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Dear reader,
During the past few months there have been several new and exciting developments in
quantum technology. Google is now claiming to have reached quantum supremacy in a 53qubit quantum processor. This means that their quantum processor can compute
something which a classical computer cannot – an important milestone for quantum
computing. Interestingly, a few days later IBM announced that they have a new set of
quantum computers, and one with 53 qubits.
Apart from international developments, we have also made good progress within WACQT.
We have now recruited 43 people in total. Starting from our summer school in August and a
PhD lab course, with each lab performed at a different university, we are beginning to form
a strong Swedish community in quantum technology. In particular, we have now launched
our first generation of nine industrial PhD students and have formed our industrial advisory
board. We are also making fast scientific progress. For example, we have demonstrated that
we can build high-fidelity two-qubit gates in our quantum processor at Chalmers.
In this newsletter you can read more about this, as well as a theme article on quantum
cryptography. As always, we hope that you will find this information useful, and we welcome
any suggestion for improvements.
Please feel free to forward this newsletter to persons in your organisation who may have an
interest in quantum technology.
Per Delsing
Director of the Wallenberg Centre for Quantum Technology
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Not familiar with quantum technology and WACQT – the
Wallenberg Centre for Quantum Technology? Don’t
worry, we’ll guide you through the basics.

Quantum technology is about controlling and using the strange and marvelous properties
of individual quantum systems, such as electrons and photons, in order to make completely
new things possible. The progress of research in quantum technology in recent years has
brought the world to the brink of a new technology revolution – the second quantum
revolution. Extremely powerful computers, intercept-proof communications, and
hypersensitive measurement methods are in sight. Read more about quantum technology
and its four sub-areas in the article Quantum technology – popular science description and
in the graphic On the verge of a quantum revolution from Chalmers magasin.
The Wallenberg Centre for Quantum Technology (WACQT) is a decade-long, SEK-1-billion
investment programme that aims to take Swedish research and industry to the forefront of
the second quantum revolution. Read more in the WACQT research programme description

THEME: Quantum cryptography
Our digital society is highly dependent on secure information. But with the progress of
quantum computers, potentially able to break today’s encryptions, the security risks are
rapidly increasing. Quantum cryptography provides a solution that is intercept-proof thanks
to the laws of physics. Our new theme article provides insight into how quantum
cryptography works, its current status, future outlooks and more.
Theme article Quantum crytography
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Taking mechanical sensors to the quantum regime
Small mechanical resonators are used as measurement devices all around us, for example
in mobile phones to measure their rotation and vibrations. However, today’s mechanical
resonators rely on Newton’s classical mechanics. If one could learn to control mechanical
resonators also in the quantum regime, they could offer far more precise measurements of
mechanical motion.
“That would be very useful, for example in gravitational wave detection, satellite navigation,
exploring the Earth’s gravitational pull, and in atomic force microscopes,” says Witlef
Wieczorek, Assistant Professor at Chalmers.
An important step is to learn how to put mechanical resonators in Fock states – specific
quantum states which could enable measurements with very little noise. In a collaboration
with researchers in Germany, Wieczorek has theoretically shown that the method optimal
control is very good for generating Fock states in a promising mechanical system, a so-called
hybrid optomechanical device. The study is published in Quantum Science and Technology.

