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Vision
The Institut quantique (IQ) of Université de 
Sherbrooke believes that transformative technolo-
gies will emerge from quantum sciences and that 
this quantum revolution will have an influence on 
our society and our daily lives.

Mission
The Institut quantique of Université de Sherbrooke 
seeks to bring together internationally recognized 
leaders in research and interdisciplinary training 
in science and quantum technologies. IQ thrives to 
be a collaborative environment at the interface of  
quantum information, quantum materials and 
quantum engineering that offers exceptional  
scientific and professional perspectives to its  
students, members and partners.
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DIRECTOR’S WORD
Like the booming field of quantum science and technology, the 
first year of the Institut quantique was marked by many events. 
These included the hiring of Éva Dupont-Ferrier and Glen Evenbly.  
Pre Dupont-Ferrier will lead the experimental development of 
new architectures for quantum computing based on dopants in 
silicon. Pr Evenbly is a recognized expert in the theory of tensor 
networks, a new digital method that finds applications ranging from  
quantum materials to quantum information. We also welcomed the 
first cohort of IQ postdoctoral fellows. Recruited following an  
international call, these three young researchers reinforce interactions 
between IQ members.

Alexandre Blais, Scientific Director. 
Source: Karine Couillard Photographe

The IQ is also proud to support  the 
Université de Sherbrooke’s Women 
in Physics Group. This grouping aims 
to promote the presence of women  
in physics programs, from bachelor’s 
to postdoctoral fellowships. Several  
actions are expected in the coming 
months and years.

With the objective of consolidating 
existing collaborations between the 
IQ’s researchers and many French  
researchers, the IQ participated in June 
2016 with the Centre national de la 
recherche scientifique (CNRS) and the 
Université Paris-Sud in the creation of 
the International associated laboratory  
for quantum circuits and materials 

(LIA-LCMQ). More than 80 French and 
IQ researchers met in October 2016 in 
Sherbrooke for the inaugural LIA-LCMQ 
workshop. An important objective of 
this new partnership is to increase the 
number of cotutelles between France 
and the IQ.

In 2016-2017, IQ members published 
more than 100 scientific papers, filed 
five patent applications and received 
nearly 30 visitors from nine countries. 
Several of IQ’s breakthroughs have had 
a significant impact in the international 
arena. This is particularly the case for 
Professor Taillefer’s team, who collabo-
rated with members of the Canadian 
Institute For Advanced Research (CIFAR) 

to settle a 20-year debate in the field of 
quantum materials. Professor Taillefer 
was awarded the Simon 2017 Memo-
rial Scholarship. He is the first Canadian 
to receive this international distinction 
since its creation in 1957.

This report will give you an overview  
of the exciting science underway at  
Institut quantique and some of the key 
actions that have been taken to make 
the IQ a major player in the second 
quantum revolution.
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ABOUT ThE INSTITUTE
Institut quantique (IQ) of Université de Sherbrooke brings together internationally recognized leaders in research and  
interdisciplinary training in science and quantum technologies. IQ is a collaborative environment at the interface of quantum  
computing, quantum materials, and quantum engineering offering exceptional scientific and professional opportunities to its  
students, members, and partners. 

What we do

• Develop projects at the interface of our research areas

• Train highly qualified personnel who will drive tomorrow’s 
economy

• Accelerate the development of quantum technologies,  
entrepreneurship, and the marketing of  these  
technologies

• Engage key players in the development of quantum  
technologies

• Foster social awareness in technological challenges  
emerging from quantum science

cFreF – MAJor grAnt

The Canada First Research Excellence Fund (CFREF) 
has awarded $33.5 million over the next seven 
years to our researchers to support the project 
“From Quantum Science to Quantum Technolo-
gies”. This ambitious strategy will undoubtedly 
be one of the great industrial revolutions of the   
21st century.
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hIGhLIGhTS

Professor Dupont-Ferrier is an expert in quantum information. She has acquired  
expertise in a broad range of systems used to encode quantum information: spins 
of colour centres in diamond, quantum dots, dopants in silicon, superconducting  
circuits, and nanomechanical resonators. She has developed several strategies to  
implement innovative devices for quantum information based on these systems.  
Working with superconducting circuits as a postdoc at Rutgers University in the U.S., 
she performed the first proof-of-concept experiment on topologically protected arrays 
of Josephson junctions. Working with nanoMOSFET, she established an essential step 
to build scalable architectures based on microelectronic devices by demonstrating the 
first coherent coupling of two dopants embedded in a transistor.

Professor Dupont-Ferrier decided to 
come to Sherbrooke as she considered 
it was the “best place” for her to go.  “As 
a new professor at Institut quantique, I 
could benefit from very good conditions 
in terms of infrastructure and equip-
ment, allowing me to set up my challen-
ging research quickly and conduct 
leading experiments in the field of 
quantum information.” Eva said she 
was also “attracted by the personal en-
vironment in the institute which brings 
together world-class scientists she is 
looking forward to collaborating with! 

Not only are they excellent physicists 
but they also work closely together and 
are extremely nice to work with.”

When asked about the research she 
wants to develop at IQ, Eva said she was 
interested in developing novel architec-
tures for quantum information, based 
on dopants in silicon. “Dopants in silicon 
are a very promising building block for 
scalable quantum information systems. 
Due to their very small size, they can be 
integrated at a high density and unlike 
‘artificial atoms’ produced by electronic 

Éva Dupont-Ferrier

IQ Welcomes Two Professors
Institut quantique and the Department of Physics are proud to have recruited two new professors this 
year: Éva Dupont-Ferrier and Glen Evenbly.

n Professor Éva Dupont-Ferrier

lithography, these atoms have perfectly 
reproducible and stable properties.” She 
wants to “address dopants using state-
of-the-art devices from the microelec-
tronics industry in order to quickly build 
efficient quantum devices.” In parallel, 
she wants to “put dopants at the heart 
of hybrid systems combining dopants 
with optics and superconducting cir-
cuits for efficient readout, coupling and  
manipulation.”
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Professor Evenbly is an expert in nume-
rical tensor network methods for quan-
tum and statistical many-body physics. 
he is internationally recognized for his 
work on the multi-scale entanglement 
renormalization ansatz (MERA) and 
tensor network renormalization. he has 
also pioneered the use of tensor network 
methods to extract conformal data and 
established deep links between these 
ideas and the anti-de Sitter/conformal 
field theory (AdS/CFT) correspondence. 

