T-cell fusogen by adding an anti-CD3 single-chain variable fragment to the reovirus or the measles virus fusogen. They demonstrated that FuNVs derived from T-cell fusogen-expressing cells carried a substantial quantity of T-cell fusogen, which efficiently induced the fusion between NVs and T cells both in vitro and in vivo.

Subsequently, considering the clinical success of anti-CD19 (aCD19) CAR-T cells, the engineered cells expressing T-cell fusogen and aCD19 CAR protein were constructed to produce aCD19 CAR-carrying FuNVs (FuNVCAR). CAR-T cell production was successfully achieved by delivering CAR protein onto T-cells via FuNVCAR in vitro and in vivo. Meanwhile, intravenous injection of FuNVCAR effectively inhibited B-cell lymphoma growth.


																																						
    
     




																																			To further explore the potential toxicity of FuNVCAR, blood counts and serum biochemical analyses were conducted at 2 days and 14 days, demonstrating comparability to the control group. Throughout the treatment with FuNVCAR, no significant alterations in body weight were observed in mice.

Furthermore, in contrast to traditional CAR-T cell treatment, treatment with FuNVCAR did not induce an elevated release of inflammatory cytokines. This observed difference can be attributed to transient CAR-T cells produced by FuNVCAR, which undergoes limited and temporary activation, mitigating the sustained release of inflammatory cytokines.

In summary, this study introduces a novel approach for in vivo CAR-T cell production through FuNV-mediated CAR protein delivery. It is essential to note, however, that this strategy may not be suitable for patients with compromised T cell function.

The findings are published in the journal Science Bulletin.



																																																					
																				
																						More information:
												Gui Zhao et al, In vivo production of CAR-T cells using virus-mimetic fusogenic nanovesicles, Science Bulletin (2023). DOI: 10.1016/j.scib.2023.11.055
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New technique in tiny tool tuning: Making microscopic measurements more accurate
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                Structure of the FluidFM micropipette cantilevers. a Scanning electron microscopy (SEM) image of a FluidFM cantilever with a nanopipette head. b SEM image of a micropipette head with a circular aperture. c 3D reconstruction of the micropipette cantilever in the COMSOL Multiphysics environment. d Cross-section of the same 3D model, with the channel highlighted in blue. Credit: Microsystems & Nanoengineering (2024). DOI: 10.1038/s41378-023-00629-6
            
        

    


Fluidic force microscopy (FluidFM) combines the sensitivity of atomic force microscopy with microfluidics' capabilities, necessitating precise calibration of its cantilevers for reliable data. Traditional methods, however, struggle with the unique internal structure of FluidFM cantilevers, leading to inaccuracies.



										      
         
        
        
        

      

																					
A recent study published on February 18, 2024, in the journal Microsystems & Nanoengineering reports an innovative calibration technique for FluidFM micropipette cantilevers, pivotal for exact force measurements in microfluidic environments.

The FluidFM is a tiny tool used in microscopic environments to measure forces with high precision. Unlike traditional methods that often fall short due to the complex inner structure of FluidFM cantilevers, this new approach leverages the cantilever's resonance frequencies in both air and liquid environments.

By focusing on these frequencies, the method circumvents the common pitfalls of the widely-used Sader method, which can introduce errors due to its reliance on geometric and fluidic assumptions that don't hold up well for FluidFM's unique cantilever designs.

This innovative calibration technique was meticulously tested and validated on data obtained by the HUN-REN Nanobiosensorics Lab, Cytosurge, Nanosurf and Bruker, showing that it not only provides more accurate measurements but also simplifies the calibration process by reducing the effects of noise and eliminating the need for intricate experimental setups.

Dr. Attila Bonyar, the study's lead author, says, "Our method simplifies the calibration process, significantly reducing the influence of noise and eliminating the need for complex measurements, marking a significant step forward in the practical application of FluidFM technologies."

The new calibration method promises enhanced accuracy in force measurements, with profound implications for biological, biophysical, and materials science research. It enables the precise manipulation of cells and nanoparticles, opening new avenues for investigation in these fields.



																														
																				
																						More information:
												Attila Bonyar et al, Hydrodynamic function and spring constant calibration of FluidFM micropipette cantilevers, Microsystems & Nanoengineering (2024). DOI: 10.1038/s41378-023-00629-6
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        Direct laser writing on halide perovskites: From mechanisms to applications
        Metal halide perovskites have become well-deserved "star" materials among a variety of semiconductors owing to their excellent optoelectronic properties, such as high photoluminescence (PL) quantum yield (QY), high absorption coefficient, tunable bandgaps, long carrier diffusion lengths, and high defect tolerance, attracting enormous attention from both academia and industry.

      

      
        Chiral transmission by an open evolution trajectory in a non-Hermitian system
        In non-Hermitian systems, two or more eigenvalues and eigenstates of a resonant system coalesce at Exceptional points (EPs). Dynamic encircling of EPs has received significant interest in recent years, as it leads to highly nontrivial phenomena, such as chiral transmission, in which the final state of the system depends on the encircling handedness.

      

      
        Ultra-flat optics for broadband thermal imaging
        Long-wavelength infrared (LWIR) imaging holds critical significance across many applications, from consumer electronics to defense and national security. It finds applications in night vision, remote sensing, and long-range imaging. However, the conventional refractive lenses employed in these imaging systems are bulky and heavy, which is undesirable for almost all applications. Compounding this issue is the fact that many LWIR refractive lenses are crafted from expensive and limited-supply mater...
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                From mechanisms to applications. Credit: Yuhang Sheng, Xiaoming Wen, Baohua Jia, and Zhixing Gan
            
        

    


Metal halide perovskites have become well-deserved "star" materials among a variety of semiconductors owing to their excellent optoelectronic properties, such as high photoluminescence (PL) quantum yield (QY), high absorption coefficient, tunable bandgaps, long carrier diffusion lengths, and high defect tolerance, attracting enormous attention from both academia and industry.



