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11th June 2021 at 5.00 pm IST:  

Webinar Colloquium  

          
Speaker Prof. Steven M. Anlage  

Affiliation: Department of Physics, 

Quantum Materials Center 

University of Maryland, College Park, 

USA 

Topic:“When Waves Meet Chaos: A 

Clash of Paradigms” 

 Click here for the link 
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Q:  Why QuCenDiEM? what does 

the acronym stand for? What is the 

purpose of having this different entity 

altogether? 

A:  QuCenDiEM stands for 

Quantum Centre for Diamond and 

Emergent Materials. Doped Diamond is 

the ultimate material to realise 

quantum-bits, superconductor high-

kinetic impedance devices in quantum 

circuits and sensors. The centre focuses 

on cutting-edge research using diamond 

and other emergent quantum materials 

(2D, spin-quantum-liquids, topological 

materials etc.).  

Q:   From the dawn of time we are 

being drawn towards shiny objects. From 

the looks of it, in QuCenDiEM is a big part 

of research dedicated to one such shiny 

object. Why diamond! 

A:  Yes, with a high refractive index 

of 2.149, one shiny entity with 

everlasting value, just made up of carbon 

atoms, and first mined in India nearly 

4,000 years ago, is always in the 

reckoning, and this entity known as 

Diamond is so crucial for future 

diamond-based quantum devices and 

technologies. Doped Diamond exhibits  

Q: 
A: 

What’s in a name? Yet it seems too irresistible not to ask.  

 

 Some names reflect so much that we need to say ‘there is 

everything in the name’-- one such name that matters the most is 

‘Diamond’. 

superconductivity that offers many 

practical applications. In addition to this 

shiny entity, the centre’s efforts also 

would focus on many emergent quantum 

materials. 

Q:  This time around, will there be a 

perfect marriage between “Theory and 

Application?” In other words, does the 

centre aim to carry out research in 

fundamental physics on quantum 

materials and also their applications? 

Why do you feel the centre has the 

capacity to contribute to both these 

aspects. 

A:   I refer to the famous statement 

of Richard Feynman (1982) which our 

team likes very much and it goes like this: 

‘Nature isn’t classical… so, you’d better 

make it quantum mechanical, it’s a 

wonderful problem, because it is not 

easy’. The centre’s scientific themes have 

strong components to explore electronic 

correlations and new phenomena in 

quantum mechanics and the application 

of emergent quantum materials 

including doped diamond, hence there 

will be a perfect marriage between 

theory and applications. 

 

Q/A with the experts >>>  

Professor M. S. Ramachandra Rao from Department of Physics, IIT Madras explains 

what the quantum group QuCenDiEM is and its significance… 

Cont’d on page 3 
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from condensed matter to biology. 

Among these proton transfers is an 

important process often resulting in 

different molecular configurations 

and their interplay. The dynamics of 

these processes occur on 

femtosecond timescales, thus 

coupling the electronic and nuclear 

degrees of freedom, forcing us to 

look beyond the Born-

Oppenheimer picture. In this work, 

we used coincidence techniques to 

learn about correlated behavior in 

this benchmark molecular quantum 

system: the acetylene-vinylidene 

isomer pair. Using extreme 

ultraviolet picosecond photon pulse 

trains from a “third generation 

synchrotron light source - Elettra”, 

Fast atomic motion in quantum systems play a key role across a wide span of disciplines  

Blackbody radiation law 

 

Reviewing the recent progresses in 
Quantum Spin Hall Insulators 
 

fields. We further review theoretical  

The article reviews the recent 

developments in efforts to radically 

transform quantum electronic device 

concepts utilizing atomically thin 

topological materials like Quantum Spin 

Hall insulators. These are 2D states of 

matter formed from the interplay orbit of 

topological band inversion, and strong 

spin coupling. The bulk material shows a 

significant band gap whereas the 1D 

conducting edge states are formed that 

can be tuned using electric and magnetic 

 

Recent publications >>> 

we performed angle-resolved photoelectron 

spectroscopy (ARPES) employing the photoelectron 

spectroscopy photoelectron-photo ion coincidence 

(PEPICO) technique. This work revealed hitherto 

unknown aspects of the excited states of this system 

through electron energy as well as angular 

distribution measurements by velocity-map-imaging.   

