
“Quantum Supremacy” describes the superiority of the 
quantum computer in comparison to conventional computers. 
What advantages are you hoping for from the quantum com-
puter? How do you rate the euphoria surrounding this new 
technology?
Quantum computers promise to be able to solve 
problems that – as of today – a conventional com-
puter cannot solve. But this is true for ideal quan-
tum computers, not the ones that we can build 
today. Nevertheless, some prototypes of such 
quantum computers have already confirmed that 
they can solve some particular problems faster 
than any existing conventional supercomputer. 
Unfortunately, solving such an academic problem does not 
imply that we can apply quantum computers practically in 
industry and business. There is still a long way to go and 
this will take time since we have to move from small proto-
types to scalable devices. Until then, we ask ourselves the 
question: Can existing or soon-to-be-built prototypes solve 

problems that are not merely academic, but have practical 
applications with a potential impact on business and socie-
ty? Maybe yes! That is why the euphoria about a “quantum 
supremacy” is very natural and raises very big expectations. 

If you are talking about a long way to go, what 
time are you talking about? Is it five years, ten or 
even more, until quantum computers overtake our 
conventional computer? When will be the sweetspot 
between classical and quantum computers?
If we are really talking about all applications a 
quantum computer promises and not just some 
very specific ones, then even the most optimistic 
are talking about a period of ten years or longer.

What is NISQ-technology (Noisy Intermediate Scalable 
Quantum computers) and how is your current susceptibility to 
errors to be improved?
Everyone wants quantum computers, but at the moment we 
only have prototypes. These prototypes are small and have 
errors. NISQ computers are such prototypes that are prone 

“As researchers, 
we really want 

quantum comput-
ing to become a 

useful tool for in-
dustry and society 

in general.”

The long journey from 
prototype to the ideal 
quantum 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.

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-
puters. Those problems are ubiquitous in in-
dustry, and thus any advance in this direction 
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 

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. 
I 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-
arch and industry is the “Munich Quantum 
Valley”. What is it and what are its goals?
It is a consortium formed by the Max Planck 
Society, the Fraunhofer-Gesellschaft, the Tech-
nical University of Munich, the Ludwig-Max-

imilians-Universität 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 

“It aims to make Munich 
and Bavaria a leading re-
gion for quantum technol-

ogies in the world.”
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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 
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?

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 
computing. Well, it’s difficult to imagine today how 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
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“We have learned 
from history that 

technology makes 
huge leaps.”

Ein Quantencomputer 
mit 1121 Qubits

 IT-Riese IBM hat im Januar 2019 mit dem „Q System One“ 
den ersten schaltungsbasierten kommerziellen Quantencom-
puter eingeführt. 2021 soll der erste deutsche Quantencom-
puter gebaut werden. Dirk Wittkopp ist 

Vice President Development und Geschäftsfüh-
rer des deutschen IBM Entwicklungszentrums 
und berichtet von aktuellen Planungen.

Seit wann beschäftigt sich IBM mit 
dem Thema Quantencomputing? Welche 
Forschungsergebnisse haben dem Quan-
tencomputer endgültig zum Durchbruch 
verholfen? 
Der Quantencomputer in unserem Rechen-
zentrum in Ehningen steht bereits und ist seit Jahresanfang 
live für die Fraunhofer-Gesellschaft als IBM Q Hub und 
ihre Kunden. Wir sind besonders stolz darauf, dass es sich 
dabei um das erste IBM Q System weltweit außerhalb der 
USA handelt. Wir sind, wenn Sie so wollen, schon Jahrzehn-
te an dem Thema dran. Mitte der 80er-Jahre war dann der 
Zeitpunkt, an dem verschiedene Forschungsthemen mit der 

Quantenmechanik zusammengeführt werden konnten. Wir 
waren 2016 das erste Unternehmen, das Quantencomputer 
für Forschung und Entwicklung über die Cloud zugänglich 

gemacht hat. Aktuell haben wir mehr als 30 
solcher Systeme online. 

Was erhofft man sich vom Quanten-
computer-Standort Deutschland?
Ziel der Kooperation mit der Fraunhofer-Ge-
sellschaft ist es, die Kompetenzen und Strate-
gien rund um das Thema Quantencomputing 
für die Industrie und anwendungsorientierte 
Verfahren voranzutreiben. Die gemeinsame 
Initiative vereint etablierte Partner aus Uni-

versitäten, Forschung und Industrie unter dem Dach eines 
Fraunhofer-Kompetenznetzwerks Quantencomputing. Wir 
versprechen uns davon, die Rolle Deutschlands als führende 
Technologie- und Innovationsdrehscheibe zu stärken.

Bis 2023 will IBM mit seiner Quantum Roadmap ei-
nen breiten Einsatz des Quantencomputers für die Wirt-
schaft ermöglichen. Das System „Quantum Condor“ will 

„Wir glauben, dass die 
Quantentechnologie inner-
halb dieses Jahrzehnts so 

weit fortschreiten wird, dass 
es auf verschiedenen An-

wendungsfeldern erhebliche 
Vorteile für Wirtschaft und 
Wissenschaft bietet wird.“

Wie mehr Rechenleistung den „Quantum Advantage“ zeitnah fördern wird.
Das jüngste Konjunkturpaket der Bundesregierung schnürt Quantencomputing mit  
einer Unterstützung von zwei Milliarden Euro fest ein. Mindestens zwei Quantencomputer 
sollen von geeigneten Konsortien gebaut werden. Damit soll ein Zeichen gesetzt werden 
für mehr europäische Souveränität und Eigenständigkeit in einer Technologie, die schon 
mittelfristig zur breiten Anwendung in Industrie und Wirtschaft gelangen soll.
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