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Professional Positions:

▶ NSF Mathematics Postdoctoral Research Fellow, University of Chicago (Fall 2022 - present)

▶ L.E. Dickson Instructor, University of Chicago (Fall 2021 - present)

▶ Visiting Researcher, Max Planck Institut für Mathematik (Summer/Fall 2020, Spring 2021,
Summer/Fall 2019, Summer 2018)

▶ Graduate Student Researcher/Instructor, UC Berkeley (Fall 2015 - Spring 2020)

▶ Researcher/Data Analyst, Vermont Complex Systems Center (2014)

▶ Computation Researcher, University of Vermont (Summer/Fall 2012, Spring 2013)

▶ Researcher/Data Analyst, Mann Lab – blood coagulation, protein kinetics (2011-2012)

Education

▶ University of California, Berkeley, Berkeley, CA
Ph.D. in Mathematics, 2015 - 2021
Thesis: A relative version of Rochlin’s theorem
Thesis advisors: Robion Kirby and Peter Teichner

▶ University of Vermont, Burlington, VT
B.S. (Honors) and M.S. in Mathematics (Accelerated Masters)
Major: Mathematics. Minors: Biology, Music
Thesis (Mathematics): Computing rings of modular forms using power series expansions
Thesis advisor: John Voight
Thesis (Biochemistry): Dynamics of Factor XI activation
Thesis advisors: Stephen Everse and Tom Orfeo

Awards:

▶ NSF Mathematical Sciences Postdoctoral Reseach Fellowship ($150,000)
▶ L.E. Dickson Fellowship

▶ Salah Baouendi Fellowship

▶ Sang Kil Nam Scholarship for Excellence in Mathematics

Teaching

▶ Instructor, University of Chicago:

· Sequence and Continuity - Analysis in Rn (Accelerated) II, Autumn 2021, Winter 2022
· Differentiation and Integration - Analysis in Rn (Accelerated) II, Winter 2022
· Differential Forms - Analysis in Rn (Accelerated) III, Spring 2022

▶ Instructor, University of California, Berkeley:

· Introduction to Research - Topics in Knot Theory, Spring 2019
Cumulative mean course evaluation: 7.0/7.0 (Department average: 5.24/7.0)
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· Linear Algebra and Differential Equations, Summer 2016
Cumulative mean course evaluation: 6.19/7.0 (Department average: 5.60/7.0)

▶ Graduate Student Instructor, University of California, Berkeley:

· Linear Algebra and Differential Equations, Spring 2018
· Calculus, Spring 2017, Spring 2016
· Multivariable Calculus, Fall 2016
· Discrete Mathematics, Fall 2015

Publications/Preprints in Mathematics

(1) A group-theoretic framework for low-dimensional topology (with Sarah Blackwell, Robion
Kirby, Michael Klug, Vincent Longo, Benjamin Ruppik) (submitted) arXiv:2301.05685
(2023).

A correspondence, by way of Heegaard splittings, between closed oriented 3-manifolds and pairs
of surjections from a surface group to a free group has been studied by Stallings, Jaco, and
Hempel. This correspondence, by way of trisections, was recently extended by Abrams, Gay, and
Kirby to the case of smooth, closed, connected, oriented 4-manifolds. We unify these perspectives
and generalize this correspondence to the case of links in closed oriented 3-manifolds and links
of knotted surfaces in smooth, closed, connected, oriented 4-manifolds. The algebraic manifesta-
tions of these four subfields of low-dimensional topology (3-manifolds, 4-manifolds, knot theory,
and knotted surface theory) are all strikingly similar, and this correspondence perhaps elucidates
some unique character of low-dimensional topology.

(2) Concordance of spheres in 4-manifolds with an immersed dual sphere arXiv:2204.08041
(2022).

Let S0 and S1 be two homotopic, oriented 2-spheres embedded in an orientable 4-manifold X.
After discussing several operations for modifying an immersion of a 3-manifold into a 5-manifold,
we discuss the Freedman–Quinn (fq) and Stong (stong) concordance obstructions. When these
are defined for the pair S0,S1, they are defined in terms of the self-intersection set of a regu-
lar homotopy from S0 to S1. When S0 has an immersed dual sphere, we see that under some
mild topological conditions on X, the invariants fq and stong are a complete set of concordance
obstructions. This work is an adaption of the methods of Richard Stong to the context of con-
cordances of 2-spheres.

(3) Kernels of splitting homomorphisms arXiv:2112.07290 (2022).
Lei and Wu have given a description of the second homotopy group of a closed orientable 3-
manifold in terms of the kernels of the epimorphisms from the fundamental group of a Heegaard
splitting surface onto the fundamental groups of the two handlebody sides. In this note, we give
a geometric derivation of this result and collect some observations about the relation between
the various groups and the topology of the 3-manifold and the Heegaard splitting.