High-fidelity quantum gates accomplished
Quantum-logical operations in a quantum computer are carried out by quantum gates. The
reliability of these gates – generally referred to as the gate fidelity – is critical for the
performance of the quantum computer, especially the fidelity of gates that involve two
qubits.
The WACQT quantum computing team has now demonstrated high-fidelity two-qubit gates
in their quantum processor. The results are soon to be published in a scientific journal.
“Our two-qubit gates are now as good as those of the world-leading groups in quantum
computing. As our qubits already have very good lifetimes, we have now reached good
enough performance to build larger systems with more qubits”, says Philip Krantz, project
coordinator in WACQT.
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Major milestone: Google has reached
quantum supremacy. A research team at
Google is reported to have demonstrated
quantum supremacy, which means solving a
problem that is beyond the reach of classical
computers. In just a few minutes their 53qubit quantum computer managed to solve a
computational task that, according to the
research team, would take ten thousand
years for the most powerful classical
supercomputer.
“This is a major milestone in quantum computing,” says Professor Göran Johansson, one of
the principal investigators in WACQT’s quantum computer project.
The solved computational task is not claimed to be useful in any way. It was chosen because
it was judged to be easy for the quantum computer, while very hard for classical computers.
Whilst being a big feat, the demonstration of quantum supremacy does not imply that
quantum computers from now on, in general, can outperform classical computers. But as
quantum computers continue to evolve, they are likely to become superior to classical
computers in a growing class of tasks.
Google’s 53-qubit quantum computer is a so-called Noisy Intermediate-Scale Quantum
(NISQ) device (read more about NISQ devices in our previous theme article Quantum
computers). It is quite similar to their previous quantum computers. The breakthrough
rather results from careful engineering of the control hardware and software and a careful
choice of computational task.
“In WACQT, we are really inspired by this breakthrough,” says Johansson.
He notes that the average lifetime of Google’s qubits is 16 microseconds. The WACQT team
has demonstrated reproducible lifetimes of around 80 microseconds, however, on a device
with fewer qubits. Google's design gives them very fast two-qubit gates, taking less than 20
nanoseconds.
“At the moment, we are working on increasing the speed of our two-qubit gates. We have
also noted the importance of automated calibration and control software, which we are
currently developing for our setup. And we take full part in the work to find useful
algorithms suitable for superconducting qubit architectures,” says Johansson.
Google’s breakthrough is reported in a scientific article in Nature, accompanied by a
commenting article by Professor William D Oliver, MIT.
However, the Google research team is also being criticized for overestimating the time
required for a conventional computer to solve the task. In a blog post, IBM researchers claim
that it could be done in only 2.5 days if one utilises the full potential of a state-of-the-art
supercomputer.
”Whether it's ten thousand years or 2.5 days, I see Google’s achievement as a very important
step forward. It would still be the first time a quantum computer computes something that
https://ui.ungpd.com/Issues/40c7eee9-1d11-4d44-91dc-0abf74e282ce
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requires the full capacity of the world's largest supercomputer for nearly three days to
reproduce,” says Johansson.
The breakthrough has been re-reported in Swedish media, quoting WACQT researchers.
SVT: Google bekräftar bygget av överlägsen kvantdator
Sveriges Radio: Kvantdatorns första seger mot den klassiska datorn
Dagens Nyheter: Kvantdatorn kan vända upp och ned på allt vi vet om datorer
Dagens Nyheter: Google bekräftar överlägsen kvantdator
Ny Teknik: Google kan ha bevisat kvantdatorns överlägsenhet

IBM offers a 53-qubit computer via the cloud. IBM has announced that their newly
developed 53-qubit quantum computer will soon be available for commercial and research
activity via the cloud. The new quantum computer is part of the IBM Quantum Computation
Centre which also comprises five 20-qubit systems, one 14-qubit system, and four 5-qubit
systems.
“IBM’s cloud-accessed quantum processors play an important educational role, allowing
scientists as well as the general public to learn how to program small quantum algorithms”,
says Philip Krantz, project coordinator in WACQT.
Read more in IBM’s press release.

