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Integrated Clean Energy Material Acceleration Platform launched 

Three Integrated Clean Energy Material Acceleration Platforms were 

launched at the Mission Innovation (MI) Annual Gathering session on 
th4  April 2022, where new Energy Innovation Collaborations were 

announced.

Minister of Science and Technology Dr Jitendra Singh awarded the 

citations to the three centres leads of the Clean Energy Material 

Acceleration Platforms.

These Material Acceleration Platforms set up by the Department of 

Science and Technology (DST) would leverage emerging capabilities in 

next-generation computing, artificial intelligence (AI) and machine 

learning (ML), and robotics to accelerate the pace of materials discovery 

up to 10 times faster. The platforms constitute a knowledge network of 

more than 38 elite institutions and 80 research personnel working on 

next-generation low-cost advanced energy materials.

Dr Singh also announced the funding opportunity of Hydrogen Valley 

Platform, which is also a global initiative to optimise the hydrogen 

demand and supply by onsite generation and utilisation, utilise the 

renewable resources effectively, and water excess areas with 

geographical identity. The H2 Valleys objectives will be achieved 

through cohorts of clean hydrogen valleys to combine the complete 

hydrogen value chain (production, storage and transportation) with the 

aim of reaching critical scale and unlocking learning curve effects. DST 

has committed to facilitate the delivery of three clean hydrogen valleys 

in India by 2030.

The Mission Innovation (MI) Annual Gathering, which reviewed, 

discussed and set MI's strategy and work plan, also shared insights on 

national priorities to build a network of senior clean energy innovation 

leaders.

Over the course of the three-day programme, senior clean energy 

innovation leaders advanced MI strategic priorities for 2022.

Mission Innovation brings together governments from every continent, 

international organisations, and private sector investors to spearhead the 

global investment and collaboration needed to achieve tipping points in 

making clean energy technology affordable and accessible worldwide.

Demonstrating how collaborating governments can accelerate 

innovation and contribute to the “Year of Implementation” is central to 

the MI agenda. Maximising long-term impact through partnerships and 

capacity building is another MI priority, as well as continuing to 

position MI as the key international clean energy innovation forum.

Following the launch of an ambitious second phase of the MI initiative 

in June 2021, MI 2.0, this gathering marked a crucial opportunity to 

agree on the actions needed in the decade of global clean energy 

innovation. Five out of a total of seven Missions have been launched 

over the past year. Focusing on power systems, hydrogen, shipping, 

urban transitions, and carbon dioxide removal, the missions resolved to 

accelerate technologies to facilitate clean energy transitions. When 

combined with those to come, the MI Missions have the potential to 

unlock affordable decarbonisation pathways for sectors responsible for 

52% of current global emissions.

The three Integrated Clean Energy Material Acceleration 

Platforms set up by DST include:

DST-IISER Thiruvananthapuram Integrated Clean Energy 

Material Acceleration Platform on Storage: The consortium of 14 

R&D institutes set up at IISER Thiruvananthapuram aims to accelerate 

the development of Solid-State Battery technology using Machine 

learning and Artificial Intelligence through automated processes. The 

centre would leverage the expertise and knowledge toward solid-state 

battery research.

DST-IIT Hyderabad Integrated Clean Energy Material 

Acceleration Platform on Bioenergy and Hydrogen: The centre 

nucleated at IIT Hyderabad aims to accelerate the development of 

ultra-efficient commercially biomass and waste-water to hydrogen 

conversion and storage systems through accelerated discovery of novel 

catalysts, novel storage systems and materials and optimised plant 

condition designs. The project will be implemented jointly between a 

team of scientists from 09 partnering institutes.

DST-IIT Kanpur Integrated Clean Energy Material Acceleration 

Platform on Materials: The objective of this platform is to design 

materials for energy harvesting by employing quantum and classical 

mechanics enabled atomistic simulations and AI & ML algorithms. 

The network of researchers engaged in the platform comprises of 

scientists from 13 elite institutions.

Source: PIB
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Intergovernmental Panel on Climate Change (IPCC) Report

In 2010-2019 average annual global greenhouse gas emissions were at 

their highest levels in human history, but the rate of growth has slowed. 

Without immediate and deep emissions reductions across all sectors, 

limiting global warming to 1.5°C is beyond reach. However, there is 

increasing evidence of climate action, said scientists in the latest 

Intergovernmental Panel on Climate Change (IPCC) report released on 

April 4, 2022.

Since 2010, there have been sustained decreases of up to 85% in the 

costs of solar and wind energy, and batteries. An increasing range of 

policies and laws have enhanced energy efficiency, reduced rates of 

deforestation and accelerated the deployment of renewable energy.

“We are at a crossroads. The decisions we make now can secure a 

liveable future. We have the tools and know-how required to limit 

warming,” said IPCC Chair Hoesung Lee.  “I am encouraged by climate 

action being taken in many countries. There are policies, regulations and 

market instruments that are proving effective.  If these are scaled up and 

applied more widely and equitably, they can support deep emissions 

reductions and stimulate innovation.”

The Summary for Policymakers of the IPCC Working Group III report, 

'Climate Change 2022: Mitigation of climate change' was approved on 

April 4, 2022 by 195 member governments of the IPCC, through a , 

virtual approval session that started on March 21. It is the third 

instalment of the IPCC's Sixth Assessment Report (AR6), which will be 

completed this year.

We have options in all sectors to at least halve emissions by 2030

Limiting global warming will require major transitions in the energy 

sector. This will involve a substantial reduction in fossil fuel use, 

widespread electrification, improved energy efficiency, and use of 

alternative fuels (such as hydrogen).

“Having the right policies, infrastructure and technology in place to 

enable changes to our lifestyles and behaviour can result in a 40-70% 

reduction in greenhouse gas emissions by 2050. This offers significant 

untapped potential,” said IPCC Working Group III Co-Chair 

Priyadarshi Shukla. “The evidence also shows that these lifestyle 

changes can improve our health and wellbeing.”

Cities and other urban areas also offer significant opportunities for 

emissions reductions.  These can be achieved through lower energy 

consumption (such as by creating compact, walkable cities), 

electrification of transport in combination with low-emission energy 

sources, and enhanced carbon uptake and storage using nature. There are 

options for established rapidly growing and new cities.

“We see examples of zero energy or zero-carbon buildings in almost all 

climates,” said IPCC Working Group III Co-Chair Jim Skea. “Action in 

this decade is critical to capture the mitigation potential of buildings.”

Reducing emissions in industry will involve using materials more 

efficiently, reusing and recycling products and minimising waste. For 

basic materials, including steel, building materials and chemicals, low- 

to zero-greenhouse gas production processes are at their pilot to near-

commercial stage.

This sector accounts for about a quarter of global emissions. Achieving 

net zero will be challenging and will require new production processes, 

low and zero emissions electricity, hydrogen, and, where necessary, 

carbon capture and storage.

Agriculture, forestry, and other land use can provide large-scale 

emissions reductions and also remove and store carbon dioxide at scale. 

However, land cannot compensate for delayed emissions reductions in 

other sectors.  Response options can benefit biodiversity, help us adapt 

to climate change, and secure livelihoods, food and water, and wood 

supplies.

The next few years are critical

In the scenarios we assessed, limiting warming to around 1.5°C (2.7°F) 

requires global greenhouse gas emissions to peak before 2025 at the 

latest, and be reduced by 43% by 2030; at the same time, methane 

would also need to be reduced by about a third. Even if we do this, it is 

almost inevitable that we will temporarily exceed this temperature 

threshold but could return to below it by the end of the century.

“It's now or never, if we want to limit global warming to 1.5°C (2.7°F),” 

said Skea. “Without immediate and deep emissions reductions across 

all sectors, it will be impossible.”

The global temperature will stabilise when carbon dioxide emissions 

reach net zero. For 1.5°C (2.7°F), this means achieving net zero carbon 

dioxide emissions globally in the early 2050s; for 2°C (3.6°F), it is in 

the early 2070s.  

This assessment shows that limiting warming to around 2°C (3.6°F) 

still requires global greenhouse gas emissions to peak before 2025 at 

the latest and be reduced by a quarter by 2030.

Closing investment gaps

The report looks beyond technologies and demonstrates that while 

financial flows are a factor of three to six times lower than levels needed 

by 2030 to limit warming to below 2°C (3.6°F), there is sufficient 

global capital and liquidity to close investment gaps. However, it relies 
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Discussion on 'The IPCC Report 2022'

on clear signalling from governments and the international community, 

including a stronger alignment of public sector finance and policy.

“Without taking into account the economic benefits of reduced 

adaptation costs or avoided climate impacts, global Gross Domestic 

Product (GDP) would be just a few percentage points lower in 2050 if 

we take the actions necessary to limit warming to 2°C (3.6°F) or below, 

compared to maintaining current policies,” said Shukla.

Achieving the Sustainable Development Goals

Accelerated and equitable climate action in mitigating and adapting to 

climate change impacts is critical to sustainable development.  Some 

response options can absorb and store carbon and, at the same time, help 

communities limit the impacts associated with climate change. For 

example, in cities, networks of parks and open spaces, wetlands and 

urban agriculture can reduce flood risk and reduce heat-island effects.

Mitigation in industry can reduce environmental impacts and increase 

employment and business opportunities. Electrification with 

renewables and shifts in public transport can enhance health, 

employment, and equity.

“Climate change is the result of more than a century of unsustainable 

energy and land use, lifestyles and patterns of consumption and 

production,” said Skea. “This report shows how taking action now can 

move us towards a fairer, more sustainable world.”

Intergovernmental Panel on Climate Change.. continued from previous page

Climate and policy experts discussed the seriousness of climate impact 

on South Asia as highlighted in the IPCC report, and the adaptation and 

mitigation steps that need to be taken under the current scenario along 

with necessities for climate finance, net-zero emission, sustainable 

lifestyle at a panel discussion titled 'The IPCC Report 2022: Is it Code 

Red for South Asia?'.

Dr Akhilesh Gupta, Senior Adviser, Department of Science and 

Technology, Govt of India, reiterated India's commitment towards 

serious mitigation and adaptation measures to achieve net-zero by 2070 

while maintaining the human development index.

 Dr Gupta highlighted the DST's efforts to understand the quantum of 

present and future f impacts of climate chane through studies like the 

district level vulnerability assessment as well as disaster risk 

assessment. “The assessment will help in initiating appropriate climate 

actions. It will also benefit climate-vulnerable communities across India 

through the development of better-designed climate change adaptation 

projects,” he pointed out at the online webinar.    

“We need to work together to meet those challenges whether in local 

level or global level with our collective wisdom,” he added and 

underlined that climate funding by developed countries to developing 

and underdeveloped countries are not up to the mark. 

The panel discussion on the recently released sixth assessment report 

was organized by the AIT School of Environment, Resource and 

Development (SERD) and moderated by Dr Anamika Barua, Visiting 

Faculty, SERD, AIT and attended by several students from different 

parts of South Asia.

Dr Eden Woon, President, Asian Institute of Technology (AIT), 

Bangkok, said that climate change is changing quicker than expected 

and indicated the need for a proper road map and immediate action. “As 

climate change is a serious issue, which has an impact on every element 

of the earth, the role of policymakers is crucial, and the formulation of 

action should range from local level to global level,” he added.

 “The IPCC report shows that there is a need for a paradigm shift of 

climate mitigation by putting people at the centre and aiming towards 

sustainable development,” said Prof Joyshree Roy, Bangabandhu Chair 

Professor at AIT, Bangkok and Coordinating lead author of WGIII 

report of the IPCC Sixth Assessment cycle while speaking about 

mitigation options to be adapted in various development activities to 

reduce the emission.

 Mr Saad Hayat Tamman, Prime Minister's Office, Pakistan, 

highlighted the need for regional-level adaptation and mitigation 

efforts and said that South Asia needs capital finance to tackle the 

problem.

 Mr. Sanjay Bhowmik, MoEF, Bangladesh, elaborated on Bangladesh's 

climate strategy plan, which prioritises local adaptation to address 

climate change, while  Dr. Fida Mallik, CEGIS, Bangladesh, 

highlighted issues like sea-level rise, city heat, and urban burden in 

Bangladesh and the urgency for putting science into action.

 Dr Abid Hussain, ICIMOD, Nepal, stressed on the vulnerability of the 

mountains, the increasing impacts like loss of glaciers, change in 

timing of seasons as well as socio-economic changes. Dr. Arun Prakash 

Bhatta, Under Secretary, MoFE, Nepal, emphasized the need for 

immediate implementation of the National Framework on Local 

Adaptation Plans for Action (LAPA) through the participation of 

people.

 “The impact on South Asia is serious. This will impact both urban and 

rural areas and their livelihood. Cities in particular also have an impact 

on climate, and hence cities need to come up with action plan and act 

with urgency,” Dr. Anjal Prakash, Indian School of Business (ISB), 

Hyderabad and coordinating lead author for the IPCC special report on 

the ocean and cryosphere in a changing climate (SROCC) pointed out.

 The sixth assessment report highlights that increased heatwaves, 

droughts, and floods are already exceeding plants' and animals' 

tolerance thresholds, driving mass mortalities in species such as trees 

and corals. These weather extremes are occurring simultaneously, 

causing cascading impacts that are increasingly difficult to manage. 

They have exposed millions of people to acute food and water 

insecurity, especially in Africa, Asia, Central, and South America, on 

Small Islands, and in the Arctic.

To avoid mounting loss of life, biodiversity, and infrastructure, 

ambitious, accelerated action is required to adapt to climate change, at 

the same time as making rapid, deep cuts in greenhouse gas emissions. 

So far, progress on adaptation is uneven, and there are increasing gaps 

between action taken and what is needed to deal with the increasing 

risks, the new report stressed.
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Dr. Debidas Kundu, INSPIRE Faculty Fellow
Work on surface electromagnetics can augment existing capabilities of RF & microwave devices, 
improving satellite communication

Dr. Debidas Kundu, INSPIRE Faculty Fellow from Indian Institute of 

Technology, Roorkee, is working on improved technology for defense 

and space research as well as for satellite communication. His work on a 

structural, weatherproof enclosure that protects a radar antenna can be 

used in defense and strategic sectors.

 In his project, he has designed two absorbers, which can provide stealth 

from surveillance radar while the latter can also support secure 

communication.  

 He is also developing a broadband linearly polarized reflectarray 

antenna- a planar, low-profile, circuit board printed antenna that can 

provide high gain. His proposed design can be used in tiny light-weight 

satellites called CubeSats. A constellation of CubeSats at low earth 

orbit (LEO) can be a potential solution for connectivity across the globe 

through the internet of things (IoT). Reflectarray antennas, such as the 

one he has proposed, can be useful to enable inter-satellite links (ISL) 

between the individual CubeSats to reduce the signal latency.

Dr. Kundu, an INSPIRE faculty of the Department of Science & 

Technology, Govt. of India at IIT Roorkee working on surface 

electromagnetics, an emerging area in the RF and microwave 

discipline, aims to augment the capabilities of existing RF and 

microwave devices and circuits with the help of surface electro-

magnetics. He has set up a parallel plate waveguide measurement 

facility at IIT Roorkee for the broadband chara-cterization of 

reflection-transmission responses. 

 He will be filing patents on some of his work and taking forward his 

work on absorber and radome, which have applications in defence and 

strategic sectors, as well as his work on reflectarray, which can be used 

in satellite communications.

The India UK science and innovation policy dialogue discussed the 

priorities of future India-UK collaborations with focus on strengthening 

the startup ecosystem, net-zero economy, climate change mitigation and 

adaptation, sustainable technologies, health innovations, clean energy, 

R&D translation, and new and emerging technologies.

Dr. S Chandrasekhar, Secretary, Department of Science and Technology, 

Govt. of India, suggested bringing investors and young innovators 

together through activities like roadshows so that startups with academic 

backgrounds can be supported right from the idea stage to 

commercialisation of the product.

“We believe that global challenges we face today do not respect 

geopolitical boundaries and hence can be effectively addressed through 

scientific collaboration and not competition. Indian scientists are 

globally recognized for basic and fundamental research. But the 

conversion of research into commercial technologies for wealth creation 

and lab to market transition is a challenge we need to face head-on,” Dr. 

Chandrasekhar said.

Dr. Chandrasekhar mentioned that joint research leading to the 

development of commercially viable products, processes, or services 

would provide greater returns in terms of economic and societal benefit 

to the common man and on money spent by the two governments on 

R&D.

“Today, when India is celebrating the 75th year of its Independence, the 

roadmap for the next 25 years for India will be determined by scientific 

and technological innovations in all walks of life,” he added.

Chief Scientific Advisor at the Department of Business, Energy and 

Industrial Strategy at the Government of UK and UK Co-Chair Prof. 

Paul Monks underlined that the two countries which have some of the 

best scientific minds need to work together on using Science & 

Technology for climate adaptation and mitigation solutions for 

decarbonising the economy and move towards a net-zero economy 

which is a key challenge of the future.

British High Commissioner to India Alexander Ellis stressed the 

importance of S&T in a contested world and said that the two countries 

which have a strong legacy of collaboration should work on challenges 

like climate change, health, enabling flow of goods and services, 

translation of R&D and so on to solve global problems.

Shri Sandeep Chakraborty, Jt Secretary Europe West, Ministry of 

External Affairs, Govt. of India, highlighted that Science & Technology 

pervades all areas of cooperation between the two countries and need to 

be discussed at great length.

The India UK STI Collaboration mainly focuses on human capacity 

building, joint research, and translating research into applicable 

technologies

Shri S K Varshney, Head, International Division, DST, briefed about 

the modalities of international cooperation and talked about the five 

major technology missions Cyber-Physical Systems; Electric Mobility 

Mission, Quantum Science & Technology; Clean Fuels: Methanol 

Mission, and Map India.

The India UK science and innovation policy dialogue
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Microplastics in the Cauvery River may be harming fish

Pollutants like microplastics may be causing growth defects in 

fish, including skeletal deformities, in the Cauvery River, a new 

study reveals. Published in the journal Ecotoxicology and 

Environmental Safety, the study was led by Upendra Nongthomba, 

Professor at the Department of Molecular Reproduction, Development 

and Genetics (MRDG), in the Indian Institute of Science (IISc).

Nongthomba likes his fish. “Over the years, I have cherished going to 

the backwaters of the Krishna Raja Sagara [KRS] Dam and having fried 

fish on the Cauvery River bank,” he says. But in recent times, he has 

been noticing physical deformities in some of them. He began to wonder 

whether the quality of water may have something to do with it.

“Water is essential for everyone, including animals and plants. When it 

is polluted, it is capable of causing diseases, including cancer,” adds 

Abass Toba Anifowoshe, a PhD student in Nongthomba's lab, and the 

first author of the study. Nongthomba's lab, therefore, conducted a 

comprehensive study of pollution at the KRS Dam and its potential 

effects on fish. They collected water samples from three different 

locations with varying speeds of water flow – fast-flowing, slow-

flowing, and stagnant – since water speed is known to affect the 

concentration of pollutants.

In the first part of the study, Nongthomba's team analysed the physical 

and chemical parameters of the water samples. All but one of them fell 

within the prescribed limits. The exception was dissolved oxygen (DO), 

whose levels were much lower than they needed to be in samples 

collected from the slow-flowing and stagnant sites. Water from these 

sites also had microbes such as Cyclops, Daphnia, Spirogyra, 

Spirochaeta and E. coli, well-known bio-indicators of water 

contamination.