										      
         
        
        
        

      

																																	
Meanwhile, direct laser writing (DLW), based on the interaction between light and matter, is an efficient, contactless, mask-free, and depth-resolved micro-patterning technique. It is typically performed by coupling a laser beam with a high-resolution microscope to minimize the output focal spot. The resolution of DLW is dependent on the diameter of the output focal spot and the threshold response of the material.

Depending on the fabrication mechanisms and material threshold responses, the best resolution is usually between a couple to a few hundreds of nanometers. The research on DLW also deepens the fundamental understanding on the interaction mechanisms between light and perovskites, paving the way for designing optoelectronic devices with improved performances.

In a review paper published in Light: Advanced Manufacturing, a team of scientists, led by Professor Zhixing Gan from Center for Future Optoelectronic Functional Materials, Nanjing Normal University, China, and co-workers have summarized recent research progress of DLW on perovskites.

The concrete interaction mechanisms between laser and perovskite are categorized into six parts, including laser ablation, laser induced crystallization, laser induced ion migration, laser induced phase segregation, laser induced photoreaction, and other laser induced transitions.


																																						
    
     




																																			Then, they focus on the applications of these perovskites with micro/nanopatterns and array structures, such as display, optical information encryption, solar cells, LEDs, laser, photodetectors, and planar lenses. The advantages of the patterned structures are highlighted. Finally, current challenges for DLW on perovskites are addressed and perspectives on their future developments are also put forward.

Lasers are an excellent tool to manipulate, fabricate and process nano-/micro-structures on semiconductors with unique advantages of high precision, contactless, easy operation, mask free. DLW based on different interaction mechanisms between laser and perovskites has been developed due to the special structure of perovskites.

The detailed interaction mechanism sensitively depends on the laser, such as wavelength, pulse/CW, power, and repetition rate, therefore providing a flexible and powerful tool to process the perovskites with precisely controlled nano- or micro-structures. The wide variety of interaction mechanisms determine the DLW's great potential for various applications in microelectronics, photonics and optoelectronics.

Cheaper and flexibly controllable fabrication lasers, together with perovskite's superior optoelectronic properties, will bring great application potential for DLW on perovskites. Currently, it is still in the infancy stage, anticipating a huge boom in both fundamental research and industry demand in the near future.

For the future development of DLW on perovskites, some crucial technical bottlenecks need to be solved, such as the resolution of the DLW technique, the existing time of segregated phases, and the micropatterning technique to flexible substrates, etc. The applications of perovskites almost cover all sorts of optoelectronic and photonic areas, such as single photon source, micro/nano lasers, photo-detectors, optical gates, optical communication, waveguide, and nonlinear optics.



																																																					
																				
																						More information:
												Yuhang Sheng et al, Direct laser writing on halide perovskites: from mechanisms to applications, Light: Advanced Manufacturing (2024). DOI: 10.37188/lam.2024.004
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Chiral transmission by an open evolution trajectory in a non-Hermitian system
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                Chiral transmission of asymptotic modes and the open evolution trajectory. Credit: Xiaoqian Shu, Qi Zhong, Kai Hong, Oubo You, Jian Wang, Guangwei Hu, Andrea Alu, Shuang Zhang, Demetrios N. Christodoulides & Lin Chen
            
        

    


In non-Hermitian systems, two or more eigenvalues and eigenstates of a resonant system coalesce at Exceptional points (EPs). Dynamic encircling of EPs has received significant interest in recent years, as it leads to highly nontrivial phenomena, such as chiral transmission, in which the final state of the system depends on the encircling handedness.



										      
         
        
        
        

      

																					
Previously, chiral transmission for a pair of eigenmodes has been realized by a closed dynamical trajectory in parity-time- (PT-) or anti-PT-symmetric systems. Although chiral transmission of symmetry-broken modes is more accessible in practical photonic integrated circuits, the demonstrated transmission efficiency is very low due to path-dependent losses.

In a new paper published in Light: Science & Applications, a team of scientists led by Professor Lin Chen from Wuhan National Laboratory for Optoelectronics and School of Optical and Electronic Information, Huazhong University of Science and Technology, Wuhan 430074, China, and co-workers have reported chiral conversion between modes localized in individual waveguides.

Beyond the previously closed EP-encircling evolution trajectory, an open evolution trajectory is explored, taking advantage of asymptotic modes at two different infinite points but not (anti-) symmetrical modes (PT-symmetric systems) or symmetry-broken modes (anti-PT-symmetric systems).

In such a dynamical non-Hermitian system, non-adiabatic jumps (NAJs)--the key factor for inducing a chiral response--originate from coupling loss selectively to one of the eigenmodes during the evolution.

The chiral dynamics are theoretically and experimentally demonstrated. The resultant chiral mode converters based on coupled silicon waveguides can localize optical energy within a single waveguide with high-efficiency transmission.
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                (a), SEM image of the device. (b-d), Zoom-in SEM images bounded by the rectangles are marked with yellow lines in a, numbered by 1, 2 and 3, respectively. (f, g), Simulated and experimental transmittance spectra for the output ports over the wavelength range of 1500-1600 nm and 1530-1580 nm, respectively. Credit: Xiaoqian Shu, Qi Zhong, Kai Hong, Oubo You, Jian Wang, Guangwei Hu, Andrea Alu, Shuang Zhang, Demetrios N. Christodoulides & Lin Chen
            
        

    



The chiral mode converters based on open evolution trajectories introduce loss by an adiabatic coupler instead of metal applied in previous schemes, which relaxes the fabrication requirements.

