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Dear reader,
The whole planet is strongly affected by the coronavirus and
WACQT is of course no exception. Swedish universities are
still open to employees, but we are recommended to work
from home if possible and all outgoing and incoming visits
are canceled. This means that practically all visits in the
guest researcher programme have been canceled and that
PhD defenses are held online. Nevertheless, many of the
activities are still proceeding. For instance, the clean rooms
are still open for sample fabrication and we are still able to
perform measurements, since most of those can be done
remotely.
Since our last newsletter in November many things have happened, both within WACQT and
in quantum technology world-wide. I hope that you find this third WACQT newsletter
interesting and as always, we welcome feedback on the content.
Per Delsing Director of the Wallenberg Centre for Quantum Technology

THEME: Quantum sensing
Human knowledge of the world and our technical progress is limited by what we can
measure, and how accurately. By exploiting quantum properties of single particles,
measurement capability can be pushed far beyond what has previously been possible.
Imagine being able to find out what hides far beneath our feet, predict volcanic eruptions,
and map brain activity in smallest detail.
Theme article Quantum sensing
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WACQT is enlarged and extended
WACQT was originally planned for ten years and mainly financed with a 600 MSEK donation
from the Knut and Alice Wallenberg foundation (KAW). However, in November 2019 KAW
decided to allocate money to increase the budget for the remaining years with 15 MSEK per
year, and also to extend the duration to 12 years, that is through 2029.
With the enlarged annual budget, WACQT will be able to:
invest more in developing better materials for qubits
invest more in quantum communication in order to be able to compete in the
European quantum communication infrastructure,
increase industrial participation by additional industrial PhD students,
invest more in quantum computer software, and
provide larger startup packages for newly recruited experimentalists.
The two extra years will allow us to:
develop a more advanced quantum computer with well above 100 qubits,
take better care of innovations,
improve the education in quantum technology, and
push to start a bachelor’s programme in quantum technology.
The WACQT management is now working on a formal re-application to KAW, which hopefully
will be granted for the next four years. The decision will be taken in March 2021.

Small-scale demonstration of useful quantum
algorithm
Being able to solve a useful problem on a quantum
computer – and ideally much faster than on a
conventional computer – is future milestone that many
researchers dream of. WACQT researchers, more
specifically Jeppesen’s industrial PhD student together
with quantum computing experimentalists and
theorists, have now successfully demonstrated a
quantum algorithm which represents a small instance
of a flight optimization problem.
The algorithm was run on WACQT’s superconducting two-qubit processor. In this first
demonstration, the result could easily be verified as the instance of the solved problem was
very small – it involved only two airplanes.
“We have shown that the so-called Quantum Approximate Optimization Algorithm works in
practice and that we have the ability to map useful problems onto our quantum processor.
We have few qubits, but they work really well. The challenge is now to maintain the
performance as we scale up”, says experimentalist Jonas Bylander.
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The team is first to have managed to run the Quantum Approximate Optimization Algorithm
to its second level, an achievement which requires really good hardware and accurate
control of the hardware. The resulting scientific paper is available as a pre-print at arxiv.org.

Quantum structures enable
deep tissue imaging of blood
oxygenation

Slow light crystal.
Photo: Adam Kinos

More than 30 % of the patients seeking emergency
care have symptoms related to reduced blood
oxygenation, possibly indicating stroke, heart failure
or similar conditions. Therefore, it would be
advantageous to be able to image the oxygenation
in the body. It is known that deoxygenated blood
absorbs red light of a specific wavelength (700
nanometres) to a much greater extent than
oxygenated blood. Measuring the light absorption
at that wavelength can thus reveal the oxygenation
level. Unfortunately, body tissue scatters the light
in all directions, making it impossible to tell where
the absorption took place.