The researchers went further. Using a technique called Raman 

spectroscopy, they detected microplastics – minute pieces of plastic 

often invisible to the naked eye – and toxic chemicals containing the 

cyclohexyl functional group (a functional group refers to atoms in a 

compound that determine its chemical properties). Microplastics are 

found in several household and industrial products, and chemicals 

containing the cyclohexyl group, such as cyclohexyl isocyanate, are 

commonly used in agriculture and the pharmaceutical industry.

In the second part of the study, Nongthomba's team investigated whether 

pollutants in water could account for the developmental abnormalities 

seen in wild fish. They treated embryos of the well-known model 

organism, zebrafish, with water samples collected from the three sites, 

and found that those exposed to water from the slow-flowing and 

stagnant sites experienced skeletal deformities, DNA damage, early cell 

death, heart damage, and increased mortality. These defects were seen 

even after microbes were filtered out, suggesting that microplastics and 

the cyclohexyl functional groups are responsible for the ailments in the 

fish.

The researchers also found unstable molecules called ROS (Reactive 

Oxygen Species) in the cells of the fish that developed abnormally. ROS 

build-up is known to damage DNA and affect animals in ways similar to 

what Abass and Nongthomba saw in fish treated with water from the 

slow-flowing and stagnant sites. Other studies have shown that 

microplastics and chemicals with the cyclohexyl group lead to decreased 

DO, which in turn triggers ROS accumulation in animals like fish.

A recent study from the Netherlands has shown that microplastics can 

enter the bloodstream of humans. So, what do the results from 

Nongthomba's lab mean for the millions of people who use Cauvery 

water? “The concentrations we have reported may not be alarming yet 

for humans, but long-term effects can't be ruled out,” he says. But he also 

admits that before they answer the question conclusively, they need to 

understand how exactly microplastics enter and affect the host. “This is 

something which we are trying to address now.”

Source: IISc news release. Author: Praveen Jayakumar

Image credit Abass Toba Anifowoshe and Upendra Nongthomba 
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Your digital footprints are more than a privacy risk  

W
hen you use the internet, you leave behind a trail of data, a 

set of digital footprints. These include your social media 

activities, web browsing behavior, health information, 

travel patterns, location maps, information about your mobile device 

use, photos, audio and video. This data is collected, collated, stored and 

analyzed by various organizations, from the big social media companies 

to app makers to data brokers. As you might imagine, your digital 

footprints put your privacy at risk, but they also affect cybersecurity.

As a cybersecurity researcher, I track the threat posed by digital 

footprints on cybersecurity. Hackers are able to use personal 

information gathered online to suss out answers to security challenge 

questions like “in what city did you meet your spouse?” or to hone 

phishing attacks by posing as a colleague or work associate. When 

phishing attacks are successful, they give the attackers access to 

networks and systems the victims are authorized to use.

Following footprints to better bait

Phishing attacks have doubled from early 2020. The success of phishing 

attacks depends on how authentic the contents of messages appear to the 

recipient. All phishing attacks require certain information about the 

targeted people, and this information can be obtained from their digital 

footprints.

Hackers can use freely available open source intelligence gathering 

tools to discover the digital footprints of their targets. An attacker can 

mine a target's digital footprints, which can include audio and video, to 

extract information such as contacts, relationships, profession, career, 

likes, dislikes, interests, hobbies, travel and frequented locations.

They can then use this information to craft phishing messages that 

appear more like legitimate messages coming from a trusted source. The 

attacker can deliver these personalized messages, spear phishing 

emails, to the victim or compose as the victim and target the victim's 

colleagues, friends and family. Spear phishing attacks can fool even 

those who are trained to recognize phishing attacks.

One of the most successful forms of phishing attacks has been business 

email compromise attacks. In these attacks, the attackers pose as 

people with legitimate business relationships – colleagues, vendors 

and customers – to initiate fraudulent financial transactions.

A good example is the attack targeting the firm Ubiquity Networks Inc. 

in 2015. The attacker sent emails, which looked like they were coming 

from top executives to employees. The email requested the employees 

to make wire transfers, resulting in fraudulent transfers of $46.7 

million.

Access to the computer of a victim of a phishing attack can give the 

attacker access to networks and systems of the victim's employer and 

clients. For instance, one of the employees at retailer Target's HVAC 

vendor fell victim to phishing attack. The attackers used his 

workstation to gain access to Target's internal network, and then to their 

payment network. The attackers used the opportunity to infect point-

of-sale systems used by Target and steal data on 70 million credit cards.

A big problem and what to do about it

Computer security company Trend Micro found that 91% of attacks in 

which the attackers gained undetected access to networks and used that 

access over time started with phishing messages. Verizon's Data 

Breach Investigations Report found that 25% of all data breach 

incidents involved phishing.

Given the significant role played by phishing in cyberattacks, I believe 

it's important for organizations to educate their employees and 

members about managing their digital footprints. This training should 

cover how to find the extent of your digital footprints, how to browse 

securely* and how to use social media responsibly.

Source: Texas A&M University news release, This article by Ravi Sen 

originally appeared on The Conversation

 (www.theconversation.com).

Digital footprints could help hackers infiltrate computer networks

Getty Images
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Self-esteem has long-term benefits

In recent years, self-esteem has fallen out of favor in the scientific 

literature and in the popular media as an important factor for life 

outcomes. But a new large research review conducted by 

psychologists at the University of California, Davis, and the University 

of Bern suggests that high self-esteem can have a positive influence in 

many areas of people's lives. 

Psychology professor Richard W. Robins and former postdoctoral 

scholar Ulrich Orth, now a professor at the University of Bern, reported 

their findings recently in the journal American Psychologist, the 

flagship journal of the American Psychological Association 

“This research shows what most people already believe — that self-

esteem matters,” Robins said.  

To understand the influence that self-esteem might have on people's 

work, schooling, relationships and health outcomes, the researchers 

reviewed the findings of hundreds of longitudinal studies that answered 

questions about long-term consequences, such as: Do teenagers with 

high self-esteem tend to be more successful in their careers? Their 

findings show that people with high self-esteem generally have more 

success at school and work, better social relationships, improved mental 

and physical health, and less anti-social behavior. And, these benefits 

persist from adolescence to adulthood and into old age. 

Self-esteem's impact over time

Long-term outcomes are determined by many psychological and social 

factors, so self-esteem is just one part of the puzzle that might explain 

why people do better or worse in certain life domains. Still, the presence 

or absence of this one factor can have a big impact over a lifetime. 

“Even small effects can accumulate over long periods of time,” Robins 

said. “Just looking at a year of a person's life, there might be a small 

benefit to feeling good about yourself. But if you look across the next 

30 years and consider how that benefit accumulates as people go from 

one life stage to the next, those cumulative benefits may be quite 

strong.” 

High self-esteem is distinct from narcissism

Robins, who has studied self-esteem for decades, sees this review as a 

counter to the often-repeated claim that high self-esteem is dangerous. 

Self-esteem is distinct from narcissism, the research literature Robins 

and Orth examined shows. Whereas self-esteem refers to feelings of 

self-acceptance and self-respect, narcissism is characterized by 

feelings of superiority, grandiosity, entitlement and self-centeredness. 

This research review shows that high self-esteem and narcissism can 

have opposite implications for life outcomes. High self-esteem 

predicts better social relationships, whereas narcissism predicts 

difficulties with relationships. Yet many psychologists and laypeople 

have called the benefits of self-esteem a myth and suggested that it 

might even have a “dark side,” Robins said. 

Despite doubts cast on the importance of self-esteem, Robins said their 

review of the large body of self-esteem research demonstrates that it 

matters, and consequently interventions aimed at boosting self-esteem 

might benefit individuals and society as a whole. 

“There are few psychological characteristics that have been studied 

more than self-esteem,” he said.

Source: University of California, Davis news release. Author:  Melissa 

Blouin

Study suggests that high self-esteem can have a positive 
influence in many areas of people's lives. 

Getty Images
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What do you see when you listen to music?

To investigate those questions, an international team of 

researchers (including a classical pianist, a rock drummer and a 

concert bassist) asked hundreds of people what stories they 

imagined when listening to instrumental music. The results appeared 

recently in the Proceedings of the National Academy of Sciences.

The researchers, led by Princeton's Elizabeth Margulis and Devin 

McAuley of Michigan State University, discovered that listeners in 

Michigan and Arkansas imagined very similar scenes, while listeners in 

China envisioned completely different stories. 

“These results paint a more complex picture of music's power,” said 

Margulis, a professor of music who uses theoretical, behavioral and 

neuroimaging methodologies to investigate the dynamic experience of 

listeners. “Music can generate remarkably similar stories in listeners' 

minds, but the degree to which these imagined narratives are shared 

depends on the degree to which culture is shared across listeners.”

The 622 participants came from three regions across two continents: 

two suburban college towns in middle America — one in Arkansas and 

the other in Michigan — and a group from Dimen, a village in rural 

China where the primary language is Dong, a tonal language not related 

to Mandarin, and where the residents have little access to Western 

media.

All three groups of listeners — in Arkansas, Michigan and Dimen — 

heard the same 32 musical stimuli: 60-second snippets of instrumental 

music, half from Western music and half from Chinese music, all 

without lyrics. After each musical excerpt, they provided free-response 

descriptions of the stories they envisioned while they listened.

The results were striking. Listeners in Arkansas and Michigan 

described very similar stories, often using the same words, while the 

Dimen listeners envisioned stories that were similar to each other but 

very different from those of American listeners.

For example, a musical passage identified only as W9 brought to mind a 

sunrise over a forest, with animals waking and birds chirping for 

American listeners, while those in Dimen pictured a man blowing a leaf 

on a mountain, singing a song to his beloved. For musical passage C16, 

Arkansas and Michigan listeners described a cowboy, sitting alone in 

the desert sun, looking out over an empty town; participants in Dimen 

imagined a man in ancient times sorrowfully contemplating the loss of 

his beloved.

Quantifying similarities between free-response stories required huge 

amounts of natural language data processing. The tools and strategies 

that they developed will be useful in future studies, said Margulis, who 

is also the director of Princeton's Music Cognition lab. “Being able to 

map out these semantic overlaps, using tools from natural language 

processing, is exciting and very promising for future studies that, like 

this one, straddle the border between the humanities and the sciences.”

“It's amazing,” said co-author Benjamin Kubit, a drummer and a 

postdoctoral research associate previously in the Princeton 

Neuroscience Institute and now in the Department of Music. “You can 

take two random people who grew up in a similar environment, have 

them listen to a song they haven't heard before, ask them to imagine a 

narrative, and you'll find similarities. However, if those two people don't 

share a culture or geographical location, you won't see that same kind of 

similarity in experience. So while we imagine music can bring people 

together, the opposite can also be true — it can distinguish between sets 

of people with a different background or culture.”

Though the researchers had carefully ensured that the pieces they chose 

had never appeared in a movie soundtrack or any other setting that 

would prescribe visuals, the same music sparked very similar visuals in 

hundreds of listeners — unless they had grown up in a different cultural 

context. 

“It's stunning to me that some of these visceral, hard-to-articulate, 

imagined responses we have to music can actually be widely shared,” 

said Margulis. “There's something about that that's really puzzling and 

compelling, especially because the way we encounter music in 2022 is 

often solitary, over headphones. But it turns out, it's still a shared 

experience, almost like a shared dream. I find it really surprising and 

fascinating — with the caveat, of course, that it's not universally shared, 

but depends on a common set of cultural experiences.”

Co-author Cara Turnbull, a concert bassist turned graduate student in 

musicology, said: “It's just fascinating how much our upbringings shape 

us as individuals while also giving us enough common experiences that 

we relate to this media in ways that are simultaneously unique and 

shared.”

Source: Princeton University news release. Author: Liz Fuller-Wright

Music isn't a truly universal language, it turns 
out. A team of researchers led by Elizabeth 
Margulis, director of Princeton's Music 
Cognition Lab, found that culture and 
background influence what we visualize when 
we listen to instrumental music we've never 
heard before.

Illustration byTeri Sanders, Office of Communications, Princton 

University
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Monkeys often eat fruit containing alcohol, shedding 
light on our taste for booze

For 25 years, UC Berkeley biologist Robert Dudley has been 

intrigued by humans' love of alcohol. In 2014, he wrote a book 

proposing that our attraction to booze arose millions of years 

ago, when our ape and monkey ancestors discovered that the scent of 

alcohol led them to ripe, fermenting and nutritious fruit.

A new study now supports this idea, which Dudley calls the “drunken 

monkey” hypothesis.

The study was led by primatologist Christina Campbell of California 

State University, Northridge (CSUN), and her graduate student Victoria 

Weaver, who collected fruit eaten and discarded by black-handed spider 

monkeys (Ateles geoffroyi) in Panama. They found that the alcohol 

concentration in the fruit was typically between 1% and 2% by volume, 

a by-product of natural fermentation by yeasts that eat sugar in ripening 

fruit.

Moreover, the researchers collected urine from these free-ranging 

monkeys and found that the urine contained secondary metabolites of 

alcohol. This result shows that the animals were actually utilizing the 

alcohol for energy — it wasn't just passing through their bodies.

“For the first time, we have been able to show, without a shadow of a 

doubt, that wild primates, with no human interference, consume fruit-

containing ethanol,” said Campbell, a CUSN professor of anthropology 

who obtained her Ph.D. in anthropology from Berkeley in 2000. “This is 

just one study, and more need to be done, but it looks like there may be 

some truth to that 'drunken monkey' hypothesis — that the proclivity of 

humans to consume alcohol stems from a deep-rooted affinity of 

frugivorous (fruit-eating) primates for naturally-occurring ethanol 

within ripe fruit.”

Dudley laid out evidence for his idea eight years ago in the book, The 

Drunken Monkey: Why We Drink and Abuse Alcohol. Measurements 

showed that some fruits known to be eaten by primates have a naturally 

high alcohol content of up to 7%. But at the time, he did not have data 

showing that monkeys or apes preferentially sought out and ate 

fermented fruits, or that they digested the alcohol in the fruit.

For the newly reported study, the CSUN researchers teamed up with 

Dudley and UC Berkeley graduate student Aleksey Maro to analyze the 

alcohol content in the fruits. Maro is conducting a parallel study of the 

alcohol content in the fruit-based diet of chimpanzees in Uganda and the 

Ivory Coast.

“It (the study) is a direct test of the drunken monkey hypothesis,” said 

Dudley, UC Berkeley professor of integrative biology. “Part one, there 

is ethanol in the food they're eating, and they're eating a lot of fruit. Then, 

part two, they're actually metabolizing alcohol — secondary 

metabolites, ethyl glucuronide and ethyl sulfate are coming out in the 

urine. What we don't know is how much of it they're eating and what the 

effects are behaviorally and physiologically. But it's confirmatory.”

The study, which appeared recently in the journal Royal Society Open 

Science, was conducted at a field site, Barro Colorado Island in Panama, 

where Dudley has often conducted research and where he first began 

thinking about the role of ethanol in animal diets and how that might 

play into our enjoyment and abuse of alcohol.

The researchers found that the fruit that spider monkeys sniffed and took 

a bite out of routinely had alcohol concentrations of between 1% and 2%, 

about half the concentration of low alcohol brews The ripe fruits they 

collected were from the jobo tree, Spondias mombin, and were a major 

component of the spider monkey diet. But the fruit also has been used for 

millennia by Indigenous human populations throughout Central and 

South America to make chicha, a fermented alcoholic beverage.

The researchers also collected urine from six spider monkeys. Five of the 

samples contained secondary metabolites of ethanol.

“The monkeys were likely eating the fruit with ethanol for the calories,” 

Campbell said. “They would get more calories from fermented fruit than 

they would from unfermented fruit. The higher calories mean more 

energy.”

Dudley said that he doubts that the monkeys feel the inebriating effects 

of alcohol that humans appreciate.

“They're probably not getting drunk, because their guts are filling before 

they reach inebriating levels,” he said. “But it is providing some 

physiological benefit. Maybe, also, there's an anti-microbial benefit 

within the food that they're consuming, or the activity of the yeast and the 

microbes may be predigesting the fruit. You can't rule that out.”

The need for the monkeys' high caloric intake may similarly have 

influenced human ancestors' decisions when choosing which fruit to eat, 

Campbell said.

“Human ancestors may also have preferentially selected ethanol-laden 

fruit for consumption, given that it has more calories,” she said. 

“Psychoactive and hedonic effects of ethanol may similarly result in 

increased consumption rates and caloric gain.”

Today, the availability of alcohol in liquid form, without the gut-filling 

pulp of fermenting fruit, means it's easy to overindulge. The idea that 

humans' natural affinity for alcohol is inherited from our primate 

ancestors could help society deal with the adverse consequences of 

alcohol abuse.

“Excessive consumption of alcohol, as with diabetes and obesity, can 

then be viewed conceptually as a disease of nutritional excess,” 

Campbell said.

Source: UC Berkeley news release. Author: Robert Sanders
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A stretchable display that could revolutionize how 
humans interact with electronics

N
o one would ever imagine crumpling up their smartphone, 

television or another electronic device. Today's displays – 

which are flat, rigid and fragile – lack the ability to reshape to 

interactively respond to users.

As part of an overarching quest to build “skin-inspired” electronics that 

are soft and stretchy, Stanford University chemical engineer Zhenan 

Bao and her research team have been developing a display to change 

that. Now, after more than three years of work, they show the proof of 

principle toward a stretchable, potentially reshapable display in a new 

paper published March 23 in Nature.

Their invention hinges on the discovery of a method to produce a high-

brightness elastic light-emitting polymer, which functions like a 

filament in a lightbulb. The group's resulting display is made entirely of 

stretchy polymers – synthetic plastic materials. The device has a 

maximum brightness at least two times that of a cellphone and can be 

stretched up to twice its original length without tearing.

“Stretchable displays can allow a new way of interactive human-

machine interface,” said Bao, the K. K. Lee Professor in the School of 

Engineering and senior author of the paper. “We can see the image and 

interact with it, and then the display can change according to our 

response.”

An illuminating discovery

Most light-emitting polymers are stiff and crack when stretched. 

Scientists can increase their flexibility by adding elastic insulating 

materials, such as rubber. But these additives decrease electrical 

conductivity, which requires the polymer to use a dangerously high 

voltage to generate even dim light.

About three years ago, however, postdoctoral scholar Zhitao Zhang 

discovered that a yellow-colored light-emitting polymer called 

SuperYellow not only became soft and pliable but also emitted brighter 

light when mixed with a type of polyurethane, a stretchy plastic.

“If we add polyurethane, we see SuperYellow form nanostructures,” 

said Zhang, the first author of the study. “These nanostructures are really 

important. They make the brittle polymer stretchable, and they make the 

polymer emit brighter light because the nanostructures are connected 

like a fishnet.”

Unlike adding rubber, the interconnected net of nanoscale fibers that 

make the SuperYellow stretchy don't inhibit electricity flow – which is 

key to developing a bright display. After this discovery, the group also 

created elastic red, green and blue light-emitting polymers.

Stacking the layers

With stretchable light-emitting polymers now available, the group 

needed to layer together the remaining ingredients of an electronic 

display.

“It was really challenging to figure out the right materials to use,” Bao 

explained. “Electronically, they have to match each other to give us high 

brightness. But then, they also need to have similarly good mechanical 

properties to allow the display to be stretchable. And finally, for the 

fabrication, Zhitao had to figure out a way to stack the layers together so 

that the process will not degrade the brightness.”

