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Ne long journey fror
ototype 10 the Idea
Jantum computer

When it comes to quantum computing, Germany can look back on excellent research over
the last few years. But there is still a long way to go to the ideal quantum computer. NISQ
computers are first prototypes that are delivering promising results. But they are still too
prone to error. Continuing improvement also depends on applications for quantum comput-
ing. Prof. J. Ignacio Cirac is Director of Theory Division, Max Planck Institute of Quantum
Optics at Garching and emphasizes the importance of business and industry for the tech-
nical improvement of quantum computers.

“Quantum Supremacy” describes the superiority of the : problems that are not merely academic, but have practical
quantum computer in comparison to conventional computers. i applications with a potential impact on business and socie-
What advantages are you hoping for from the quantum com- : ty? Maybe yes! That is why the euphoria about a “quantum
puter? How do you rate the euphoria surrounding this new i supremacy” is very natural and raises very big expectations.
technology? If you are talking about a long way to go, what
Quantum computers promise to be able to solve “AS F@SEArchers, time are you talking about? Is it five years, ten or
problems that — as of today — a conventional com- ~ We really want  even more, until quantum computers overtake our
puter cannot solve. But this is true for ideal quan- quantum comput- conventional computer? When will be the sweetspot
tum computers, not the ones that we can build ing to become a between classical and quantum computers?
today. Nevertheless, some prototypes of such yseful tool for in- If we are really talking about all applications a
quantum computers have already confirmed that dustry and society quantum computer promises and not just some
they can solve some particular problems faster in general.” very specific ones, then even the most optimistic
than any existing conventional supercomputer. are talking about a period of ten years or longer.
Unfortunately, solving such an academic problem does not : What is NISQ-technology (Noisy Intermediate Scalable
imply that we can apply quantum computers practically in Quantum computers) and how is your current susceptibility to
industry and business. There is still a long way to go and : errors to be improved?
this will take time since we have to move from small proto- ;| Everyone wants quantum computers, but at the moment we
types to scalable devices. Until then, we ask ourselves the : only have prototypes. These prototypes are small and have
question: Can existing or soon-to-be-built prototypes solve i errors. NISQ computers are such prototypes that are prone
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to errors and thus cannot run the algorithms that solve gen-
eral problems. However, even these prototypes already have
sufficient power to solve academic problems, as I mentioned
before, faster than classic computers. In fact, although NISQ
devices cannot realize all the promises of quantum comput-
ing, they can be applied to solving some scientific problems
we cannot solve with classical computers. This is a very ac-
tive area of research nowadays, namely where NISQ devices
can solve difficult scientific problems.

It is very interesting that you — from your academic per-

spective — are looking to the application of quantum compu-
ting.
It is evident to us too, from an academic standpoint, that we
need to develop industrial and other practical applications for
quantum computing beyond researching more fundamental
aspects. As researchers, we really want quantum computing
to become a useful tool for industry and society in general,
and to help improve the German industry and economy in the
long run. For this, it is urgent that the industry gets involved
in the development of quantum computing. In fact, I believe
there are many synergies between scientists working on that
field and the view coming from the industry.

In which industrial sectors will quantum computers be

relevant sooner than elsewhere? Why?
A very crucial question is if NISQ prototypes can also solve
practical problems. Indeed, the scientific problems men-
tioned above are often linked to applications and, probably,
the industrial sectors can benefit from them. Specifically, this
occurs, just to name an example, in material science. Anoth-
er sector which may also be able to benefit is chemistry. If we
improve the susceptibility of quantum computers to errors
and develop existing or new algorithms, the pharmaceutical
industry could very quickly profit from NISQ devices. At the
next level are optimization problems. It is now being heav-
ily investigated how such problems can be more efficiently
solved by existing (or planned) quantum com-
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until we reach the final goal of building a scalable quantum
computer. Let me illustrate what I mean with one example.
Imagine that after some years of research, we find that NISQ
devices have limited advantages with respect to convention-
al computers regarding industrial applications. That doesn’t
mean that quantum computing doesn’t work, or that we
should abandon our efforts. Still, scalable quantum comput-
ers will have big advantages, but will take a long time to be
built. And, in fact, if we put our efforts now in NISQ devic-
es, it will be simpler to build them. From my point of view,
this is important: to realistically assess the status quo of this
large project in order to continuously improve it.

