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Report of three-month dispatch

Shun Kawakami
Department of Applied Physics
Second generation student of MERIT program

Place : University of Toronto, Term : 2014 3/25-6/22

+ About Toronto

I was dispatched to the Hoi-Kwong Lo’s research group in University of Toronto. One reason is
that my work in Master course was based on his theory and the other one is that my supervisor
and he know each other. University of Toronto has about 50 thousands student, and 20% of them
are international students[1] (University of Tokyo has about 30 thousands student, and 8% of
them are international students [2]). Especially in my office, many of the members are Chinese,
and I hear Chinese as much as English. Multi- r
culture structure is seen in the whole city of Toronto,
too. There is a large China town as well as Korea
town , Little Italy, Greek town, and so on. As each of
them keeps the lifestyle of their own culture,
Toronto is often called not the city of “melting pot”,
but the city of “cultural mosaic”. Toronto is an

attractive city where people come together from all

over the world as well as anyone can be proud of ] .
) Y P University of Toronto
their own cultures.

[1]University of Toronto Web page [2]University of Tokyo Web page

+ Research in weekdays

Prof. Lo’s research group is composed of about ten
members. They come all together once every two weeks and
report their recent works. I also reported my work in
master course there.

Just before I went to Toronto, a new project started in
Prof. Lo’s research group. Although it was a different

project from ones which were suggested before visiting, 1

could fortunately join the project. In the first month, I

studied the background and understood the point of the

With a research member

project. Afterwards I made a proof of the detailed theory



with a help of a research member and wrote one part of a new paper as a second author. Since
the visiting term is limited and they also need to get a result rapidly, I discussed with him every
day to make the goal clear. We further discussed with '
the professor once every two weeks and got some
advices from him. We finally got the result which was
set as a goal of this three-month research.

What was a fan in a day was lunch time. I went to
the China town which is near University of Toronto
with Chinese members. The members of the lunch do

not depend on research groups and they ask various

kinds people to eat out together, which impressed me.
Chinatown in Toronto

+ Holidays

Although most of time in weekdays was spent for research, I made it a rule to go out in
holidays. Most part of Canada has high latitude and we
can enjoy the winter sports until the middle of May. We
can also enjoy canoeing and kayaking which are
popular sports in Canada in June. Moreover, there are
a lot of chances offered by the University or public
organization to talk with international students in
Toronto, and I often used them. There are also a lot of

Japanese who have totally different background from

mine, and I sometimes enjoyed talking with them.

Enjoy kayaking

* Summary

I had various kinds of new experiences in these three months. One of the most impressive
experiences was that I knew the importance of having my own opinion. I once was asked about a
social problem in Japan, and I explained it in detail. After that he said to me, “Then how do you
think of that?”, and I was upset, which makes me realize the gap between knowing problems
and having my own opinion. I think that it is applied to our research, which means that I should
be the person who knows well about his own country and clearly transmit his opinion to foreign

countries as well as knows well about his own research field and transmit his vision to another
field.
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Project Title: Single-photon Boson Sampling with decoy states

Quantum computer is expected to efficiently solve specific problems which are classically
intractable. Although factorization is widely believed to be one of such problems, it is hard to
implement with the present techniques. In 2011, Aaronson and Arkhipov showed that the
problem called Boson Sampling can be classically intractable[1]. This theory drew attentions
because it holds even with the small error which is derived from practical imperfection as well
as Boson Sampling itself can be implemented with linear optics. Afterwards some experimental
works show that small-scale Boson Sampling is implemented with simple boson computers[2,3],
and other theoretical works propose problems related to implementations[4]. One of the main
problems is a multiple-photon input, which makes the probability distribution of outcomes
different from an ideal one by error €. Since it is hard to make all inputs single photons in
practical situation, € is non-zero value which is estimated from observed probability
distribution. In [1], it is suggested that ¢ should decrease with n which represents the number
of input-single photons.

In Hoi-Kwong Lo’s research group, they consider that € can be estimated better in Boson
Sampling problem with Decoy State Method, which is an estimation method originally used in
the field of quantum cryptography. In Decoy State Method, we change intensities of input light
variously. It is known that the larger number of intensities gives the better estimation while the
smaller number is preferable from the perspective of implementation. In my work, I estimated
the upper bound of € which is derived from the maximum intensity of input light y and the
number of intensities x under the condition that boson computer itself does not contribute to €.
As a result, I proved that a sufficient condition of ¢ and x which make € decrease with n and
found that they are practical values in terms of implementation. This result will be incorporated
into the theory with another imperfection of Boson-Sampling implementation, which enables

large-scale implementation in the future.

Figure : An example of ideal Boson Sampling
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\ right side.

[1]Aaronson and Arkhipov, in Proceedings of the 43rd annual ACM symposium on Theory of computing, pp.
333-342, ACM, (2011)

[2] M. A. Broome et al., Science, 339, 794-798, (2013)

[3] B. Spring et al, Science, 339, 798-801 (2013)

[4] P. P. Rohde and T.C. Ralph, Phys. Rev. A, 85, 022332 (2012)

{