Professor Evenbly decided to come 
to the Université de Sherbrooke for 
one very simple reason: “It was the 
best place for me to go. I already knew  
several of the researchers here – people 
I wanted to work with.” The 33-year-old 
physicist says he was seduced by the 
Government of Canada’s recent invest-
ments in research and a work environ-
ment he finds “very vibrant right now.”

When asked about his current research 
interests, Professor Evenbly said that he 
was thinking about “new ideas for ten-
sor networks, new formulas, and new 
algorithms” and how to “make tensor 
networks more practical.” he would like 
to focus primarily on problems related 
to quantum materials, such as studying 
strongly correlated or magnetically  
frustrated materials. But this doesn’t 

Glen Evenbly
Source: Michel Caron

hIGhLIGhTS   n   IQ WELCOMES TWO PROFESSORS

n Professor Glen Evenbly

stop at quantum materials and quan-
tum information science: “Recently,  
I met researchers who’ve thought of  
applying tensor networks to string  
theory,” he says.
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n hIGhLIGhTS

Louis Taillefer, professor, physicist, 
and a member of Institut quantique, 
was the recipient of the 2017 Simon 
Memorial Prize. He is the first Canadian 
to be awarded this international 
distinction since its creation in 1957. 
The award was presented at the 
28th International Low Temperature 
Physics Conference in Gothenburg, 
Sweden, which was held from 
August 9 to 16, 2017. The Institute of 
Physics (IOP) awards this prize every 
three years to recognize distinguished 
works in experimental or theoretical 
low-temperature physics. Professor 
Taillefer was chosen for his contribu-
tions in the field of unconventional 
superconductivity. 

Louis Taillefer
Source: Michel Caron 

n Louis Taillefer
First Canadian to Receive the Simon Memorial Prize
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hIGhLIGhTS   n   SCIENCE AND TEChNOLOGy

Physicists have identified the transition 
that could explain why copper oxides 
have such impressive superconducting 
behavior.

Settling a twenty-year-old debate in the 
field, the researchers discovered that a 
mysterious quantum phase transition, 
called «pseudogap», leads to a sharp 
decrease in the number of conduc-
tive electrons available for the pairing  
required for superconductivity. “It is  
very likely that this critical point ex-

plains why superconductivity manifests 
itself, and why it does so forcefully,» 
says Louis Taillefer. The results have 
been published in Nature.

Louis Taillefer has collaborated with  
his team and other members of the  
Canadian Institute for Advanced  
Research (CIFAR) including: Cyril Proust 
(Laboratoire National des Champs  
Magnétiques Intenses), Doug Bonn, 
Walter hardy and Ruixing Liang (all 
three from the University of British  
Columbia). The study combined the  
University of British Columbia’s ex-

pertise in cuprate synthesis with the  
Université of Sherbrooke expertise 
in terms of material characterization  
analysis and the skills of the Toulouse  
laboratory in producing powerful 
magnetic fields.

For more information:
S Badoux, W Tabis, F Laliberté, G Grisson-
nanche, B Vignolle, D Vignolles, J Béard, 
DA Bonn, WN hardy, R Liang, N Doiron-  
Leyraud, L Taillefer, C Proust, “Change of  
carrier density at the pseudogap critical 
point of a cuprate superconductor”, Nature 
531 (7593), 210-214. 

Physicists Nicolas Doiron-Leyraud, Louis Taillefer and Sven Badoux.
Source: Michel Caron

n Science and Technology
New Signature of the Pseudogap Phase, a Key in the Enigma of  
Superconductivity at high Temperatures
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hIGhLIGhTS   n   SCIENCE AND TEChNOLOGy

For more information: 
S. Charpentier, R. Arpaia, R. Baghdadi, T. Bauch, F. Lombardi,  
J. Gaudet, D. Matte, P. Fournier, T. Löfwander and D. Golubev,  
hot spot formation in electron doped PCCO nanobridges, Phys. 
Rev. B 94, 060503 (2016).

Upper panels: (a) SEM image of a Pr1,85Ce0,15CuO4 superconducting 
nanobridge acting as a Josephson junction; (b) Schematics of the 
thin films geometry across the nanobridge. Lower panels: (a) SQUID 
in the Dayem bridge geometry; (b) Critical current oscillations as a 
function of an applied magnetic field.

IQ/Chalmers University collaboration leads to breakthrough in Josephson  
junctions device fabrication in Pr1,85Ce0,15CuO4 superconducting thin films

Collaborators in Floriana Lombardi’s group at Chalmers Univer-
sity, Sweden, used high-quality Pr1,85Ce0,15CuO4 superconducting 
thin films, grown in IQ researcher Patrick Fournier’s Laboratory 
for Advanced Epitaxy by Pulsed Laser Ablation, to fabricate nar-
row bridges acting as Josephson junctions. Such junctions were 
never obtained before with this family of superconductor as their 
physical properties are extremely sensitive to nanofabrication 
processes. The collaborators in Chalmers succeeded in fabrica-
ting sub-micron structures, with bridges as narrow as 100 nm. At 
these length scales, the bridges can act as Josephson junctions. 

In this paper, it was demonstrated that hot spot formation 
in the nanobridges determines the critical current den-
sity, the limiting current it can carry without resistance. 
The switching effect occurring at large currents may be of  
interest for designing superconducting nanowire 
single-photon detectors. It was also shown that a  
geometry made of two parallel bridges between two  
separate electrodes, the so-called Dayem bridge, can act as 
a superconducting quantum interference device (SQUID) 
with periodic field oscillations of its critical current. 
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hIGhLIGhTS   n   SCIENCE AND TEChNOLOGy

The most detailed calculation of superconductivity 
in iron-based superconductors 

Superconductivity is a remarkable phenomenon. At a relatively 
low temperature, a material can become superconducting, that 
is, convey electrical current without resistance and exhibit quan-
tum properties on a macroscopic scale. A material that becomes 
superconducting at room temperature would lead to revolutiona-
ry technologies. IQ is participating actively in this global effort by 
developing computing and mathematical tools designed to help 
achieve this goal.