A research team within WACQT now tries to solve this problem by pointing an ultrasound
pulse to the location to be measured. The ultrasound shifts the wavelength of the light by a
small amount, and by analyzing the wavelength-shifted light for different positions of the
ultrasound pulse, they expect to be able to form an image of the oxygenation level. In order
to filter out the tiny amount of wavelength-shifted light from the much stronger unshifted
light, they use a crystal with a specific quantum structure designed by the Quantum
Information Group at Lund University. The crystal strongly suppresses light at the unshifted
wavelength – and also slows down the shifted light to just a few kilometres per second.
“This means it comes out long after any remaining unshifted light, and effectively can be
distinguished from it,” says principal investigator Stefan Kröll.
In this way, the team has managed to achieve measurements almost free from background
noise, as described in an article in Biomedical Optics Express. The technique is developed by
industrial PhD student David Hill at the medical start-up company SpectraCure AB together
with the Quantum Information Group at Lund University.

Giant Rydberg ions can speed up trapped-ion
quantum computers
In addition to superconducting circuits, as used
in WACQT’s core project of building a large
quantum computer, the most developed
hardware for quantum computers is ions
trapped by electric fields. As the ions are
cooled by laser light, they form a crystal
structure. However, when scaling up to large
ion crystals, the hardware becomes very slow.
https://ui.ungpd.com/Issues/ca12a02a-3cbd-4816-8a43-f076b68c505e
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A research team at Stockholm University may now have solved the problem by using giant
so-called Rydberg ions, 100 million times larger than normal ions. These huge ions are highly
interactive and, therefore, can exchange quantum information very quickly.
“In a sense, Rydberg ions form small antennas for exchanging quantum information and
thus make it possible to realize particularly fast quantum gates, which are the ‘basic building
blocks’ of a quantum computer”, explains group leader Markus Hennrich at Stockholm
University.
In a recent publication in Nature, the team reports having demonstrated quantum gates
around 100 times faster than typical in trapped-ion systems. Also read more in Stockholm
University’s news article. This research will become part of WACQTs excellence programme.

New principal investigators and scientific
coordinator
Professor Gunnar Björk, KTH, has retired from his position as principal investigator and
coordinator of research in quantum communication within WACQT. Thanks for all your
efforts during the first years of WACQT, Gunnar!
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As WACQT is a growing, long-term project, we now bring in four new principal investigators
in order to share the responsibilities among more people and to introduce younger
scientists to management positions. The new principal investigators are:
Guilia Ferrini, assistant professor at the Applied Quantum Physics Laboratory at
Chalmers, coordinates the research activity on theoretical quantum information with
continuous variables. She is also coordinates the network Women in WACQT.
Katia Gallo, professor of applied physics and head of the Nonlinear and Quantum
Photonics Group at KTH, coordinates research within quantum communication and
quantum sensing.
Simone Gasparinetti, assistant professor at the Quantum Technology Laboratory at
Chalmers, coordinates the research efforts on experimental quantum information
processing with continuous variables in superconducting circuits.
Markus Hennrich, associate professor and leader of the Trapped Ion Quantum
Technologies group at Stockholm University, coordinates research within quantum
sensing and quantum computing within the excellence programme.
Read more about the principal investigators.
WACQT’s project coordinator Philip Krantz quit his position in February. Some of his
administrative duties have been taken over by our administrative officer Linda Brånell, while
WACQT researcher Anton Frisk Kockum will take on the role as scientific coordinator from
1 June. The scientific coordinator handles various annual reports and business plans, plans
agendas for board-, advisory board-, and principal investigator meetings, and coordinates
our re-applications to the Knut and Alice Wallenberg Foundation.