The results offer a new approach to studying chiral dynamics in non-Hermitian systems and open new avenues for the development of practical asymmetric-transmission devices and applications.
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												Xiaoqian Shu et al, Chiral transmission by an open evolution trajectory in a non-Hermitian system, Light: Science & Applications (2024). DOI: 10.1038/s41377-024-01409-1
																						
																					


                               											
																					
                              										                                        
										
										
											 
												Citation:
												Chiral transmission by an open evolution trajectory in a non-Hermitian system (2024, March 15)
												retrieved 16 March 2024
												from https://phys.org/news/2024-03-chiral-transmission-evolution-trajectory-hermitian.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-03-chiral-transmission-evolution-trajectory-hermitian.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Ultra-flat optics for broadband thermal imaging]
             
                Ultra-thin meta-optics have the potential to make imaging systems lighter and thinner than ever. Using a new inverse design framework, a multi-institutional research team led by the University of Washington Department of Electrical & Computer Engineering (UW ECE) has demonstrated broadband thermal imaging with meta-optics for applications ranging from consumer electronics to thermal sensing and night vision. Shown above, a side view of a fabricated wafer containing meta-optics held above a conventional refractive lens. Credit: Anna Wirth-Singh, University of Washington
            
        

    


Long-wavelength infrared (LWIR) imaging holds critical significance across many applications, from consumer electronics to defense and national security. It finds applications in night vision, remote sensing, and long-range imaging. However, the conventional refractive lenses employed in these imaging systems are bulky and heavy, which is undesirable for almost all applications. Compounding this issue is the fact that many LWIR refractive lenses are crafted from expensive and limited-supply materials, such as germanium.



										      
         
        
        
        

      

																																	
The next generation of optical systems demands lenses that are not only lighter and thinner than ever before, but also uphold uncompromising image quality. This demand has fueled a surge of efforts to develop ultra-thin sub-wavelength diffractive optics, known as meta-optics.

Meta-optics, in their simplest form, consist of arrays of sub-wavelength scale nanopillars on a flat surface, with each pillar introducing a local phase shift to light passing through. By strategically arranging these pillars, the light can be controlled to produce steering and lensing. While conventional refractive lenses are close to a centimeter thick, meta-optics are about 500 microns thick, which dramatically reduces the overall thickness of the optics.

However, one challenge with meta-optics is strong chromatic aberrations. That is, light of different wavelengths interacts with the structure in different ways, and the result is typically a lens that cannot simultaneously focus light of different wavelengths in the same focal plane. Largely because of this issue, meta-optics have not yet fully replaced their refractive counterparts despite the benefits in size and weight reduction.

In particular, the area of LWIR meta-optics is relatively unexplored compared to visible wavelength meta-optics, and the potential advantages of meta-optics over conventional refractive lenses are significant given the unique and extensive applications of this wavelength range.

Now, in a new paper published in Nature Communications, a multi-institutional team of researchers, led by Arka Majumdar, an associate professor in the University of Washington Department of Electrical & Computer Engineering (UW ECE) and the physics department, has introduced a new design framework termed "MTF-engineering."

The modulation transfer function, or MTF, describes how well a lens maintains image contrast as a function of spatial frequency. This framework addresses the challenges associated with broadband meta-optics to design and experimentally demonstrate thermal imaging with meta-optics in laboratory and real-world settings. The team built upon already successful inverse design techniques by developing a framework that optimizes both the pillar shape and the global arrangement simultaneously.


																																						
    
     




																																			Leveraging artificial intelligence and a new inverse design framework

One key innovation in the research team's approach is the use of artificial intelligence--a deep neural network (DNN) model--to map between pillar shape and phase. In an inverse design process for large area optics, it is not computationally feasible to simulate how the light interacts with each pillar at each iteration.

To solve this problem, the authors simulated a large library of nanopillars (also called "meta-atoms") and used the simulated data to train a DNN. The DNN enabled a quick mapping between scatterer and phase in the optimization loop, allowing the inverse design of large-area optics containing millions of micron-scale pillars.
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                Meta-optics, in their simplest form, consist of arrays of sub-wavelength scale pillars on a flat surface, with each pillar introducing a local phase shift to light passing through. By strategically arranging these pillars, the light can be controlled to produce steering and lensing. (Above) A full view of a fabricated wafer containing meta-optics. (Below) Scanning electron microscope images of the nanopillars contained within the team's meta-optics. These meta-optics contain both complex light scatterers (left) and simple scatterers (right). Credit: Images courtesy of Arka Majumdar, Anna Wirth-Singh, and the NOISE Lab at the University of Washington
            
        

    



Another key innovation in this work is the figure of merit (FoM), leading to the framework being termed "MTF-engineering." In inverse design, one defines an FoM and computationally optimizes the structure or arrangement to maximize the FoM. However, it is often not intuitive why the produced result is optimal. For this work, the authors leveraged their expertise in meta-optics to define an FoM that is intuitive.

Majumdar explained, "The figure of merit is related to the area under the MTF curve. The idea here is to pass as much information as possible through the lens, which is captured in the MTF. Then, combined with a light computational backend, we can achieve a high-quality image. The figure of merit reflects what we intuitively know about optics. This particular FoM is optimized when all the wavelengths perform equally well, thus constraining our optics to have uniform performance over the specified wavelengths without explicitly defining uniformity as an optimization criterion."