Several mathematical and numerical methods are being deve-
loped around the world to give us the tools to predict, from first 
principles, whether a given material can become superconduc-
ting. Reza Nourafkan, an IQ research professional, in collabora-
tion with Prof. Tremblay of Université de Sherbrooke and Prof. 
Gabriel Kotliar of Rutgers University, has completed the most de-
tailed calculation to date in determining the superconductivity of 
iron-based superconducting materials. The type of superconduc-
tivity present in this material is subtle: superconductivity is usual-
ly caused by an effective attraction between electrons caused by 
the delayed effect of the vibrations of atoms around their equi-
librium position. But materials that become superconducting 
at the highest temperatures (such as iron-based superconduc-
tors) are materials where there is a clear repulsion between the 
electrons, not an attraction. The presence of repulsion is made 
evident by the proximity of insulating states. The detailed and 
unprecedented agreement obtained with experiments suggests 
that we now have the tools to understand this class of materials.

For more information: 
R Nourafkan, G Kotliar, AMS Tremblay, “Correlation-enhanced odd-parity inter-orbital singlet pairing in the iron-pnictide superconductor LiFeAs”, 
Physical Review Letters 117 (13), 137001.

Plot of the interacting electron states that enter the calculation  
for the iron-based superconductor LiFeAs. In the absence of 
interactions, the relation between energy, on the vertical axis, 
and momentum, on the horizontal axis, is unique, so this plot 
would contain only full lines. In the presence of interactions, at 
a given momentum there is a width in energy. The probability 
that an electron of a given momentum has a given energy is 
thus represented by the intensity of the grey scale.
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On January 18, 2017, Quantum Num-
bers Corp. (QNC) announced the offi-
cial launch of QNG2, a next-generation  
solution for Quantum Random Number 
Generators (QRNG).

About QNC: 
QNC, a publicly traded company (TSX VENTURE: QNC), is an innovative  
developer of cryptographic solutions based on Quantum Random Number  
Generators (QRNG). QNC’s mission is to address the growing demand for  
affordable hardware security for connected devices. 

Visit its web site at www.quantumnumberscorp.com. 

A new technology from IQ for a Quantum Random Number Generator 

QNC’s QNG2 is a cutting-edge QRNG based on quantum tunnelling, a purely 
quantum effect that guarantees complete randomness. The inventor of the  
technology is IQ member, Pr Bertrand Reulet, Canada Excellence Research 
Chair in Quantum Signal Processing. “This unique technology provides one 
of the highest potential security for electronic devices connected to the internet,” 
states Pr  Reulet.

This provides a source of absolute randomness, a key prerequisite for any  
encryption scheme to ensure reliable cyber security. It also has the capacity to  
deliver up to 1 Gbps of full-entropy random numbers and is small enough to be 
embedded in a microprocessor chip.

hIGhLIGhTS   n   SCIENCE AND TEChNOLOGy
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n Collaborations and Partnerships

Some members of IQ are also part of the 
Unité mixte internationale – Laboratoire 
des Nanotechnologies & Nanosystèmes 
(UMI-LN2), the first international unit 
of the CNRS to be established bilate-
rally in North America. Thanks to this 
collaborative structure, members of 
IQ have access to European funding, 
including the €1B European Quan-
tum Flagship fund. Finally, we recently 
partnered with the Australian Centre of 
Excellence for Quantum Computation 
and Communication Technology for the 
joint supervision of graduate students.

In June 2016, IQ partnered with CNRS and Université Paris-Sud for the 
creation of the joint International laboratory for quantum circuits and mate-
rials  (LIA-LCMQ). This LIA builds on and strengthens existing collaborations 
between IQ researchers and French researchers such as Antoine Georges 
(Collège de France and École Polytechnique), Daniel Estève, (SPEC) and  
Cyril Proust (LNCMI Toulouse). For example, the infrastructure of the  
Laboratoire national des Champs magnétiques intenses (LNCMI) is used by 
IQ researchers for the study of quantum materials in intense magnetic fields. 
This infrastructure has already been instrumental to many of the break-
through discoveries made by Louis Taillefer’s group. This agreement aims to 
reinforce existing scientific collaborations between the two institutions and  
to invigorate interactions.

hIGhLIGhTS   n   COLLABORATIONS AND PARTNERShIPS
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LIA-LCMQ researchers and students. 
Source: Bertrand Reulet 

In October, more than 80 theoretical and experimental French and IQ researchers 
converged in Sherbrooke for the first workshop of the LIA-LCMQ. Bertrand Reu-
let and Cyril Proust, co-directors of the LIA-LCMQ, jointly launched the discussions  
of this inaugural workshop, which highlighted the state of the art in quantum  
materials and quantum circuits. A long history of collaboration among this  
unique group of researchers has led to breakthroughs, including the discovery  
in 2016 of a new signature of the pseudogap phase, a key to resolving the  
enigma of superconductivity at high temperatures.

“We have everything to gain by streng- 
thening our collaborations, from the 
scientific point of view as well as sharing 
infrastructure and advanced experiments, 
access to large research facilities or the 
use of high-performance computing ser-
vers,” states Cyril Proust. «I also think that 
the co-supervision of students will also be 
an undeniable asset of the LIA», he adds.  
The LIA-LMCQ is a platform for stimulating 
student exchanges, international training 
and the organization of workshops and 
summer schools.”

Inaugural Meeting of the International associated laboratory for quantum circuits 
and materials (LIA-LCMQ), October 27-29

hIGhLIGhTS   n   COLLABORATIONS AND PARTNERShIPS
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Quantum bits based on single-electron spins, also known as spin qubits, are one 
of the most promising candidates for the development of a quantum computer. 
Experiments in several laboratories worldwide have shown that metal oxide semi-
conductor (MOS) based silicon quantum dots (QDs) have proven to be an excellent 
medium to achieve highly coherent and stable single spin qubits. Building on these 
successes, a team of physicists and electrical engineers at Institut quantique have 
invented and demonstrated a new concept called the “split accumulation gates.” 
This invention has achieved ideal MOS quantum dots for qubit application.

A challenge in moving this novel  
approach towards large-scale multi- 
qubit devices is the need for high-yield, 
nanometer-scale MOS fabrication pro-
cesses. Thanks to the joint laboratory 
established with the Centre National de 
la Recherche Scientifique – Unité Mixte 
Internationale – Laboratoire des Nano-
technologies & Nanosystèmes (LN2-
CNRS UMI-3463) and STMicroelectro-
nics, the IQ team overcame this hurdle 
thanks to access to UMI-LN2’s partner 
proprietary FD-SOI technology. This  
facility promises to deliver outstanding 
qubit performance, based on its low  
parasitic capacitance and high conducti-
vity metal gates, and on the extremely 
low electron leakage between the QDs 
and other components.

