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My research interests, in the broadest sense, are in the algebraic and geometric structures underlying physical
theories. My previous work has focused mainly on applications of Lie (super)algebra cohomology in mathe‑
matical physics, in particular in supergravity and symplectic mechanics. In my PhD thesis, Spencer cohomol‑
ogy, supersymmetry and the structure of Killing superalgebras [1] and related publications [2–5], I expanded
upon a body of work by my supervisor José Figueroa O’Farrill (JMF) and others studying the supersymmetry
algebras of supersymmetric supergravity backgrounds via Spencer cohomology [6–11], an approach which not
only provides insights into the structure of these superalgebras but also gives one a geometrical notion of su‑
persymmetry which goes beyond supergravity, the consequences of which we have only begun to explore. In
my work in symplectic mechanics [12, 13], I proved an often stated but never fully justified version of a classic
theorem on homogeneous symplectic spaces, and an extension of this work is still ongoing.

In this statement, I will briefly provide some background for and an overview ofmy research output to date and
then describe some research projects which I am interested in pursuing, encompassing problems in geometry,
supersymmetry and gravitational theory across various regimes.

Spencer cohomology and supersymmetry
Background theory A supersymmetric background in a supergravity theory is a solution in which all fermions
vanish and which is preserved by at least one of the supersymmetries of the theory, meaning in particular that
the supersymmetry variation of the gravitino with respect to some local spinor parameter 𝜖 vanishes. Mathe‑
matically, this is interpreted as a first‑order linear differential equation, the Killing spinor equation (KSE), which
is generally of the form ∇𝜖 = 𝛽𝜖, where 𝜖 is understood to be a section of a spinor bundle, ∇ is a lift of the
Levi‑Civita connection and 𝛽 is a 1‑form with values in spinor endomorphisms (which is parametrised by the
bosonic background fields). The solutions to this equation are known as Killing spinors.1

Killing spinors generate a Lie superalgebra known as a Killing superalgebra (KSA), which one interprets as a su‑
persymmetry algebra of the background, and it has a particular structure: it is a filtered subdeformation of the
Poincaré superalgebra2 [1, 3, 8]. Such deformations are governed by a cohomology theory known as Spencer
cohomology [14]; in the case at hand, elements of the Spencer cohomology group ℋ2,2 of the Poincaré su‑
peralgebra play the role of “infinitesimal” filtered subdeformations which one may be able to “integrate” to full
filtereddeformations. While this perspective is somewhat abstract, an element ofℋ2,2 canbe interpretedmore
concretely as a spinor endomorphism‑valued 1‑form which one can identify with the 𝛽 appearing in the KSE. A
priori, this calculation only tells one about maximally supersymmetric backgrounds, but it can often be boot‑
strapped to providemuchmore information, especially about highly supersymmetric (>1

2BPS) backgrounds. In
particular cases it actually completely recovers the formof the KSE, and it is sometimes even possible to recover
the bosonic equations of motion by imposing integrability conditions [2, 7–10]. That is to say, using only the
representation theory of the Poincaré superalgebra, one can, at least in certain cases, recover the bosonic sec‑
tor of a supergravity theory without any prior knowledge of the field content, field equations or supersymmetry
transformations of that theory.
Mywork Inmy first publishedwork [2], which built uponmyMSc thesis, we applied thesemethods tominimal
𝐷 = 5 supergravity, determining the Spencer cohomology group ℋ2,2 and finding that the KSE and bosonic
equations of motion can be recovered, but we also found that the form of the KSE suggested by the calcula‑
tion is more general than that of the supergravity theory, with additional terms proportional to a new bosonic
field not present in the theory (also previously observed in 𝐷 = 6 [10]). Nonetheless, the spinors satisfying
this equation generate a KSA, and we showed that there are geometries supporting such spinors which are
not supersymmetric supergravity backgrounds. Thus the geometric notion of “supersymmetry” – the admissi‑
bility of spinors generating a KSA – is more general than the one given by supergravity theory. One potential
consequence of this is that the well‑studied class of supersymmetric 5‑dimensional black holes might also be
enriched; see point 2 below.

1These are closely related to but not exactly the same as the Killing spinors studied in Riemannian geometry satisfying the equation
∇𝑋𝜖 = 𝜆𝑋 ⋅ 𝜖 for all vector fields 𝑋 and some 𝜆 ∈ ℂ, which we term geometric Killing spinors.

2That is, it is a filtered Lie superalgebra, and its associated graded Lie superalgebra is a (ℤ‑graded) subalgebra of Poincaré.
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I extended thiswork inmyPhD thesis, calculatingℋ2,2 for arbitrary𝒩‑extendedPoincaré superalgebras in𝐷 =
5 and 𝐷 = 6 and including extension by the 𝑅‑symmetry algebra. In the minimal 𝐷 = 5 case, I showed that
when the 𝑅‑symmetry is included, one discovers an even more general KSE, and by describing some families
of maximally supersymmetric backgrounds, I demonstrated that the corresponding notion of supersymmetric
geometry ismuch richer than that of supergravity. I also showed thatℋ2,2 = 0 in Type IIA; this is consistentwith
the non‑existence of non‑trivialmaximally supersymmetric solutions in Type IIA supergravity, but more work is
needed to understand what else this might have to tell us about the theory.