 

Coincident angle-resolved state-selective 
photoelectron spectroscopy of acetylene 
molecules: a candidate system for time-resolved 
dynamics 
 

Snippet from scientific history 

"Satyendra Nath Bose (Jan. 1, 1894 - Feb. 4, 
1974): Legendary physicist and founder of 
quantum statistics, the basis of modern 
atomic theory. This work, according to 
Einstein's biographer, Abraham Pais, is the 
last of the four revolutionary papers of old 
quantum theory, the other three being by 
Planck, Einstein and Bohr. Along with 
Meghnad Saha, he was the first to translate 
Einstein's theory of relativity into English.  
 

Immortalized not only by the 
coinages like Bose statistics, Bose-
Einstein condensation, and Higgs 
Boson, but half of the 
fundamental particles are named 
after him - bosons. Equally well 
versed in theory and experiment, 
Bose initiated research on X-Rays 
in India. A renaissance man, a 
patriot, a polyglot interested in 
philosophy, religion, literature, 
music, chess etc. He was fluent in 
French, German, and Sanskrit. 
Crusader for science 
popularization and teaching in 
vernacular languages, he started 
the Bengali science magazine, 
Gyan-0-Bigyan. This 'special 
cover' is a tribute to a great son of 
India."  
 
 
 
 

by Dr. Shantanu Mukherjee, IIT Madras 

by Dr. Sivarama Krishnan, IIT Madras 

Bose Einstein Condensation 

Commemoration of the 125th 

birth anniversary of S. N. Bose 

S. Mandal et al., Faraday Discussions (2021)     

        DOI:10.1039/D0FD00120A 

predictions on non-trivial edge state 

superconductivity in QSH systems and efforts 

to utilize these materials for Majorana-based 

topological quantum computing. This work was 

published by Lodge et al., Advanced Materials, 

Volume-33, 2008029, 2021) 

https://doi.org/10.1002/adma.202008029 

doi:10.1039/D0FD00120A
https://doi.org/10.1002/adma.202008029
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  Concept of the month >>> 

 

 very short times to sensors that 

can power nanoscale magnetic 

resonance imaging (MRI), 

simulating quantum systems, and 

dark matter detectors too! 

However, to turn potential 

quantum systems into technology 

with industrial enterprises, finding 

and perfecting suitable materials is 

imperative, and this is a central 

Madras. While the brilliance of a perfect 

diamond cannot be denied, the colorful 

world of defective diamonds can possess 

an amazing blend of properties just right 

for quantum technologies. 

In defects such as nitrogen-vacancy and 

silicon-vacancy, spins and their dizzying 

quantum motions can be controlled by 

the light that shines on them (optical and 

microwave excitation) and monitored by 

the light from them (luminescence).  And 

these can be done with very high degrees 

of precision which gives the potential for 

high fidelity quantum system. But 

challenges remain in creating defects 

controllably, on which we are working in 

our center. 

The ultimate challenge is to 
develop quantum materials 
that can be scaled up as 
potential quantum hardware 

Shine on you crazy diamond: 

Materials for the quantum world 
by Zainab Chowdhry, IIT Madras 

A fascinating area of scientific 

research today is to devise 

technologies based on the 

principles of quantum mechanics.  

We can revolutionize technology 

using the two most bizarre 

principles of superposition and 

entanglement on which QM rests. 

Quantum theory developed in the 

last century astounded the world by 

explaining nature at its smallest 

length scales and details: this 

century, the drive is to harness its 

power for realizing hitherto unseen 

technologies ranging from 

computers that can perform 

complex computations in  

challenge in the field now. “But 

sometimes, the trick lies in not searching 

for perfection but in creating 

imperfections intentionally, just the way 

we did with silicon.” according to Dr. 

Praveen Bhallamudi, a physicist at IIT  

 

 

 

 

for useful quantum device applications, 

and (iv) cutting-edge engineering 

applications using diamond membranes.  