																																			This approach, combining intuition from meta-optics and a light computational backend, significantly improves performance compared to simple metalenses.

The authors fabricated their designed optics from a single silicon wafer, which is promising for future applications involving germanium-free LWIR imaging systems. While acknowledging that there is still room for improvement to achieve imaging quality comparable to commercial refractive lens systems, this work represents a significant step toward that goal.

The researchers have generously made their MTF-engineering framework, named "metabox," available online via GitHub, inviting others to use it for designing their own meta-optics. The research team expressed excitement about the potential works that may emerge from the utilization of metabox in the broader scientific community.

UW ECE-affiliated team members included recent alumni Luocheng Huang (the paper's lead author) and Zheyi Han, postdoctoral researchers Saswata Mukherjee, Johannes Froch, and Quentin Tanguy as well as UW ECE Professor Karl Bohringer, who is the director of the Institute for Nano-Engineered Systems at the UW.
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												Luocheng Huang et al, Broadband thermal imaging using meta-optics, Nature Communications (2024). DOI: 10.1038/s41467-024-45904-w
																						
																					


                               											
																					
                              										                                        
										
										
											 
												Citation:
												Ultra-flat optics for broadband thermal imaging (2024, March 15)
												retrieved 16 March 2024
												from https://phys.org/news/2024-03-ultra-flat-optics-broadband-thermal.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-03-ultra-flat-optics-broadband-thermal.html



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Physics
          
          	
            Sections
          
          	
            Chemistry
          
        

      

      Space and Earth

      The latest science news on astronomy, astrobiology,  and space exploration from Phys.org.


      
        Dune: What the climate of Arrakis can tell us about the hunt for habitable exoplanets
        Frank Herbert's Dune is epic sci-fi storytelling with an environmental message at its heart. The novels and movies are set on the desert planet of Arrakis, which various characters dream of transforming into a greener world--much like some envision for Mars today.

      

      
        Our survey of the sky is uncovering the secrets of how planets are born
        When we look out to the stars, it is typically not a yearning for the distant depths of outer space that drives us. When we are looking out there, we are truly looking back at ourselves. We try to understand our place in the unimaginable vastness of the universe.

      

      
        Businesses are ready for April's total solar eclipse with celestial-themed doughnuts and beer
        Eclipse-themed beer. Jewelry and ornaments. And doughnuts that capture the sun's disappearing act with the help of buttercream frosting.
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Frank Herbert's Dune is epic sci-fi storytelling with an environmental message at its heart. The novels and movies are set on the desert planet of Arrakis, which various characters dream of transforming into a greener world--much like some envision for Mars today.



										      
         
        
        
        

      

																																	
We investigated Arrakis using a climate model, a computer program similar to those used to give weather forecasts. We found the world that Herbert had created, well before climate models even existed, was remarkably accurate--and would be habitable, if not hospitable.

However, Arrakis wasn't always a desert. In Dune lore, 91% of the planet was once covered by oceans, until some ancient catastrophe led to its desertification. What water remained was further removed by sand trout, an invasive species brought to Arrakis. These proliferated and carried liquid into cavities deep underground, leading to the planet becoming more and more arid.

To see what a large ocean would mean for the planet's climate and habitability, we have now used the same climate model--putting in an ocean while changing no other factors.

When most of Arrakis is flooded, we calculate that the global average temperature would be reduced by 4degC. This is mostly because oceans add moisture to the atmosphere, which leads to more snow and certain types of cloud, both of which reflect the sun's energy back into space. But it's also because oceans on Earth and (we assume) on Arrakis emit "halogens" that cool the planet by depleting ozone, a potent greenhouse gas which Arrakis would have significantly more of than Earth.
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                The sand trout that dried out Arrakis were the larval stage of the huge sand worms featured in the movies. Credit: Warner Bros
            
        

    



Unsurprisingly, the ocean world is a whopping 86 times wetter, as so much water evaporates from the oceans. This means plants can grow as water is no longer a finite resource, as it is on desert Arrakis.


																																						
    
     




																																			A wetter world would be more stable

Oceans also reduce temperature extremes, as water heats and cools more slowly than land. (This is one reason Britain, surrounded by oceans, has relatively mild winters and summers, while places far inland tend to be hotter in summer and very cold in winter). The climate of an ocean planet is therefore more stable than a desert world.

In desert Arrakis, temperatures would reach 70degC or more, while in its ocean state, we put the highest recorded temperatures at about 45degC. That means the ocean Arrakis would be liveable even in summer. Forests and arable crops could grow outside of the (still cold and snowy) poles.
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                The authors gathered information from the books and the Dune Encyclopedia to build their original model. Then they added an ocean with 1,000 metres average depth. Credit: Farnsworth et al, CC BY-SA
            
        

    



There is one downside, however. Tropical regions would be buffeted by large cyclones since the huge, warm oceans would contain lots of the energy and moisture required to drive hurricanes.

The search for habitable planets

All this isn't an entirely abstract exercise, as scientists searching for habitable "exoplanets" in distant galaxies are looking for these sorts of things too. At the moment, we can only detect such planets using huge telescopes in space to search for those that are similar to Earth in size, temperature, available energy, ability to host water, and other factors.

We know that desert worlds are probably more common than Earth-like planets in the universe. Planets with potentially life-sustaining oceans will usually be found in the so-called "Goldilocks zone": far enough from the Sun to avoid being too hot (so further away than boiling hot Venus), but close enough to avoid everything being frozen (so nearer than Jupiter's icy moon Ganymede).