Academia-Industry Collaboration - Institut quantique Research Team Will Lead 
the Next Breakthrough in qubit Fabrication

IQ researchers, Michel Pioro-Ladrière, Étienne Grondin and Dominique Drouin with the first 
generation of quantum devices fabricated on the ST-production line. 
Source : Michel Caron 

hIGhLIGhTS   n   COLLABORATIONS AND PARTNERShIPS



 2016-2017 annual  repor t 16

Professors, students at the Summer school on numerical methods for quantum materials. 
Source: Phys. Dept.

Physicists from as far away as Australia, 
South Africa and South Korea gathered 
from May 31 to June 10 for a summer 
school organized by Institut quantique 
and the Physics Department of the  
Université de Sherbrooke.

More than 70 master-level and doctoral students as well as post-doctoral researchers 
were present to study, discuss, and practise advanced numerical methods used to  
investigate the properties of quantum materials. At this school, the students learn  
directly from internationally renowned researchers, about fifteen professors from  
Europe and United States, who have created the leading innovative calculation  
methods used today to understand the properties of quantum materials. 

Summer School on Numerical Methods for Quantum Materials  
(May 31-June 10, 2016)

n Outreach and Training

hIGhLIGhTS   n   OUTREACh AND TRAINING



17

Female students in physics programs 
are still considerably outnumbered  
by male students, and the physics  
profession remains predominantly 
male. Women who study and work in 
physics are faced with situations and 
challenges unique to their gender.

To contribute to changing this situation, a group of female students from the  
Physics Department has formed the Université de Sherbrooke’s Women in Physics 
Group. With support from IQ, group members discuss their experiences and career 
goals, while creating a network of contacts and support that includes women from all 
levels of academia.

At the group’s first meeting, students shared ideas for projects and activities to  
increase the representation of women in physics both within the department and 
more broadly, promoting diversity within the sciences. The group is made up of  
young women studying at the undergraduate, graduate, doctoral and even  
postdoctoral levels.

Female physicists unite at Université de Sherbrooke

Members of Université de Sherbrooke’s Women in Physics Group (November 3, 2016).  
Source: Université de Sherbrooke’s Women in Physics Group

For more info, watch the videos produced by Université de Sherbrooke as part of the 2017 International Women’s Day.  
www.usherbrooke.ca/iq/fr/accueil/nouvelles-de-linstitut/nouvelles-details/article/34268/

hIGhLIGhTS   n   OUTREACh AND TRAINING
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In 2016, in an effort to spearhead an interfaculty initiative in quantum engineering, IQ launched a series of seminars titled  
“Quantum physics for engineers.” This 12-hour long series of seminars helped to demystify quantum mechanics and build  
“quantum awareness” among engineering undergraduate and graduate students. This series of seminars was also well attended 
by engineering faculty members, providing them with an opportunity to learn how their own expertise may help solve some of  
the challenges in bringing quantum science to practical quantum technologies.

Quantum Physics for Engineers

hIGhLIGhTS   n   OUTREACh AND TRAINING

For more information:
www.usherbrooke.ca/fiches-cours/gei777

David Poulin and Alexandre Blais

A concrete outcome of the quantum  
seminar series activities is the creation 
of a quantum mechanics graduate class 
for engineers [Quantum Mechanics for 
Engineers Course (GEI-777)] taught 
by IQ members yves Bérubé-Lauzière 
and Julien Sylvestre of the Faculty of 
Engineering. This class was followed in 
the spring of 2017 by a first cohort of 
9 graduate students. These are encou-
raging steps towards IQ’s objective of 
building a fully-fledged quantum en-
gineering program. 
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In June 2016, the Institut transdisciplinaire d’Information quantique (INTRIQ) and IQ organized a one-day outreach workshop  
focused on CEGEP (college) teachers. The event was a tremendous success, attracting 61 participants from 23 CEGEP.  
This day-long activity included one-hour tutorials on the basics of quantum mechanics and quantum information processing. This 
was followed by a tour of the laboratories at IQ and round-table discussions on the challenges of and opportunities for quantum 
information science teaching and outreach at the college level.

Outreach Workshop – Quantum Information Science for College Teachers

hIGhLIGhTS   n   OUTREACh AND TRAINING

College teachers participating in the Quantum Information Science for College teachers Workshop. 
Source: INTRIQ



 2016-2017 annual  repor t 20

On August 31, 2016, IQ had the honour of welcoming  
Professor Gilles Brassard, CRC Chairholder at Université de  
Montréal and father of quantum computing research in Canada 
and one of its pioneers worldwide.

his conference was titled “La cryptographie dans un monde  
quantique” and was open to the Sherbrooke scientific commu-
nity as a whole. No prior knowledge in cryptography or quantum 
physics was necessary to attend. More than 80 people were  
present to witness an account of the history of cryptography,  
from the prehistoric age to Shannon’s approach in information 
theory in the mid-twentieth century to the invention of quantum 
cryptography by Brassard and his colleague Charles Bennett in  
the 1980s.

IQ Grand Conferences – Gilles Brassard – August 31, 2016

hIGhLIGhTS   n   OUTREACh AND TRAINING

Gilles Brassard
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PEOPLE

In 2016, following a call for candidates and a thorough examination of more than 70 applicants, 
we welcomed three new IQ-sponsored postdoctoral fellows.

n IQ Postdoctoral Fellowships Program

Arash Akbari-Sharbaf

Arash chose IQ for his postdoc for “the high quality of  
experimental and theoretical research being conducted at 
Institut quantique, coupled with well-equipped laboratories, 
gives me a unique opportunity to develop my research skills 
as both an experimentalist and a theorist.” When asked about 
the region of Sherbrooke, he said that “people go out of their 
way to help you fit in.”

Interested in particle physics at first, he eventually chose 
quantum magnetism as his field of research because of  
his interest in the fundamental magnetic properties of ma-
terials and the importance of this field in the development 
of new technologies. Arash’s research at IQ involves material  
characterization of quantum spin liquid candidates using  
local magnetic probe techniques, including muon spin  
relaxation (MuSR), nuclear magnetic resonance (NMR), and 
electron spin resonance (ESR). In conjunction with experi-
mental investigations, he is also working on building the 
theoretical framework for modelling magnetic fluctuations in 
geometrically frustrated pyrochlore oxides.”IQ postdoc Arash Akbari-Sharbaf.  

