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Project Details

This PhD project is a part of long-term research programme “Nijenhuis Geometry”, a new challenging
area in Differential Geometry that studies local and global properties of geometric structures given
by a field of endomorphisms with vanishing Nijenhuis torsion. This topic is located on the crossroad
of Geometry, Mathematical Physics and Algebra as Nijenhuis structures naturally appear in many
seemingly unrelated research areas such as bi-Hamiltonian integrable systems (both finite and infinite-
dimensional), projective geometry, theory of left-symmetric algebras and others.

A Nijenhuis operator L is defined to be a field of endomorphisms on a smooth manifold M such
that its Nijenhuis torsion identically vanishes, i.e.,

L2[v, w] + [Lv, Lw]− L[Lv,w]− L[v, Lw] = 0, (∗)

for arbitrary vector fields v, w on M. The pair (M, L) is called a Nijenhuis manifold.

Relation (∗) is the simplest differential-geometric condition on a field of endomorphisms, and
that is the reason why Nijenhuis operators appear in many areas of differential geometry and
mathematical physics. “Nijenhuis Geometry” programme, initiated several years ago, is aimed at
systematic development of the theory of Nijenhuis manifolds. More specifically, our goal is to re-direct
the research agenda in this area from tensor analysis at generic points to studying singularities and
global phenomena.

One of the most natural motivations for this programme is as follows. Classical geometries are
defined by means of a tensor of order 2. For Riemannian, sub-Riemannian, symplectic and Poisson
structures, this tensor is a bilinear form (co- or contravariant, symmetric or skew-symmetric). In this
list, one type of tensors is still missing: linear operators. Nijenhuis geometry would be a very natural
candidate to fill this “gap” and continue the list.

Our ultimate goal is to answer the following natural questions:

(A) Local description: to what form can one bring a Nijenhuis operator near almost every point
by a local coordinate change?

(B) Singular points: what does it mean for a point to be generic or singular in the context of
Nijenhuis geometry? Which singularities are non-degenerate? Which singularities are stable?

(C) Global properties: what restrictions on a Nijenhuis operator are imposed by compactness of
the manifold? And conversely, what are topological obstructions to a Nijenhuis manifold carrying a
Nijenhuis operator with specific properties (e.g. with no singular points)?

Entry requirements

Applicants should have, or expect to achieve, at least a 2:1 honours degree (or equivalent) in
mathematics. A relevant master’s degree and/or a strong background in Differential Geometry and
experience in computer programming (e.g., MATLAB, Python) will be an advantage.
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