In its latest economic stimulus package, the federal go-

vernment has guaranteed quantum computing start-up aid
worth billions of euros. What is the current state of quantum
computing in Germany?
One has to make a distinction between the scientific and the
industrial part. For the first, Germany is one of the pioneers
of quantum computing and has actively participated from
the very beginning in its development. Nowadays, German
scientists are among the main contributors to quantum com-
puting science. Regarding industry, Germany has not entered
the race to build a quantum computer as some other coun-
tries, although it is becoming very interested in industrial
applications. Start-ups and other entrepreneurial activities
are not on the same level as in other countries either. Here
we still have a long way to catch up.

How big is the gap compared to countries like the US or
China? Can we still close the gap?

It is still very big. In fact, here is where the stimulus package
can play a very important role. I think that it has been spe-
cially designed to establish connections between science and
industry in order to help industry to become a global player.
1 believe that the stimulus package is the best way to make it
work in a country like Germany.

One way to build a bridge between rese-

puters. Those problems are ubiquitous in in- It aiMS t(? make IV_Iunich arch and industry is the “Munich Quantum
dustry, and thus any advance in this direction and Bavaria a leading re- Valley”. What is it and what are its goals?

may have a big impact.

This is also the reason why automobile

companies, for example, have high hopes for
quantum computers because, for example, batteries for elec-
tric cars could be improved significantly through new rese-
arch results generated by the quantum computer.
Certainly. But when you talk to different people in that sec-
tor, you may get a different point of view as well. My person-
al view so far is that this is, indeed, promising, but it has not
been established yet. As of today, it is not yet clear whether
this first generations of devices can really help us to solve the
problems that are relevant for the automobile industry. Hope-
fully, this will happen; but I believe there is a lot of research
and development needed for that.

From your perspective, it then seems to me that we know
that quantum computers will overtake classical computers
and then generate a big impact, but we do not yet know when
that will be the case.

Exactly. But let me emphasize that, given the enthusiasm that
we have nowadays, one has to be prepared for a long time

gion for quantum technol- 1t is a consortium formed by the Max Planck
ogies in the world.”

Society, the Fraunhofer-Gesellschaft, the Tech-
nical University of Munich, the Ludwig-Max-
imilians-Universitdt of Munich and the Bavarian Academy of
Sciences and Humanities. With the president of the Bavari-
an government and several ministries, they have created this
consortium. In fact, they have just signed a memorandum of
understanding stating to create a consortium in quantum tech-
nologies where science and industry collaborate, among other
things, to develop quantum computer hardware and software.
It aims to make Munich and Bavaria a leading region for quan-
tum technologies in the world. Thanks to our very good scien-
tific basis, we have an excellent starting point. Munich and the
whole Bavaria also have a very strong industry that can boost
the development of quantum technologies. Thirdly, we have an
excellent education to prepare the younger generation for the
world of quantum computing. For example, we already have
a master’s degree in quantum technology in Munich that is a
joint effort of the two universities, TUM and LMU. And last
but not least, we want to promote and support entrepreneurs
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to create intellectual property, together with scientists and :
industry, and to incubate start-ups that later on can lead the ;

market. Additionally, young people should have the opportu-

nity to transfer their ideas from the academic environment to ;

practice through excellent training and research. This is how it

works in other parts of the world and this is how it should also
work in Munich, because we are convinced that Munich is in :
computing. Well, it’s difficult to imagine today how quantum

a privileged position to carry this successfully.

That sounds like Silicon Valley for Bavaria.