    
    
    
        
        
    
            
            Desert and ocean Arrakis, as simulated in the authors' climate model. Credit: Seb Steinig / Climate Archive
  

Research has found this habitable zone is particularly small for planets with large oceans. Their water is at risk of either completely freezing, therefore making the planet even colder, or of evaporating as part of a runaway greenhouse effect in which a layer of water vapor prevents heat from escaping and the planet gets hotter and hotter.


																																			The habitable zone is therefore much larger for desert planets, since at the outer edge they will have less snow and ice cover and will absorb more of their sun's heat, while at the inner edge there is less water vapor and so less risk of a runaway greenhouse effect.

It's also important to note that, though distance from their local star can give a general average temperature for a planet, such an average can be misleading. For instance, both desert and ocean Arrakis have a habitable average temperature, but the day-to-day temperature extremes on the ocean planet are much more hospitable.

Currently, even the most powerful telescopes cannot sense temperatures at this detail. They also cannot see in detail how the continents are arranged on distant planets. This again could mean the averages are misleading. For instance, while the ocean Arrakis we modeled would be very habitable, most of the land is in the polar regions which are under snow year-round--so the actual amount of inhabitable land is much less.
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                Both desert and ocean Arrakis are considerably more habitable than any other planet we have discovered. Credit: Farnsworth et al, CC BY-SA
            
        

    



Such considerations could be important in our own far-future, when the Earth is projected to form a supercontinent centered on the equator. That continent would make the planet far too hot for mammals and other life to survive, potentially leading to mass extinction.

If the most likely liveable planets in the universe are deserts, they may well be very extreme environments that require significant technological solutions and resources to enable life--desert worlds will probably not have an oxygen-rich atmosphere, for instance.

But that won't stop humans from trying. For instance, Elon Musk and SpaceX have grand ambitions to create a colony on our closest desert world, Mars. But the many challenges they will face only emphasize how important our own Earth is as the cradle of civilization--especially as ocean-rich worlds may not be as plentiful as we'd hope. If humans eventually colonize other worlds, they're likely to have to deal with many of the same problems as the characters in Dune.
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                Discs giving birth to new planets, seen by the Very Large Telescope. Credit: ESO/C. Ginski, A. Garufi, P.-G. Valegard et al.
            
        

    


When we look out to the stars, it is typically not a yearning for the distant depths of outer space that drives us. When we are looking out there, we are truly looking back at ourselves. We try to understand our place in the unimaginable vastness of the universe.



										      
         
        
        
        

      

																																	
One of the most burning questions that drives us is how unique we are. Did life only emerge here on Earth or is our galaxy teaming with it?

The very first step in finding out is to understand how special the Earth really is--and, by extension, our entire solar system. This requires knowledge about how solar systems actually form. And that's exactly what my colleagues and I have started to uncover with a new series of studies of star-forming regions.

In the past decades, astronomers have spotted more than 5,000 planets around distant stars--so called exoplanets. We now know that planets are so abundant that you can look up to almost any star in the night sky and be near certain that planets are circling around it. But what do these planets look like?

The first planet that was discovered around a star similar to the sun came as a shock to us. It was a so-called hot Jupiter, a massive gas giant that orbits its parent star on such a tight orbit that the length of a year is only four days. This is a truly alien world with no equal in our own solar system.

From this first groundbreaking discovery, astronomers have gone on and found tightly packed systems of super-Earths, rocky planets several times as massive as the Earth, as well as awesome gas giants in century-long orbits around their parent star. Of the many planetary systems that we have found, none equals our own solar system. In fact most of them are quite different.


																																						
    
     




																																			To understand how all of these different systems come to be, we have to turn to the very beginning. And that's majestic discs of dust and gas that surround the youngest stars. These are the nurseries which will eventually bring forth new planetary systems.

These discs are enormous objects, up to several hundred times as extended as the distance between the Earth and the sun. Yet in the sky they appear tiny. This is because even the nearest ones, which are practically in our galactic backyard, are between 600 and 1,600 light years away.



    
    
    
        
        
    
         
             
         

          

That is a tiny distance when you consider that the Milky Way galaxy has a diameter of more than 100,000 light years, but it still means that light, the fastest thing in the universe, takes up to 1,600 years to reach us from there.

The typical size of one of these planetary nurseries, as seen from the Earth, would be an angle of 1 "arc-second" on sky, which is equivalent to a 3,600th part of a degree. To put it in perspective, it is like trying to observe a person standing on top of the Eiffel Tower from 500km away in the Dutch capital of Amsterdam.

To observe these discs we need the most advanced and largest telescopes. And we need sophisticated instruments that can correct for atmospheric turbulence which blurs our images. This is no mean feat of engineering, with the latest generation of instruments only being available since about a decade.


																																			New findings

Using the European Southern Observatory's "Very Large Telescope", the VLT, and the Sphere extreme adaptive optics camera, we have now started to survey nearby young stars.

Our team, consisting of scientists from more than ten countries was able to observe more than 80 of these young stars in amazing detail--with our findings published in a series of papers in the journal Astronomy and Astrophysics.

All the images were taken in near infrared light, invisible to the human eye. They show the light from the distant young stars as it is reflected from the tiny dust particles in the discs. This dust is much like sand on the beach and will eventually clump together to form new planets.