(4) Some properties of Pin±-structures on compact surfaces (with Luuk Stehouwer) (submitted)
arXiv:2112.07290 (2021).

A correspondence, by way of Heegaard splittings, between closed oriented 3-manifolds and pairs
of surjections from a surface group to a free group has been studied by Stallings, Jaco, and
Hempel. This correspondence, by way of trisections, was recently extended by Abrams, Gay, and
Kirby to the case of smooth, closed, connected, oriented 4-manifolds. We unify these perspectives
and generalize this correspondence to the case of links in closed oriented 3-manifolds and links
of knotted surfaces in smooth, closed, connected, oriented 4-manifolds. The algebraic manifesta-
tions of these four subfields of low-dimensional topology (3-manifolds, 4-manifolds, knot theory,
and knotted surface theory) are all strikingly similar, and this correspondence perhaps elucidates
some unique character of low-dimensional topology.

(5) Comparison communication protocols arXiv:2204.08037 (2022).
We introduce a restriction of the classical 2-party deterministic communication protocol where
Alice and Bob are restricted to using only comparison functions. We show that the complexity
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of a function in the model is, up to a constant factor, determined by a complexity measure anal-
ogous to Yao’s tiling number, which we call the geometric tiling number which can be computed
in polynomial time. As a warm-up, we consider an analogous restricted decision tree model and
observe a 1-dimensional analog of the above results.

(6) Representing smooth 4-manifolds as loops in the pants complex. (with Gabriel Islambouli)
Math. Res. Lett., Volume 28, Number 6, 1703–1738, (2021).

Given a loop in the pants complex of a closed orientable surface, we construct a unique smooth
closed 4-manifold and we see that all such 4-manifolds arise this way. We use the result of
Hatcher that the pants complex is simply-connected to rederive the classical fact that every such

4-manifold is cobordant to a connect sum of some number of copies of CP 2 or CP 2
.

(7) Unknotting numbers of 2-spheres in the 4-sphere. (with Jason Joseph, Benjamin Ruppik,
and Hannah Schwartz) Journal of Topology, Volume 14, Issue 4 1321-1350, (2021).

We compare two naturally arising notions of “unknotting number” for 2-spheres in the 4-sphere:
namely, the minimal number of 1-handle stabilizations needed to obtain an unknotted surface,
and the minimal number of Whitney moves required in a regular homotopy to the unknotted
2-sphere. We refer to these invariants as the stabilization number and the Casson-Whitney num-
ber of the sphere, respectively. Using both algebraic and geometric techniques, we show that
the stabilization number is bounded above by one more than the Casson-Whitney number. We
also provide explicit families of spheres for which these invariants are equal, as well as families
for which they are distinct. Furthermore, we give additional bounds for both invariants, con-
crete examples of their non-additivity, and applications to classical unknotting number of 1-knots.

(8) Concordance of surfaces in 4-manifolds and the Freedman-Quinn invariant. (with Maggie
Miller) Journal of Topology, Volume 14, Issue 2 (2021), 560-586.

We prove a concordance version of the 4-dimensional light bulb theorem for π1-negligible compact
orientable surfaces, where there is a framed but not necessarily embedded dual sphere. That is,
we show that if F0 and F1 are such surfaces in a 4-manifold X that are homotopic and there
exists an immersed framed 2-sphere G in X intersecting F0 geometrically once, then F0 and F1

are concordant if and only if their Freedman-Quinn invariant fq vanishes. The proof of the main
result involves computing fq in terms of intersections in the universal covering space and then
applying work of Sunukjian in the simply-connected case.

(9) Deep and shallow slice knots in 4-manifolds. (with Benjamin Ruppik) Proc. Amer. Math.
Soc. Ser. B 8 (2021), 204-218.

We consider slice disks for knots in the boundary of a smooth compact 4-manifold X4. We call a
knot K ⊂ ∂X deep slice in X if there is a smooth properly embedded 2-disk in X with boundary
K, but K is not concordant to the unknot in a collar neighborhood ∂X × I of the boundary. We
point out how this concept relates to various well-known conjectures and give some criteria for
the nonexistence of such deep slice knots. Then we show, using the Wall self-intersection invari-
ant and a result of Rohlin, that every 4-manifold consisting of just one 0- and a nonzero number
of 2-handles always has a deep slice knot in the boundary. We end by considering 4-manifolds
where every knot in the boundary bounds an embedded disk in the interior. A generalization of
the Murasugi-Tristram inequality is used to show that there does not exist a compact, oriented
4-manifold V with spherical boundary such that every knot K ⊂ S3 = ∂V is slice in V via a
null-homologous disk.