Source: Karine Couillard Photographe
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IQ postdoc Pedro Leopoldo e Silva Lopes. 

Pedro Leopoldo e Silva Lopes

The Brazilian researcher Pedro Leopoldo e Silva Lopes chose 
Institut quantique for two main reasons: “I heard about 
the excellent quality of research conducted in Sherbrooke 
thanks to the reputation of its professors and I had a lot 
of interests in common with Professor Ion Garate.” The 
29-year-old physicist is currently doing his first postdoctoral 
training at IQ.

Pedro’s field of expertise is partway between particle phy-
sics and quantum materials, applied to topological matter: 
“I started working on graphene and received a scholarship 
to study abroad, at the University of Illinois at Urbana- 
Champaign. Afterwards, it was natural for me to turn my  
attention to topological materials. In these fields of research, 
some knowledge of particle physics can be useful.”

Culturally speaking, “it was an adventure integrating into  
a French-speaking community. Quebec is beyond my  
expectations, especially in terms of how open-minded the 
people are.”

PEOPLE   n   IQ POSTDOCTORAL FELLOWShIPS PROGRAM
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Udson Cabral Mendes

When asked about the reasons of his coming to Institut  
quantique, Udson puts forward the people, especially 
Professors Alexandre Blais, Bertrand Reulet, and Michel 
Pioro-Ladrière: “These experts in their respective fields of 
research were a great incentive to come to Sherbrooke,” he 
acknowledges. For his postdoc, Udson Cabral Mendes made 
the bold move of reorienting his research interests towards 
the interface of mesoscopic physics and quantum optics, 
both promising fields for building a quantum computer. “The 
idea of quantum computing is something that has always 
fascinated me,” he readily admits.

In his research activities with Professor Blais, Udson is focu-
sing on the field known as circuit quantum electrodynamics. 
his current project revolves around realizing the theoreti-
cal equivalent of a magnetic chain of atoms with a chain of  
electrical circuits. There is strong interest in this kind of system 
given the fact that it contains all the necessary ingredients for 
the creation of robust Majorana excitations at its extremities. 
These physical objects, once produced and cleverly manipu-
lated, hold the key to manufacturing topological qubits, very 
promising building blocks for a future quantum computer. 
In parallel with his theoretical work, Udson is also actively 
working with Professor Reulet to generate efficient sources  
of squeezed microwave radiation.”

IQ postdoc Udson Cabral-Mendes. 
Source: Karine Couillard Photographe

PEOPLE   n   IQ POSTDOCTORAL FELLOWShIPS PROGRAM
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Figure 17. Faculty, Research Staff & Postdoctoral Fellows.

n IQ by the Numbers
April 1, 2016 to March 31, 2017
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Andreas Ask, Chalmers University of Technology, Suède
Thomas Baker, UC Irvine, CA, É.-U.
Mark Boulay, Carleton, É.-U.
Gilles Brassard, Université de Montréal, Canada
Sergey Bravyi, IBM/T.J. Watson Research Center, É.-U.
Malcolm S. Carroll, Sandia National Laboratory, É.-U.
Christopher Chamberland, University of Waterloo, Canada
Christophe Chaubet, Université Coulomb, Montpellier, France
Andre Dankert, Chalmers University of Technology, Suède
hillary Dawkins, University of Waterloo, Canada
Damian Draxler, University of Vienna, Autriche
Nicolas Dupuis, LPTMC/UPMC, France
Stephen Edkins, Cornell University, É.-U.
Gwendal Feve, ENS Paris, France
Greg Fiete, University of Texas, É.-U.
herbert Fotso, Ames National Lab, University at Albany, É.-U.
Raymond Frésard, Université de Caen, France
Julien Gabelli, CNRS – Orsay, France
Giorgio Gratta, Stanford, É.-U.
Kamel haddadi, IEMN/CNRS/U. Lille, France
Loïc herviou, École Polytechnique de Paris, France
Christoph hirche, University of Barcelona, Espagne
Max hofheinz, INAC/CEA Grenoble, France
Phillipe Joyez, CEA-Saclay, France
John King Gamble, Sandia National Laboratory, É.-U.
Aleksander Kubica, Microsoft, É.-U.

James P.F. Leblanc, Memorial University of Newfoundland, Canada
Ross Leon, University of South Wales, Australie
yunlong Lian, LSP – Orsay, France
yehua Liu, ETh Zürich, Suisse
Xiacong Lu, Xiamen University, Chine
Adina Luican-Mayer, Université d’Ottawa, Canada
Pierre Massat, Université Paris-Diderot, France
Bartomeu Monserrat, Rutgers University, É.-U.
Evgeny Mozgunov, Caltech, É.-U.
Clemens Mueller, University of Queensland, Australie
Gabriel Poulin-Lamarre, D-Wave Systems, Canada
Guy Quirion, Memorial University of Newfoundland, Canada
Pierre Richard, IOP, Chinese Academy of Science, Chine
Peter Riseborough, Temple University, É.-U.
Pierre Rouchon, Mines ParisTech, France
Kate Ross, Colorado State University, É.-U.
Bassem Salem, LTM-Grenoble, France
David Schuster, University of Chicago, 
Tom Stance, The University of Queensland, Australie
Joel Wallman, University of Waterloo, Canada
yan Wang, University of Tennessee, Knoxville, É.-U.
Björn Wehringer, University of Geneva, Suisse
Chih-hwan henry yang, University of South Wales, Australie
Jennifer yu, University of Toronto, Canada
Neil Zimmerman, NIST, É.-U. 

n Visitors at IQ

PEOPLE  n   VISITORS AT IQ
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n Members

Alexandre Blais
Physics Department
Scientific Director 
Quantum Information

Michel Pioro-Ladrière
Physics Department
Deputy Director  
Quantum Information 

Serge Charlebois
Department of Electrical 
and Computer Engineering
Quantum Engineering

Éva Dupont-Ferrier
Physics Department
Quantum Information

Claude Bourbonnais
Physics Department
Quantum Materials

Dominique Drouin
Department of Electrical 
and Computer Engineering
Quantum Engineering

yves Bérubé-Lauzière
Department of Electrical 
and Computer Engineering
Quantum Engineering

René Côté
Physics Department
Quantum Materials 

Glen Evenbly
Physics Department
Quantum Materials & 
Quantum Information

François Boone
Department of Electrical 
and Computer Engineering
Quantum Engineering