What we found was an astonishing diversity of shape and form of these planetary nurseries. Some of them have huge ring systems, others large spiral arms. Some of them are smooth and calm, and yet others are caught in the middle of a storm as dust and gas from the surrounding star-forming clouds rains down on them.
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                Planet-forming discs within the gas-rich cloud of Chamaeleon I, roughly 600 light-years from Earth. Credit: Ginski et, al 2024, CC BY-SA
            
        

    



While we expected some of this diversity, our survey shows for the first time that this holds true even within the same star-forming regions. So even planetary systems that form within the same neighborhood might look quite different from one another.


																																						
    
     




																																			Finding such wide range of discs suggests that the huge diversity in exoplanets discovered so far is a consequence of this broad spectrum of planetary nurseries.

Unlike the sun, most stars in our galaxy have companions, with two or more stars orbiting a shared center of mass. When looking at the constellation of Orion, we found that stars in groups of two or more were less likely to have large planet-forming discs than lone stars. This is a useful thing to know when hunting for exo-planets.

Another interesting finding was how uneven the discs in this region were, suggesting they may host massive planets that warp the discs.

The next step in our research will be to connect specific planets to their nurseries, to understand how the different systems might have formed in detail. We also want to zoom in even closer in the innermost regions of these discs in which terrestrial planets like our own Earth might already be forming.

For this, we will use the next generation of telescopes spearheaded by the "Extremely Large Telescope" of the European Southern Observatory that is right now under construction in the Chilean Atacama desert.

There are many questions to answer. But thanks to our survey we now know that the very first step on the long way for life to emerge is an utterly beautiful one.
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Businesses are ready for April's total solar eclipse with celestial-themed doughnuts and beer

										


    
        
            [image: Businesses are ready for April's total solar eclipse with celestial-themed doughnuts and beer]
             
                A donut with toppings representing an eclipse is displayed at the Donut Dude shop on Friday, March 8, 2024, in Liberty Township, Ohio. Businesses are capitalizing on the April 8, 2024 solar eclipse expected to dim skies across a generous stretch of North America. Credit: Travel Butler County/RVP Photography via AP
            
        

    


Eclipse-themed beer. Jewelry and ornaments. And doughnuts that capture the sun's disappearing act with the help of buttercream frosting.




										      
         
        
        
        

      

																																	
With April 8's total solar eclipse right around the corner, businesses are ready for the celestial event that will dim skies along a generous path across North America.

There are oodles of special eclipse safety glasses for sale, along with T-shirts emblazoned with clever slogans and other souvenirs--just like the last time the U.S. got a big piece of the total solar eclipse action in 2017.

Hotels and resorts along the prime path are luring in visitors with special packages and Southwest and Delta are selling seats on eclipse-viewing flights. Cities, museums and parks are staging watch parties to draw in tourists as well as residents.

"This is a special event and ... the travel industry certainly is in a very good spot," said Jie Zhang, a marketing professor at the University of Maryland's business school. She also noted the eclipse craze arrives at a time when consumers are continuing to ramp up spending on new experiences.


																																						
    
     




																																			Closer to eclipse day, there are likely to be more special products and promotions from national brands springing up, like Moon Pie's "eclipse survival kit," made up of four mini versions of the chocolate snack and two pairs of eclipse glasses.
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                A drink called the "Moon Pie Frappa" made at Big Cuppa, a cafe in Morrilton, Ark., is shown on Thursday, March 14, 2024. Big Cuppa has a full eclipse menu with a handful of specialty drinks. Credit: Austin Krutz/Big Cuppa via AP
            
        

    



Small businesses within the eclipse's 115-mile-wide (185-kilometer-wide) path of totality appear to be leading the charge so far. Online shops and local vendors have put together a full array of creative, limited-edition merchandise: earrings, baby onesies, ornaments, games, banners and more.

Some towns and business owners have been anticipating the celestial event and huge crowds for years.

After the 2017 eclipse, "I marked my calendar," said Sam McNulty, co-founder of Market Garden Brewery in Cleveland, which is in the eclipse path this time and will see nearly four minutes of dimmed skies.

Last year, McNulty's team brewed a hazy IPA called "The Totality" to help drum up interest in the eclipse. The on tap debut was a success, and the brewery was soon approached by local grocer Heinen's to partner for a canned collaboration.

In the coming weeks, "thousands and thousands" of cans are set to hit store shelves, McNulty said--adding they decided to go big because of how rare the event is. Cleveland won't be in the path of totality again for a long time--not until 2444.

"I don't want to have to wait 420 years to brew the next batch of cans," he joked. "So we made a very large one this time."
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                A box of donuts arranged to represent phases of an eclipse is displayed at the Donut Dude shop on Friday, March 8, 2024 in Liberty Township, Ohio. Businesses are capitalizing on the April 8 , 2024, solar eclipse expected to dim skies across a generous stretch of North America. Credit: Travel Butler County/RVP Photography via AP
            
        

    



The eclipse-themed beverages don't stop at beer. Big Cuppa, a coffee shop in Morrilton, Arkansas, also has a full eclipse menu with a handful of specialty drinks. Its "Moon Pie Frappa" is a blended Moon Pie drink flavored with dark chocolate and toasted marshmallow.


																																			Big Cuppa co-owner Joseph Adam Krutz said that he's excited to greet customers and the many new faces set to travel through town next month. Krutz said his shop has been gearing up for a while along with other businesses in downtown Morrilton. He drives by a countdown clock each day.

"We're prepared. Bring it on," Krutz said.

And don't forget the snacks. In Ohio's Butler County, a shop called The Donut Dude will have an "Eclipse Donut Special" that shows the eclipse's stages as the sun disappears behind the moon.

The special goes on sale later this month and consists of seven filled-doughnuts with rolled buttercream, two galaxy-themed cake doughnuts and safety glasses so customers can watch the event while snacking away.