The final display contains seven layers. Two outer layers are two 

substrates that encapsulate the device. Moving inward are two electrode 

layers, each followed by charge transporting layers. Finally, the light-

emitting layer sits sandwiched in the center.

When electricity runs through the display, one electrode injects positive 

charges, called holes, into the light-emitting layer while the other injects 

negatively charged electrons into it. When the two types of charges meet, 

they bond and go into an energetically excited state. Almost immediately 

after, the state returns to normal by producing a photon – a particle of 

light.

The resulting all-polymer film can be adhered to an arm or finger and 

doesn't rip during bending or flexing. This will allow wearable trackers 

to have their display directly attached to the skin.

Bao sees a variety of additional potential uses for a stretchable display. It 

could be used to produce reshapable interactive screens or even form 

three-dimensional landscapes on a map.

“Imagine a display where you can both see and feel the three-

dimensional object on the screen,” Bao said. “This will be a completely 

new way to interact with each other remotely.”

Source: Stanford University news release. Author: Mckenzie Prillaman

Zhitao Zhang wears the flexible light-

emitting film, featuring a Stanford logo, on 

the knuckle of thefinger. This shows how the 

film can hold up to flexing and wrinkling. 

(Image credit: Zhitao Zhang and Jiancheng 

Lai of Bao Group Research Lab)
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Eco-friendly “house” grows on its own

A
n EPFL scientist has developed an automatic construction 

method that draws on an unlikely combination of mycology, 

genomics and architecture. Her method also has the added 

benefit of being carbon negative. 

Frieda Steinpilz, a scientist studying sustainable construction methods 

at EPFL, has no qualms about admitting that when it comes to style, her 

buildings “have more in common with Gaudí or Hundertwasser than 

with Libeskind.” But that doesn't shake her belief that her method has a 

bright future.

The evidence suggests that Steinpilz's confidence isn't misplaced. Her 

self-growing building method involves just two ingredients: a splash of 

water and a pinch of powder – although not just any old powder, of 

course. “I was amazed to learn about the mycelium-based material being 

developed by EPFL students that could be molded into different 

shapes,” says Steinpilz. An expert in synthetic biology and genetic 

engineering, she already holds two PhDs and is exploring this new 

method as she works toward her third. This broad knowledge base is 

what prompted her to push the boundaries of cross-disciplinary research 

– a value that EPFL holds dear.

Genome editing

Instead of mechanically forcing mycelium to grow into the desired 

shape, Steinpilz's method involves reprogramming the genetic code 

inside its stem cells. “I had to learn how to decode the fungus' DNA so I 

could understand which alleles performed which function,” she 

explains.

Her early experiments produced large, misshapen truffles. But with 

time, as she snipped away at the genome using the CRISPR-Cas9 

“genetic scissors,” she was able to achieve more precise forms. 

“Currently, I can code the fungi to grow into 30cm-thick blocks with 

more or less straight lines,” she says. “I added Hox genes – also known 

as 'architect genes' since they control the final stages of organ 

development – to halt the growth of the house's walls at exactly the right 

moment and make the floor-slab section grow horizontally. And I 

included coral DNA in order to form a reinforcing calcium structure 

inside the fungi.” This calcium framework has another benefit: as it 

grows, it absorbs a large quantity of CO  from the air, meaning that 2

Steinpilz's houses act as carbon sinks.

Growing a large, detached house in less than two months

Her prototype, which she grew at EPFL before transferring it to a local 
2campsite, is a modest 32m  property with a bedroom and combined 

living/dining area. She now spends most of her free time there and says 

she appreciates the quality of life it offers. Steinpilz is confident that, 

with more time to fine-tune her method and code new cell-division 

instructions, she'll be able to grow more complex, multistory buildings. 

Given the right soil conditions, she estimates it should take just three to 

four weeks to grow a large, detached house, plus two extra weeks for the 

structure to dry out and stabilize once watering stops. “Obviously, the 

doors and windows won't grow themselves,” she adds with a smile. But 

her method will save a huge amount of time and resources at the 

structural-work stage.

More hurdles to overcome

Steinpilz still has to iron out two kinks, although they're not necessarily 

deal-breakers. First, although drying out the structure stops the fungus 

from growing, heavy rain could restart the process, potentially causing 

the house to grow a new story. “That could lead to some administrative 

headaches, since the number of stories is generally capped by building 

regulations,” she explains.

Second, the fungus retains a relatively potent odor, even when dry. “It's 

somewhere between truffle and morel,” she says. “Personally, I like the 

smell. But I realize that some people might get tired of it after a while. 

The good news is that the fungus is edible, so you could take a slice out of 

a wall and grate it over your favorite dish. It goes particularly well with 

salmon tagliatelle.”

Source: EPFL news release. Author: Emmanuel Barraud
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A recyclable pollen-based paper for repeated printing 
and 'unprinting'

S
cientists at Nanyang Technological University, Singapore (NTU 

Singapore) have developed a pollen-based 'paper' that, after 

being printed on, can be 'erased' and reused multiple times 

without any damage to the paper.

In a research paper published online in Advanced Materials on 5 April, 

the NTU Singapore scientists demonstrated how high-resolution colour 

images could be printed on the non-allergenic pollen paper with a laser 

printer, and then 'unprinted' – by completely removing the toner without 

damaging the paper – with an alkaline solution (See Image 1 below in 

Notes to Editor). They demonstrated that this process could be repeated 

up to at least eight times.

This innovative, printer-ready pollen paper could become an eco-

friendly alternative to conventional paper, which is made via a multi-

step process with a significant negative environmental impact, said the 

NTU team led by Professors Subra Suresh and Cho Nam-Joon.

It could also help to reduce the carbon emissions and energy usage 

associated with conventional paper recycling, which involves 

repulping, de-toning (removal of printer toner) and reconstruction.

The other members of this all-NTU research team are research fellow 

Dr Ze Zhao, graduate students Jingyu Deng and Hyunhyuk Tae, and 

former graduate student Mohammed Shahrudin Ibrahim.

Prof Subra Suresh, NTU President and senior author of the paper, said: 

“Through this study, we showed that we could print high-resolution 

colour images on paper produced from a natural, plant-based material 

that was rendered non-allergenic through a process we recently 

developed. We further demonstrated the feasibility of doing so 

repeatedly without destroying the paper, making this material a viable 

eco- friendly alternative to conventional wood-based paper. This is a 

new approach to paper recycling – not just by making paper in a more 

sustainable way, but also byextending the lifespan of the paper so that 

we get the maximum value out of each piece of paper we produce. The 

concepts established here, with further developments in scalable 

manufacturing, could be adapted and extended to produce other 

“directly printable” paper-based products such as storage and shipping 

cartons and containers.”

Prof Cho Nam-Joon, senior author of the paper, said: “Aside from being 

easily recyclable, our pollen-based paper is also highly versatile. Unlike 

wood-based conventional paper, pollen is generated in large amounts 

and is naturally renewable, making it potentially an attractive raw 

material in terms of scalability, economics, and environmental 

sustainability. In addition, by integrating conductive materials with the 

pollen paper, we could potentially use the material in soft electronics, 

green sensors, and generators to achieve advanced functions and 

properties.”

This innovation adds to the series of discoveries and technological 

advances pioneered by NTU researchers from many disciplines, whose 

cutting-edge scholarly research translate NTU's commitment to 

sustainability into practices that benefit industry and society, in line with 

the vision outlined in the University's Sustainability Manifesto released 

in 2021 and the NTU 2025 strategic plan.

A more sustainable way of papermaking

Conventional paper is made of cellulose fibres found in wood, and the 

papermaking process involves energy-intensive steps that include 

logging, debarking, and chipping. With the pulp and paper industry 
1accounting for 33 to 40 per cent of all industrial wood traded globally , 

this form of papermaking adds to the global problem of deforestation and 

rising carbon emissions.

Pollen grains, in contrast, are generated regularly and in large amounts as 

genetic material carriers in plant reproduction. The process of making 

pollen-based paper is similar to traditional soapmaking (See Image 2), 

which is much simpler and less energy-intensive.

Using potassium hydroxide, the scientists first removed the cellular 

components encapsulated in tough sunflower pollen grains and turned 

them into soft microgel particles. This step also removes the component 

in pollen that causes allergies.

The scientists then used deionised water to remove unwanted particles 

from the resulting pollen microgel, before casting it into a 22 cm x 22 cm 

mould for air-drying.This forms a piece of paper that is about 0.03 mm in 

thickness or about half the thickness of the human hair.

Earlier research by the same NTU team has shown that pollen paper can 

bend and curl in response to moisture in the air. To 'stabilise' the paper 

and to render it insensitive to moisture, the scientists immersed it in 

acetic acid – an active component in vinegar.

Print, rinse, and repeat

To demonstrate the printability of their sunflower pollen paper, the NTU 

scientists printed a painting from Vincent Van Gogh's Sunflowers series 

using a laser printer. They found that the paper passed through the printer 

without any tear or damage.

continued on page 17
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Shedding light on lasers' powers

W
hen the laser was invented, the fundamental science behind 

it astounded the physics community. On the other hand, 

many in the field wondered what it could be used for. Even 

one of its inventors called it “a solution in search of a problem.” Today, 

of course, the list of laser applications is a long one and continues to 

grow. Lasers are now used for everything from manufacturing to surgery 

to home electronics. Indeed, lasers are such a ubiquitous part of our daily 

lives that some might suspect that there's not much more to discover 

about these intense beams of light.

Not Hui Cao, who continues to invent new types of lasers, and find new 

ways to put them to use. Conversely, sometimes her lab explores 

practical applications, which then leads to new insights about the 

fundamental physics of lasers. She has pioneered the use of random 

lasers in biomedical imaging. She has figured out how to stabilize 

chaotic lasers by using chaotic cavities, that is, “fighting fire with fire.” 

Her work has earned her a place in Photonics Spectra's “History of the 

Laser,” as well as numerous awards and honors. This year, she was 

elected to both the American Academy of Arts & Sciences and the 

National Academy of Sciences.

Her curiosity began with a comment from her father.

“When I was very young, my father told me the thing that moves the 

fastest in the world is light,” said Cao, the John C. Malone Professor of 

Applied Physics, Physics, and Electrical Engineering. “So I was always 

intrigued by light — why is it so special? Why can it generate all these 

different colors? So that's how I got into optics.” 

From there, studying lasers was the logical next step. She got hit with the 

bug while in college when she discovered how powerful lasers were and 

all the ways that they could be used. And since then, the number and 

diversity of those applications has increased at a tremendous rate. After 

coming to the U.S. in 1990, Cao recalled, she would call her parents in 

China on the telephone at a cost of $1 per minute. 

“Nowadays we will pay nothing for a video talk,” she said. “That is 

because of optical telecommunications, and because we have fiber 

optics technology, lasers, amplifiers and photodetectors. We use lasers in 

our daily life, everywhere. That is a complete revolution, I would say.” 

The first laser was built in 1960 by Thomas Maiman for Hughes 

Research Laboratories in California. More than 60 years later, lasers still 

have new properties to show us, and Cao has been instrumental in 

finding many of them. It was while she was working in a lab at 

Northwestern University, checking the optical properties of a new 

semiconductor material, zinc oxide, when she discovered the random 

laser. There was interest at the time in making ultraviolet lasers from zinc 

oxide, but making laser cavities with such material was tricky. 

“But I saw something lasing and I just could not understand how it can 

happen, because there is no cavity to support lasing,” she said. Initially 

puzzled, she figured out that the laser cavities can be “self-formed” in 

disordered structures. And, it turned out, creating such a random laser 

was easier than making conventional ones.

“We didn't really think that we were going to find this, but sometimes we 

saw something intriguing in the lab, and we just pursued that,” she said. 

“These kinds of surprises or unexpected discoveries are really an 

exciting part of the research.”

But the random laser became much more than just a curious 

phenomenon after a chance encounter with Michael Choma, then a 

faculty member at the Yale School of Medicine, when the two 

researchers discussed each other's work. She wasn't sure how to describe 

Hui Cao, researcher at Yale University keeps finding new ways for lasers to improve our world
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Shedding light on lasers' powers

what a “random laser” was.

“So, I just told him, 'I'm working on a bad laser,'” Cao said, laughing. 

“And then he said, 'How bad? What is that?' And then I said, 'It just has a 

low spatial coherence.' And he said, 'That is exactly what I need for 

parallel optical imaging.'”

From there, Cao and Choma would go on to demonstrate how the 

random laser could potentially have clinical applications. By using these 

random lasers as a source of illumination in medical imaging 

equipment, clinicians could get faster processing and greater clarity of 

their images. One downside of using traditional lasers in imaging 

systems is something known as “speckle noise,” a grainy pattern that 

can diminish the quality of the images. The random laser, though, 

doesn't produce the speckle noise. And because they help generate the 

images faster, fast-moving phenomena like the movements of embryo 

hearts can be better captured in those images.

From Medicine to Computers

In one of her more recent studies, Cao demonstrated how a small 

laser  —  by quickly generating random numbers  —  can help bolster 

cyber security. As we become more digitally connected, computer 

systems need to generate sequences of random numbers to foil would-be 

hackers. Producing them fast enough, though, is a challenge. To speed 

things up, Cao led a team of researchers in developing a compact laser 

that can produce these random numbers one hundred times quicker than 

the fastest, current systems. The research team designed the laser cavity 

to amplify many optical modes simultaneously. These modes will 

interfere with each other to generate rapid intensity fluctuations that are 

recorded by a high-speed camera. These fluctuations are then translated 

to random numbers.

Cao compared the hourglass-shaped device to a violin that's designed 

specifically to amplify sound and resonate with many acoustic 

frequencies. Similarly, the new laser cavity acts as a resonator for optical 

waves and amplifies many modes of light. The result is a system that can 

generate about 250 terabits, or 250,000 gigabits, of random bits per 

second  —  more than two orders of magnitude higher than the fastest 

current systems. It's also energy-efficient and can be scaled up 

significantly. She published the research this year in Science.

“It really opens a new avenue on how to generate random numbers much 

faster, and we have not reached the limit yet,” she said. “As to how far it 

can go, I think there's still a lot more to explore.”

Cao is convinced that lasers have a lot more secrets to reveal. One of her 

ongoing research projects is finding a way to use the coherent control of 

lasers to be able to penetrate deeper into biological tissue for noninvasive 

imaging. But tissue changes very quickly, so “the burning question,” she 

said, is finding a way to adapt the laser to quickly find the way into the 

tissue.

“This is a really exciting period for lasers, for optics, and also more 

generally, for applied physics,” she said. “We are going back and forth 

between physics and engineering, and I really enjoy that. I think there's a 

lot of things we can do.” 

Source: Yale University news release. 

None of the toner powder particles came off when tape was stuck on the 

printed image and removed, suggesting that the toner layer was well-

deposited on the pollen paper surface.

While the colours of the image printed on pollen paper differed slightly 

from the same image printed on conventional paper (in part because of 

the differences in subsequent treatments), the image resolution and 

clarity on both types of paper were comparable.

The scientists also found that subsequent immersion in water did not 

damage or soften the printed pollen paper – an outcome essential for 

materials used for printing.

The NTU team next showed that the pollen paper could be unprinted. 

“Unprinting” is a concept that has emerged in recent years as an eco-

friendly alternative to conventional methods to remove toner from the 

used paper before it is recycled. This unprinting involves weakening of 

the bond between the toner powder and the paper for laser printing.

The scientists did so by immersing the paper and rubbing it gently in a 

common lab reagent that is alkaline for two minutes. The pollen paper 

swelled when immersed in the alkaline solution, causing the toner layer 

to mechanically disintegrate and break away from the paper.

Swollen from the unprinting process, the paper was then left to shrink in 

ethanol for five minutes, and air-dried. After treating it with acetic acid, 

the paper was ready for printing again.

This process of treating pollen paper with acid, printing, then rinsing off 

the printed image, could be repeated another eight times without any loss 

of the paper's structural integrity or the quality of the printed images.

This is in contrast to the unprinting techniques used for conventional 

paper which entail use of chemicals (e.g. chloroform or acetone) to 

weaken the bond between the toner and paper, or the use of high-

intensity light to ablate the toner off the printed paper. Both these steps 

could damage the physical integrity of the paper, rendering it unsuitable 

for reprinting. In addition, the use of chemicals could pose 

environmental and health risks, said the scientists.

Apart from sunflower pollen, the NTU scientists found that pollen 

grains from camellia and lotus could also be used to make a paper-like 

material, similar to the sunflower pollen paper. Their work thus shows 

that more than one type of pollen could be used to create pollen-based 

alternatives to conventional paper.

This study builds on the team's body of research on pollen conducted at 

NTU over the past few years. Profs Cho and Suresh and their research 

team previously demonstrated that pollen paper could bend, curl, and 

even crawl like a caterpillar in response to changing levels of moisture in 

the air, making the material a potential candidate for applications in soft 

robotics.

The same team also showed that they could get pollen paper to fold itself 

up into different 3D configurations by printing different patterns on the 

paper.

A recyclable pollen-based paper... continued from page 15
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New 3D-printing approach melds solids, liquids

Imagine a future in which you could 3D-print an entire robot or 

stretchy, electronic medical device with the press of a button—no 

tedious hours spent assembling parts by hand.

That possibility may be closer than ever thanks to a recent advancement 

in 3D-printing technology led by engineers at CU Boulder. In a new 

study, the team lays out a strategy for using currently available printers 

to create materials that meld solid and liquid components—a tricky feat 

if you don't want your robot to collapse.

“I think there's a future where we could, for example, fabricate a 

complete system like a robot using this process,” said Robert MacCurdy, 

senior author of the study and assistant professor in the Paul M. Rady 

Department of Mechanical Engineering.

MacCurdy, along with doctoral students Brandon Hayes and Travis 

Hainsworth, published their results April 14 in the journal Additive 

Manufacturing.

3D printers have long been the province of hobbyists and researchers 

working in labs. They're pretty good at making plastic dinosaurs or 

individual parts for machines, such as gears or joints. But MacCurdy 

believes they can do a lot more: By mixing solids and liquids, 3D 

printers could churn out devices that are more flexible, dynamic and 

potentially more useful. They include wearable electronic devices with 

wires made of liquid contained within solid substrates, or even models 

that mimic the squishiness of real human organs.  

The engineer compares the advancement to traditional printers that print 

in color, not just black and white.

“Color printers combine a small number of primary colors to create a 

rich range of images,” MaCurdy said. “The same is true with materials. 

If you have a printer that can use multiple kinds of materials, you can 

combine them in new ways and create a much broader range of 

mechanical properties.”

Empty space

To understand those properties, it helps to compare 3D printers to the 

normal printers in your office. Paper printers create an image by laying 

down liquid inks in thousands of flat pixels. Inkjet 3D printers, in 

contrast, use a printhead to drop tiny beads of fluid, called “voxels” (a 

mash-up of  “volume” and “pixel”), one on top of the other.

“Very soon after those droplets are deposited, they are exposed to a 

bright, ultraviolet light,” MacCurdy said. “The curable liquids convert 

into solids within a second or less.”

But, he added, there are many cases in which you might want those 

liquids to stay liquid. Some engineers, for example, use liquids or waxes 

to create tiny channels within their solid materials, which they then 

empty out at a later point. It's a bit like how drips of water can carve out 

an underground cavern. 