(10) Counting homomorphisms from surface groups to finite groups. arXiv:2106.11089 (2021).
We prove a result that relates the number of homomorphisms from the fundamental group of
a compact nonorientable surface to a finite group G, where conjugacy classes of the boundary
components of the surface must map to prescribed conjugacy classes in G, to a sum over values
of irreducible characters of G weighted by Frobenius-Schur multipliers. The proof is structured
so that the corresponding results for closed and possibly orientable surfaces, as well as some
generalizations, are derived using the same methods. We then apply these results to the specific
case of the symmetric group.
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(11) Building groups from restricted diagrams of groups (with Nic Brody) arXiv:2109.01939
(2021).

We consider the problem of realizing a group as the fundamental group of a graph of groups
where the vertex groups are restricted to certain classes (for example, coming from a certain
finite list of groups, or having bounded geometric rank). We show how this places restrictions
on the possible groups that can be realized and we give a topological application of our results
to the problem of constructing manifolds from a finite set of “building blocks”.

(12) A relative version of Rochlin’s theorem. arXiv:2011.12418 (2020).
Rochlin proved that a closed 4-dimensional connected smooth oriented manifold X4 with van-
ishing second Stiefel-Whitney class has signature σ(X) divisible by 16. This was generalized by
Kervaire and Milnor to the statement that if ξ ∈ H2(X;Z) is an integral lift of an element in
H2(X;Z/2Z) that is dual to w2(X), and if ξ can be represented by an embedded sphere in X,
then the self-intersection number ξ2 is divisible by 16. This was subsequently generalized further
by Rochlin and various alternative proofs of this result where given by Freedman, Kirby, and
Matsumoto. We give further generalizations of this result concerning 4-manifolds with boundary.
Given a smooth compact orientable four manifold X4 with integral homology sphere boundary
and a connected orientable characteristic surface with connected boundary F 2 properly embed-
ded in X, we prove a theorem relating the Arf invariant of ∂F , and the Arf invariant of F , and
the Rochlin invariant of ∂X. We then proceed to generalize this result to the case where X is
a topological compact orientable 4-manifold (which brings in the Kirby-Siebenmann invariant),
∂F is not connected (which brings in the condition of being proper as a link), F is not orientable
(which brings in Brown invariants), and finally where ∂X is an arbitrary 3-manifold (which brings
in pin structures). The final result gives a “combinatorial” description of the Kirby-Siebenmann
invariant of a compact orientable 4-manifold with nonempty boundary.

(13) Functoriality of group trisections, PNAS Trisections of 4-Manifolds Issue October 23, 115
(43) 10875-10879 (2018).

Building on work by Stallings, Jaco, and Hempel in 3-dimensions and a more recent 4-dimensional
analog by Abrams, Kirby, and Gay, we show how the splitting homomorphism and group trisec-
tion constructions can be extended to functors between appropriate categories. This further
enhances the bridge between smooth 4-dimensional topology and the group theory of free and
surface groups.

(14) Calculating the homology and the intersection form from a trisection diagram (with Peter
Feller, Trent Schirmer, and Drew Zemke), PNAS Trisections of 4-Manifolds Issue October
23, 115 (43) 10869-10874 (2018).

Given a diagram for a trisection of a 4-manifold X, we describe the homology and the intersection
form of X in terms of the three subgroups of H1(F ;Z) generated by the three sets of curves and
the intersection pairing on H1(F ;Z). This includes explicit formulas for the second and third
homology groups of X as well an algorithm to compute the intersection form. Moreover, we show
that all (g; k, 0, 0)-trisections admit “algebraically trivial” diagrams.

(15) Numerical computation of three-point covers of the projective line (with Michael Musty,
Sam Schiavone, and John Voight), LMS J. Comput. Math. 17, no. 1, 379-430 (2014).

We exhibit a numerical method to compute a three-point branched covers of the complex pro-
jective line. We develop algorithms for working explicitly with Fuchsian triangle groups and
their finite index subgroups, and we use these algorithms to compute power series expansions of
modular forms on these groups.

Other Publications

(1) Understanding the group dynamics and success of teams (with James Bagrow) R Soc Open
Sci. 2016 Apr; 3(4): 160007.

Complex problems often require coordinated group effort and can consume significant resources,
yet our understanding of how teams form and succeed has been limited by a lack of large-scale,
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quantitative data. We analyze activity traces and success levels for 150,000 self-organized, online
team projects. While larger teams tend to be more successful, workload is highly skewed across
the team, with only a few members performing most work. Focused work activity may indicate
that larger teams succeed by acting as a support system for a smaller set of core members.
However, it may also simply be due to social loafing, where individuals perform less work in a
group than they would on their own. We find that highly successful teams are both significantly
more focused than average teams of the same size and their members, even non-core members,
are more likely to themselves be core members of other teams. This mixture of size, focus and
overlapping team experience cannot be explained by social loafing and points to mechanisms that
can maximize the success of collaborative endeavors.

