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Broadly, this thesis is concerned with the characterization of “non-conventional D-branes,” given
by a bulk conformal field theory of free bosons/fermions which do not satisfy simple linear gluing
conditions on the boundary. Significant examples discussed are D-instanton bound states on a D3
brane, possibly in the presence of Kalb-Ramond flux, and the “honeycomb” D-branes discovered
by Kudrna and Schnabl in level truncated open string field theory. A major part of this thesis
is devoted to studying such backgrounds using the tools of open string field theory, in particular
perturbatively as deformations of known backgrounds. The final chapter, however, describes some
unconventional boundary states exactly using classical conformal field theory techniques.

The thesis is divided into two parts. The first part consists of four chapters and is original
content written for the thesis. The second part consists of 3 chapters reprinting the candidate’s
papers and preprint.

The first chapter starts by introducing cyclic A∞ and L∞ algebras, develops the coalgebra
formalism, and explains how these structures represent the symmetries and gauge invariance of
string field theories. After, a general discussion of the homological perturbation lemma for strong
deformation retracts is given. The second chapter discusses some aspects of open bosonic, open
supersymmetric, and heterotic string field theories. This chapter serves as a good summary of
results obtained in the last several years following homotopy-algebraic constructions of superstring
field theories. The third chapter discusses Ellwood invariants, first as are known in open bosonic
and WZW-like open superstring field theories. For the first time a generalization of the Ellwood
invariant to the A∞ open superstring field theory is given, and is the first significant original result
reported in the thesis. Chapter 4 is completely new work. It carefully develops the derivation of
tree level effective actions in string field theory and demonstrates that their structure is governed
by the homotopy perturbation lemma. In this way, tree level effective actions inherit a cyclic
A∞ structure from the parent theory through what is known as a “homotopy transfer.” This is a
new and extremely important result. The chapter goes on to describe applications. The first is
a rather clever story about how one can integrate out the massless auxiliary field of open string
field theory in the language of homotopy transfer by defining a suitable “algebraic propagator.”
The second application is the derivation of zero-momentum effective actions in the presence of
deformations of the closed string background generated by the Ellwood invariant. The trick here
is that after a shift of the open string field one can cancel the closed string tadpole at the cost of
modifying the standard kinetic term. In this way one can integrate out fields outside the kernel of
L0 and describe the effective potential of fields which are not exactly massless; in particular one
can derive (barely) tachyonic potentials. The first application is open string tachyon condensation
to the “honeycomb” D-brane in bosonic string theory from a D2-brane compactified on an A2

lattice close to the radius R = 2/
√

3, where the deformation away from this radius is described
by perturbation with the Ellwood invariant. The second application is tachyon condensation to a
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D-instanton/D3-brane bound state the presence of Kalb-Ramond flux in the type IIB superstring,
where the nonzero flux is described by a perturbation with the Ellwood invariant.

Then we move on to the collected papers. Chapter 5 analyses of the third order obstruction
to marginal deformation in open superstring field theory when the background has two noncom-
pact dimensions realizing N = (2, 0) supersymmetry. This gives a broad generalization of the
ADHM constraints for instanton solutions, and in particular resolves a significant controversy in
the literature about whether the modulus which blows up an instanton is realized in string theory.
Chapter 6 gives a derivation of the quartic effective potential for massless states at zero momentum
from heterotic string field theory. Finally, chapter 7 gives an exact construction of various “non-
conventional” boundary states for D-branes in type II string theory on certain self-dual 4 torii.
These results are not based on string field theory but utilize conformal field theory techniques,
in particular Gepner models. Some examples represent D-instanton/D3 bound states at specific
values of the moduli, and some stable but non-supersymmetric open string backgrounds. These
results are very exciting and impressive, and my understanding is that they have generated quite
a lot of interest among experts in conformal field theory.

My main criticism of the thesis is an issue of presentation. The first four chapters of the thesis
place very heavy emphasis on the development and exposition of homotopy algebraic techniques,
which to me seem somewhat peripheral to the candidate’s actual interests. Calculations of effec-
tive actions in this thesis do not go far beyond leading order, and while the homotopy algebraic
description is interesting to know it is not strictly needed for these calculations. It might have
been more appropriate to devote the effort of exposition to some background in conformal field
theory and non-conventional boundary states. On the other hand, one could argue that the rele-
vant conformal field theory techniques are amply discussed elsewhere, while the homotopy algebra
techniques are not widely appreciated, even among experts in string field theory. As I have been
involved in the development of the formalism reviewed in the introductory chapters, it is satisfying
to see it appreciated and described so thoroughly in this thesis.

The candidate is extremely strong, more so than any student I have seen working on string
field theory in memory. He has been working for only a year, and in this period has managed to
pull a significant portion of the string field theory community into his orbit. He has a talent for
collaboration. He understands and connecting people’s ideas, so that they become more relevant
to each other. At the same time, he is clearly the primary force behind all of the papers he has
written, including those with several coauthors more senior than him. The thesis is a technical
marvel, and it is difficult to do justice to all of the technical innovations in this report. Without
a doubt the candidate is deserving of a PhD.

The following are questions for discussion:

• The Ellwood invariant for the A∞ superstring field theory described in this thesis involves
a closed string vertex operator at picture −1. However, the open-closed superstring field
theory discussed by Moosavian, Sen, and Verma involves an open/closed string vertex where
the closed string has picture (−1,−1) in the NS-NS and (−1/2,−1/2) in the R-R sector.
Moreover, the boundary state in their action couples to the closed string field at picture
(−3/2,−3/2) in the R-R sector. What is the significance of these differences of picture
assignment and what is their implication for the structure of the boundary state?

• Adding the Ellwood invariant to the action gives a weak A∞ structure representing a D-
brane in a deformed closed string background. Provided there is no obstruction, this can be

2



transformed into an ordinary A∞ structure by shifting the open string field. If an obstruction
is present, is there a way to tell if it has an open or closed string origin? If it has an open
string origin, it should still be possible to cancel the Ellwood invariant by shifting to a
nonperturbative vacuum. If it has a closed string origin, it would seem that the theory
should be inconsistent. But what is the precise nature of this inconsistency?

• Is there an example of string field theories which are related by A∞ morphisms which are
not (quasi)isomorphisms?

• The algebraic propagator is defined on the full open string state space, so it makes sense
to use it on its own to integrate out some portion of the string field. One does not need
to integrate out all massive modes. What is the nature of the field content of the resulting
string field theory?

• Is it possible to generalize the homotopy transfer to include corrections from loop diagrams?

Dr. Theodore Erler 17.7.2020
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