Engineers have come up with ways to make those kinds of empty spaces 

in 3D-printed parts, but it usually takes a lot of time and effort to clean 

them. The channels also have to stay relatively simple. 

MacCurdy and his colleagues decided to find a way around those 

limitations—better understanding the conditions that would allow 

engineers to print solid and liquid materials at the same time. 

Liquid courage

The researchers first designed a series of computer simulations that 

probed the physics of printing different kinds of materials next to each 

other. One of the big problems, MacCurdy said is: How can you keep 

your droplets of solid materials from mixing into the liquid materials, 

even when the droplets of solid material are printed directly on top of the 

liquid droplets?"

The team established a set of rules to help them do just that. 

“We found the surface tension of a liquid can be used to support solid 

material, but it is helpful to pick a liquid material that is more dense than 

the solid material—the same physics that allow oil to float on top of 

water,” Hayes said.

Next, the researchers experimented with a real 3D printer in the lab. They 

loaded the printer up with a curable polymer, or plastic (the solid), and 

with a standard cleaning solution (the liquid). Their creations were 

impressive: The group was able to 3D-print twisting loops of liquid and a 

complex network of channels not unlike the branching pathways in a 

human lung. 

“Both structures would have been nearly impossible to make through 

previous approaches,” Hainsworth said.

MacCurdy also recently joined a team of researchers from CU Boulder 

and the CU Anschutz Medical Campus who are developing ways to 3D-

print realistic models of human tissue. Doctors could use these models to 

practice for procedures and make diagnoses. The project will employ 

MacCurdy's liquid-solid approach among other tools. 

“We hope our results will make multimaterial inkjet 3D printing using 

liquids and solids more accessible to researchers and enthusiasts around 

the world,” he said.

Source: CU Boulder news release. Author: Daniel Strain

A network of capillaries 3D-printed using a newly developed technique. 

(Credit: Hayes et al. 2022, Advanced Materials)
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Bioengineering

Fighting cancer with sound-controlled bacteria

In a new paper appearing in the journal Nature 

Communications, researchers from the lab of 

Mikhail Shapiro, professor of chemical 

engineering and Howard Hughes Medical 

Institute investigator, show how they have 

developed a specialized strain of the bacteria 

Escherichia coli (E. coli) that seeks out and 

infiltrates cancerous tumors when injected 

into a patient's body. 

The starting point for their work was a strain 

of E. coli called Nissle 1917, which is 

approved for medical uses in humans. After 

being injected into the bloodstream, these 

bacteria spread throughout the body. The 

patient's immune system then destroys 

them—except for those bacteria that have 

colonized cancerous tumors, which offer an 

immunosuppressed environment. To turn the 

bacteria into a useful tool for treating cancer, 

the team engineered them to contain two new 

sets of genes. One set of genes is for producing 

nanobodies, which are therapeutic proteins 

that turn off the signals a tumor uses to prevent 

an anti-tumor response by the immune 

system. The presence of these nanobodies 

allow the immune system to attack the tumor. 

The other set of genes act like a thermal switch 

for turning the nanobody genes on when the 

bacteria reaches a specific temperature. By 

inserting the temperature-dependent and 

nanobody genes, the team was able to create 

strains of bacteria that only produced the 

tumor-suppressing nanobodies when warmed 

to a trigger temperature of 42–43 degrees 

Cels ius .  S ince  normal  human body 

temperature is 37 degrees Celsius, these 

strains do not begin producing their anti-

tumor nanobodies when injected into a person. 

Instead, they quietly grow inside the tumors 

until an outside source heats them to their 

trigger temperature.

The team used focused ultrasound (FUS) 

which is similar to the ultrasound used for 

imaging internal organs, but has higher 

intensity and is focused into a tight point. 

Focusing the ultrasound on one spot causes the 

tissue in that location to heat up, but not the 

tissue surrounding it; by controlling the 

intensity of the ultrasound, the researchers 

were able to raise the temperature of that tissue 

to a specific degree. Through a series of trials, 

the researchers found that mice treated with 

this strain of bacteria and ultrasound showed 

much slower tumor growth than mice treated 

only with ultrasound, mice treated only with 

the bacteria, and mice that were not treated at 

all.

Source: Caltech news release. Author: Emily 

Velasco

Bioengineering

Study unveils potential paths toward cure HIV

Scientists at Northwestern Medicine are using 

new advances in CRISPR gene-editing 

technology to uncover new biology that could 

lead to longer-lasting treatments and new 

therapeutic strategies for Human Immuno-

deficiency Virus (HIV). In the team's new 

study, published in the journal Nature 

Communications, scientists used a new 

CRISPR gene-editing approach to identify 

human genes that were important for HIV 

infection in the blood, finding 86 genes that 

may play a role in the way HIV replicates and 

causes disease, including over 40 that have 

never been looked at in the context of HIV 

infection. The study proposes a new map for 

understanding how HIV integrates into our 

DNA and establishes a chronic infection. 

“The existing drug treatments are one of our 

most important tools in fighting the HIV 

epidemic and have been amazingly effective 

at suppressing viral replication and spread,” 

said Judd Hultquist, a co-corresponding 

author. “But these treatments aren't curative, 

so individuals living with HIV have to follow 

a strict treatment regimen that requires 

continual access to good affordable health 

care.”

Earlier, studies have relied on the use of 

immortalized human cancer cells (like HeLa 

cells) as models to study how HIV replicates 

in the lab. While these cells are easy to 

manipulate in the lab, they are imperfect 

models of human blood cells. Additionally, 

most of these studies use technology to turn 

down the expression of certain genes, but not 

turn them off entirely as with CRISPR, 

meaning scientists can't always clearly 

determine if a gene was involved in helping or 

suppressing viral replication. “With the 

CRISPR system, there's no intermediary – the 

gene is on or off,” Hultquist said. “This 

capability to turn genes on and off in cells 

isolated directly from human blood is a game 

changer — this new assay is the most faithful 

representation of what's happening in the body 

during HIV infection that we could easily 

study in the lab.” In the study, T cells — the 

major cell type targeted by HIV — were 

isolated from donated human blood, and 

hundreds of genes were knocked out using 

CRISPR-Cas9 gene editing. The “knock-out” 

cells were then infected with HIV and 

analyzed. Cells that lost a gene important for 

viral replication showed decreased infection, 

while cells that lost an antiviral factor showed 

an increase in infection. From there, the team 

validated the identified factors by selectively 

knocking them out in new donors, where they 

found a nearly even break of newly discovered 

pathways and well-researched ones.

Source: Northwestern University news release

Biology, Medical Science and Engineering



DISCOVERIES & INNOVATIONS

20 The Scitech Journal Volume 09 Issue 05 May 2022

Biology

Orb-weaver spider uses web to capture sounds

A study of orb weaver spiders finds their 

massive webs also act as auditory arrays that 

capture sounds, possibly giving spiders 

advanced warning of incoming prey or 

predators. The paper “Outsourced Hearing in 

an Orb-weaving Spider That Uses its Web as 

an Auditory Sensor,” published in the 

Proceedings of the National Academy of 

Sciences, provides the first behavioral 

evidence that a spider can outsource hearing to 

its web. The findings have implications for 

designing bio-inspired extremely sensitive 

microphones for use in hearing aids and cell 

phones. “The individual [silk] strands are so 

thin that they're essentially wafting with the 

air itself, jostled around by the local air 

molecules,” said Ron Hoy, the Merksamer 

one of the paper's senior authors, along with 

Ronald Miles. Spiders can detect miniscule 

movements and vibrations via sensory organs 

in their tarsi – claws at the tips of their legs 

they use to grasp their webs, Hoy said. Orb 

weaver spiders are known to make large webs, 

creating a kind of acoustic antennae with a 

sound-sensitive surface area that is up to 

10,000 times greater than the spider itself.

In the study, the researchers used a special 

quiet room without vibrations or air flows at 

Binghamton University. They had an orb-

weaver build a web inside a rectangular frame, 

so they could position it where they wanted. 

The team began by putting a mini speaker 

within millimeters of the web without actually 

touching it, where sound operates as a 

mechanical vibration. They found the spider 

detected the mechanical vibration and moved 

in response. They then placed a large speaker 

3 meters away on the other side of the room 

from the frame with the web and spider, 

beyond the range where mechanical vibration 

could affect the web. A laser vibrometer was 

able to show the vibrations of the web from 

excited air particles.

The team then placed the speaker in different 

locations, to the right, left and center with 

respect to the frame. They found that the spider 

not only detected the sound, it turned in the 

direction of the speaker when it was moved. 

Also, it behaved differently based on the 

volume, by crouching or flattening out. Miles' 

lab is using tiny fiber strands bio-inspired by 

spider silk to design highly sensitive 

microphones that – unlike conventional 

pressure-based microphones – pick up all 

frequencies and cancel out background noise, 

a boon for hearing aids.  

Source: Cornell University news release

Biomedical Science

Decoding movement and speech from the brain of a tetraplegic person
Brain–machine interfaces (BMIs) are devices 

that record brain signals and interpret them to 

issue commands that operate external 

assistive devices, such as computers or robotic 

limbs. Thus, an individual can control such 

machinery just with their thoughts. Now, new 

research from the Andersen lab, Caltech has 

identified a region of the brain, called the 

supramarginal gyrus (SMG) that codes for 

both grasping movements and speech 

indicating a promising candidate region for 

the implantation of more efficient BMIs that 

can control multiple types of prosthetics in 

both the grasp and speech domains. The 

research is published in the journal Neuron 

with Sarah Wandelt as the study's first author.

The exact location in the brain where 

electrodes are implanted affects BMI 

performance and what the device can interpret 

from brain signals. In the previously 

mentioned 2015 study, the laboratory 

discovered that BMIs are able to decode 

motor intentions while a movement is being 

planned, and thus before the onset of that 

action, if they are reading signals from a high-

level brain region that governs intentions: the 

posterior parietal cortex (PPC). Electrode 

implants in this area, then, could lead to 

control of a much larger repertoire of 

movements than more specialized motor areas 

of the brain. Because of the ability to decode 

intention and translate it into movement, an 

implant in the PPC requires only that a patient 

think about the desire to grasp an object rather 

than having to envision each the precise 

movements involved in grasping—opening 

the hand, unfolding each finger, placing the 

hand around an object, closing each finger, 

and so on. In this research, the team implanted 

an array of microelectrodes into the SMG of a 

tetraplegic participant and then measured brain 

activity as the person imagined making 

grasping movements.  Next, the team followed 

up on previous research suggesting that the 

SMG is involved in language processes to see 

if speech could be decoded from the neural 

signals recorded from the implant. The 

researchers asked the participant to speak 

specific words and simultaneously measured 

SMG activity. These experiments showed that 

spoken words, whether spoken grasp types (for 

example, hand positions called writing tripod 

or palmar pinch) or spoken colors (such as 

"green" or "yellow") could be decoded from 

the neural activity. This suggests that the SMG 

would be a good candidate region for 

implanting BMIs, as the BMIs could be 

connected to prosthetics that enable a person to 

move and speak.

Source: Caltech news release

Biology, Medical Science and Engineering
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Biomedical Science

Porous nanoparticles for regenerative medicine

New nanotechnology developed by a team of 

researchers from Texas A&M University 

could leverage the body's regenerative 

potential by directing stem cells to form bone 

tissue. Akhilesh K. Gaharwar, associate 

professor and Presidential Impact Fellow in 

the Department of Biomedical Engineering 

and a fellow of the American Institute for 

Medical and Biological Engineering, leads the 

team. The researchers have developed water-

stable, 2D covalent organic framework (COF) 

nanoparticles that can direct the differ-

entiation of human mesenchymal stem cells 

into bone cells. Significant research attention 

has been given to 2D COFs — porous organic 

polymers — due to their crystallinity, ordered 

and tunable porous structure, and high 

specific surface area. There is a need for new 

approaches that provide these COFs with 

sufficient physiological stability while maint-

aining their biocompatibility. Gaharwar's 

team has enhanced the hydrolytic (water) 

stability of COFs by integrating them with 

amphiphilic polymers, which are macro-

molecules that contain both hydrophobic and 

hydrophilic components. This approach, 

which has not been reported previously, gives 

water dispersibility to COFs, enabling 

biomedical application of these nanoparticles. 

“To the best of our knowledge, this is the first 

report demonstrating the ability of COFs to 

direct stem cells toward bone tissue,” 

Gaharwar said. “This new technology has the 

potential to impact the treatment of bone 

regeneration.”

The researchers found that 2D COFs do not 

affect a cell's viability and proliferation, even 

at higher concentrations. They observed that 

these 2D COFs exhibit bioactivity and direct 

s tem cel ls  towards  bone cel ls .  The 

preliminary study indicated that the shape and 

size of these nanoparticles can impart this 

bioactivity, and additional in-depth studies 

need to be carried out for mechanistic insights. 

These nanoparticles are highly porous, and 

Gaharwar's team has leveraged this unique 

characteristic for drug delivery. They were 

able to load an osteo-inducing drug called 

dexamethasone into the porous structure of the 

COF to further enhance bone formation. 

“These nanoparticles could prolong delivery 

of drugs to human mesenchymal stem cells, 

which are commonly used in bone regen-

eration,” said Sukanya Bhunia, senior author 

of the study and postdoc associate in the 

biomedical engineering department. “The 

sustained delivery of the drug resulted in 

enhanced stem cell differentiation toward 

bone lineage, and this technique can be used 

for bone regeneration.” These findings are 

important for the future design of biomaterials 

that can give directions for tissue regeneration 

and drug delivery applications. The results 

were published in Advanced Healthcare 

Materials journal. 

Source: Texas A&M University news release

Chemical Biology

Deep-sea microbe provides rich source of medically potent drugs

Years of toil in the laboratory have revealed 

how a marine bacterium makes a potent anti-

cancer molecule. The anti-cancer molecule 

salinosporamide A, also called Marizomib, is 

in Phase III clinical trials to treat glio-

blastoma, a brain cancer.  Researchers at UC 

San Diego's Scripps Institution of Ocean-

ography found that an enzyme called SalC 

assembles what the team calls the salin-

osporamide anti-cancer “warhead.” Katherine 

Bauman is the lead author of a paper that 

explains the assembly process in the journal 

Nature Chemical Biology. “Now that scie-

ntists understand how this enzyme makes the 

salinosporamide A warhead, that discovery 

could be used in the future to use enzymes to 

produce other types of salin-osporamides that 

could attack not only cancer but diseases of the 

immune system and infections caused by 

parasites,” said co-author Bradley Moore, a 

Distinguished Professor at Scripps Oceano-

graphy and the Skaggs School of Pharmacy 

and Pharmaceutical Sciences. Salisporamide 

has a long history at Scripps and UC San 

Diego. Microbiologist Paul Jensen and 

marine chemist Bill Fenical of Scripps 

Oceanography discovered both salino-

sporamide A and the marine organism that 

produces the molecule after collecting the 

microbe from sediments of the tropical 

Atlantic Ocean in 1990. Some of the clinical 

trials over the course of the drug's deve-

lopment took place at Moores Cancer Center 

at UC San Diego Health.  

Moore says the salinosporamide molecule has 

a special ability to cross the blood-brain 

barrier, which accounts for its progress in 

clinical trials for glioblastoma. The molecule 

has a small but complex ring structure. It starts 

as a linear molecule that folds into a more 

complex circular shape. The enzyme involved 

is common in biology; it is one that participates 

in the production of fatty acids in humans and 

antibiotics like erythromycin in microbes. 

Bauman, Percival Yang-Ting Chen of Morphic 

Therapeutics in Waltham, Mass., and Daniella 

Trivella of Brazil's National Center for 

Research in Energy and Materials determined 

the molecular structure of SalC. For this 

purpose, they used the Advanced Light Source, 

a powerful particle accelerator that generates 

x-ray light, at the U.S. Department of Energy's 

Lawrence Berkeley National Laboratory. The 

marine bacterium involved, called Salinispora 

tropica, makes salinosporamide to avoid being 

eaten by its predators. But scientists have 

found that salinosporamide A also can treat 

cancer. They have isolated other salin-

osporamides, but salinosporamide A has 

features that the others lack – including 

biological activity that makes it hazardous to 

cancer cells. 

Source: UC San Diego news release
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Ecological Science

Hundreds of new mammal species waiting to be found

At least hundreds of so-far unidentified 

species of mammals are hiding in plain sight 

around the world, a new study suggests. 

Researchers found that most of these hidden 

mammals are small bodied, many of them 

bats, rodents, shrews, and moles. These 

unknown mammals are hidden in plain sight 

partly because most are small and look so 

much like known animals that biologists have 

not been able to recognize they are actually a 

different species, said study co-author Bryan 

Carstens, a professor of evolution, ecology 

and organismal biology at The Ohio State 

University. “Small, subtle differences in 

appearance are harder to notice when you're 

looking at a tiny animal that weighs 10 grams 

than when you're looking at something that is 

human-sized,” Carstens said. You can't tell 

they are different species unless you do a 

genetic analysis.” The study was published in 

the journal Proceedings of the National 

Academy of Sciences.

The team, led by Ohio State graduate student 

Danielle Parsons, used a supercomputer and 

machine-learning techniques to analyze 

millions of publicly available gene sequences 

from 4,310 mammal species, as well as data 

on where the animals live, their environment, 

life history and other relevant information. 

This allowed them to build a predictive model 

to identify the taxa of mammals that are likely 

to contain hidden species. “Based on our 

analysis, a conservative estimate would be 

that there are hundreds of species of mammals 

worldwide that have yet to be identified,” 

Carstens said. That finding, in itself, would not 

be surprising to biologists, he said. Only an 

estimated 1 to 10% of Earth's species have 

been formally described by researchers. 

“What we did that was new was predict where 

these new species are most likely to be found,” 

Carstens said. Results showed unidentified 

species are most likely to be found in the 

families of small-bodied animals, such as bats 

and rodents. The researchers' model also 

predicted hidden species would most likely be 

found in species that have wider geographic 

ranges with higher variability in temperature 

and precipitation. Many of the hidden species 

are also likely to occur in tropical rain forests, 

which is not surprising because that's where 

most mammal species occur. Based on the 

results of this study, Carstens estimates that 

somewhere near 80% of mammal species 

worldwide have been identified.

Source: Ohio State University news release

Environmental Science

Strategies for the prevention and control of pollen allergy

Scientists have suggested that large scale 

measures like developing pollen forecast 

systems and training of health care pro-

fessionals and personal measures like follo-

wing pollen forecasts, use of face masks, 

spectacles, and air filters, regularly taking 

prescribed medications, limiting outdoor 

exposure, and avoiding gardening or grass-

cutting during peak pollen seasons could help 

minimize the onset and exacerbation of 

pollen-related allergic diseases. They have 

highlighted the need for dissemination of 

proper knowledge regarding pollen allergy, 

allergen avoidance, their symptoms, and 

management to better address the ailment. 

Spring is in full bloom as the weather changes, 

trees, grasses, and weeds release fine bio-

aerosol particles known as pollen to fertilize 

other similar plants. However, pollen entering 

the nasal pathways could cause pollen 

allergy—with symptoms somewhat similar to 

common flu and cold. As the climatic 

variability is increasing, it is expected that the 

urban environment will significantly add to 

the burden of pollen-related respiratory and 

skin diseases. Considering this, Prof. 

