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My name is Christian Parkinson and I am writing to apply for a tenure-track Assistant Professorship in [DE-
PARTMENT / SCHOOL]. I am an applied and computational mathematician and a passionate mathematics edu-
cator. [A FEW SENTENCES REGARDING THE PARTICULAR OPPORTUNITY]

My research is broadly focused on applied mathematics, including analysis of ordinary and partial differential
equations, optimal control theory, scientific computing, and some machine learning applications. I find it thrilling
that mathematics can be used to describe and explain such a wide variety of real-world phenomena, and I am al-
ways looking to develop newmathematical tools andmodels. I am currently a postdoctoral research associate in
the mathematics department at the University of Arizona under the mentorship of Professor Shankar Venkatara-
mani, with whom I am developing discrete differential geometry for hyperbolic surfaces of non-constant curva-
ture. Before that, I earnedmy PhD inmathematics at UCLA where I studied level set methods and applied optimal
control theory (with specific application to optimal trajectory planning) under the mentorship of Professors An-
drea Bertozzi and Stan Osher. Besides these, I work on applications of mathematics in biology and the social
sciences. Over the past several years, I have developed an independent research program with a broad array of
projects spanning a large swath of applied mathematics. I have also been fortunate to mentor more than two
dozen undergraduate and early graduate students over the course of seven summer research programs, as well
as directed research projects during the academic year. My innovation and productivity in research was recently
rewarded with the campus-wide University of Arizona Outstanding Postdoctoral Scholar award. My CV details a
successul publication record, and my research statement describes my current interests including avenues for
future work and actionable short-term goals. I will develop a robust and lively research program at [SCHOOL],
which could seamlessly include interdepartmental collaboration and student involvement.

I view teaching and mentorship as serious academic responsibilities. As a mathematics educator, it is my job
to equip the next generation of mathematicians, scientists, and engineers with the knowledge, critical-thinking
skills, initiative, and confidence to be successful as professionals or academics. I have been fortunate to teach
courses ranging from introductory calculus to a two-semester sequence in real analysis. My teaching statement
describes my pedagogical philosophy and practices, my plans for future development, and my efforts to create a
welcoming and compassionate environment where every student can flourish. In particular, I envision teaching
a wide array of courses at the undergraduate and graduate level, including real analysis, ordinary and partial
differential equations, linear algebra, scientific computing, and numerical analysis. [MAYBEASENTENCEORTWO
SPECIFIC TOTHE SCHOOL] I truly enjoy teaching and I work diligently both inside and outside the classroom. This
work has been rewarded with a graduate student teaching award from UCLA and a departmental teaching and
service award from the University of Arizona.

[A FEW SENTENCES ABOUT PARTICUAR DEPARTMENT / PEOPLE WHOSE RESEARCH INTERESTS ALIGN
WITH MINE / SPECIFIC REASONS I FEEL IT IS A GOOD FIT] Thank you very much for your consideration of my
application and please do not hesitate to reach out with any questions.

Sincerely,

Christian Parkinson
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Singularities of secant varieties: what is known

Introduction to secant varieties

We first describe the basic set-up.

Z is a smooth projective variety of dimension n.

L is a very ample line bundle inducing the embedding

Z
|L|
↪−→ PN = Ph0(L)−1

by its complete linear series.

Define the secant variety as

Σ :=
⋃

x1,x2∈Z
x1 ̸=x2

(Line joining x1 and x2).

Facts

Σ is irreducible of dimension ≤ n+ n+ 1 = 2n+ 1.
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Singularities of secant varieties: what is known

Why do we care about secant varieties?

Arises from classical construction of projection!

Question: Given a smooth curve C ⊂ PN , can we find p ∈ PN\{C} such that
the projection produces isomorphic image?

Upshot: Projection from p ∈ P3\{C} on secant lines produces singularities!

Leads to the Whitney embedding theorem.
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Singularities of secant varieties: what is known

Introduction to secant varieties

Examples of defective secant varieties.

(1) Z = P1
|OP1 (2)|
↪−−−−−→ P2, [z0, z1] 7→ [z20 , z0z1, z

2
1 ] (Plane conic).