"We're anticipating a lot of fun," co-owner Glen Huey said.
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                Cleveland-based Market Garden Brewery has partnered with Midwest grocery chain Heinen's to sell cans of hazy IPA called "The Totality," shown in this photo, ahead of the total solar eclipse on April 8, 2024. Credit: Danni Haseley/Market Garden Brewery via AP
            
        

    



Since the doughnut shop is closed on Mondays, Huey is looking forward to watching the spectacle as it passes over his town between Cincinnati and Dayton.

In the U.S., Texas has the best odds for clear skies and the state expects to be swarmed with tourists. With a prime location, eateries in the town of Grapevine have a multitude of offerings: a "Blackout Dinner" at Hotel Vin and a "Solar Eclipse Shake" at Son of a Butcher.

Many businesses along the path of totality are offering special events leading up to the eclipse, too.

New York's Cayuga Lake Wine Trail is promoting "Sips to the Eclipse" for the weekend ahead of April 8. Guests will be able to visit 10 wineries for tastings--some of which are offering additional attractions like an eclipse eve tarot card reading, special slushies and half-moon cookies.

Katherine Chase, executive director of the wine trail, said the promotion was planned in anticipation of all the people coming to the Finger Lakes region for the eclipse.

"The wineries can go as big or as little as they'd like to entice folks to come," she said.
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        Media scientist studies benefits and risks of smartphone use among children and adolescents
        Always on their mobile phones? That can't be good for them. Media Scientist Anne-Linda Camerini is looking into how true this is. The feared effects on young people cannot be clearly proven.

      

      
        Are eco-friendly hotels inconvenient?
        With the possible exception of those people who still seem to think it's OK to throw their McDonald's bag out the car window, most people like to be seen as environmentally conscious--or at least reasonably respectful of the planet.
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                Anne-Linda Camerini. Credit: SNSF
            
        

    


Always on their mobile phones? That can't be good for them. Media Scientist Anne-Linda Camerini is looking into how true this is. The feared effects on young people cannot be clearly proven.



										      
         
        
        
        

      

																																	"My son is in his last year of primary school. And yes, he wants to have a smartphone! But we haven't let him have one yet." Camerini, Ph.D., a lecturer and researcher at the Faculty of Biomedical Sciences at USI Universita della Svizzera italiana, laughs and shakes her head at this question. "But he's allowed to use a tablet and a computer." Keeping children off the Internet isn't the answer. After all, they're bound to see the content from their friends.

But when, objectively, is the best time to give children a smartphone? "I don't have an answer to this seemingly straightforward question," says Camerini. "Although it's not what the media, parents and teachers want to hear, we don't yet have any clear scientific proof of how smartphone use affects well-being and academic performance--despite some people's tendency to demonize it, telling of depressed young people who can't read properly because they're on their phones all the time." According to her, it is extremely difficult to provide evidence-based media education. Valid findings from robust studies on the harmful effects are rare.

Phone addiction is not a diagnosis

One problem for researchers is that they can barely keep up with the pace of digital developments. By the time the data on social media use has been evaluated, people may have already moved on into the metaverse or be using virtual reality headsets rather than their phones. Even the term mobile phone addiction is problematic. "Public discourse is quick to dramatize and pathologize. But what is considered normal these days? What is worrying? We simply don't know. That's also why there is no clinical diagnosis yet."


																																						
    
     




																																			She believes that the widespread fear in society mainly comes from the idea that screens take something else away from children--such as time playing outside or with friends. "The fact is, though, that we also use our smartphones for useful things. And is an online game really worse than a traditional memory board game? These are the questions that we want to critically examine."

Up to now, the research on digital media in the lives of children and adolescents has mostly been based on cross-sectional surveys. In these, information is generally gathered using questionnaires on various aspects such as smartphone use and well-being at the same time, which only provides us with snapshots. The classic chicken-or-egg question remains unanswered: "Does the smartphone cause psychological problems, or do I use it so much because I already have these problems?"

In studies, the measurable effects of device use are very weak: "It's generally quite difficult to examine satisfaction over time," according to the researcher. Who can say that my smartphone has anything to do with me being happy today and less happy three months later? After all, there are numerous other aspects that influence our "good feelings."

These days, scientists tend to assume that very intense smartphone use takes something away from our well-being. "However, there are some researchers who believe--somewhat caustically--that eating potatoes is just as bad for you." Camerini shrugs her shoulders.



    
    
    
        
        
    
         
             
         

        Credit: Swiss National Science Foundation
  

Tracking young people's smartphones

Long-term studies are a particularly good way of filling in the gaps in order to better understand the benefits and risks of smartphones in the lives of children and adolescents. One of these is also Camerini's most important work to date: For the Mediaticino project, the scientist collected longitudinal data between 2014 and 2021 in collaboration with schools in Ticino, one aim of which was to examine whether mobile, digital media contributes to young people's well-being--including during the pandemic.


																																			The cohort comprised more than 1,000 schoolchildren who were 10 years old when the project started. Once a year they completed a questionnaire, and at the end of the school year their answers were linked to their report grades as an indicator of their academic performance. Camerini and her team also collected longitudinal data from the children's parents in order to better understand and take account of their family circumstances.

To enable her to continue the project after 2018, Camerini then received her first project grant from the Swiss National Science Foundation. "My motto was to move out of my comfort zone and try out new methods! I thought about how we could not only investigate the technical advances, but also use it for our own research."

For the project that was ultimately renamed "Mediaticino2.0," alongside the surveys she also tracked the smartphones of the now 14-year-olds, gaining objective data on how often they were using them and for how long. This mix of methods was unique at the time in Switzerland, particularly due to the sensitive issue of tracking young people's smartphone use.