Ravindra Khaiwal from Post Graduate 

Institute of Medical Education and Research 

(PGIMER), Chandigarh, Ms. Akshi Goyal, 

Ph.D. research scholar, and Dr. Suman Mor, 

Chairperson, Department of Environment 

Studies, systematically examined the 

implementation gaps to minimize the pollen 

allergy disease and suffering. Their study, was 

published in the International Journal of 

Hygiene and Environmental Health (IJHEH), 

an international journal by Elsevier.

The study aimed to understand the major 

causes of widespread pollen allergy and 

identify the implementation gaps to suggest 

key adaptive measures to minimize the onset 

and exacerbation of pollen-related allergic 

diseases, focusing on lower and middle-

income countries.

“These submicronic-pollen particles could act 

as respirable particles reaching deeper into the 

upper airways leading to exacerbation of 

asthma, chronic obstructive pulmonary 

disease (COPD) and other allergic reactions,” 

Prof. Ravindra Khaiwal pointed out. He 

added that pollen allergy is a major respiratory 

illness that causes morbidity and affects 

patients' quality of life. Over the past few 

decades, the prevalence of pollen allergy has 

increased affects about 10%–30% of adults . It 

and 20%–25% of children worldwide and has 

increased owing to urbanization, air pollution, 

and climate change.

Dr. Suman Mor, Chairperson, Department of 

Environment Studies, Panjab University, 

Chandigarh, highlighted the four levels of 

strategies suggested by them-- individual 

level, health care communities and organ-

izations, Local Governments, National 

/International Governments levels, to decrease 

the risk of illnesses associated with pollen 

allergy. Prof. Khaiwal added that attention 

needs to be given to the most vulnerable sub-

populations with allergic asthma, rhinitis, and 

eczema during the peak pollen season. He 

stressed that multi-stakeholder engagement is 

the key to minimizing pollen allergy's impact, 

including focusing on education sector to the 

build capacity in aerobiological research, 

developing pollen forecast systems, and 

training of health care professionals.

Source: PIB
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Evolutionary Science

Study shows how geographic features influence evolutionary outcomes

Biologists have developed a new method to 

measure the extent to which regional 

geographic features — including barriers 

between regions, like mountains or water — 

affect local rates of speciation, extinction and 

dispersal for species. As a test case, they 

successfully used their model to delineate the 

movement and diversification of neotropical 

anole lizards. “Geographical features 

influence evolutionary outcomes in pred-

ictable ways,” said Michael Landis, first 

author of the study published in the 

Proceedings of the National Academy of 

Sciences (PNAS). “Our study lays the 

statistical groundwork to model how different 

geographical features might act as barriers to 

species movement or might accelerate 

extinction for other groups besides anoles. 

“Such inferences can also help us predict 

which species are most likely to move, evolve 

or go extinct as climate change intensifies,” he 

said. But even though geography plays a clear, 

describable role in the fate of many individual 

animal and plant species, no one has 

previously developed standardized models 

that allow geographical features to shape how 

evolutionary radiations unfold in space. To 

address this gap, Landis and his collaborators 

designed a new phylogenetic model of 

biogeography that they named FIG. “FIG 

allows speciation, extinction and dispersal 

rates to depend on the local regional features 

that each species encounters in its range as it 

evolves,” Landis said. To demonstrate its 

capabilities, Landis and his collaborators used 

their approach to model the biogeography of 

Anolis lizards, a group of lizards known to 

have spread throughout the Caribbean islands 

and North and South America.

The qualitative part of what they learned was 

not surprising: that anoles tend to move over 

short distances rather than far distances, and 

that movements over water were less common 

than movements over land for equivalent 

distances. The scientists discovered that 

distance impedes the movement of Anolis 

lizards, both in terms of range expansion 

through dispersal and in terms of allowing 

widespread species with fragmented ranges to 

'split' into two species.

Distances over water have a much greater 

effect on limiting movement than distances 

over land, Landis said. The model revealed 

that distances over water have three times the 

effect of equivalent distances over land. 

Landis and his collaborators have made their 

new model freely available to others. They 

anticipate that other biologists will customize 

and apply FIG to test new hypotheses 

concerning how other groups of animal and 

plant species were shaped by the mountains 

and oceans that they encountered.

Source: Washington University in St. Louis 

news release

Microbiology

Link between the enteric neurons, gut microbiome and ALS

Researchers at the University of Illinois 

Chicago are looking at the possibility that 

gastroenterological changes could be an early 

warning sign for Lou Gehrig's disease. Their 

research in animal models also shows a 

promising treatment to slow the disease's 

progression. 

Jun Sun, professor of gastroenterology and 

hepatology in the University of Illinois 

College of Medicine, is the lead author of both 

a research paper and a research review that 

suggest a potential role of intestinal infla-

mmation and microbiome in the dev-elopment 

and/or the progression of amy-otrophic lateral 

sclerosis. ALS is a neuro-muscular disease 

that causes the progressive death of motor 

neurons leading to muscle weakness and 

atrophy. The Ice Bucket Challenges of 2014 

drew attention to the deadly disease, helped 

raise funding for research, and sparked Sun's 

interest in researching ALS and potential links 

to GI symptoms. Additionally, Sun said she 

heard about U.S. military veterans who 

suffered from GI issues while they were 

serving overseas and later diagnosed with 

ALS. Several research studies have shown 

veterans have an elevated risk of developing 

ALS. 

For their research study, “Aberrant enteric 

neuromuscular system and dysbiosis in 

amyotrophic lateral sclerosis,” published in 

the journal Gut Microbes, researchers in Sun's 

lab studied the impact and mechanism of 

enteric neuron system, a mesh-like system of 

neurons governing the functions of the GI 

tract, and the microbiome in ALS mice, which 

carried the mutated superoxide dismutase 1 

(SOD1) gene, one of the human genes that 

trigger familiar ALS.  

The ALS mice were treated with butyrate or 

antibiotics to investigate the microbiome and 

neuromuscular functions. Researchers 

examined intestinal mobility, microbiome, and 

ENS protein markers of the mice prior to the 

onset of ALS. They found the mice had 

significant alteration of the microbiome, 

decreased intestine mobility and physical 

stamina before the onset of ALS. For mice that 

were treated with butyrate, these decreases 

took significantly longer to appear, according 

to the study. The treated mice had enhanced 

enteric neuromuscular function and showed an 

altered bacterial community related to 

autoimmunity — changes that demonstrate a 

link between the microbiome and intestinal 

mobility. The enteric neurons also contribute 

to the development of ALS disease. Those 

changes happened before weakness in the 

muscles was diagnosed. These findings 

provide insight into the fundamentals of 

intestinal neuromuscular function and micro-

biome in ALS, the study states. 

Source: University of Illinois Chicago news 

release
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Microbiology

A new technique that can transplant mitochondria

In a technological breakthrough, researchers 

at ETH Zurich have announced the deve-

lopment of a new technique that can transplant 

mitochondria from one living cell to another 

with unparalleled efficiency. The findings 

from the research group led by Julia Vorholt at 

the Institute of Microbiology at ETH Zurich 

suggest that it has now reached the point of 

technical feasibility. In their research, recently 

published in the journal PLOS Biology, the 

group successfully used a 'nanosyringe' they 

had previously developed to transplant 

mitochondria from one living cell to another. 

Mitochondria are the tiny powerhouses of the 

cell where the processes of cellular respiration 

take place – processes that originally evolved 

in bacteria more than 2 billion years ago.  In 

human cells, mitochondria form a dynamic, 

threadlike network. “The threads respond to 

negative pressure and transform into som-

ething like a string of pearls, from which 

individual mitochondria subsequently pinch 

off,” says Christoph Gäbelein, lead author of 

the paper.

Using cylindrical nanosyringes that were 

specially developed for this study, the 

researchers pierced the cell membrane and 

sucked up the spherical mitochondria. They 

then pierced the membrane of a different cell 

and pumped the mitochondria back out of the 

nanosyringe into the recipient cell. The 

position of the nanosyringe is controlled by 

laser light from a converted atomic force 

microscope. A pressure regulator adjusts the 

flow, allowing scientists to transfer incredibly 

small volumes of fluid in the femtolitre range 

(millionths of a millionth of a millilitre) during 

organelle transplants. “Both the donor and 

acceptor cells survive this minimally invasive 

procedure,” Gäbelein says. The transplanted 

mitochondria also have a high survival rate – 

more than 80 percent. In most cells, the 

injected mitochondria begin to fuse with the 

filamentous network of the new cell 20 

minutes after transplantation. “The host cell 

accepts them,” Vorholt says. This holds true in 

most cases, though in a few cells they fall 

victim to the host cell's quality control system 

and are degraded. In their paper, the 

researchers write that “the technique presented 

in this paper will facilitate applications in 

various areas of research in the future”. It is 

conceivable that it could be used to rejuvenate 

stem cells, which exhibit a decline in 

metabolic activity as they age. 

Source: ETH Zurich news release. 

Microbiology

Researchers visualise bacterial movement

Yale researchers have visualized a unique 

ring structure that stabilizes the motor of the 

flagellum and enhances bacterial movement. 

The researchers published their findings in 

the journal Proceedings of the National 

Academy of Sciences. “The flagella of 

bacteria need to generate high torque to help 

them move in their environment,” says Jun 

Liu a senior author of the study.  The 

flagellum has three components—the motor, 

hook, and filament. The rotation of the 

filament allows bacteria to move around in 

their environment. The motor embedded in 

the bacterial cell membrane rotates to drive 

the movement of the filament outside. This 

motor contains a large structure known as the 

C-ring, which requires the assistance of 

smaller, dynamic structures known as stators 

in order to rotate. When a bacterium needs to 

move, it recruits stators to the C-ring, where 

they undergo a conformational change and 

become extended. Then, the force from the 

flow of hydrogen ions through the stator 

channels drives the C-ring rotation, which in 

turn drives the motor and filament to rotate.

In 2020, the team found that the stators not 

only experience a conformational change but 

also rotate, like gears driving the belt of a 

motor. These slender, flexible structures need 

to rotate very fast, and without stabilization 

this rapid spinning would introduce instability 

to the whole motor. The researchers figured 

out how the stators stay in place as they rotate, 

and found that this ability is made possible by a 

protein called FliL. They found that FliL 

proteins, which are also ring-shaped, are 

responsible for holding the stators in place. 

Individual FliL rings, the team discovered, are 

important for the assembly and stabilization of 

each of the sixteen stators around the C-ring. 

They also found that genetically deleting this 

protein severely impairs the ability of bacteria 

to move. “FliL is an important part of the 

flagellum's gear box that allows the motor to 

rotate,” says Guo.  Motility is essential to 

bacteria's ability to cause disease. The 

researchers hope to keep building their 

knowledge of how bacteria move and cause 

illness, with the ultimate goal of designing 

therapies that inhibit bacterial movement. 

Greater insights into motility may also help 

scientists develop effective drug delivery 

techniques.

Source: Yale University news release
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Neuroscience

Newborn cells in the epileptic brain provide a potential target for 
treatment

A study led by scientists from USC Stem Cell 

and the USC Neurorestoration Center 

presents evidence that adults can replenish at 

least some of what they've lost by generating 

new brain cells, and that this process is 

dramatically altered in patients with long-

term epilepsy. The findings are published in 

Nature Neuroscience. “Our study is the first to 

detail the presence of newborn neurons and an 

immature version of a related cell type, known 

as astroglia, in patients with epilepsy,” said 

Michael Bonaguidi, an assistant professor of 

stem cell biology and regenerative medicine, 

gerontology, and biomedical engineering at 

USC.  First author Aswathy Ammothum-

kandy and her colleagues collaborated with 

USC neurosurgeons Charles Liu and 

Jonathan Russin, who often treat patients with 

seizures that can't be controlled with 

medication.  The surgical specimens afforded 

a unique opportunity for the researchers to 

study living brain tissue from patients with 

epilepsy, and to compare its microscopic 

anatomy with post-mortem samples from 

people with no known neurological disease. In 

the samples from people both with and 

without epilepsy, the scientists observed 

newborn neurons, adding compelling new 

evidence to the ongoing scientific debate 

about whether adults retain the ability to 

generate these cells. In the surgical specimens, 

the longer the patients had experienced 

seizures, the scarcer these newborn neurons 

became. More surprisingly, the surgical 

specimens contained a persistent population 

of immature astroglia that were not observed 

in the disease-free samples.

Because the brain tissue in the surgical 

specimens was still alive, the scientists could 

also use it to grow stem cells in the laboratory 

and test their ability to form newborn neurons 

and immature astrocytes. In these expe-

riments, a longer disease duration reduced the 

ability to form newborn neurons and increased 

the production of immature astroglia, 

consistent with the team's direct observations 

of the surgical specimens. “Normally, 

astroglia are considered to be supporting cells, 

because their job is to create an environment 

where neurons can thrive,” said Ammo-

thumkandy. “But in patients who have lived 

for many years with epilepsy, it might be 

immature astroglia that are contributing to 

both initiating and modulating chronic 

seizures.” If this is the case, then immature 

astroglia could be an effective cell type to 

target by developing an entirely new class of 

anti-seizure medications.

Source: University of Southern California 

news release

Nutritional Sciences

Plant-based omega-3s may reduce risk of heart disease

In a comprehensive literature review, the 

researchers found that consuming alpha-

linolenic acid (ALA) that is found in plant-

based foods like walnuts and flaxseeds was 

associated with a 10% lower risk of cardi-

ovascular disease and a 20% reduced risk of 

fatal coronary heart disease.

Penny Kris-Etherton, Evan Pugh University 

Professor of Nutritional Sciences at Penn 

State, said the review suggests there are 

multiple ways of meeting the recomm-

endations for omega-3 fatty acids. “People 

may not want to eat seafood for a variety of 

reasons, but it's still important for them to 

consume omega-3s to reduce the risk of heart 

disease and to promote overall health,” Kris-

Etherton said. “Plant-based ALA in the form 

of walnuts or flaxseeds can also provide these 

benefits, especially when incorporated into a 

healthy diet rich in fruits, vegetables, and 

whole grains.” “When people with low levels 

of omega-3s in their diet ate ALA, they saw a 

benefit in terms of cardiovascular health,” 

Fleming said. “But when people with high 

levels of omega-3s from other sources ate 

more ALA, they also saw a benefit. It could be 

that ALA works synergistically with other 

omega-3s.” The review was recently 

published in Advances in Nutrition.

For the review, the researchers analyzed data 

from previous studies to evaluate the effects 

of ALA on heart disease and heart disease risk 

factors like blood pressure and inflammation. 

The studies analyzed included both rand-

omized controlled trials and observational 

studies. “With the advent of precision 

nutrition and personalized medicine, we are 

more aware than ever of the need to identify 

and target individuals who might get the 

largest  benefit  from increasing their 

consumption of ALA-rich foods,” said Aleix 

Sala-Vila, lead author on the paper. “Paying 

close attention to the amount of ALA in the 

blood and how it affects heart health could help 

in this effort.” After analyzing the studies, the 

researchers found that ALA had beneficial 

effects on reducing atherogenic lipids and 

lipoproteins. “We were able to find evidence 

supporting current dietary guidelines that ALA 

should provide about 0.6%–1% of total energy 

in a day, which is about 1.1 grams a day for 

women and 1.6 grams a day for men,” Ros said, 

“and can be incorporated into the diet with 

foods such as walnuts, flaxseeds, and cooking 

oils such as canola and soybean oils. These 

recommendations are equal to about 1/2 ounce 

of walnuts or just under one teaspoon of 

flaxseed oil.

Source: Pennsylvania State University news 

release. 
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Nutritional Sciences

Ubiquitous nutrients suppress appetite and promote movement

In experiments on mice, researchers at ETH 

Zurich show that non- essential amino acids 

act as appetite suppressants and promote the 

urge to move. Working with mice, the 

researchers have now demonstrated a new 

mechanism by which the building blocks of 

proteins – the amino acids – curb appetite. 

Specifically, it involves what are known as 

non- essential amino acids. The research group 

led by Professor Denis Burdakov have shown 

for the first time in a living organism that the 

non- essential amino acids influence the brain 

in a way that curbs appetite and promotes 

exercise. The researchers first fed mice either 

a mixture of various non- essential amino 

acids or a sugar solution with the same amount 

of calories (control group). Both groups of 

mice were then allowed to drink a milkshake, 

which they normally love. While the control 

group drank copious amounts of it, the mice 

that had been fed non- essential amino acids 

avoided theirs. Instead, they went around their 

enclosure in search of alternative sustenance. 

With additional experiments, the researchers 

were able to decode the underlying mech-

anism, in which specialised nerve cells in the 

brain – orexin neurons – play the main role. 

Proteins that the mice take in through food are 

broken down in the gut into their amino acids, 

which then enter the bloodstream. From there, 

the blood transports them to the brain. The 

orexin neurons in the hypothalamus have 

receptors that specifically recognise the non-

 essential amino acids. In response, they 

initiate a neural circuit that produces the 

described behavioural changes.

This  mechanism is  l ikely rooted in 

evolutionary history. “Today, we have 

sufficient access to all nutrients, and we have 

plenty of time for eating. In prehistoric times, 

when this mechanism developed, that was 

likely not the case,” says Paulius Viskaitis, a 

postdoc in Burdakov's group and lead author 

of the study. “Back then, it was advantageous 

for individuals to spend only a short amount of 

time at a food source that consisted primarily 

of non- essential amino acids.” Viskaitis 

stresses that the results are transferable to 

humans and other animals, as this mechanism 

affects a region of the brain that is very old in 

terms of evolutionary history and occurs 

equally in all mammals and many other 

vertebrates. Still, for people who want to lose 

weight, a diet that includes especially many 

non- essential  amino acids cannot be 

recommended across the board, Viskaitis says. 

Nutritional recommendations should be made 

on an individual basis, and they should also 

take health aspects into account.

Source: ETH Zurich news release

Plant Science

Molecular 'blueprint' illuminates how plants perceive light

Phytochromes are one of the main collections 

of photoreceptors in plants. They sense red 

and far-red light as well as temperature.  Now, 

scientists at Washington University in St. 

Louis and the Van Andel Institute (VAI) have 

determined the molecular structure of one of 

these vital photoreceptors — for an isoform 

known as phytochrome B or PhyB — 

revealing a wholly different structure than 

previously known. The findings, published in 

the journal Nature, have many implications 

for agricultural and “green” bioengineering 

practices. “Plant phytochromes are amazing 

molecular machines that perceive light and 

temperature through very specific confo-

rmational changes,” said Richard Vierstra, co-

corresponding author of the study. “The PhyB 

structure that we uncovered in this study tells 

us something that we never expected,” 

Vierstra said. “We learned that plant 

phytochromes are topologically complex, 

asymmetric and look nothing like their 

microbial relatives. And that they likely work 

in a wholly unexpected way.” “Photorecep-

tors, such as PhyB, help plants sense and 

respond to the world around them by 

influencing life-sustaining processes such as 

shade avoidance, seed germination, deter-

mination of flowering time and development 

of chloroplasts, which convert light into 

usable energy,” said Huilin Li of VAI, co-

corresponding author of the study. “Our new 

structure sheds light onto how PhyB works 

and has potential for a host of applications in 

agriculture, renewable energy and even in 

cellular imaging,” Li said. “This is the first 

time we've ever seen the entire structure of the 

phytochrome,” said Sethe Burgie, co-first 

author of the study. 