In this case, Σ = P2.

(2) (Second Veronese surface) Consider Z = P2
|OP2 (2)|
↪−−−−−→ P5 given by

[z0, z1, z2] 7→ [z20 , z
2
1 , z

2
2 , z0z1, z1z2, z0z2].

One can show that in this case dimΣ = 4. It is given bydet

X0 X3 X4

X3 X1 X5

X4 X5 X2

 = 0

 .
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Singularities of secant varieties: what is known

Introduction to secant varieties

Example of non-defective secant variety.

(1) Z = P1
|OP1 (3)|
↪−−−−−→ P3, [z0, z1] 7→ [z30 , z

2
0z1, z0z

2
1 , z

3
1 ] (Twisted cubic).

In this case, Σ = P3.
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|OP1 (4)|
↪−−−−−→ P4. One can show that in this case dimΣ = 3. It

is given by det
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X1 X2 X3
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Singularities of secant varieties: what is known

Singularities of secant varieties

Facts: If the embedding of the smooth variety Z ⊂ PN is 3-very ample, then:

Σ has the expected dimension 2 dimZ + 1.

By construction Z ⊂ Σ. If Σ ̸= PN then Σsing = Z.

Theorem

If Z ⊂ PN is sufficiently positive (much more beyond 3-very ampleness), then:

(Ullery, ’18) Σ is normal

(Chou–Song, ’18) Σ has Du Bois singularities.

(Chou–Song, ’18) Σ has rational singularities ⇐⇒ Hi(OZ) = 0 for i > 0.

(Chou–Song, ’18) Σ is Cohen-Macaulay ⇐⇒ Hi(OZ) = 0 for
0 < i < dimZ.
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Description of Du Bois complex of secant varieties: higher
singularities

Hodge decomposition of singular cohomology

X is a projective variety of dimension n.

For k ∈ Z, the singular cohomology Hk(X,C) is a topological object.

For smooth X, we have

Hk(X,C) =
⊕

p+q=k

Hq(Ωp
X) .

Ωp
X is the p-th Kähler differential.

Upshot: Topology (singular coh) Algebra/Analysis (sheaf coh).
Hodge th
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Description of Du Bois complex of secant varieties: higher
singularities

Hodge decomposition of singular cohomology

X is a projective variety of dimension n.

For k ∈ Z, the singular cohomology Hk(X,C) is a topological object.

For arbitrary X, we have

Hk(X,C) =
⊕

p+q=k

Hq(Ωp
X) .

In the above, Ωp
X ∈ Db(Coh(X)) is the p-th Du Bois complex of X

(constructed by Du Bois ’81). Example

Upshot: Topology (sing coh) Algebra/Analysis (coh of complex).
Hodge th
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Description of Du Bois complex of secant varieties: higher
singularities

(Higher) Du Bois singularities

For any X of dimension n and for any p, we have the objects

Ωp
X Ωp

X

p-th Kähler p-th Du Bois complex
Computes singular cohomology Computes singular cohomology

for smooth projective X for arbitrary projective X

They are the same (i.e. Ωp
X → Ωp

X are quasi-isomorphisms) for every p when X
is smooth.

The idea is to compare them to extract singularity information.
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Description of Du Bois complex of secant varieties: higher
singularities

(Higher) Du Bois singularities

For any X of dimension n and for any p, we have the objects

Ωp
X ←→ Ωp

X

p-th Kähler p-th Du Bois complex
Computes singular cohomology Computes singular cohomology

for smooth projective X for arbitrary projective X

Definition (Steenbrink ’83)

X has Du Bois singularities if OX = Ω0
X

∼=−→ Ω0
X .

Definition (Mustaţă–Olano–Popa–Witaszek, Jung–Kim–Saito–Yoon ’22/23)

Assume X is LCI and k ≥ 1. X is said to have k-Du Bois singularities if

Ωp
X

∼=−→ Ωp
X for all p = 0, · · · , k. (1)

Example:
{
xd1
1 + · · ·+ xdn

n = 0
}
is k-Du Bois ⇐⇒

∑
1
di

≥ k + 1.