Martinis resigns from Google. Google’s head of
quantum computing hardware – John Martinis – has
decided to quit after having been reassigned from a
leadership position to an advisory role. Martinis, with
a long record of quantum computing breakthroughs
as a professor at University of California, joined
Google in 2014 and established its quantum
hardware lab.
Under Martinis’ leadership, the lab built the first quantum processor that achieved quantum
supremacy, that is can compute something which a classical computer cannot, as reported
in WACQT Newsletter #2 2019. According to Wired, Martinis was reassigned to an advisory
role soon after the team had got its quantum supremacy experiment working.
“This was a surprise to us. I have not talked to him yet, but we will contact him soon to hear
about his plans,” says WACQT director Per Delsing who knows Martinis since many years.
Martinis is currently back at UC Santa Barbara. In an interview in The Quantum Daily, he
expresses his views on solving real-world problems with quantum computers and his
ambition to build an error-corrected quantum computer.
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Planning for a European quantum communication infrastructure. Twenty-four
European countries, including Sweden, has agreed to collaborate in exploring how a
quantum communication infrastructure could be built across Europe. The aim is to develop
and deploy a secure end-to-end quantum communication infrastructure composed of both
ground- and space-based solutions, which enables information and data to be ultra-securely
transmitted and stored. The European Commission is now launching a call for ideas with the
objective to identify critical areas for which an EU investment is needed to allow the EU to
ensure a robust, non-dependent and sustainable supply chain to build the European
quantum communication infrastructure, EuroQCI.
“Quantum communication is one of WACQT's pillars. We feel that it is necessary for Sweden
to be onboard this mission, of strategic importance for the EU,” says Göran Wendin,
principal investigator and senior advisor in WACQT.
Read more on the European Commission website.
Honeywell launches quantum computer.
The multi-industry company Honeywell has announced
that it will release a quantum computer for cloud-based
commercial experiments within a few months.
Honeywell claims it will be the world’s most powerful
quantum computer yet, with a quantum volume of at
least 64. (The metric quantum volume takes into
account both the number of qubits and how long a
programme that can be run before getting ruined by
errors.) The quantum computer is based on trapped
ions in a so-called quantum charged coupled device
(QCCD) architecture developed by Honeywell.

Photo: Honeywell

“In my opinion, Honeywell’s claim that it will be the world’s most powerful quantum
computer yet is highly exaggerated", says Göran Wendin, principal investigator and senior
advisor in WACQT. "It will operate only six qubits, and I doubt that it will surpass the
performance of IonQ’s current, or near-future, ion-trap computer with eleven qubits. In
order to go beyond proof-of-principle toy-like demonstrations, quantum processors must
still improve the quantum volume a lot. Honeywell will only be one participant in a marathon
race toward useful applications.”
Read more about Honeywell’s quantum computer in their press release, in The Register or
in Physics World.
Gravitational-wave detectors improved by
quantum squeezing. Gravitational waves
cause space itself to stretch in one direction
and simultaneously compress in a
perpendicular direction. The gravitationalwave detectors Ligo and Virgo search for
these changes in space by letting two laser
beams recombine after having travelled
several kilometres along perpendicular
paths. Changes in length of the two paths are
detected by measuring the phase difference
between the recombining laser beams.

LIGO team members install equipment as part
of the squeezed-light upgrade.
(Courtesy: LIGO/Caltech/MIT/Matt Heintze)

The precision in the measurements have been limited by phase noise caused by quantum
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fluctuations in the laser light. To get below this standard quantum limit, extensive work has
been put into manipulating the quantum states of the laser beams to convert phase
fluctuations into amplitude noise. Now when implemented in Ligo and Virgo, this socalled squeezed light enables detection of length changes down to incredible 10–19 m, which
is about 10 000 times smaller than the diameter of a proton. Read more in Physics World.
Quantum sensors probe Earth’s crust and human brains. A recent article in the
Proceedings of the National Academy of Sciences (PNAS) outlines parts of the current
development regarding quantum sensors for detection of objects under the earth’s surface
and for observation of brain activity.
Gradiometers are matter-wave interferometers in which local gravitational field gradients
are measured by having laser beams manipulating cold atom clouds, such that they fall
along different paths in the gravitational field and then interfere. From the knowledge of
such gradients, structures beneath the earth’s surface can be inferred. Commercial devices
already exist, but work is done to develop devices which are quicker and compact enough to
be mounted on drones for efficient chartering of sub-terrain objects.
Magnetic sensors based on spin-polarized atoms in low pressure gas cells are sensitive
enough to detect currents between neurons in the brain by measuring the magnetic fields
generated by these currents. Such quantum sensors may be used to study epilepsy or trace
the brain development through childhood.
Read more in PNAS.
Silicon qubits need less cooling. Quantum
computer technologies based on semi-conductors
and superconductors, including the
superconducting circuits used by WACQT, require
cooling with powerful helium fridges down to a
few tenths of a degree kelvin above absolute zero.
Such cooling systems are very expensive.
But now an Australian and a Dutch research team
separately have shown that spin qubits in
quantum dots made of extra pure silicon are less
sensitive to disturbances than existing qubit
technologies, and that quantum processors with
silicon qubits therefore can do their job at
temperatures up to 1,5 kelvin.