Nicolas Doiron-Leyraud
Physics Department
Quantum Materials 

Patrick Fournier
Physics Department
Quantum Materials

PEOPLE  n   MEMBERS
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Serge Jandl
Physics Department
Quantum Materials

Jean-François Pratte
Department of Electrical 
and Computer Engineering
Quantum Engineering
Quantum Engineering

Julien Sylvestre
Department of Mechanical 
Engineering
Quantum Engineering

Ion Garate Aramberri
Physics Department
Quantum Materials

David Poulin
Physics Department
Quantum Information

David Sénéchal
Physics Department
Quantum Materials

Denis Morris
Physics Department
Quantum Materials & 
Quantum Engineering

Jeffrey Quilliam
Physics Department
Quantum Materials

Louis Taillefer
Physics Department
Quantum Materials

Vincent Aimez
Department of Electrical 
and Computer Engineering
Quantum Engineering 

Bertrand Reulet
Physics Department
Quantum Information

André-Marie Tremblay
Physics Department
Quantum Materials

PEOPLE  n   MEMBERS
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Patricia Fournier
Partnerships liaison Officer

Mohamed Balli
Research Professional 

Benoit Couture
Mechanical Engineering 
Technician

Jerome Bourassa
Research Professional

Simon Fortier
Physics Technician

Marie-Ève Nadeau
Communications Officer

Guy Bernier
Laboratory Coordinator

Frédéric Francoeur
Mechanical Engineering 
Technician

Mario Castonguay
Physics Technician

Christian Sarra-Bournet
Chief Operating Officer 

n Staff
Administration

Laboratories Support

PEOPLE   n   STAFF
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Carine huillier
Clean rooms facilities 
Coordinator

Felix Lalumière
Nanofabrication Process 
Engineer

Reza Nourafkan
Research Professional

Stéphane Pelletier
Physics Technician

Michael Lacerte
Physics Technician

Christian Lupien
Research Professional

Patrick Vachon
IT Specialist

Bobby Rivard
Physics Technician

Gabriel Laliberté
Physics Technician

Laboratories Support (cont’d)

Étienne Grondin
Research Professional

PEOPLE   n   STAFF
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International Institutions
Brookhaven National Laboratory, É.-U.
California Institute of Technology (Caltech), É.-U.
CEA Saclay, France
Chalmers University of Technology, Suède
CNRS Orsay, France
Collège de France, France
Dartmouth College, É.-U.
ETh Zurich, Suisse
École Centrale de Lyon, France
École supérieure de physique et chimie industrielle  
de la ville de Paris, France
Institute for Mathematical Sciences, Chennai, Inde
Institut Néel, France
ICTP-Trieste, Italie
Laboratoire National des Champs Magnétiques Intenses  
de Toulouse, France
Laboratoire de Physique des Solides (LPS), France
Leipzig University, Allemagne
LTM-Grenoble, France
Massachusetts Institute of Technology, É.-U.
Mines ParisTech, France
Royal holloway, University of London, Grande-Bretagne
Rutgers University, É.-U.
Rice University, É.-U.
Stanford University, É.-U.
Université de Nantes, France
Université Paris-Diderot, France
Université Tahar Moulay de Saïda, Algérie
University of Barcelona, Espagne
University of Belgrade, Serbie
University of California, É.-U.
University of California, Berkeley, É.-U.
University of California, Riverside, É.-U.
University College London, Grande-Bretagne
University of Electro-communications of Tokyo, Japon
University of Ghent, Belgique
University of Indiana, É.-U.
University of Konstanz, Allemagne 
University of Massachusetts, Lowell, É.-U.
University of Science and Technology of China, Chine
University of Sydney, Australie
University of Tennessee, É.-U.
University of Tokyo, Japon
yale University, É.-U.

Canadian Institutions
Calcul Québec
Institut Transdisciplinaire d’Information Quantique (INTRIQ)
Université McGill
McMaster University
Regroupement québecois en matériaux de pointe (RQMP)
Regroupement stratégique en microsystèmes (RESMiQ)
Simon Fraser University
Université de Montréal
University of Alberta
University of British Columbia
University of Manitoba
University of Waterloo

Industry & Government
Anyon Systems, Inc.
Army Research Office, É.-U.
BlueFors Inc.
Compute Canada
Gordon & Betty Moore Foundation
IBM Canada
IBM, Watson
ICRA
Keysight Technologies
Microsoft Research
JILA Science
MiQroInnovation Collaborative Centre (C2MI)
National Research Council, Canada
Rigetti Computing
Sandia National Laboratories
STMicroelectronics

n Collaborators and Partners

PEOPLE   n   COLLABORATORS AND PARTNERS
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International Awards
Simon Memorial Prize
Louis Taillefer

National Awards
NSERC Canada Graduate Scholarships –  
Master’s program
Charles-David hébert
Mathieu Lachapelle
Jessica Lemieux
Maude Lizaire
Lucas St-Jean

NSERC Graduate Scholarhips – Doctoral program
Alexandre Juneau Fecteau

NSERC Alexander Graham Bell Canada Graduate 
Scholarships – Doctoral program
Samuel Boutin

NSERC Vanier Scholarship
Baptiste Royer

NSERC Undergraduate Student Research Awards
Simon Bergeron
Samuel Desrosiers
Joelle Fréchette-Viens
Thomas Gobeil
Phillipe Karan
Céline Larivière-Loiselle
Étienne Massé
Jean-Michel Parent
Joanny Raby

Provincial Awards
FRQNT Doctoral Scolarships
Chloé Bureau-Oxton
Sophie Rochette
Karl Thibault
Simon Verret

FRQNT Étudiants-chercheurs étoiles
Sven Badoux

Université de Sherbrooke Awards
Fondation - Pierre-Breton Award for  
Entrepreneurial Endeavour in Sciences 
David Roy-Guay

n Awards

PEOPLE   n   AWARDS
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Federal Funding
Provincial Funding
Private Sector
International Funding

Govt of Québec
NSERC
Canada Excellence Research Chair
Industry
CFI
PROMPT – Québec
FRQNT
Université de Sherbrooke
CIFAR
Canada Research Chairs
Centre National de la Recherche Scientifique
ARO
PRIMA QC
MITACS Inc.
Other grants