Parallel to these calculations, I developed a framework for understanding KSAs via Spencer cohomology in a
general context – the full relationship had only previously been fully described in 𝐷 = 11 supergravity [8]. I de‑
scribed the requirements on 𝛽 for the solutions to the equation ∇𝜖 = 𝛽𝜖 on an arbitrary pseudo‑Riemannian
spin manifold to define a KSA, as well what Spencer cohomology tells one about this and the notion of su‑
persymmetric geometry it defines. The theoretical results of this effort and a set of 2‑dimensional examples
comprise my two most recent publications [3, 4]. In a recent preprint [5], also developing work frommy thesis,
I went on to adapt this framework to generalised spin or spin‑𝐺 structures [15, 16] (about which I also wrote the
note [17]), showing that in this setting one naturally obtains KSAs which are “twisted” by 𝑅‑symmetry, previ‑
ously introduced as deformations of 𝑅‑extended Poincaré superalgebras in work in 𝐷 = 6 [10]. In my thesis, I
argued that this gives the correct notion of KSA for gauged supergravity theories,3 and I validated this using my
explicit calculations in 𝐷 = 5, which I intend to publish in the near future.
Future directions I detail below a number of potential research projects which follow on from the work de‑
scribed above, starting with those with the clearest path to publication.

1. 2‑dimensional examples. The examples described in [4] and other recent work [18] have proven di‑
mension 2 to be an interesting proving ground for the Spencer cohomology approach to supersymmetry.
Having done some preliminary work on examples with 𝒩‑extended supersymmetry and 𝑅‑symmetry, I
intend to write a paper in the near future describing some of their more interesting features.

2. Supersymmetric black holes. An ansatz of supersymmetry has been used for finding exotic black hole
solutions, in particular in 𝐷 = 5 [19]. It may be the case that new black hole solutions could be found
using the more general notion of supersymmetry that we have developed. More ambitiously, one could
attempt to classify all supersymmetric geometries under this definition, as was done for minimal 𝐷 = 5
supergravity [20]. I have already carried out many relevant calculations, such as determining relations
among the spinor bilinears, in my PhD thesis.

3. Kaluza–Klein reduction. Dimensional reduction of the Spencer data of the Poincaré superalgebra, i.e.
obtaining ℋ2,2 in a given number of spacetime dimensions from that in higher dimensions, remains
poorly understood. Previous work on this problem stalled due to technical difficulties, but we now have
manymore explicit examples which could provide a fresh perspective on this problem. Moreover, a closer
analysis of the 10‑dimensional supergravity theories in the framework I have developed and a comparison
with the 11‑dimensional case could shed light on both this issue and the trivial result (ℋ2,2 = 0) in Type
IIA.

4. Geometric supergravity. The supergravity formalism of Castellani–D’Auria–Fré [21] can be formulated
in terms of (super‑)Cartan geometry, which is closely linked with Spencer cohomology [22]. I would be
interested in exploring connectionsbetweenmypreviouswork and this perspective, andespecially in how
the incorporation of higher gauge structures and 𝐿∞ algebras [23, 24] might help to resolve some open
questions aboutwhat Spencer cohomology can tell us about the gauge data of supergravity backgrounds.
There are also connections with recent work on non‑relativistic supergravity and strings [25, 26].

5. Rigid supersymmetry. Supersymmetric bosonic backgroundsof supergravity theories are known to sup‑
port rigid supersymmetric field theories obtained by “freezing out” gravitational degrees of freedom (via
Festuccia–Seiberg [27]). The existence ofmore general supersymmetric backgrounds with KSAs opens up
the possibility that there may be novel rigid supersymmetric field theories which do not arise this way. It
may be possible to write down such new theories by studying the representation theory of the KSAs.

3That is, theories in which the 𝑅‑symmetry group is gauged, so that the gravitini carry colour charge. To my knowledge, their KSAS
have not previously been described.
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Homogeneous symplectic geometry
Background theory In the symplectic formalismof Hamiltonian dynamics, a classic result of Kostant–Kirillov–
Souriau (KKS) [28–30] says that the homogeneous symplectic spaces of a compact connected Lie group 𝐺,
which Souriau considers to be a classical counterpart to elementary particles, are locally isomorphic to coad‑
joint orbits of a one‑dimensional central extension 𝐺 of 𝐺. The classic references for this theorem all assume
(either implicitly or explicitly) that𝐺 is simply connected, but this result is often statedwithout this assumption.
Mywork After discovering that there was no published proof of the KKS result without this assumption, 4 mo‑
tivated by an application to non‑relativistic dynamics [32], JMF and I identified that the difficulty when 𝐺 is not
simply connected is in showing that one can construct 𝐺 from homological data associated to the homoge‑
neous space. In our preprint [12], we were able to resolve this issue using some existing results on the existence
of central extensions of Lie groups [33, 34]. I also presented a summary of this work a conference paper [13].
Future directions We have more recently considered how this result might be generalised to the case where
the group action only preserves the symplectic form up to rescaling, and this work has touched on the areas
of Poisson, contact and Jacobi geometry. We hope to complete this work in the near future. I would also be
interested in continuing to work on related problems in symplectic geometry and dynamics (both relativistic
and non‑relativistic).

Futher interests
I am interested in exploring topics across mathematical physics at the intersection of supersymmetry, grav‑
ity, homological algebra and geometry. In recent years, a number of different workshops, seminars and read‑
ing groups have drawn my interest towards, among other topics, non‑perturbative aspects of supersymmetric
quantum field theories, mathematical general relativity, generalised geometry and non‑relativistic physics (in
particularNewton–CartanandCarrolian (super)gravity), and Iwouldalsobe interested inworking in theseareas.
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