The Dutch silicon qubit setup.
Photo: Wouterslitsfotografie for QuTech

“If the research teams succeed all the way, their silicon qubits have a chance to become a
winning technology as they can be scaled up with well-known microprocessor technology,”
says Göran Wendin, principal investigator and senior advisor in WACQT.
Read more in the Nature article by the Australian team, Nature article by the Dutch team, or
in a news article at svt.se (in Swedish).
Dutch collaboration launches Europe's
first public quantum computing platform.
On April 20, the Delft-based quantum
collaboration QuTech launched Europe’s first
public quantum computing platform, named
‘Quantum Inspire'. The platform is the first to
use a (very small) quantum processor based
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on spin qubits, and also provides access to
one made of superconducting qubits.
Read more about Quantum Inspire on
QuTech’s website.

Credit: Marieke de Lorijn for QuTech
According to QuTech’s director of business development, the platform focuses primarily on
training and education, and the development of applications.
“QuTech seems to have developed a programming interface and integrated control system
for their quantum hardware. This makes it much easier to work together with applications
developers. We are working on such a software stack too, aiming to make it open access and
to develop it toward a community standard,” says Jonas Bylander, one of the leaders of
WACQT's quantum computer project.
India and Russia invest heavily in quantum technology. India’s latest budget includes
more than SEK 10 billion in funding for quantum computing, communications and
cryptography, to be spent over five years. By the end of 2019, Russia launched an effort into
building a quantum computer and injected SEK 6,5 billion into basic and applied quantum
research. The large sums place India and Russia alongside the United States and Europe in
terms of quantum-technologies investment.
“Of course, there will be more competition as more countries make big investments. But this
far, India and Russia are still a bit behind Europe and the United States in quantum
technology research”, says Per Delsing, director of WACQT.
Read more in Nature News.
USA calls for applications for national research centres. The United States currently has
a large call for multi-institutional, multi-disciplinary teams to establish national quantum
information science research centers. The total available funding is $625 million over a first
period of five years and the goal is to accelerate the transformational advances in basic
science and quantum-based technology needed to develop world-leading capabilities in
quantum information science. The call is only open to American institutions, but several
WACQT researchers have been involved as advisors to applicants.
“This is more or less the US equivalent to the European quantum flagship initiative”, says Per
Delsing, director of WACQT.
Joint EU-USA-Japan symposium on quantum technology. In December 2019,
representatives from the EU Quantum Technology flagship, USA’s National Quantum
Initiative, and Japan’s Q-Leap program met at Kyoto to discuss the present, and the future,
of the quantum technology field. Sweden’s representative at the meeting was Professor
Gunnar Björk, at that time a principal investigator in WACQT.
In addition to a number of high-level scientific presentations, the symposium targeted
increased collaboration and shared information between the three large quantum
technology-programmes. Japan has recently started to launch equivalent programmes to
the EU flagships, so-called Moonshot programmes. It became clear from the Japanese
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government officials during the symposium that with high likelihood one of the selected
proposals for a Moonshot programme will focus on superconducting quantum computation.
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