Or is the comparison too ambitious?
Yes, this is a good analogy. We speak of the “Ba-
varian Quantum Technology Valley” in Europe as
one of the most well-known centers for quantum
computing in the world. We are very ambitious.
Think of the enormous potential that we have in
our area, with science, industry, education, and the full sup-
port of the local government. Start-ups can benefit from the
excellent research that is being carried out at universities here;
conversely, through the Munich Quantum Valley, those ideas
can find their way directly into business and industry. Fur-
thermore, science will also benefit from that. It is precisely
this cycle that makes the idea of the Munich Quantum Valley
so interesting.

How long do you have in mind for these goals?

We have already started. We have already brought things
together and are working on realizing the most important
goals. This includes, for example, building quantum comput-
ers, developing the software, and much more. That’s the plan
for the next five years.

Just like “PlanQK?, an institution that is supposed to es-

tablish the connection between university and industry when
it comes to the use of quantum computing. Is that the main
goal of the Munich Quantum Valley?
PlanQK is also playing a very relevant role in putting togeth-
er science and industry. In the Munich Quantum Valley, we
want to leverage this and also collaborate to enhance that
connection.

To address a technical problem: Quantum computers

can currently only be used under difficult external condi-
tions (temperature on the edge of 0 Kelvin, enormous amount
of space, difficult operation, high energy consumption, etc.).
What approach is Quantum Brilliance taking to make the
quantum computer suitable for everyday use?
Quantum Brilliance is a very promising start-up company,
but I am not so familiar with their approach, so that I can
only give a general answer. Quantum computers are very
powerful, but they can only be operated under stringent con-
ditions, like very low temperatures, pressure or isolated from
external fields. A lot has happened in the last 20 years, but
still the operation conditions are difficult to reach and this
imposes strong limitations to the scaling up. One goal is to
relax such conditions in order to make it easier (and cheaper)
to be built. This is a major area of research at the moment:
Finding platforms that do not require such extreme condi-
tions.

Is it a dream, a vision or a spinning mill when I say that
in ten, twenty or thirty years we will have a quantum compu-
ter in our hands like a smartphone today?
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“We have learned

from history that

technology makes
huge leaps.”

That’s a very interesting question! Go back 100 years to
when the first computers were built and ask the same ques-
tion. Back then, a computer took up an entire house because
of its size. Were they able to envision that a computer nowa-
days can fit on your desk? Almost all leading manufacturers
would have told you at the time that it was impossible. You
can ask now the same question in the context of quantum

computers will look in 20-40 years and what
will be the most important use. We have learned
from history that technology makes huge leaps
and it is almost impossible to predict its appli-
cations. I firmly believe that with quantum com-
puters the same will happen, namely the most
important uses of quantum technologies are still
to be discovered.

The history of technology has always been the search for

the brilliant idea that like a row of dominos initiates a new
chain of inventions.
That’s the way it is. But that is precisely why it is important
that we research and look for applications today but keep-
ing an eye on future developments. Only that can provoke
the domino effect. We have to give people the opportunity
to research and try. Then the applications for the quantum
computer will increase and accelerate the advancement of
technology. If we do nothing, nothing more will happen.

Let’s talk about this interview again in ten years and
then see what has happened since then.

With pleasure.

Interview: Hannes Mittermaier

Prof. J. Ignacio Cirac

Born in Manresa, Spain. In
1988, he graduated in The-
oretical Physics from the
Complutense University,
Madrid (Spain), and gained
his PhD in 1991. Between
1991 and 1996, he was As-
sociate Professor at the Uni-
versity of Castilla-La Man-
cha (Spain) and Research
Associate at the University
of Colorado, Boulder (USA).
From 1996 until 2001 he was Professor of Theoretical Physics
at the University of Innsbruck (Austria). Since 2001 he is a mem-
ber of the Max Planck Society and Director at the Max Planck
Institute of Quantum Optics in Garching (Germany). In 2002 he
also became honorary professor at the Technical University
of Munich. He carries out research in quantum computing,
quantum optics and many-body physics. He is a member of
the Spanish, German (Leopoldina) and Bavarian Academies of
Sciences, and corresponding member of the Austrian. He holds
seven honorary doctorships.

st/ TUM

=