This is the reason why the core team of the 

center consists of physicists and 

engineers. 

Q:  What are we looking in 

QuCenDiEM for scholars? What will be 

research opportunities available for 

students as part of the QuCenDiEM 

center? 

A:  Scholars who are a part of the 

centre are the most fortunate in terms of 

working in frontier research areas related 

to quantum-diamond and various novel 

and emergent quantum materials. These 

scholars will emerge as next-generation 

researchers with tremendous experience 

in the areas of quantum materials and 

quantum devices. 

Q:   What are we expecting here in 

the next 5 years? 

A:   QuCenDiEM, in the next 5 years, 

will be on the global map as a centre that 

carries out cutting-edge research in the 

frontier areas of emergent quantum 

materials and the centre will be the best 

place to carry out research (fundamental, 

and applied) using doped diamond by 

exploiting its hidden quantum properties, 

especially with emphasis on exploring the 

physics and applications of NV-centres in 

diamond.  

In 5 years, the centre would emerge 

strongly in various areas (quantum 

materials and quantum devices): 

Frustrated magnets and Heusler phase 

topological insulators, Kitaev magnets; 

Theory of unconventional phases and 

their excitations in emergent materials. 

Investigations on quantum spin liquids, 

pyrochlore quantum spin liquid 

compounds, 

 

Q/A with our physicists >>> 
 …Continued from page 1 

Q:   Seems that most of the topics 

covered in QuCenDiEM, have industrial 

applications. What’s your take on this? 

A:  The topics covered have four 

different research areas that explore, 

 

 

 

 (i) the fundamental and theoretical 

aspects of quantum phenomena, (ii) 

emergent quantum materials, (iii) 

doping in diamond by way of creating 

quantum-centers (controlled defects)  

Cont’d on page 4 
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emerge as true global-quantum-

researchers. 

Q:  We are in the midst of a 

pandemic, and it will take a while before 

things go back to normal. What are the 

challenges the centre faces in 

implementing its ambitious goals during 

the pandemic and how do you propose 

to overcome them? 

A:  The centre has already 

overcome the setbacks caused by the 

pandemic by way of organizing regular 

online discussions, fulfilling the initial 

objectives of placing orders for high-end 

equipment and computational facilities 

required for the proposed experimental 

and theoretical research. It’s faculty and 

students have been involved in the 

creation of this New Letter 

(QuantuMatters) and the centre will be 

organizing Webinar series (QuanTalks) 

and the first Webinar is scheduled on the 

11th of June 2021. Therefore, in any way, 

the pandemic has not deterred the 

spirits of faculty and students involved in 

various activities.   

Q:   Do you think this Q & A session 

is more than sufficient for an outsider to 

know about QuCenDiEM. Did we miss 

anything. Would you like to add 

anything? 

A:  Yes, all the above information is 

sufficient for an outsider to know about 

QuCenDiEM.  

One important information I would like 

to add is that the centre has many 

‘diamonds and gems’ in the form of 

‘faculty and students’ who are valuable 

assets that are ready to fulfil the goals 

of all the proposed quantum science 

and technology research on diamond 

and emergent quantum materials.  

 

 

Q: 
A: 

Q/A with our physicists >>> 
 …Continued from Page 3 

compounds, investigation of spin-orbit 

coupling to explain magnetic order, 

unconventional excitations in Kagome 

lattices; Experiments to study 

excitations in emergent materials using 

techniques like ARPES, XAS etc.; Creating 

NV-centres in diamond by implantation; 

Formation of NV in diamond and other 

lattices using fs-laser; NV-centre based 

qubits, single-photon detectors, sensors 

and magnetometry; Fabrication of 

diamond seeds and membranes; 

Superconducting boron doped diamond 

(BDD) to fabricate quantum SQUID 

devices; Atom probe tomography (APT) 

to identify nitrogen / NV-centres in 

diamond lattice; Diamond based 

superconducting qubits and exploration 

of granularity in superconducting BDD 

that exhibits high kinetic impedance 

useful in quantum information device 

applications. 