No example of non-LCI variety X when (1) holds for k ≥ 1.
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Description of Du Bois complex of secant varieties: higher
singularities

(Higher) rational singularities

For any X of dimension n and for any p, we have the objects

Ωp
X Ωp

X DX(Ωn−p
X )

p-th Kähler p-th Du Bois Dual of (n− p)-th
computes sing. coh. complex Du Bois complex
for sm. proj. X computes sing. coh.

for any projective X

All are same (i.e., Ωp
X → Ωp

X → DX(Ωn−p
X ) are quasi-iso) when X is smooth.

Definition (non–standard)

X has rational singularities if OX = Ω0
X

∼=−→ DX(Ωn
X).

Definition (Friedman–Laza ’22)

Assume X is LCI and k ≥ 1. X has k-rational singularities if

Ωp
X

∼=−→ DX(Ωn−p
X ) for all p = 0, · · · , k. (2)

Example:
{
xd1
1 + · · ·+ xdn

n = 0
}
is k-rational ⇐⇒

∑
1
di

> k + 1.
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Description of Du Bois complex of secant varieties: higher
singularities

Du Bois complex of secant varieties

Ωp
X DX(Ωn−p

X )

Ωp
X

higher DB higher rational

Theorem (Chou–Song ’18)

Assume Z ⊂ PN is sufficiently positive. Then:

(1) Ω
[0]
Σ

∼= Ω0
Σ.

(2) Ω
[0]
Σ

∼= DΣ(Ω
2n+1
Σ ) ⇐⇒ Hi(OZ) = 0 for all i > 0.

Theorem (Olano–R–Song ’24)

Assume Z ⊂ PN is sufficiently positive. Then:

(1) Ω
[p]
Σ

∼= Ωp
Σ for 0 ≤ p ≤ k ⇐⇒ Hi(OZ) = 0 for 1 ≤ i ≤ k.

(2) Ω
[p]
Σ

∼= DΣ(Ω
2n+1−p
Σ ) for 0 ≤ p ≤ 1 ⇐⇒ Z ∼= P1.
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k-Hodge Rational Homology Manifolds

k-Hodge Rational Homology Manifolds

D. Raychaudhury Singularities of Secant Varieties 04/03/2026 15 / 29



k-Hodge Rational Homology Manifolds

Introduction to HRH-level

Ωp
X Ωp

X DX(Ωn−p
X )

p-th Kähler p-th Du Bois Dual of (n− p)-th
complex Du Bois complex

Ωp
X DX(Ωn−p

X )

Ωp
X

HRH

higher DB higher rational

Definition (Dirks–Olano–R ’25)

X is a variety of dimension n. We say that X is a k-Hodge rational
homology “manifold” (abbreviated as HRH(X) ≥ k) if

Ωp
X

∼= DX(Ωn−p
X ) for all p = 0, · · · , k.

Remark: Many non-LCI examples that have non-trivial HRH level!
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k-Hodge Rational Homology Manifolds

Connection to Rational homology manifolds

A variety X of dimension n is called rational homology “manifold”
(RHM) if

Hi
{x}(X,Q) =

{
Q i = 2n

0 i < 2n
for all x ∈ X.

Remark: Widely studied notion in topology!

The (complexified) local cohomology spaces are equipped with Hodge filtrations:

· · · ⊆ F−nH
i
{x}(X,C) ⊆ F−n+1H

i
{x}(X,C) ⊆ · · ·

Theorem (Dirks–Olano–R ’25)

Let X be a variety of dimension n. Then

HRH(X) ≥ k ⇐⇒ Fk−nH
i
{x}(X,C) =

{
C i = 2n

0 i < 2n
for all x ∈ X.

X is RHM ⇐⇒ HRH(X) ≥ k for all k.
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k-Hodge Rational Homology Manifolds

Usefulness: Partial Poincaré duality

For projective rational homology manifolds X of dimension n, we have

Poincaré duality: Hn−i(X,C) ∼= Hn+i(X,C)∗.

Theorem (Dirks–Olano–R ’25)

Let X be a projective variety of dimension n with HRH(X) ≥ k. Then

Fk−nH
n−i(X,C) ∼= FkH

n+i(X,C)∗.