To determine their near-atomic resolution 

image of PhyB, the scientists turned to 

Arabidopsis thaliana.  Their work revealed a 

surprise: rather than the expected head-to-head 

associated parallel structure as seen for their 

bacterial relatives, the scientists found a 

complicated 3D structure with both head-to-

tail and head-to-head oriented sections, along 

with a couple of unexpected features that help 

hold the dimer together. The findings suggest 

that PhyB is uniquely designed to amplify 

small changes in light-sensing chromophore 

into drastic changes in its shape once PhyB 

absorbs light — a move that communicates the 

presence of light to the plant. With the actual 

molecular structure of PhyB now in hand, 

scientists have a critical blueprint for guiding 

future efforts to create crop varieties more 

efficient in capturing light and better suited to a 

warming world.

Source: Washington University in St. Louis 

news release
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Psychiatry

Specific genes involved in schizophrenia identified for the first time

Landmark research, involving scientists at 

UCL, has for the first time identified ten genes 

with extremely rare protein-disrupting 

mutations that significantly increase an 

individual's risk of developing schizophrenia. 

In a linked paper, both published in Nature, 

researchers also identified an unprecedented 

number of genetic links to schizophrenia in 

the human genome. The findings are the 

combined work of hundreds of researchers 

across 45 countries, who analysed DNA from 

76,755 people with schizophrenia and 

243,649 without it to better understand the 

genes and biological processes underpinning 

the condition.   While previous research has 

shown associations between schizophrenia 

and many DNA regions, this is the first to pin-

point specific genes. Researchers say the 

studies are a breakthrough in our under-

standing of the basis of schizophrenia and 

provide the strongest evidence yet of a genetic 

cause.

Professor Andrew McQuillin, co-author of the 

papers said: “We have now been able to detect 

specific genes, a necessary step in the 

challenging journey towards understanding 

the causes and mechanisms of any disorder. 

"Although there are large numbers of genetic 

variants involved in schizophrenia, the 

studies showed they are concentrated in genes 

expressed in neurons. Both the rare high-risk 

mutations as well as the common low-risk 

genetic variants are consistent and pointing us 

towards genes like GRIN2A, also important 

in epilepsy and neurodevelopmental dis-

orders.” 

The two studies were led by the SCHEMA 

Consortium and the Psychiatric Genomics 

Consortium, which are the largest ever 

international collaborations in the field of 

mental health.

The SCHEMA Consortium paper identified – 

for the first time - extremely rare protein-

disrupting mutations in 10 genes that strongly 

increase an individual's risk of developing 

schizophrenia — in one instance, by more than 

30-fold. This paper used large scale exome 

sequencing for identifying specific genes 

involved in schizophrenia. The Psychiatric 

Genomics Consortium (PGC) paper found a 

much larger number of genetic links to 

schizophrenia than ever before, in 287 

different regions of the genome. They showed 

that genetic risk for schizophrenia is seen in 

genes concentrated in neurons, but not in any 

other tissue or cell type, suggesting the 

biological role of these cells is crucial in 

schizophrenia. Dr Joshua Gordon, Director of 

NIMH, said: “These results, achieved through 

a global collaboration unprecedented in scope, 

mark an important step forward in our 

understanding of the origins of schizophrenia. 

The findings will allow researchers to focus on 

specific brain pathways in the ongoing hunt for 

novel therapies for this serious mental illness.” 

Source: UCL news release

Regenerative Medicine

Scientists pinpoint what makes brain cells develop in a specific order
While scientists have identified many types of 

neurons, how this complexity arises during 

the brain's development is a central question 

for developmental neurobiology and 

regenerative medicine. “Knowing how the 

human brain develops could allow us in the 

future to repeat these developmental pro-

cesses in the lab to generate specific types of 

neurons in a Petri dish—and potentially 

transplant them in patients—or to trigger 

neuronal stem cells in living organisms to 

generate and replace missing neurons,” said 

Claude Desplan, Silver Professor of Biology 

at NYU and the study's senior author. Because 

studying the human brain is an incredibly 

complex endeavor, researchers rely on model 

organisms, such as mice and flies, to explore 

the intricate mechanisms involved in the 

brain's processes.  The mechanism by which 

neural stem cells produce different neurons 

over time is called temporal patterning. By 

expressing different molecules—termed 

temporal transcription factors, or tTFs—that 

regulate the expression of specific genes in 

each window of time, neural stem cells 

produce different neurons.

In the research published in Nature, the 

researchers studied the brains of the fruit fly 

Drosophila to uncover the complete set of 

tTFs needed to generate the roughly 120 

neuron types of the medulla, a specific brain 

structure in the visual system of flies. They 

used state-of-the-art single-cell mRNA 

sequencing to obtain the transcriptome—all of 

the genes expressed in a given cell—of more 

than 50,000 individual cells that were then 

grouped into most of the cell types present in 

the developing medulla.

Focusing on neural stem cells, the researchers 

identified the complete set of tTFs that define 

the different windows of time in this brain 

region and the genetic network that controls 

the expression of these different tTFs that 

allow this temporal cascade to progress. The 

researchers identified the genetic interactions 

that allow the temporal cascade to progress and 

how this progression relates to the “birth 

order” of all neurons in the medulla, linking 

specific temporal windows with the generation 

of specific types of neurons. This cascade is 

necessary to produce the full extent of neural 

diversity of this brain region in a stereotypic 

order. Finally, the team examined the first steps 

in the process of neural stem cells maturing 

into neurons, a stage in neuron development 

called differentiation. They found that the 

differentiation process for fly neurons and 

human cortical neurons was remarkably alike, 

with similar patterns of genes expressed during 

the various stages of differentiation.

Source: New York University news release
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Virology

Shape-shifting volcano virus points to new ways to deliver drugs, 
vaccines

From hot volcanic springs where the water is 

nearly boiling acid, a University of Virginia 

researcher and his colleagues have discovered 

how lemon-shaped viruses got their form.  

While the vast majority of viruses are either 

rod-like or spherical (such as the coronavirus 

responsible for COVID-19), scientists have 

been puzzled by the unusual forms of viruses 

found in some of the harshest environments on 

Earth. The researchers were studying one such 

virus when they discovered it has strange 

properties that allow it to alter its shape. While 

it normally resembles a lemon or spindle, the 

virus can grow tails. The structure that lets it 

do that, the scientists realized, likely explains 

how ancient rod-like viruses gave rise to all 

the spindle-shaped viruses seen today. “We 

can now understand a new principle in how 

proteins can form the shell that packages the 

DNA in a virus,” said lead researcher Edward 

H. Egelman of the UVA School of Medicine. 

“This has implications for not  only 

understanding how certain viruses evolved, 

but potentially can be used for new ways to 

deliver everything from drugs to vaccines.”

The virus Egelman and his colleagues were 

studying, Sulfolobus monocaudavirus 1, or 

SMV1, has a protein shell surrounding the 

DNA that is spindle- or lemon-shaped. But it 

has been a puzzle for almost 20 years exactly 

how that many copies of the same protein can 

come together to form such a shape. Egelman 

and his team were able to reveal the strange 

properties of SMV1 using high-tech cryo-

electron microscopy and advanced image 

processing.  SMV1, the researchers found, 

contains strands of proteins that that slip and 

slide past each other, due to the fact that they 

are “greasy.” These seven strands of proteins 

were found in both the body and tail of the 

virus, and they give the virus a remarkable 

ability to shapeshift. Rather than having a 

fixed shape, it can balloon up like a pufferfish 

to accommodate genetic material. At the same 

time, these strands form an impenetrable 

barrier to prevent the acid that surrounds the 

strands from destroying the DNA inside the 

virus. Based on their findings, Egelman and 

his collaborators conclude that today's viruses 

shaped like spindles or lemons likely evolved 

from ancient rod-shaped ancestors. The rod-

shaped viruses could only contain a limited 

amount of DNA, and the “greasy” properties 

that let SMV1 shapeshift would have let the 

ancestral viruses package more genetic 

material – a useful trait for viruses, from an 

evolutionary perspective.

Source: University of Virginia news release

Virology

Ocean water samples yield treasure trove of RNA virus data

Combining machine-learning analyses with 

traditional evolutionary trees, an inter-

national team of researchers has identified 

5,500 new RNA virus species that represent 

all five known RNA virus phyla and suggest 

there are at least five new RNA virus phyla 

needed to capture them.

The most abundant collection of newly 

identified species belong to a proposed 

phylum researchers named Taraviricota, a 

nod to the source of the 35,000 water samples 

that enabled the analysis: the Tara Oceans 

Consortium, an ongoing global study 

onboard the schooner Tara of the impact of 

climate change on the world's oceans. 

“There's so much new diversity here – and an 

entire phylum, the Taraviricota, were found 

all over the oceans, which suggests they're 

ecologically important,” said lead author 

Matthew Sullivan, professor of micro-

biology at The Ohio State University. The 

study appears online in the journal Science.

Knowing more about virus diversity and 

abundance in the world's oceans will help 

explain marine microbes' role in ocean 

adaptation to climate change, the researchers 

say. Oceans absorb half of the human-

generated carbon dioxide from the atmo-

sphere, and previous research by this group 

has suggested that marine viruses are the 

“knob” on a biological pump affecting how 

carbon in the ocean is stored. By taking on the 

challenge of classifying RNA viruses, the 

team entered waters still rippling from earlier 

taxonomy categorization efforts that focused 

mostly on RNA viral pathogens. Within the 

biological kingdom Ortho-rnavirae, five 

phyla were recently recognized by the 

International Committee on Taxonomy of 

Viruses (ICTV). Though the research team 

identified hundreds of new RNA virus species 

that fit into those existing divisions, their 

analysis identified thousands more species 

that they clustered into five new proposed 

phyla: Taraviricota, Pomiviricota, Paraxen-

oviricota, Wamoviricota and Arctiviricota, 

which, like Taraviricota, features highly 

abundant species – at least in climate-critical 

Arctic Ocean waters, the area of the world 

where warming conditions wreak the most 

havoc. Further analysis using 3D repres-

entations of sequence structures and alignment 

revealed that the cluster of 5,500 new species 

didn't fit into the five existing phyla of RNA 

viruses categorized in the Orthornavirae 

kingdom. In all, the findings led the 

researchers to propose not only the five new 

phyla, but also at least 11 new orthornaviran 

classes of RNA viruses. The team is preparing 

a proposal to request formalization of the 

candidate phyla and classes by the ICTV.

Source: The Ohio State University news 

release
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Chemical Engineering

Study answers questions about an elusive tiny molecule

A new study with implications for atmo-

spheric chemistry has answered some long-

enduring questions about the chemical 

reactivity of an air pollutant molecule with 

aerosol, revealing the vital role played by the 

interface between water and gas. The results 

carry impacts for environmental and climate 

science, as well as human health. Researchers 

from the University of California conducted 

the research, which provides a quantitative 

picture of the reactive uptake of dinitrogen 

pentoxide (N O ) to aqueous aerosol. Their 2 5

findings have been published in Nature 

Communications.

According to the researchers, Andreas Goetz 

and colleagues Vinícius Cruzeiro (UC San 

Diego) and David Limmer and Mirza Galib 

(UC Berkeley), the study demonstrates that, 

contrary to conventional wisdom and 

prevailing assumptions by atmospheric 

chemists, reactivity in the interfacial region – 

the area of contact between the liquid and gas 

– turns out to be crucial in that most of the 

N O  hydrolysis happens within 2 nanometers 2 5

of the water/vapor interface. Additionally, the 

researchers determined the thermodynamic 

and kinetic parameters of the physical uptake 

and hydrolysis, which can be applied to 

improve existing climate models.

Cruzeiro, first author of the study who worked 

with Goetz as a postdoctoral fellow, explained 

that “our computer model of N O  and water 2 5

includes all physical interactions without any 

crude simplifications, hence our simulations 

are quantitatively accurate in contrast to 

earlier studies”. “Using these models, we 

performed numerical experiments in which 

we let N O  collide with a water/vapor 2 5

interface mimicking the process that happens 

in nature with water droplets in the atmo-

sphere. This allows us to observe what 

happens when N O  collides with aerosol 2 5

droplets with a high degree of confidence, just 

as if we were watching a realistic movie of 

nature at a molecular level.”

The research team used molecular dynamics 

simulations with accurate data-driven, many-

body potentials in combination with enhanced 

sampling techniques to determine the 

thermodynamics and kinetics of N O  2 5

interacting with water. The computational 

framework for these potentials, including the 

successful MB-pol water model – an advanced 

many-body model for water, has been 

established by UC San Diego Professor 

Francesco Paesani's research group. Using 

data from these simulations, the researchers 

parameterized and solved a reaction-diffusion 

model to determine hydrolysis rates consistent 

with the experimental data. This work was able 

to go beyond other recent simulation results, 

published by Galib and Limmer in Science last 

year, which suggested the importance of 

interfacial chemistry.

Source: UC San Diego news release

Chemical Engineering

Electron powers significant bond for building complex structures

A Northwestern University-led research team 

has developed a simple and versatile solution 

to introduce an electron with a jolt of 

electricity, and resistance between the two is 

reduced and a bond formed. The bond between 

molecules is admittedly a weak one of the 

noncovalent form, but an important one. This 

kind of bond powers molecular self-assembly, 

a process used to build highly structured, 

stable and functional arrangements of 

molecules from the bottom up. This fund-

amentally new type of catalysis will offer 

chemists and biologists a tool for promoting 

and controlling molecular recognition.  “This 

work represents a major breakthrough in both 

supramolecular chemistry and catalytic 

science,” said Northwestern's Sir Fraser 

Stoddart, an expert in molecular recognition 

and self-assembly processes. “It facilitates the 

coming together of molecules in a highly 

organized way, which is critical in building 

complex structures.” Although widely used in 

synthetic covalent chemistry, electron 

catalysis of molecular recognition and self-

assembly processes is rare. Now Stoddart and 

an international team of theoretical physicists 

and supramolecular, physical and compu-

tational chemists have extended that concept 

to noncovalent chemistry. They are the first to 

use an electron as a catalyst beyond the 

molecule. The study was published recently 

by the journal Nature.

Stoddart, a 2016 Nobel laureate in chemistry 

and creator of the mechanical bond, is a 

corresponding author of the paper. Co-first 

authors are Yang Jiao, a postdoctoral fellow, 

and Yunyan Qiu, a research assistant professor 

of chemistry, both in Stoddart's lab. “This 

work is about using the electron, an elemental 

particle, to catalyze the molecular recognition 

process,” Jiao said. “Molecular recognition 

and self-assembly are the foundation of many 

valuable functions and materials. We have 

figured out a way to promote and control these 

processes at the most fundamental of levels. 

Areas such as nanotechnology, chemical 

biology and materials science stand to benefit 

from our catalysis.” In the paper, the 

researchers describe how they have taken 

electron catalysis beyond the molecule and 

into the realm of noncovalent and supra-

molecular chemistry. The formation of a 

complex between the two positively charged 

molecules used in the study is kinetically 

forbidden. How to overcome the fact that like 

charges repel? The researchers' solution is to 

inject one electron. The electron lowers the 

resistance between the two molecules, and the 

two get together to form a new complex. 

Having done its job, the electron is released 

and, in typical catalyst behavior, moves on to 

catalyze another process of molecular 

recognition. 

Source: Northwestern University news release
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New technique to improve electronic properties of nanocrystals

A new study introduces a breakthrough in 

making nanocrystals function together 

electronically. Published in the journal 

Science, the research may open the doors to 

future devices with new abilities. “We call 

these super atomic building blocks, because 

they can grant new abilities—for example, 

letting cameras see in the infrared range,” said 

University of Chicago Prof. Dmitri Talapin, 

the corresponding author of the paper. In their 

paper, the scientists lay out design rules which 

should allow for the creation of many different 

types of materials, said Josh Portner, a Ph.D. 

student in chemistry and one of the first 

authors of the study. Scientists can grow 

nanocrystals out of many different materials: 

metals, semiconductors, and magnets will 

each yield different properties. But the trouble 

was that whenever they tried to assemble these 

nanocrystals together into arrays, the new 

supercrystals would grow with long “hairs” 

around them. These hairs made it difficult for 

electrons to jump from one nanocrystal to 

another. Electrons are the messengers of 

electronic communication; their ability to 

move easily along is a key part of any 

electronic device.

The researchers needed a method to reduce 

the hairs around each nanocrystal, so they 

could pack them in more tightly and reduce 

the gaps in between. “When these gaps are 

smaller by just a factor of three, the 

probability for electrons to jump across is 

about a billion times higher,” said Talapin, the 

Ernest DeWitt Burton Distinguished Service 

Professor of Chemistry and Molecular 

Engineering at UChicago and a senior 

scientist at Argonne National Laboratory. “It 

changes very strongly with distance.” Part of 

the process to grow supercrystals is done in 

solution—that is, in liquid. It turns out that as 

the crystals grow, they undergo an unusual 

transformation in which gas, liquid and solid 

phases all coexist. By precisely controlling the 

chemistry of that stage, they could create 

crystals with harder, slimmer exteriors which 

could be packed in together much more 

closely. “Understanding their phase behavior 

was a massive leap forward for us,” said 

Portner. The full range of applications remains 

unclear, but the scientists can think of multiple 

areas where the technique could lead. “For 

example, perhaps each crystal could be a qubit 

in a quantum computer; coupling qubits into 

arrays is one of the fundamental challenges of 

quantum technology right now,” said Talapin.

Source: University of Chicago news release

Material Science

2D monolayers with potential applications in Spintronic Nanodevices

A team of scientists have computationally 

predicted two fascinating 2D monolayers 

having great potential for applications in next-

generation self-powered materials which 

develop spin currents in response to strain. 

Apart from the charge, electrons are gifted 

with another degree of freedom, namely, the 

spin. The spin degree of freedom of an 

electron is an intrinsic property and relatively 

easier to manipulate in the presence of a 

magnetic field as compared to the motion of 

the electronic charge. Recent experiments 

have demonstrated that the usage of the spin 

degree of freedom in new materials can be the 

fastest and most effective way to store a large 

amount of data for a long time and can pave the 

way forward for next-generation high-speed 

quantum information devices. Spintronics 

utilizes the spin of electrons to gather and store 

information that leads to the next-generation 

data storage devices. Magnetic sensor 

applications and theoretical predictions can 

provide valuable guidance to experimentalists 

and technologists in designing new materials 

using these properties. In the present work, 

Prof. Abir De Sarkar and his Ph.D. students, 

Manish Kumar Mohanta & Fathima I. S. from 

Institute of Nano Science and Technology, 

Mohali, an autonomous institute of the 

Department of Science & Technology (DST), 

Govt. of India, have proposed a new class of 

stable, hexagonal, buckled ZnX (X: S, Se, or 

Te) monolayers in the journal 'ACS Appl. 

Mater. Interfaces. Among these, ZnTe and its 

isoelectronic partner, CdTe, exhibit strong 

spin-orbit coupling.

Taking advantage of the piezoelectric 

property in CdTe and ZnTe monolayers, a 

large piezo voltage can be generated upon the 

application of strain, which may replace the 

external voltage source. The simultaneous 

coupling of piezoelectricity, low mechanical 

stiffness, and momentum-dependent splitting 

of spin bands lead to next-generation Self-

Powered Flexible-Piezo-Spintronic Devices, 

which previously proposed for one-

dimensional ZnO nanowires. This concept 

has been extended theoretically to 2D 

semiconductors by the present team. The 

INST team designed hexagonal buckled 2D 

semiconductors ZnTe and CdTe monolayers 

from the previously synthesized bulk 

structures having a different pattern. Apart 

from showing strong spin-orbit coupling 

(SOC), these semiconductors are found to be 

highly flexible. This is the first time such a 

simultaneous combination of spin-orbit 

coupling, piezoelectricity, and flexibility in 

two-atomic layer thick semiconductors has 

been reported in 2D semiconductors. The wide 

bandgap provides ample room for modulation 

in its electronic properties via external 

perturbations. Next-generation spintronic 

devices demand low power consumption and 

precise control over the spin orientation. Self-

powered devices will bring additional bonuses. 