Critics of quantum computing. Three widely read quantum computing critics – from
varying perspectives – are Sabine Hossenfelder, Gil Kalai, and Mikhail Dyakonov.
The theoretical physicist Sabine Hossenfelder is an active critic of quantum computing. In
her article in The Guardian, Quantum supremacy is coming. It won't change the world, she
writes that "if quantum computers are to help solve humanity’s problems, they will have to
improve drastically.”
“She is not wrong in that assertion, but arguably her estimates of the resource
requirements, performance, and cost of quantum computers have questionable
premises,” says Jonas Bylander, one of the leaders of WACQT’s quantum computing
efforts.
The mathematician Gil Kalai is well-known for his paper The Argument against Quantum
Computers. His argument, based on computational-complexity theory, seems to be that
the presence of noise in a quantum computer reduces the problem to either easily
classically computable or unstable and far from the ideal result. Quantum supremacy
requires quantum error correction, which in its turn requires quantum supremacy – thus
impossible.
“While it is true that a quantum computation is exponentially sensitive to noise – there is
https://ui.ungpd.com/Issues/40c7eee9-1d11-4d44-91dc-0abf74e282ce
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no hope for serious scaling without error correction – we strongly believe that low enough
error rates are experimentally achievable,” says Bylander.
Mikhail Dyakonov is a theoretical physicist and makes similar arguments in his article The
Case Against Quantum Computing in IEEE Spectrum.
“At WACQT we believe that we and the entire quantum computer community must work to
demonstrate high enough gate fidelities, and we haven’t identified any insurmountable
obstacle preventing progress,” says Bylander.

Longer measurement times made possible. Nitrogen vacancy centres (NV centres) in
diamonds are very promising for quantum sensing. They may be used to measure
temperature, electric and magnetic fields, pressure, forces and more with nanometre
resolution. They can also be embedded in living cells or attached to particular proteins,
combining their sensing ability with functionality such as drug delivery.
However, it has generally been assumed that the use of NV centres is limited to very short
measurement times, because of the short lifetimes of the quantum states employed for
the sensing. This would preclude measurements of slow processes, and also limit the
achievable signal-to-noise ratio.
But now a group in China has found a method to extend the measurement times. By the
use of laser light, they managed to continuously regenerate the employed quantum state
during the measurement, and the measurement could therefore last for an arbitrarily long
time.
“This method is not limited to NV centres alone but should also be applicable to other
types of quantum sensors,” says Stefan Kröll, coordinator of quantum sensing within
WACQT.
Read more at arxiv.org.

Researchers extend the quantum regime. The laws of quantum mechanics describe the
properties of very small items, such as electrons and atoms, extremely well. But do they
hold also for larger objects, or is there a limit above which they need to be adjusted? No
one knows for sure. To find out, researchers are trying to measure quantum properties of
successively larger objects.
Researchers at the University of Vienna recently made an attempt with molecules
comprising more than 2 000 atoms, having a mass of more than 25 000 atomic mass units
– ten times heavier than the previous largest objects. Their results, published in Nature
Physics, prove that the laws of quantum mechanics hold also at this level.
“This is basic research which can become useful in quantum technology. For example, it
allows us to consider larger objects to be used as quantum sensors,” says Stefan Kröll,
coordinator of quantum sensing within WACQT.

More quantum at main cryptology conference. Every year, the International Association
for Cryptologic Research organises a large conference on cryptology – Crypto. Most
contributions are about breaking or improving conventional cryptos, but in recent years
there has been an increasing number of contributions on quantum cryptography.
“Obviously, also conventional cryptologists start to take quantum cryptography seriously,”
says Gunnar Björk, coordinator of quantum communication within WACQT.
Co-located with Crypto 2019 was a conference on post-quantum cryptography
standardization arranged by the American National Institute of Standards and Technology
(NIST). The conference discussed about 20 different proposals – selected among more
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than 80 proposals in an open competition last year – for classical protocols that are
exponentially difficult even for a quantum computer to break, so called post-quantum
protocols. NIST’s hope is to sift out one or two protocols to become a standard for postquantum cryptography.
“I think they will have a very hard time making sure that the proposed protocols are indeed
quantum secure. No one has yet even managed to prove mathematically that today’s most
common cryptographic algorithms are unbreakable by ordinary computers,” says Björk.

Quantum cryptography market predicted to tenfold. The quantum technology analysis
company Inside Quantum Technology has issued a report which values today’s quantum
cryptography market at USD 85 million. What’s more, they predict that the market will
increase tenfold within five years.
“The numbers are surprisingly high, but Inside Quantum Technology seems to know what
they are talking about. They list 21 companies that sell systems for quantum cryptography,
including ABB, Toshiba, and Nippon Telegraph and Telephone,” comments Gunnar Björk,
coordinator of quantum communication within WACQT.
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