In other words, it satisfies Poincaré duality up to Hodge level k.
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k-Hodge Rational Homology Manifolds

HRH levels of secant varieties

Theorem (Chen–Dirks–Olano–R ’26)

Assume Z ⊂ PN is a 3-very ample embedding of a smooth projective variety Z.
Then

HRH(Σ) =


∞ Z ∼= P1,

0 Hi(OZ) = 0 ∀ i ≥ 1,

−1 otherwise.
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Local cohomological invariants

Local cohomological invariants
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Local cohomological invariants

Connection to local cohomology

Let X ↪→ W be a closed embedding of a c-codimensional variety X inside a
smooth variety. The local cohomology modules are defined as

Hq
X(OW ) = lim−→ExtqOW

(OW /J k+1
X/W ,OW )

We know: min {q | Hq
X(OW ) ̸= 0} = c.

We have the local cohomology modules

Hc
X(OW ) Hc+1

X (OW ) Hc+2
X (OW ) · · ·

The local cohomological defect is independent of the embedding
(Popa–Shen ’24):

lcdef(X) := max
{
k | Hc+k

X (OW ) ̸= 0
}
.

X is Cohomological complete intersection (CCI) if Hj
X(OW ) = 0 for

j > c, i.e., lcdef(X) = 0, or the above looks like

Hc
X(OW ) 0 0 · · ·
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Local cohomological invariants

HRH levels of secant varieties

Theorem (Chen–Dirks–Olano–R ’26)

Assume Z ⊂ PN is a 3-very ample embedding of a smooth projective variety Z.
Then

lcdef(Σ) =


n− 1 n ≥ 2, H1(OZ) ̸= 0,

n− 2 n ≥ 2, H1(OZ) = 0,

0 otherwise (i.e., n = 1).
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Local cohomological invariants

The invariant c(X)

Let X ↪→ W be a closed embedding of a c-codimensional variety X inside a
smooth variety W of dimension n.

The local cohomology modules are equipped with Hodge filtration:

...
...

...
...

F−n+2Hc
X(OW ) F−n+2Hc+1

X (OW ) F−n+2Hc+2
X (OW ) · · ·

F−n+1Hc
X(OW ) F−n+1Hc+1

X (OW ) F−n+1Hc+2
X (OW ) · · ·

F−nHc
X(OW ) F−nHc+1

X (OW ) F−nHc+2
X (OW ) · · ·

Definition (Chen–Dirks–Olano ’25)

c(X) := max {k | Fp−nHp
X(OW ) = 0∀ p ≤ k} .
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X (OW ) · · ·

F−nHc
X(OW ) 0 0 · · ·

c(X) ≥ 0

Definition (Chen–Dirks–Olano ’25)

c(X) := max {k | Fp−nHp
X(OW ) = 0∀ p ≤ k} .

D. Raychaudhury Singularities of Secant Varieties 04/03/2026 23 / 29



Local cohomological invariants

The invariant c(X)

Let X ↪→ W be a closed embedding of a c-codimensional variety X inside a
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...
...

F−n+2Hc
X(OW ) F−n+2Hc+1

X (OW ) F−n+2Hc+2
X (OW ) · · ·

F−n+1Hc
X(OW ) 0 0 · · ·

F−nHc
X(OW ) 0 0 · · ·

c(X) ≥ 1

Definition (Chen–Dirks–Olano ’25)

c(X) := max {k | Fp−nHp
X(OW ) = 0∀ p ≤ k} .
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Local cohomological invariants

Diagram of implications

X is any variety.

Rational HRH(X) ≥ 0

Cohen-Macaulay c(X) ≥ 0

[DOR]

+Du Bois

[DOR]

[CDO]

+Du Bois
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Local cohomological invariants

Refinement of Chou-Song’s theorem

Rational HRH(X) ≥ 0

Cohen-Macaulay c(X) ≥ 0

+Du Bois

+Du Bois

Theorem (Chou–Song ’18)

Assume Z ⊂ PN is sufficiently positive. Then:

Σ has Du Bois singularities.

Σ has rational singularities ