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My research is in noncommutative algebra and noncommutative geometry, where I use representation
theory and homological tools to study quantum symmetries. A classical symmetry of an object is
encoded by the action of a group. A quantum symmetry is given by the action of a Hopf algebra.
These algebras not only play a key role throughout mathematics, they also enjoy deep connections to
mathematical physics and applications to quantum computers.

I am particularly interested in algebras arising as twisted tensor products. This is a universal con-
struction generalizing tensor product of algebras to the noncommutative setting. It encompasses vast
families of algebras such as semidirect products, Drinfeld doubles, Weyl algebras, quantum elementary
abelian groups, and quantum complete intersections. A major advantage it provides is the explicit
description of large algebras in terms of smaller pieces. The idea is then as old as mathematics
themselves; understand the whole by understanding the parts. A recurring theme throughout my
work is the development of tools and techniques to handle twisted tensor products, shedding light on
the categories of modules of the aforementioned Hopf and Frobenius algebras, with the end goal of
understanding quantum symmetries.

To this effect, I first studied their Hochschild cohomology. Together with Karadag, McPhate, Oke,
and Witherspoon, I provided an explicit formula to compute the cohomological Lie bracket in full
generality [45]. These techniques recovered and expanded known results for skew group algebras,
some quantum complete intersections, and the Jordan plane computations of Lopes–Solotar. In sub-
sequent work, Oke, Witherspoon, and I [58] used homotopy liftings to recover Le–Zhou’s isomorphism
of Gerstenhaber algebras between the Hochschild cohomology of a tensor product and the tensor
product of their respective Hochschild cohomologies, and Grimley–Nguyen–Witherspoon’s analogous
isomorphism on the bigraded Hochschild cohomology when twisting by a bicharacter.

My dissertation then focused on foundational aspects of relative homological algebra because the
native setting to study the cohomology of twisted tensor products is, in fact, relative Hochschild
cohomology. I proved a relative Künneth theorem [55], and used it to construct a cup product and Lie
bracket yielding a Gerstenhaber algebra [56]. Establishing this formalism completed the fundamental
work of Gerstenhaber and Schack to study deformations of algebras and their rigidity.

Recently Oswald and I characterized when the twisted tensor product of Hopf and Frobenius algebras
inherits these structures [59]. Not only we recovered quantum complete intersections studied by Bergh–
Erdmann, we also constructed infinite families of noncommutative symmetric Frobenius algebras. This
was useful to notice that the canonical equivalences of (extended) commutative Frobenius algebras and
2-dimensional (unoriented) quantum field theories are symmetric monoidal [57]. After Balmer and I
established a universal support theory for triangulated categories [9] parallel to Balmer’s original
spectrum, I want to understand these supports for the stable module categories of Frobenius and Hopf
algebras coming from twisted tensor products.

This interest made me delve into combinatorics and homotopy theory. In both of these areas, the
lattices that play a fundamental role in the universal support theory for triangulated categories also
enjoy a predominant role. Seeking a deeper understanding of these relations led me to establish struc-
tural results for the tableau algebra [24] together with Daugherty, Gonzalez, Muniz, Pan, and Torres.
Our results include showing that it is a flat degeneration of the partial flag variety. Investigating the
combinatorial characterizations of N∞-operads, together with Chan, Cho, Mehrle, Osorno, Szczesny,
and Verdugo, I proved that a pairing of operads induces a pairing on the associated indexing sys-
tems. To show a partial converse, we then developed constructions useful to build compatible pairs of
indexing systems from pairings of operads [19].

My research also concerns real-life applications. Together with Aduddell, Fairbanks, Kumar, Patter-
son, and Shapiro, I rigorously formalized the intuitive notion of a motif and their role as generators of
regulatory networks, described functorial relations between regulatory networks and reaction networks,
and provided the dynamics of regulatory networks in terms of Lotka–Volterra systems of ordinary dif-
ferential equations [1]. Together with Aguilar, Álvarez, Ardila, Rodriguez Avila, and Várilly-Alvarado,
I constructed infinite families of codes with desirable properties for applications to cloud storage: They
correct a large number of errors while minimizing redundancy and overhead, and they maximize the
availability of the user data while minimizing bandwidth usage [2].
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[17] A. Čap, H. Schichl and J. Vanžura, On twisted tensor products of algebras, Comm. Algebra 23 (1995), no. 12,

4701–4735.
[18] A. Conner and P. Goetz, Classification, Koszulity and Artin-Schelter regularity of certain graded twisted tensor

products, arXiv:1811.10069, to appear in Journal of Noncommutative Geometry.
[19] D. Chan, M. Cho, D. Mehrle, P. S. Ocal, A. M. Osorno, B. Szczesny, and P. Verdugo, Realizing compatible

pairs of transfer systems by combinatorial N-infinity-operads, arXiv:2510.26047.
[20] C. Cibils, M. Lanzilotta, E. N. Marcos, S. Schroll, and A. Solotar, The first Hochschild (co)homology

when adding arrows to a bound quiver algebra, arXiv:1812.07655.
[21] C. Cibils, M. Lanzilotta, E. N. Marcos, and A. Solotar, Adding or deleting arrows of a bound quiver algebra

and Hochschild (co)homology, arXiv:1812.07655.
[22] C. Cibils, M. Lanzilotta, E. N. Marcos, and A. Solotar, Jacobi-Zariski long nearly exact sequences for

associative algebras, arXiv:2009.05017.
[23] L. Corwin, Y. Ne’eman, and S. Sternberg, Graded Lie algebras in mathematics and physics (Bose-Fermi

symmetry), Rev. Mod. Phys. 47 (1975), p. 573–603.
[24] S. Daugherty, N. Gonzalez, B. Muniz, P. S. Ocal, J. Pan, and J. Torres, Structure and geometry of the

tableaux algebra, arXiv:2510.27209.
[25] M. Duflo and V. Serganova, On associated variety for Lie superalgebras, arXiv:math/0507198.
[26] S. Eilenberg, J. C. Moore, Foundations of relative homological algebra, Memoirs of the American Mathematical

Society, Number 55, 1965.
[27] E. E. Enochs, O. M. G. Jenda, Relative homological algebra (volume 1), De Gruyter Expositions in Mathematics,

Volume: 30, (2011).
[28] E. E. Enochs, O. M. G. Jenda, Relative homological algebra (volume 2), De Gruyter Expositions in Mathematics,

Volume: 54, (2011).
[29] P. Fayet and S. Ferrara, Supersymmetry, Physics Reports, Volume 32, Issue 5, September 1977, p 249–334.
[30] M. Gerstenhaber, The cohomology structure of an associative ring, Annals of Mathematics, Second Series, Vol.

78, No. 2 (Sep., 1963), pp. 267-288.
[31] M. Gerstenhaber, On the deformation of rings and algebras, Annals of Mathematics, Second Series, Vol. 79, No.

1 (Jan. 1964), pp. 59–103.
[32] M. Gerstenhaber, On the deformation of rings and algebras: II, Annals of Mathematics, Second Series, Vol. 84,

No. 1 (Jul. 1966), pp. 1–19.

3

https://arxiv.org/abs/1907.09374
https://arxiv.org/abs/1702.01289
https://arxiv.org/abs/1811.10069
https://arxiv.org/abs/2510.26047
https://arxiv.org/abs/1812.07655
https://arxiv.org/abs/1812.07655
https://arxiv.org/abs/2009.05017
https://arxiv.org/abs/2510.27209
https://arxiv.org/abs/math/0507198


[33] M. Gerstenhaber and S. D. Schack, On the deformation of algebra morphisms and diagrams, Transactions of
the American Mathematical Society Vol. 279, No. 1 (Sep. 1983), pp. 1–50.

[34] M. Gerstenhaber and S. D. Schack, Relative Hochschild cohomology, rigid algebras, and the Bockstein, Journal
of Pure and Applied Algebra 43 (1986), 53–74.

[35] M. Gerstenhaber and S. D. Schack, Algebraic cohomology and deformation theory, Deformation Theory of
Algebras and Structures and Applications (1988). NATO ASI Series C: Mathematical and Physical Sciences, vol
247. Springer, Dordrecht.

[36] E. Getzler, Batalin-Vilkovisky algebras and two-dimensional topological field theories, Commun. Math. Phys. 159
(2) (1994) 265–285.

[37] L. Grimley, V. C. Nguyen, and S. Witherspoon, Gerstenhaber brackets on Hochschild cohomology of twisted
tensor products, J. Noncommutative Geometry 11 (2017), no. 4, 1351–1379.

[38] J. A. Guccione and J. J. Guccione, Hochschild homology of twisted tensor products, K-Theory 18 (1999), no. 4,
363–400.

[39] D. I. Gurevich, Algebraic aspects of the quantum Yang–Baxter equation, Algebra i Analiz, 2:4 (1990), 119–148;
Leningrad Math. J., 2:4 (1991), 801–828.

[40] M. Hazewinkel and M. Gerstenhaber, Deformation Theory of Algebras and Structures and Applications, NATO
ASI Series C: Mathematical and Physical Sciences, vol 247. Springer, Dordrecht (1988).

[41] J.-W. He and K. Ueyama, Twisted Segre products, J. Algebra 611 (2022), 528-560.
[42] G. Hochschild, On the cohomology groups of an associative algebra, Ann. Math. 46 (1945), no. 2, 58–67.
[43] G. Hochschild, Relative homological algebra, Trans. Amer. Math. Soc. 82 (1956), 246–269.
[44] V. G. Kac, Lie superalgebras, Advances in Mathematics Volume 26, Issue 1 (1977), p. 8–96.
[45] T. Karadag, D. McPhate, P. S. Ocal, T. Oke, and S. Witherspoon, Gerstenhaber brackets on Hochschild

cohomology of general twisted tensor products, J. Pure Appl. Algebra 225:6 (2021), 106597.
[46] A. Kaygun, Jacobi-Zariski exact sequence for Hochschild homology and cyclic (co)homology, Homology Homotopy

Appl. Volume 14, Number 1 (2012), 65–78.
[47] J. Le and G. Zhou, On the Hochschild cohomology ring of tensor products of algebras, J. Pure Appl. Algebra 218

(2014), 1463–1477.
[48] Y. I. Manin, Quantum groups and noncommutative geometry, CRM Short Courses, Springer International Publish-

ing, 2018.
[49] A. Maurer, On the finite generation of relative cohomology for Lie superalgebras, Proc. Amer. Math. Soc. 147

(2019), 1897–1910.
[50] C. Negron, Alternate approaches to the cup product and Gerstenhaber bracket on Hochschild cohomology, PhD

thesis, University of Washington, 2015.
[51] C. Negron, Braided Hochschild cohomology and Hopf actions, J. Noncommut. Geom., 2019.
[52] C. Negron and J. Pevtsova, Support for integrable Hopf algebras via noncommutative hypersurfaces,

arXiv:2005.02965.
[53] C. Negron and S. Witherspoon, An alternate approach to the Lie bracket on Hochschild cohomology, Homology,

Homotopy and Applications 18 (2016), no. 1, 265–285.
[54] P. S. Ocal, K. Ueyama, P. Veerapen, A primer on twists in the noncommutative realm focusing on algebra,

representation theory, and geometry, Contemp. Math., 2024.
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