Q:  Covering a major part of 

physics, would it reach out to a large 

section of physics society. Any thoughts 

on how the centre could enhance the 

collaborations and scientific cooperation 

between Indian and International 

scientific communities? 

A:  The faculty members involved 

in various research activities of the 

centre have a proven record of 

international collaborations. 

The centre’s themes on diamond and 

emergent quantum materials have 

already attracted a lot of international 

collaborations from across the globe. 

With possibilities of joint degrees, 

student and faculty exchanges and 

publishing papers jointly in high quality 

journals, the centre already has 

international visibility. All these aspects 

would help young researchers take their 

work to the next level and they would  
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 (GB) fraction have been found to be good electrical 

conductors, which can be easily made p-type or n-

type, resulting in many orders of magnitude 

increase 

Realization of highly conducting n-type 
diamond by phosphorus ion implantation 

Diamond is considered as one of 

the best next generation wide 

bandgap semiconductors due to 

its exceptional properties but 

suffers a drawback: finding a 

shallow donor with reduced 

thermal activation energy is a 

necessity for its application in 

high power electronics.  

Achieving high conductivity in 

bulk diamond has been 

challenging, and thus, diamond 

films in ultra-nanocrystalline 

diamond (UNCD) formed with 

an increased grain boundary 

(GB) 

by Dhruba Das, Asokan Kandasami and M. S. Ramachandra Rao 

Recent publications >>> 

 

 

 

https://qucendiem.org 

increase in resistivity. They have 

reported on the formation of n-type 

ultra- nanocrystalline diamond 

exhibiting high electrical 

conductivity ~ 104 Ω-1m-1 by  

phosphorus ion implantation. The 

Raman study confirms the 

restoration of crystallinity upon high 

vacuum.  

This study demonstrated the 

fabrication of the n-type ultra-

nanocrystalline diamond by 

phosphorus ion implantation. The 

work was published in Appl. Phys. 

Lett. 118,102102 (2021);  

 https://doi.org/10.1063/5.0039909 

 

 

 

For any queries contact us at 

qucendiem@gmail.com 

 

Dr. Shantanu Mukherjee 

Ms. Zainab Chowdhry 

Prof. M. S. Ramachandra Rao     

 

 

 

 

Effect of Covid on research 

Before 2K19 Pandemic was a 

horrifying history chapter for people 

born in mid-19th century and 21st 

century. But now it’s a reality. We are 

in midst of a Pandemic. And this time 

around this Pandemic has been 

coined as “COVID-19”. Now, as the 

title suggests this article is about 

research in pandemic. 

 But when life has turned upside 

down, when people are dying why 

bother about research, science and 

it’s developments? The answer can 

be simply put in the following way: 

Covid-19 is caused by a Coronavirus, 

Coronaviruses are a very diverse 

family of viruses. If we had a better 

understanding of how Coronavirus 

acts and transmits we wouldn’t have 

this pandemic to begin with. And for 

this understanding what we do need 

is detailed research. Now about 

doing research in this situation, 

frankly speaking- it’s very hard and 

even 

even impossible for some of us and 

has even affected our productivity. 

 Also, as a PhD candidate the clock is 

ticking for us. However, whining about 

all this will take us nowhere. We 

should be doing our best in these 

situations and help others. 

A major part of research is associated 

with lab work. But many of us are 

stuck at home and unable to access 

the labs. Here and there we get news 

of instruments and research samples 

getting contaminated, which is 

equivalent to death in many cases for 

those samples and instruments. For 

many of us we don’t have a suitable 

environment at home for doing 

research work. It is definitely affecting 

our productivity. access the labs. Also, 

as a PhD candidate the clock is ticking 

for us. 

It’s dark, but the dawn is not far away. 

 

 

Final thoughts... 
by Subhojit Roy, IIT Madras 

IIT Madras 

 

 

‘Quantum Phenomena are waiting to be explored’  

‘Quantum Materials are here to stay’ and 

 ‘Quantum-Diamonds are forever’ 

‘Quantum Device Technology is the way forward’ 

https://qucendiem.org/
mailto:qucendiem@gmail.com