39 %

46 %

4 %

15,7 %

17,8 %

14,2 %
12,6 %

11,3 %

8,5 %

6,8 %

5,5 %

2 %
1,8 %

1,3 %
1,0 % 0,5 %

0,5 %
0,5 %

11 %

Research Grants and contracts (unaudited) Total Revenue: $11.2M (excluding CFREF)

Federal Funding
Provincial Funding
Private Sector
International Funding

Govt of Québec
NSERC
Canada Excellence Research Chair
Industry
CFI
PROMPT – Québec
FRQNT
Université de Sherbrooke
CIFAR
Canada Research Chairs
Centre National de la Recherche Scientifique
ARO
PRIMA QC
MITACS Inc.
Other grants

39 %

46 %

4 %

15,7 %

17,8 %

14,2 %
12,6 %

11,3 %

8,5 %

6,8 %

5,5 %

2 %
1,8 %

1,3 %
1,0 % 0,5 %

0,5 %
0,5 %

11 %

Research grants and contracts (unaudited) (By Funding Agency) Total Revenue : $11.2M (excluding CFREF funding)

n Finances
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PUBLICATIONS
n Refereed Journals
S Acheche, A Reymbaut, M Charlebois, D Sénéchal, AMS Tremblay, 
“Mott transition and magnetism on the anisotropic triangular  
lattice”, Physical Review B 94 (24), 245133.

CK Andersen, A Blais, “Ultrastrong coupling dynamics with a trans-
mon qubit”, arXiv:1607.03770.

y Ayadi, L Rahhal, B Vilquin, C Chevalier, FA Vargas, S Ecoffey, A 
Ruediger, A Sarkissian, S Monfray, JP Cloarec, D Drouin, A Souifi, 
“Novel Concept of Gas Sensitivity Characterization of Materials 
Suited for Implementation in FET-Based Gas Sensors”, Nanoscale 
Research Letters 11 (1), 481.

MR Aziziyan, WM hassen, D Morris, Eh Frost, JJ Dubowski,  
“Photonic biosensor based on photocorrosion of GaAs/AlGaAs 
quantum heterostructures for detection of Legionella pneu-
mophila”, Biointerphases 11 (1), 019301.

S Badoux, SAA Afshar, B Michon, A Ouellet, S Fortier,  
D LeBoeuf, TP Croft, C Lester, SM hayden, h Takagi, K yamada,  
D Graf, N Doiron-Leyraud, L Taillefer, “Critical Doping for the Onset  
of Fermi-Surface Reconstruction by Charge-Density-Wave Order in 
the Cuprate Superconductor La 2− x Sr x CuO 4”, Physical Review X  
6 (2), 021004.

S Badoux, W Tabis, F Laliberté, G Grissonnanche, B Vignolle,  
D Vignolles, J Béard, DA Bonn, WN hardy, R Liang, N Doiron- 
Leyraud, L Taillefer, C Proust, “Change of carrier density at the 
pseudogap critical point of a cuprate superconductor”, Nature  
531 (7593), 210-214.

M Balli, S Jandl, P Fournier, DZ Dimitrov, “On the conventional and 
rotating magnetocaloric effects in multiferroic TbMn2O5 single 
crystals”, arXiv:1608.02669.

M Balli, S Jandl, P Fournier, DZ Dimitrov, “Giant rotating magneto-
caloric effect at low magnetic fields in multiferroic TbMn2O5 single 
crystals”, Applied Physics Letters 108 (10), 102401.

M Balli, S Mansouri, S Jandl, P Fournier, DZ Dimitrov, “Large 
rotating magnetocaloric effect in the orthorhombic DyMnO  
3 single crystal”, Solid State Communications 239, 9-13.

M Balli, D Matte, S Jandl, P Fournier, MM Gospodinov,  
“Search for the magnetocaloric effect in multiferroics oxides”,  
arXiv:1608.02809.

Y Bargaoui, M Troudi, N Sghaier, N Yacoubi, V Aimez, A Souifi,  
“Interface state density dependence on detection process in  
single electron photo-detector (photo-SET)”, Microelectronic  
Engineering 159, 151-154.

R Beal, K Moumanis, V Aimez, JJ Dubowski, “Ultraviolet laser  
quantum well intermixing based prototyping of bandgap tuned 
heterostructures for the fabrication of superluminescent diodes”, 
Optics & Laser Technology 78, 5-9.

G Beaudin, É Grondin, A Belarouci, PG Charette, V Aimez, “Evanes-
cent Field Coupler Optimized for high Refractive Index Differences 
(EChRID)—A Platform for a SOI Photonics Optical Interface”, IEEE 
Journal of Selected Topics in Quantum Electronics 22 (6), 434-442.

F Beaudoin, A Blais, WA Coish, “hamiltonian engineering for  
robust quantum state transfer and qubit readout in cavity QED”, 
arXiv:1602.05090.

F Beaudoin, D Lachance-Quirion, WA Coish, M Pioro-Ladrière,  
“Coupling a single electron spin to a microwave resonator: con-
trolling transverse and longitudinal couplings”, Nanotechnology 
27 (46), 464003.

D Bergeron, AMS Tremblay, “Algorithms for optimized maximum 
entropy and diagnostic tools for analytic continuation”, Physical  
Review E 94 (2), 023303.

y Bérubé-Lauzière, M Crotti, S Boucher, S Ettehadi, J Pichette,  
I Rech, “Prospects on time-domain diffuse optical tomography 
based on time-correlated single photon counting for small animal 
imaging”, Journal of Spectroscopy, Volume 2016, 2016, Article 
number 1947613.

C Bidaud, O Simard, G Quirion, B Prévost, S Daneau, AD Bianchi, 
hA Dabkowska, JA Quilliam, “Dimensionality and irreversibility of 
field-induced transitions in SrDy 2 O 4”, Physical Review B 93 (6), 
060404.

yA Bioud, A Boucherif, A Belarouci, E Paradis, D Drouin,  
R Arès, “Chemical Composition of Nanoporous Layer Formed by  
Electrochemical Etching of p-Type GaAs”, Nanoscale research letters 
11 (1), 446.

A Bolt, G Duclos-Cianci, D Poulin, TM Stace, “Foliated quantum  
error-correcting codes”, Physical Review Letters 117 (7), 070501.

G Bouchard, h Therriault, S Geha, y Bérubé-Lauzière, R Bujold,  
C Saucier, B Paquette, “Stimulation of triple negative breast cancer 
cell migration and metastases formation is prevented by chloro-
quine in a pre-irradiated mouse model”, BMC cancer 16 (1), 361.