(2) Another Kind of Eagle Soars at Nature’s Way, The Preserve Observer, Vol. XVII 2006, p.
15 (NY state publication).

This article summarizes a summer-long, 225 hour project restoring the hiking trail “Nature’s
Way” as a Boy Scout Eagle Project. This project was approved by NY State officials, vetted by
local and national panels of adult Scout leaders, and documented extensively.

Select Invited Talks

⋄ A group-theoretic approach to low-dimensional topology, Stanford, Topology Seminar, No-
vember 2022.

⋄ An overview of the Stong invariant, Banff International Math Research Station, Special
session on 4.5 dimensional topology, November 2022.

⋄ An invitation to low-dimensional topology, Univesity of Vermont, Department Collloqium,
April 2022.

⋄ Z/2 in low-dimensional topology, Rice University, Topology Seminar, April 2022.

⋄ Z/2 in low-dimensional topology, IUPUI, Geometry/Groups/Dynamics Workshop, April
2022.

⋄ Concordance of surfaces, JMM - Special Session on Knotted Surfaces, online, April 2022.

⋄ How not to study low-dimensional topology? AMS Sectional Meeting, online, May 2022.

⋄ Outer automorphisms of S6 and Pascal’s Mysticum, University of Chicago, Farb and Friends
Seminar, November 2021.

⋄ A relative version of Rochlin’s theorem, McMaster University, Geometry and Topology Sem-
inar, online, November 2021.

⋄ A relative version of Rochlin’s theorem, University of Georgia, Geometry and Topology
Seminar, online, November 2021.

⋄ How not to study low-dimensional topology?, University of Chicago, Geometry and Topology
Seminar, November 2021.

⋄ A relative version of Rochlin’s theorem, University of Chicago, No Boundaries Seminar,
November 2021.

⋄ An introduction to knotted surfaces, University of Chicago Dickson Day, online, September
2021.

⋄ Arf invariants in low-dimensional topology, Max-Planck-Institut Topology Seminar, online,
March 2021.

⋄ Arf invariants in low-dimensional topology, AMS Spring Southeastern Virtual Sectional
Meeting, online, March 2021.

⋄ Arf invariants in low-dimensional topology, CVKV - Classical Knots + Virtual Knots +
Algebraic Structures Related to Knots Seminar, online, March 2021.

⋄ Deep slice knots and Arf invariants, Stanford Topology Seminar, Stanford, November 2020.

⋄ Concordance of surfaces in 4-manifolds, University of Waterloo Geometry/Topology Semi-
nar, Waterloo, February 2020.
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⋄ Intersections of kernels of splitting homomorphisms, AMS Special Session, Boston, MA,
April 2018.

⋄ Functoriality of Group Trisections, 2017 American Institue for Mathematics, San Jose CA,
March 2017.

⋄ Computing rings of modular forms using power series expansion, Third Upstate New York
Number Theory Conference, Binghamton, NY, April 2013.

Referee report/reviews/quick opinions for:

⋄ Inventiones mathematicae, Algebraic & Geometric Topology, Journal of Topology, Compo-
sitio Mathematica, Communications in Analysis and Geometry.

Conference/Seminar Organization

⋄ Organizer for No Boundaries Seminar at University of Chicago.

⋄ Organizer for the conference “Topology in Dimesions 3, 3.5, and 4” at UC Berkeley.

⋄ UC Berkeley Graduate Student Seminar Organization: Organized/co-organized and fre-
quently presented in UC Berkeley student seminars including Student Low-Dimensional
Topology Seminar, 4-Manifold Seminar, and “Knot-Another-Seminar” Seminar.

Mentorship

⋄ Chicago REU: Directed REU projects and taught a five day course on circle packings.

⋄ Directed Reading Program: Organized one-on-one weekly reading course with undergradu-
ate students, culminating in student presentations (UC Berkeley and University of Chicago).

⋄ Camp Euclid - Mathematical Research Camp: Counseled high school students in finding
and working on research-level problems.

Community Service

▶ Julia Robinson Mathematics Festival, Chicago - 2022
Operated and organized different stations of activities for middle school age children.

▶ Math Circle Instructor, Chicago - 2022 Lectured and ran problem sessions no various
mathematical subjects to talented high school students.

▶ Boy Scouts of America, Troop 1 Chappaqua, NY - 2001-2008
Eagle Scout at age 16. Senior Patrol Leader. Hold 100+ year troop record for merit badges.

Skills

▶ Programming
Programming experience in Python, Java, C, Magma, GAP.

▶ Jazz Musician
Mostly upright bass, occasionally piano and drums.

▶ Languages
English (native), German
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