In this regard, the properties of semiconductors 

play a decisive role in the development of new 

technologies or in advancing the existing ones. 

New 2D semiconductors having strong SOC 

with high piezoelectric coefficients can open a 

new avenue for self-powered next-generation 

spintronics devices. 

Source: PIB
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Breaking down plastic into its constituent parts

A team of ETH researchers led by Athina 

Anastasaki have succeeded in breaking down 

plastic into its molecular building blocks and 

in recovering over 90 percent of them. A first 

step towards genuine plastic recycling. Athina 

Anastasaki, Professor of Polymeric Materials 

at ETH Zurich set herself the goal of 

producing polymers that can be easily broken 

down into their building blocks so that they 

can be fully recycled. A study by her group has 

been published in the Journal of the American 

Chemical Society. In it, Anastasaki and her 

colleagues show that they can break down 

certain polymers into their basic building 

blocks – monomers – and recycle them for use 

in materials for further applications. The 

polymers broken down are polymethacrylates 

(e.g. Plexi Glass) that were produced using a 

specific polymerisation technique called 

reversible addition- fragmentation chain-

 transfer polymerisation – otherwise known as 

RAFT. This relatively new method, which is 

now also attracting the interest of industry, 

produces polymer chains of uniform length.

The researchers have succeeded in recovering 

up to 92 percent of the building blocks of 

polymethacrylates without adding a catalyst 

that would enable or accelerate the reaction. 

“Our method could conceivably be developed 

even further to involve the use of a catalyst. 

This could increase the amount recovered 

even more,” says Anastasaki. The chemical 

group present at the end of a polymer chain is 

crucial for the polymer's breakdown. By 

heating the polymer solvent mixture to 

120°C, the researchers created what are 

referred to as “radicals” at the end of a 

polymethacrylate chain, which triggered the 

depolymerisation. Researchers at the 

Australian National University in Canberra 

were able to confirm the results mathe-

matically. According to Anastasaki, the 

building blocks recovered in this way can be 

used to produce the same polymer or a 

completely different product – an insoluble 

hydrogel that can also be broken down into its 

monomers. The newly created products are of 

similar quality to the original ones. This is in 

contrast to previous products made from 

recycled polymers. The materials scientist is 

also researching whether other polymers can 

be depolymerised. She is particularly 

interested in polystyrene, a widespread, low-

 cost plastic that is used in many areas of 

everyday life (Styrofoam).

Source: ETH Zurich news release

Material Science

Platinum-based electro-catalyst could pave way for low-cost, durable 
fuel cells 

Scientists have developed platinum-based 

electrocatalyst for use in fuel cells through an 

efficient procedure. This electrocatalyst 

showed comparable properties to the 

commercially available electrocatalyst and 

could enhance the lifetime of the fuel cell 

stack performance.

Fuel cells are energy conversion devices that 

produce DC electricity from hydrogen with 

water as a by-product. Although this tech-

nology has a lot of merits in green energy 

production, the main drawback comes from 

the huge cost incurred from importing the 

components for fabricating the device. In 

particular, the platinum-based electrocatalyst, 

imported because of the lack of suitable 

indigenous technologies for their manu-

facture, plays an important role in increasing 

durability and decreasing fuel cell costs. 

Scientists at the International Advanced 

Research Centre for Powder Metallurgy and 

New Materials (ARCI), an autonomous R&D 

Centre of the Department of Science and 

Technology, Govt. of India, have synthesized 

platinum-based electrocatalyst using an 

efficient procedure. The key step in the 

synthesis lies in functionalization of carbon to 

enhance the carbon to platinum interaction 

known as strong metal substrate interaction 

(SMSI), thereby increasing the durability of 

the electrocatalyst. This electrocatalyst 

showed comparable properties to the 

commercially available electrocatalyst in 

terms of its performance in fuel cells and 

superior corrosion resistance and durability. It 

showed less than 20 percent less, which is less 

than the acceptable limits of loss in active 

surface area of the catalyst (40%). This could 

enhance the lifetime of the fuel cell stack 

performance. The work has been published in 

the 'International Journal of Hydrogen 

Energy', and a patent has been filed (patent 

no:202011035825).

Las Engineers and Consultants Pvt. Ltd 

(LECPL), a Mumbai-based company 

engaged in designing and building plants for 

the chemical, pharmaceuticals, and allied 

industries, are in the process of acquiring 

ARCI know-how for manufacturing this 

electrocatalyst. According to Dr Tata 

Narasinga Rao, Director (Additional Charge), 

ARCI, this commercialization of indigenous 

electrocatalyst makes green hydrogen 

technology take off in India. Dr R. Gopalan, 

Regional Director, ARCI-Chennai, feels that 

indigenous catalysts could reduce the dep-

endence on imported electrocatalysts and 

would pave the way for Atma Nirbhar Bharat. 

Dr Raman Vedarajan, one of the inventors of 

the technology at the Centre for Fuel Cell 

Technology, ARCI-Chennai, feels that this 

development is vital for ensuring made in India 

durable polymer electrolyte membrane fuel 

cell stacks. Mr Santosh Tawari, Director of 

LECPL, said, “We are proud to be the 

industrial partner of ARCI for fuel cell 

component manufacturing. We share common 

goals of cleaner energy based on hydrogen, and 

the “Make in India” initiative is a success in 

this field. Commercialization of ARCI know-

how is expected to begin in the next quarter. 

Other applications for the platinum-based 

electrocatalyst are also being ventured.

Source: PIB

Chemistry and Chemical Engineering



DISCOVERIES & INNOVATIONS

32 The Scitech Journal Volume 09 Issue 05 May 2022

Astronomy

Supermassive black holes put a brake on stellar births

Black holes with masses equivalent to 

millions of suns do put a brake on the birth of 

new stars, say astronomers. Using machine 

learning and three state-of-the-art simulations 

to back up results from a large sky survey, 

researchers from the University of Cambridge 

have resolved a 20-year long debate on the 

formation of stars.  The question of what stops 

star formation in galaxies remains the biggest 

unknown in our understanding of galaxy 

evolution, debated over the past 20 years. 

Joanna Piotrowska and her team at the Kavli 

Institute for Cosmology set up an experiment 

to find out what might be responsible. Using 

three state-of-the-art cosmological sim-

ulations – EAGLE, Illustris and IllustrisTNG 

– the astronomers investigated what we would 

expect to see in the real Universe as observed 

by the SDSS, when different physical 

processes were halting star formation in 

massive galaxies.

The astronomers applied a machine learning 

algorithm to classify galaxies into star-

forming and quiescent, asking which of three 

parameters: the mass of the supermassive 

black holes found at the centre of galaxies 

(these monster objects have typically millions 

or even billions of times the mass of our Sun), 

the total mass of stars in the galaxy, or the 

mass of the dark matter halo around galaxies, 

best predicts how galaxies turn out. These 

parameters then enabled the team to work out 

which physical process: energy injection by 

supermassive black holes, supernova 

explosions or shock heating of gas in massive 

halos is responsible for forcing galaxies into 

semi-retirement. The new simulations predict 

the supermassive black hole mass as the most 

important factor in putting the brakes on star 

formation. Crucially, the simulation results 

match observations of the local Universe, 

adding weight to the researchers' findings. The 

results are reported in the Monthly Notices of 

the Royal Astronomical Society.  “It's really 

exciting to see how the simulations predict 

exactly what we see in the real Universe,” said 

Piotrowska. “Supermassive black holes – 

objects with masses equivalent to millions or 

even billions of Suns – really do have a big 

effect on their surroundings. These monster 

objects force their host galaxies into a kind of 

semi-retirement from star formation.”

Source: University of Cambridge news release

Astrophysics

On Jupiter's moon Europa, 'chaos terrains' could be shuttling oxygen to 
ocean

Salt water within the icy shell of Jupiter's 

moon Europa could be transporting oxygen 

into an ice-covered ocean of liquid water 

where it could potentially help sustain alien 

life, according to a team of researchers led by 

The University of Texas at Austin. This theory 

has been proposed by others, but the 

researchers put it to the test by building the 

world's first physics-based computer 

simulation of the process, with oxygen 

hitching a ride on salt water under the moon's 

“chaos terrains,” landscapes made up of 

cracks, ridges and ice blocks that cover a 

quarter of the icy world. The results show that 

not only is the transport possible, but that the 

amount of oxygen brought into Europa's 

Ocean could be on a par with the quantity of 

oxygen in Earth's oceans today. “Our research 

puts this process into the realm of the 

possible,” said lead researcher Marc Hesse, a 

professor at the UT Jackson School of 

Geosciences Department of Geological 

Sciences. “It provides a solution to what is 

considered one of the outstanding problems of 

the habitability of the Europa subsurface 

ocean.” The study was recently published in 

the journal Geophysical Research Letters.

Scientists think that chaos terrains form above 

regions where Europa's ice shell partially 

melts to form brine, which can mix with 

oxygen from the surface. The computer model 

created by the researchers showed what 

happens to the brine after the formation of the 

chaos terrain. The model showed the brine 

draining in a distinct manner, taking the form 

of a “porosity wave” that causes pores in the 

ice to momentarily widen – allowing the brine 

to pass through before sealing back up. Hesse 

compares the process to the classic cartoon gag 

of a bulge of water making its way down a 

garden hose. This mode of transport appears to 

be an effective way to bring oxygen through 

the ice, with 86% of the oxygen taken up at the 

surface riding the wave all the way to the 

ocean. But the available data allows for a wide 

range of oxygen levels delivered to Europa's 

Ocean over its history – with estimates ranging 

by a factor of 10,000. According to co-author 

Steven Vance, the highest estimate would 

make the oxygen levels in Europa's Ocean 

similar to those in Earth's oceans – which raises 

hope about the potential for that oxygen to 

support life in the hidden sea.

Source: University of Texas at Austin news 

release. 
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Interaction between Coronal Mass Ejections (CME) plays a key role in 
their evolution

A team of astronomers have found that 

interactions between two different Coronal 

Mass Ejections (CMEs) in the interplanetary 

medium as they travel towards the Earth play a 

key role in their evolution. Coronal Mass 

Ejections (CMEs) and flares are the largest 

eruptive phenomena in our solar system. 

Flares are characterized by a sudden 

catastrophic release of energy in the solar 

atmosphere. A huge amount of energy is 

released within a few minutes at the time of 

flare eruption. After the successful eruption of 

the solar flare, we can see the CME from the 

same region, which then travels outwards. 

When such a CME hits the Earth, it can cause 

damage to satellites as well as disruptions to 

our communication systems.  Hence, 

predicting the evolution of CMEs has become 

important in recent years. Researchers from 

the Indian Institute of Astrophysics, an 

autonomous institute of the Department of 

Science & Technology, Govt. of India and 

their collaborators observed two such CMEs 

on 2013-May-02 and 2014-Feb-16 arising 

from a circular ribbon structure on the Sun and 

followed it with data from Atmospheric 

Imaging Assembly (AIA). They used data 

from Large Angle and Spectrometric 

COronagraph (LASCO), Solar Terrestrial 

Relations Observatory (STEREO), and 

Ames Coronagraph Experiment (ACE) 

Laboratory observations. This paper has been 

published recently in the journal 'Research in 

Astronomy and Astrophysics/IOP'.

The scientists found that the location of the 

CME in the solar disk is an important factor 

that decides its trajectory in the corona and 

subsequent evolution in the inter-planetary 

medium. Also, this eruption is highly 

deflected from the source region. After the 

main explosion, a huge part of the CME 

moved towards the north-east direction of the 

Sun. Finally, only a small part of the CME 

propagates towards the Earth. This erupted 

CME seems to be interacting with two 

previous CMEs near Sun. This is very likely 

due to this interaction; this CME might have 

lost a substantial part of its energy. Their 

analysis suggests that this CME became 

dissipated in the interplanetary space. After 

travelling a certain distance, this CME 

associated Interplanetary CME, or ICME, 

mingled with the solar wind. “Our study  

demonstrates that the CME deflection and 

CME-CME interactions were the major 

reasons affecting propagation in the 

Interplanetary medium. We plan to analyze the 

CME observations of a series of circular 

ribbon eruptive flares in the future”, says Syed 

Ibrahim, the lead author of the paper.

Source: PIB

Astrophysics

Scientists discover faint galaxy in our local universe

Researchers have discovered a faint but star-

forming galaxy, around 136 million light-

years away which was so far undetected since 

it lies in front of a much brighter galaxy, The 

galaxy has a 'ghost' like appearance in the 

optical images because of its low disk density, 

but the inner disk shows star formation. The 

inner disk star formation helped its detection 

in UV and optical images. An accurate census 

of such faint galaxies is essential to measure 

the total mass of all objects made normal 

atomic matter (stars and gas) in the Universe.

A team of researchers from the Indian Institute 

of Astrophysics, Bengaluru consisting of Jyoti 

Yadav, Mousumi Das and Sudhanshu Barway, 

along with Francoise Combes of College de 

France, Chaire Galaxies et Cosmologie, Paris, 

while studying a known interacting galaxy 

NGC6902A noticed that the colour image 

(Dark Energy Camera Legacy Survey 

(DECaLS) colour image) south-west of the 

outer region of the galaxy NGC 6902A in the 

shows diffuse blue emission. DECalS is a 

deep optical survey conducted on inter-

national telescopes that can be used to detect 

diffuse galaxies. This south-western region 

shows prominent star-forming regions in the 

Far Ultraviolet (FUV) image. Most of the 

FUV emission in galaxies is due to young 

stars of types O and B ---the most massive 

stars and also the most short-lived in the 

galaxies. But they emit FUV light for 100 

million years which is comparatively long 

compared to the other star formation tracer. 

This excess FUV light prompted the 

researchers to investigate the peculiar feature 

in more detail to determine the cause of the 

interaction.

The researchers measured the distance of 

NGC6902A, a previously known galaxy and 

the faint star-forming regions using emission 

lines in the spectra. They found that these star-

forming regions are at a distance of around 136 

million light-years, whereas the distance of 

NGC 6902A is around 825 million light-years. 

This means that the diffuse blue emission was 

from a foreground galaxy, which they had 

discovered using FUV and MUSE data. They 

have named it UVIT J202258.73-441623.8 (or 

UVIT J2022 for short). They also used Multi-

Unit Spectroscopic Explorer (MUSE) ins-

trument on the Very Large Telescope (VLT) in 

Chile and images from IRSF in South Africa 

and from Dark Energy Camera Legacy Survey 

(DECaLS) in this study. This research has 

been published in the journal 'Astronomy & 

Astrophysics'.

Source: PIB
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Scientists observe mysterious death of a star emitting six rings

Astrophysicists studying in unprecedented 

detail a red giant star named V Hydrae — 

abbreviated as V Hya — have witnessed the 

star's mysterious death throes. Researchers 

from UCLA and NASA's Jet Propulsion 

Laboratory discovered that the carbon-rich 

star has expelled six slowly expanding 

molecular rings and an hourglass-shaped 

structure ejecting matter out into space at high 

speeds, signaling that the star is undergoing 

rapid evolution as it ends its life in a blaze of 

glory before shutting down its energy 

production. “This is the first and only time that 

a series of expanding rings has been seen 

around a star that is in its death throes — a 

series of expanding 'smoke rings' that we have 

calculated are being blown every few hundred 

years,” said Mark Morris, a co-author of the 

study. The results of the study, which was 

conducted using the Atacama Large 

Millimeter/submillimeter Array, known as 

ALMA, and data from the Hubble Space 

Telescope, are published in the journal 

Astrophysical Journal. More than 90% of 

stars with a mass equal to or greater than the 

sun's mass evolve into what scientists call 

asymptotic giant branch stars, or AGB stars, 

of which V Hya is an example. The star is 

located approximately 1,300 light-years from 

Earth in the constellation Hydra. Among these 

millions of stars, V Hya has been of particular 

interest to astronomers due to its unique 

behaviors and features, including extremely 

large eruptions of plasma that occur 

approximately every eight years and the 

presence of a nearly invisible companion star 

that contributes to V Hya's explosive 

behavior.

Morris said the team also observed high-speed 

blasts of gas, perpendicular to those rings,that 

were expelled into two opposite directions. He 

added that the mechanism that produces the 

rings is unknown and will require further 

investigation. “We suspect that it might be 

related to the presence of orbiting companion 

stars, but it is difficult to explain that given the 

few-hundred-year interval between ring 

ejections,” Morris said. “This star is providing 

a new and fascinating wrinkle to our 

understanding of how stars end their lives.” 

Raghvendra Sahai, the study's lead author, said 

the research indicates that previous assum-

ptions about star deaths may be wrong. “Our 

study dramatically reveals that the traditional 

model of how AGB stars die — through the 

mass ejection of fuel via a slow, relatively 

steady, spherical wind over 100,000 years or 

more — is at best, incomplete, or at worst, 

incorrect,” he said.

Source: UCLA news release

Environmental Science

Study reveals how inland and coastal waterways influence climate

Most global carbon-budgeting efforts assume 

a linear flow of water from the land to the sea, 

which ignores the complex interplay between 

streams, rivers, lakes, groundwater, estuaries, 

mangroves and more. A study co-led by 

climate scientist Laure Resplandy, an assistant 

professor of geosciences and the High 

Meadows Environmental Institute (HMEI) at 

Princeton University, details how carbon is 

stored and transported through the intricacy of 

inland and coastal waterways. Published in the 

journal Nature, the work has significant 

implications for enforcing the carbon 

calculations that are part of international 

climate accords. The team of researchers from 

Belgium, the United States and France 

discovered that land-to-ocean aquatic 

continuum (LOAC) carries a substantial 

amount of carbon of anthropogenic (e.g., 

fossil-fuel) origin. Thus, the carbon removed 

from the atmosphere by terrestrial ecosystems 

is not all stored locally, as is commonly 

assumed, which has implications for global 

agreements that require countries to report 

their carbon inventories. The researchers also 

found that the land-to-ocean carbon transfer of 

natural origin was larger than previously 

thought, with far-reaching implications for the 

assessment of the anthropogenic CO  uptake 2

by the ocean and the land. “The complexity of 

the LOAC, which includes rivers, ground-

water, lakes, reservoirs, estuaries, tidal 

marshes, mangroves, seagrasses, and waters 

above continental shelves, has made it 

challenging to assess its influence on the 

global carbon cycle,” said Pierre Regnier who 

co-led the study.

In this study, the researchers synthesized more 

than 100 individual studies of the various 

components of the continuum. From this 

synthesis, LOAC carbon budgets were 

developed for two time periods: the pre-

industrial period and the present day. Their 

results confirm the well-known pre-industrial 

carbon “loop” in which carbon is taken up 

f rom the  a tmosphere  by  t e r r e s t r i a l 

ecosystems, transferred by rivers to the ocean, 

and then outgassed back to the atmosphere. 