P Bourgeois-hope, S Chi, DA Bonn, R Liang, WN hardy, T Wolf,  
C Meingast, N Doiron-Leyraud, L Taillefer, “Thermal Conductivity of 
the Iron-Based Superconductor FeSe: Nodeless Gap with a Strong 
Two-Band Character”, Physical Review Letters 117 (9), 097003.
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S Boutin, J Ramírez-Ruiz, I Garate, “Tight-binding theory of NMR 
shifts in topological insulators Bi 2 Se 3 and Bi 2 Te 3”, Physical  
Review B 94 (11), 115204.

S Boutin, CK Andersen, J Venkatraman, AJ Ferris, A Blais, “Resona-
tor reset in circuit QED by optimal control for large open quantum  
systems”, arXiv:1609.03170.

JC Bridgeman, ST Flammia, D Poulin, “Detecting topological order 
with ribbon operators”, Physical Review B 94 (20), 205123.

S Charpentier, R Arpaia, J Gaudet, D Matte, R Baghdadi,  
T Löfwander, D Golubev, P Fournier, T Bauch, F Lombardi, “hot spot 
formation in electron-doped PCCO nanobridges”, Physical Review B 
94 (6), 060503.

S Chatbouri, M Troudi, N Sghaier, A Kalboussi, V Aimez, D Drouin,  
A Souifi, “Direct exchange between silicon nanocrystals and tunnel 
oxide traps under illumination on single electron photodetector”, 
Semiconductors 50 (9), 1163-1167.

R Cheriton, MM Wilkins, P Sharma, CE Valdivia, Ah Trojnar,  
h Schriemer, K hinzer, J. Gupta, B Bouzazi, G Kolhatkar, A Boucherif, 
A Jaouad, S Fafard, V Aimez, R Arès, “Design optimizations of  
InGaAsN (Sb) subcells for concentrator photovoltaic systems”,  
Journal of Vacuum Science and Technology B: Nanotechnology and 
Microelectronics 34 (2), 02M103.

C Collignon, S Badoux, SAA Afshar, B Michon, F Laliberte,  
O Cyr-Choiniere, JS Zhou, S Licciardello, S Wiedmann,  
N Doiron-Leyraud, L Taillefer, “Fermi-surface transformation 
across the pseudogap critical point of the cuprate superconductor  
La1.6−xNd0.4SrxCuO4”, arXiv:1607.05693.

R Comyn, y Cordier, S Chenot, A Jaouad, h Maher, V Aimez,  
“Development of technological building blocks for the monolithic  
integration of ammonia-MBE-grown GaN-hEMTs with silicon 
CMOS”, Physica Status Solidi (A) Applications and Materials Science,  
(4), pp. 917-924.

L Convert, R Lebel, S Gascon, R Fontaine, JF Pratte, P Charette,  
V Aimez, R Lecomte, “ Real-Time microfluidic blood-counting  
system for PET and SPECT preclinical pharmacokinetic studies”, 
Journal of Nuclear Medicine, 57 (9), pp. 1460-1466.

R Côté, X Bazier-Matte, “Charge density wave with meronlike spin 
texture induced by a lateral superlattice in a two-dimensional  
electron gas”, Physical Review B - Condensed Matter and Materials 
Physics, 94 (20), art. no.205303.

AS Darmawan, D Poulin, “Tensor-network simulations of the surface 
code under realistic noise”, arXiv:1607.06460.

G Dauphinais, D Poulin, “Fault-Tolerant Quantum Error Correction 
for non-Abelian Anyons”, arXiv:1607.02159.

N Delfosse, P Iyer, D Poulin, “A linear-time benchmarking tool for 
generalized surface codes”, arXiv:1611.04256.

N Delfosse, P Iyer, D Poulin, “Generalized surface codes and  
packing of logical qubits”, arXiv:1606.07116.

T Dequivre, E Al Alam, J Maurais, GM Brisard, JF Pratte, SA  
Charlebois, “Electrografted P4VP for high Aspect Ratio Copper 
TSV Insulation in Via-Last Process Flow”, ECS Journal of Solid State  
Science and Technology 5 (6), P340-P344.

G Droulers, S Ecoffey, M Pioro-Ladrière, D Drouin, “Effects of  
aging on nanoscale planar metal-insulator-metal tunnel  
junctions”, Journal of Vacuum Science and Technology B:  
Nanotechnology and Microelectronics 34 (6), 062203.

E Edjlali, Y Bérubé-Lauzière, “Analytical solution of the simplified 
spherical harmonics equations in spherical turbid media”, Journal 
of Quantitative Spectroscopy and Radiative Transfer 182, 112-118.

E Edjlali, S Ettehadi, y Berube-Lauziere, “Comparison of  
gradient-based techniques for chromophore concentration recon-
struction”, Optics InfoBase Conference Papers 

S. Ettehadi, E. Edjlali, and y. Berube-Lauziere, “Comparison of  
gradient-based techniques for chromophore concentration recon-
struction,” in Biomedical Optics 2016, OSA Technical Digest (online) 
(Optical Society of America, 2016), paper JTu3A.3. 

S Fafard, F Proulx, MCA york, LS Richard, PO Provost, R Arès,  
V Aimez, DP Masson, “high-photovoltage GaAs vertical epitaxial  
monolithic heterostructures with 20 thin p/n junctions and a conver-
sion efficiency of 60%”, Applied Physics Letters 109 (13), 131107.

S Fafard, MCA york, F Proulx, CE Valdivia, MM Wilkins, R Ares,  
V Aimez, K Hinzer, DP Masson, “Ultrahigh efficiencies in vertical 
epitaxial heterostructure architectures”, Applied Physics Letters  
108 (7), 071101.

JPL Faye, MN Diarra, D Sénéchal, “Kekulé superconductivity and 
antiferromagnetism on the graphene lattice”, Physical Review B  
93 (15), 155149.

S Feruglio, T Courcier, O Tsiakaka, A Karami, A Alexandre-Gauthier, 
O Romain, V Aimez, PG Charette, P Pittet, GN Lu, “A CMOS Buried 
Quad pn Junction Photodetector Model”, IEEE Sensors Journal  
16 (6), 1611-1620.

JC Forgues, G Gasse, C Lupien, B Reulet, “Non-classical radiation 
emission by a coherent conductor”, Comptes Rendus Physique  
17 (7), 718-728.
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