Digital detox brings little benefit

So what's the conclusion? Those who use their smartphones a lot are quickly deemed problematic by our society. However, the study showed that it is not necessarily screen time that is the issue but, as the researcher says, more a case of how often it is used. You could be reading a digital book for two hours at a time. "It's more problematic when you keep looking at your smartphone at short intervals, thus interrupting other activities. Constantly checking for new messages or social media feeds can affect your concentration and lead to conflicts with others," explains Camerini.


																																						
    
     




																																			Her research also showed that using the Internet for a variety of purposes and balancing online and offline activities is good. During the pandemic especially, young people were able to stay in touch through the Internet and maintain a certain amount of normality outside of their family, whether by chatting in small WhatsApp groups or attending virtual classrooms--using digital devices helped them to feel better.

"I therefore don't think much of classic time limit rules," says Camerini. "The same goes for the digital detox," that is to say a strict break from your smartphone for a period of time. "A detox works for substances that you want to give up permanently, such as nicotine, alcohol or drugs. Smartphone use is something completely different."

She is therefore working with various parties to develop strategies that could lead to better self-control among children and young people. This is because the primary difference between them and adults is their level of self-discipline, which can only be developed over time.

In her own family life, Camerini focuses on a small number of fundamental things in order to train this self-control with her own children. Here, she believes it is very important to set priorities: when you are talking to someone, don't be looking at your phone. Smartphones are banned at the dining table. Homework must be done before you can relax on the tablet. Parents should not leave their children to manage this responsibility alone. And they don't need to have the Ferrari of smartphones when they learn how to use it.

"When buying a child's first phone, preferably start off with a device with just a few functions." When can her son look forward to getting his own smartphone? "When I think he's ready," says Camerini. That includes not losing the device.
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Are eco-friendly hotels inconvenient?
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With the possible exception of those people who still seem to think it's OK to throw their McDonald's bag out the car window, most people like to be seen as environmentally conscious--or at least reasonably respectful of the planet.



										      
         
        
        
        

      

																																	
But is that lip service to look good in front of others, or do they actually favor environmentally friendly brands when it comes to spending money? That's a question behind new research by Srikanth Beldona, professor of hospitality business management in the University of Delaware's Alfred Lerner College of Business and Economics.

Beldona has previously found evidence that people are willing to pay more for products and services labeled as sustainable, he said, but recent research has been murky on that point when it comes to travel.

Beldona's article with Farhad Tabatabaei, a doctoral student in the Hospitality Business Analytics program at the Lerner College studying consumer behavior and sustainability, is titled "Are eco-friendly hotels inconvenient? An Implicit Association Test." It was published in the March issue of the Journal of Hospitality and Tourism Management.

Emissions from jet fuel and other fossil fuels have made travel notorious for its contributions to climate change. But accommodations like hotels also account for a significant chunk of climate impact, the study notes, and consumers are becoming ever more aware of climate issues.


																																						
    
     




																																			Hotels have begun offering a number of tweaks aiming to offset this, like the option to clean linens less often during a stay, refillable shampoo bottles, and so on. But some research, the article said, suggests eco-friendly steps aren't actually a selling point--people may assume these changes result in lower quality or less convenience. Other studies find more favorable attitudes.

Part of the issue driving the mixed results of the research, Beldona thinks, is social desirability bias, which means essentially that on sensitive topics, people tend to censor their opinions and say things they think will make them sound better. A lot of previous research on eco-friendly travel has relied on opinion surveys, which are vulnerable to this kind of bias.

To counter this, Beldona and Tabatabaei turned to the implicit association test, which taps into subconscious attitudes by asking people to quickly associate concepts, actions and items. It's a tool frequently used to evaluate racial bias.

In this case, test subjects were asked to consider hotel practices like changing linens every three days, using sustainable design, conserving water and equipping rooms with smart thermostats. (To clarify, the study did not weigh in on whether hotels earned the rigorous Leadership in Energy and Environmental Design, or LEED certification. It just examined the specific practices.)

In addition to social pressure, other tensions intrude when it comes to practices like these. Travel is unique, Beldona reflected.


																																			"We travel to basically get out of home, get out of routine ... we want to cut loose," he said. But how will consumers react if they're trying to do that and a hotel is pushing environmental issues like touting the fact that they're saving on water?

"People tend to say, 'I'm paying for this ... the flow of water should be strong,'" Beldona said, or they might complain about smart thermostats because it takes a little bit for the room to heat up or cool down after they walk in.

Because of the so-called "green gap," when people don't say what they really feel about the environment, Beldona and Tabatabaei expected the implicit association test to show negative attitudes toward these kinds of hotel practices. But the test indicated that while people did, in fact, talk a better game than their actual beliefs, they still had a generally positive view of these environmentally friendly tweaks to the hotel experience.

Tabatabaei contended that the detailed analysis of seven distinct sustainability initiatives revealed that "energy saving fixtures" are considered the most convenient, and "linen change once every three days" was deemed the least convenient for consumers in the hotel, providing actionable insights for hotel managers aiming to enhance the customer experience. He emphasized the positive shift in attitude as contrasting with previous research.

As to why people's attitudes might be evolving, Beldona said further study is needed on that, but it's likely influenced by all the media coverage of climate change. He also thinks more research is needed to replicate the findings on hotels, and would like to do a follow-up study to measure ongoing change.

"I think this is something that needs to be measured on a regular basis to conclusively say that there has been a shift in customer attitudes towards responsible travel," he said.
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