“We find the amount of carbon carried by this 

natural land-to-ocean loop, 0.65 billion tons 

per year, is roughly 50% greater than 

previously thought,” Resplandy said. “A 

larger pre-industrial land-to-ocean carbon 

transport implies that the ocean uptake of 

anthropogenic CO  previously inferred from 2

observations was underestimated,” Resplandy 

said. The study demonstrates that anthro-

pogenic carbon carried by rivers is either 

outgassed back to the atmosphere or 

eventually stored in aquatic sediments and the 

open ocean. The researchers also have shown 

that humans have decreased the uptake of 

a tmospher ic  C O  f rom b lue -ca rbon 2

ecosystems by up to 50%. 

Source: Princeton University news release
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Engineering Science

Study describes how fluid suspensions exhibit different behaviors 
Honey is already a pretty thick liquid, but let it 

begin to crystalize and it can become 

downright clumpy. The sugar crystals in 

suspension seem to increase its viscosity. This 

phenomenon occurs throughout the natural 

and constructed world: From mudflows to 

paint, suspensions of particles tend to behave 

like viscous fluids. Engineers use this to their 

advantage by modeling the macroscopic 

properties of a suspension based on the size 

and concentration of its particles. However, 

this approximation breaks down at a certain 

scale. UC Santa Barbara's Virgile Thiévenaz 

and Alban Sauret sought to determine when 

and how. They discovered that particles don't 

spread out evenly once a suspension drops 

below a certain length scale, such as when the 

fluid pinches in to form the neck of a droplet. 

Eventually, there will be a thin region without 

any particles that behave like a pure liquid. 

The findings, published in the Proceedings of 

the National Academy of Sciences, highlight 

the limit of approximations and have many 

potential applications in industrial settings. 

Viscosity quantifies the internal friction 

between layers of a fluid. In a viscous liquid, 

one layer exerts more drag on its neighbor, 

producing a thicker fluid that is more resistant 

to deformation and flow. Particles in a 

suspension behave in a similar manner. A 

particle is more likely to move when its 

neighbors move, which increases the fluid's 

effective viscosity. Higher concentrations 

bring particles closer together, strengthening 

the effect. “So as long as you look at the 

suspension from far away, it's just a more 

viscous liquid,” explained Thiévenaz, a 

postdoctoral researcher in the mechanical 

engineering department. In droplet exp-

eriments, Thiévenaz and Sauret observed that 

suspensions will stretch like a viscous liquid 

down to a certain thickness, after which it 

becomes possible to pull the particles away 

from each other. This creates regions with 

varying concentrations that behave differently. 

Eventually, a region won't contain any 

particles and will act like a pure fluid. After 

this, the effective viscosity simplifies to that of 

the pure liquid. With more experimentation, 

the authors determined that this threshold also 

varies with particle size and concentration. A 

suspension will transition from acting like a 

viscous fluid to behaving more like a 

heterogeneous mixture at scales on par with 

the size of the particles. Interestingly, smaller 

particles seem to have a propor-tionately 

stronger effect. “Relative to the particle size, 

the threshold is much larger for small particles 

at a given concentration,” said Sauret, an 

assistant professor of mechanical engineering. 

Predicting the behavior of a suspension has 

major applications in manufacturing. 

Source: University of California, Santa 

Barbara news release

Engineering Science

Engineered crystals could help computers run on less power

Computers may be growing smaller and more 

powerful, but they require a great deal of 

energy to operate. The total amount of energy 

the U.S. dedicates to computing has risen 

dramatically over the last decade and is 

quickly approaching that of other major 

sectors, like transportation.

In a study published online in the journal 

Nature, University of California, Berkeley, 

engineers describe a major breakthrough in 

the design of a component of transistors that 

could significantly reduce their energy 

consumption without sacrificing speed, size or 

performance. The component, called the gate 

oxide, plays a key role in switching the 

transistor on and off. “We have been able to 

show that our gate-oxide technology is better 

than commercially available transistors: What 

the trillion-dollar semiconductor industry can 

do today — we can essentially beat them,” 

said study senior author Sayeef Salahuddin. 

This boost in efficiency is made possible by an 

effect called negative capacitance, which 

helps reduce the amount of voltage that is 

needed to store charge in a material. 

The new study shows how negative capaci-

tance can be achieved in an engineered crystal 

composed of a layered stack of hafnium oxide 

and zirconium oxide, which is readily 

compatible with advanced silicon transistors. 

By incorporating the material into model 

transistors, the study demonstrates how the 

negative capacitance effect can signi-ficantly 

lower the amount of voltage required to 

control transistors, and as a result, the amount 

of energy consumed by a computer. Negative 

capacitance can boost the performance of the 

gate oxide by reducing the amount of voltage 

required to achieve a given electrical charge. 

But the effect can't be achieved in just any 

material. Creating negative capacitance 

requires careful manipulation of a material 

property called ferroelectricity, which occurs 

when a material exhibits a spontaneous 

electrical field. Previously, the effect has only 

been achieved in ferroelectric materials called 

perovskites, whose crystal structure is not 

compatible with silicon.

In the study, the team showed that negative 

capacitance can also be achieved by comb-

ining hafnium oxide and zirconium oxide in an 

engineered crystal structure called a super-

lattice, which leads to simultaneous ferro-

electricity and antiferroelectricity. The rese-

archers found that a superlattice structure 

composed of three atomic layers of zirconium 

oxide sandwiched between two single atomic 

layers of hafnium oxide, totaling less than two 

nanometers in thickness, provided the best 

negative capacitance effect. To test how well 

the superlattice structure would perform as a 

gate oxide, the team fabricated short channel 

transistors and tested their capabilities. These 

transistors would require approximately 30% 

less voltage while maintaining semiconductor 

industry benchmarks and with no loss of 

reliability, compared to existing transistors.

Source: University of California, Berkeley 

news release
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Nanotechnology

Study describes how a magnetic property can manipulate light in 
semiconductor materials

A major research challenge in the field of 

nanotechnology is finding efficient ways to 

control light, an ability essential for high-

resolution imaging, biosensors and cell 

phones. To solve this challenge, engineers 

have found indirect ways to manipulate light 

using properties of the materials from which 

light reflects. Deep Jariwala, Assistant 

Professor in Electrical and Systems Engin-

eering, and colleagues have discovered a 

magnetic property in antiferromagnetic 

materials that allows for the manipulation of 

light on the nanoscale, and simultaneously 

l inks the semiconductor material  to 

magnetism, a gap that scientists have been 

trying to bridge for decades. They described 

their findings in a recent study published in 

Nature Photonics. Collaborating with Liang 

Wu, Assistant Professor in the Department of 

Physics and Astronomy in Penn's School of 

Arts and Sciences, along with graduate 

students Huiqin Zhang, a doctoral student in 

Jariwala's lab, and Zhuoliang Ni, a doctoral 

student in Wu's lab, the researchers describe 

the magnetic property of FeP S , an 3

antiferromagnetic semiconductor material. 

Christopher Stevens and Joshua Hendrickson 

of the Air Force Research Laboratory and 

KBR, Inc. in Ohio, as well as Aofeng Bai and 

Frank Peiris at Kenyon College in Ohio also 

contributed to this work.

Magnetic materials are classified as either 

ferromagnets or antiferromagnets. Anti-

ferromagnets are materials that contain lines 

of electrons spinning in one direction next to 

lines of electrons spinning the opposite 

direction, cancelling out any attraction or 

repulsion forces typical of magnets, whereas 

ferromagnets are those with electrons that all 

spin in the same direction and produce their 

own magnetic field. The antiferromagnetic 

material used in this study, FePS , or iron 3

phosphorus trisulfide, is a semiconductor with 

unique optical properties dependent on the 

alignment of its electron spin direction. 

“Theoretically, by applying an external 

magnetic field to this antiferromagnetic 2D 

semiconductor, we can alter its optical 

properties,” says Jariwala. “And that is how 

you use a magnetic property to manipulate 

light. Having made the link between 

magnetism and light manipulation, we are 

entering into the field of 'magnetophotonics,' 

an area of research I believe will greatly 

expand in the next five to ten years.” The paper 

not only describes the use of the material's 

magnetic properties to control light, it 

highlights that there is also a physical property 

of the material involved as well.

Source: University of Pennsylvania news 

release

Physics

Magnetic future may lead to the development of novel high- performance 
computers

Researchers at PSI and ETH Zurich have 

observed for the first time how tiny magnets in 

a special layout align themselves solely as a 

result of temperature changes. This view into 

processes that take place within so- called 

artificial spin ice could play an important role 

in the development of novel high- perfor-

mance computers. “We have produced 

artificial spin ice, which essentially consists of 

nanomagnets that are so small that their 

orientation can only change as a result of 

temperature,” explains physicist Kevin 

Hofhuis. In the material the researchers used, 

the nanomagnets are arranged in hexagonal 

structures. “Magnetic phase transitions had 

been theoretically predicted for artificial 

kagome spin ice, but they have never been 

observed before,” says Laura Heyderman, the 

head of the Laboratory for Multiscale 

Materials Experiments at PSI and a professor 

at the Mesoscopic Systems lab at ETH Zurich. 

“The detection of phase transitions has only 

been made possible now thanks to the use of 

state- of-the-art lithography to produce the 

material in the PSI clean room as well as a 

special microscopy method at the Swiss Light 

Source SLS.” The study has been published in 

the journal Nature Physics.

For their samples, the researchers used a 

nickel- iron compound called permalloy, 

which was coated as a thin film on a silicon 

substrate. They used a lithography process to 

repeatedly form a small, hexagonal pattern of 

nanomagnets, with each nanomagnet being 

approximately half a micrometre (millionths 

of a metre) long and one- sixth of a micrometre 

wide. But that's not all. “The trick was that we 

connected the nanomagnets with tiny 

magnetic bridges,” says Hofhuis. “This led to 

small changes in the system that made it 

possible for us to tune the phase transition in 

such a way that we could observe it. However, 

these bridges had to be really small, because 

we didn't want to change the system too 

much.” At the SIM beamline of SLS, the team 

used a special method called photoemission 

electron microscopy that made it possible to 

observe the magnetic state of each individual 

nanomagnet in the array. Controlling different 

magnetic phases could be interesting for novel 

types of data processing. Researchers at PSI 

and elsewhere are investigating how the 

complexity of artificial spin ice could be used 

for novel high- speed computers with low 

power consumption. “The process is based on 

the information processing in the brain and 

takes advantage of how the artificial spin ice 

reacts to a stimulus such as a magnetic field or 

an electric current,” explains Heyderman.

Source: ETH Zurich news release
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Physics

In race to build quantum computing hardware, silicon begins to shine

Research conducted by Princeton University 

physicists is paving the way for the use of 

silicon-based technologies in quantum 

computing, especially as quantum bits – the 

basic units of quantum computers. This 

research promises to accelerate the use of 

silicon technology as a viable alternative to 

other quantum computing technologies, such 

as superconductors or trapped ions. In 

research published in the journal Science 

Advances, Princeton physicists used a two-

qubit silicon quantum device to achieve an 

unprecedented level of fidelity. At above 99 

percent, this is the highest fidelity thus far 

achieved for a two-qubit gate in a semi-

conductor and is on par with the best results 

achieved by competing technologies. “Silicon 

spin qubits are gaining momentum [in the 

field],” said Adam Mills, the lead author of the 

recently published study. By using a silicon 

device called a double quantum dot, the 

Princeton researchers were able to capture 

two electrons and force them to interact. The 

spin state of each electron can be used as a 

qubit and the interaction between the 

electrons can entangle these qubits. This 

operation is crucial for quantum computation. 

The research team, led by Jason Petta, the 

Eugene Higgins Professor of Physics at 

Princeton, performed this entangling ope-

ration at a fidelity level exceeding 99.8 

percent. The “spin” in spin qubits is the 

electron's angular momentum. It is a quantum 

property that manifests as a tiny magnetic 

dipole that can be used to encode information. 

A classical analogue is a compass needle, 

which has north and south poles, and rotates to 

align with Earth's magnetic field. Mills 

asserted that, in general, silicon spin qubits 

have advantages over other qubit types.  In 

comparison, silicon spin qubits are made from 

single electrons and are extremely small. The 

other advantage of silicon spin qubits, Petta 

added, is that conventional electronics today 

are based on silicon technology. “Our feeling 

is that if you really want to make a million or 

ten million qubits that are going to be required 

to do something practical, that's only going to 

happen in a solid-state system that can be 

scaled using the standard semiconductor 

fabrication industry.” “Another important 

aspect of this work,” Petta added, “is that it's 

not just a demonstration of a high fidelity two-

qubit gate, but this device does it all. This is the 

first demonstration of a semiconductor spin 

qubit system where we have integrated 

performance of the entire system — the state 

preparation, the read out, the single qubit 

control, the two-qubit control — all with 

performance metrics that exceed the threshold 

you need to make a larger-scale system work.”

Source: Princeton University news release

Physics

Study solves mystery of how soft liquid droplets erode hard surfaces

A first-of-its-kind study led by University of 

Minnesota Twin Cities researchers reveals 

why liquid droplets have the ability to erode 

hard surfaces. The discovery could help 

engineers design better, more erosion-

resistant materials. Using a newly developed 

technique, the researchers were able to 

measure hidden quantities such as the shear 

stress and pressure created by the impact of 

liquid droplets on surfaces, a phenomenon that 

has only ever been studied visually.  The work 

is published in Nature Communications. 

Researchers have been studying the impact of 

droplets for years, from the way raindrops hit 

the ground to the transmission of pathogens 

such as COVID-19 in aerosols. It's common 

knowledge that slow-dripping water droplets 

can erode surfaces over time. But why can 

something seemingly soft and fluid make such 

a huge impact on hard surfaces? “There are 

similar sayings in both eastern and western 

cultures that 'Dripping water hollows out 

stone,'” explained Xiang Cheng, senior author 

on the paper.

In the past, droplet impact has only been 

analyzed visually using high-speed cameras. 

The University of Minnesota researchers' new 

technique, called high-speed stress micro-

scopy, provides a more quantitative way to 

study this phenomenon by directly measuring 

the force, stress, and pressure underneath 

liquid drops as they hit surfaces. The 

researchers found that the force exerted by a 

droplet actually spreads out with the 

impacting dropinstead of being conce-ntrated 

in the center of the droplet—and the speed at 

which the droplet spreads out exceeds the 

speed of sound at short times, creating a shock 

wave across the surface. Each droplet behaves 

like a small bomb, releasing its impact energy 

explosively and giving it the force necessary to 

erode surfaces over time. Besides paving a 

new way to study droplet impact, this research 

could help engineers design more erosion-

resistant surfaces for applications that must 

weather the outdoor elements. Cheng and his 

lab at the University of Minnesota Twin Cities 

already plan to expand this research to study 

how different textures and materials change 

the amount of force created by liquid droplets. 

“For example, we paint the surface of a 

building or coat wind turbine blades to protect 

the surfaces,” Cheng said. “But over time, rain 

droplets could still cause damage via impact. 

So, our research after this paper is to see if we 

can reduce the amount of shear stress of 

droplets, which would allow us to design 

special surfaces that can mitigate the stress.”

Source: University of Minnesota Twin Cities 

news release
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Quantum Physics

New possibilities in hybrid atomic quantum computers
University of Chicago researchers have 

created a hybrid array of neutral atoms from 

two different elements, significantly 

broadening the system's potential applications 

in quantum technology. The results were 

published in the journal Physical Review X. 

“There have been many examples of quantum 

technology that have taken a hybrid appr-

oach,” said Hannes Bernien, the lead 

researcher. “But they have not been developed 

yet for these neutral atom platforms.” While 

manmade qubits such as superconducting 

circuits require quality control to stay 

perfectly consistent, neutral atoms made from 

a single element all have exactly the same 

properties, making them ideal, consistent 

candidates for qubits. In a hybrid array made 

of atoms of two different elements, any atom's 

nearest neighbors can be atoms of the other 

element, with completely different freq-

uencies. This makes it much easier for 

researchers to measure and manipulate a 

single atom without any interference from the 

atoms around it. It also allows researchers to 

sidestep a standard complication of atomic 

arrays; it is very difficult to hold an atom in 

one place for very long. “When you do these 

experiments with the single atoms, at some 

point, you lose the atoms,” Bernien said. “And 

then you always have to re-initialize your 

system by first making a new, cold cloud of 

atoms and waiting for individual ones to get 

trapped by the lasers again. But because of 

this hybrid design, we can do experiments 

with these species separately. We can be doing 

an experiment with atoms of one element, 

while we refresh the other atoms, and then 

switch so we always have qubits available.”

The hybrid array created by Bernien's group 

contains 512 lasers: 256 loaded with cesium 

atoms and 256 with rubidium atoms. As 

quantum computers go, this is a lot of qubits: 

Though Bernien's device is not yet a quantum 

computer, quantum computers made from 

atomic arrays are much easier to scale up, 

which could lead to some important new 

insights. The hybrid nature of this array also 

opens the door to many applications that 

wouldn't be possible with a single species of 

atom. Since the two species are independently 

controllable, the atoms of one element can be 

used as quantum memory while the other can 

be used to make quantum computations, 

taking on the respective roles of RAM and a 

CPU on a typical computer.

Source: University of Chicago news release
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Quantum Physics

Tiny, cheap solution for quantum-secure encryption

It's fairly reasonable to assume that an 

encrypted email can't be seen by prying eyes. 

That's because in order to break through most 

of the encryption systems we use on a day-to-

day basis, unless you are the intended 

recipient, you'd need the answer to a mathe-

matical problem that's nearly impossible for a 

computer to solve in a reasonable amount of 

time. “If quantum computing becomes a 

reality, however, some of those problems are 

not hard anymore,” said Shantanu Chakra-

bartty, the Clifford W. Murphy Professor and 

vice dean for research and graduate education 

in the Preston M. Green Department of 

Electrical & Systems Engineering at the 

McKelvey School of Engineering. Chakra-

bartty's lab at Washi-ngton University in St. 

Louis proposes a security system that is not 

only resistant to quantum attacks, but is also 

inexpensive, more convenient, and scalable 

without the need for fancy new equipment. 

This research is featured in the journal IEEE 

Transactions of Information Forensics 

Science. 

There have been potential solutions for 

securing data against a “quantum attack.” 

Some technologies have been comm-

ercialized already. But they are comput-

ationally very expensive or require dedicated 

optical fibers or satellite links via lasers. The 

new protocol for Symmetric Key Distr-

ibution, which Chakrabartty and Mustafizur 

Rahman, the first author on the research 

paper, refer to as SPoTKD, doesn't require 

lasers or satellites or miles of new cable. It 

relies on tiny microchips embedded with even 

tinier clocks that run without batteries. The 

clocks are really electrons that seem to 

magically transport themselves between two 

locations on the chip using quantum 

tunneling; the “time” refers to the motion of 

the electrons. When the chips are created, 

their initial state is also recorded on a 

computer server. The quantum nature of the 

electrons' transport adds some extra layers of 

security; if they are measured, the clock 

collapses. It will disappear forever and neither 

a spy nor the recipient can access the 

information. And, as Chakrabartty has shown 

in the past, these kinds of systems can also 

power themselves for extended periods of 

time with the slightest energy input at the 

outset, thanks to the properties of quantum 

tunneling. This is another security advantage 

of his SPoTKD: it doesn't rely on outside 

energy to power it.  Ultimately, SPoTKD 

could be used to make sure medical records 

are destroyed after being read by a doctor, or to 

enforce time limits on software licenses. They 

can secure voting records or validate NFTs or 

just make sure no one is reading your email.

Source: Washington University in St. Louis 

news release
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