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Background � Identifying the nature and strength of interactions is essential for the understanding of any quantum
physical phenomena, from implementations of quantum computers to the modelling of charge and energy transport in
bio-molecules. Acquiring information on the Hamiltonian can, however, be a tough challenge in many-body systems
requiring high control of the system [1].
Once the Hamiltonian of a system is known, one can ask a complementary question: which oper-

ations can be achieved with the system, using the interplay of natural time evolution with some ex-
perimental control? This is a question of quantum control [2]. So system identi�cation on the
one hand requires control, but on the other hand the obtained knowledge can be used for control.

Figure 1: Example for indirect identi�cation: All coupling
strengths (black lines) and local magnetic �elds (blue back-
ground) of a graph of spins (white circles) can be estimated
indirectly by quantum state tomography on a on a subset (en-
closed by the dashed red line). The coupling strengths and �eld
intensities are represented by the width of lines and the depth
of the background colour, respectively. Similar indirect identi-
�cation problems will be employed in this project.

Project � The main problem of both system iden-
ti�cation and quantum control is that in real exper-
iments only a few operations on the quantum system
are possible. In some case one might only be able to in-
dividually address a few components of the system; in
other cases one might only be able to globally address
the whole system. The main purpose of this project
is to develop models for indirect system identi�cation
and quantum control in such a restricted setup. Such
schemes have high importance for the future develop-
ment of quantum computation, but are also relevant
in the broader context of understanding quantum pro-
cesses in nature.
First Year Project � In the �rst year project you will

start by learning about the general methods of system
identi�cation and quantum control. You will then per-
form numerical simulations on relatively simple graphs
of coupled spin 1/2 particle in order to get a feeling of
the spin dynamics and of the prospects - and problems
- of system identi�cation in such systems. This will al-
ready include interesting new physics. In collaboration
with Dr. Sonia Schirmer from the University of Cam-
bridge you will then study quantum control in these
graphs, both numerically and analytically. Some of
these results might be immediately realisable through
our experimental collaborators.
PhD Project � There are various possible paths to widen up the research from the �rst year project, depending also

on your �ndings and your interests. One important path is to open up the spin systems by including an environment.
Since environments are unavoidable in experiments and severe obstacles on the way to quantum computers, it will
be interesting to see how we can estimate them indirectly in the limited control scenario. We could also go in more
abstract (and beautiful) mathematical questions such as the study of the relationship between quantum control and
system identi�cation, and the interplay of local and global control. Finally we could move more towards the applied
side and study system identi�cation in biological quantum systems. This has recently become a subject of high
interest, and you would take a very careful look on the current experimental data to see what conclusions can be
made about the nature of the Hamiltonian, and which experiments would be feasible to �x the unknown parameters.
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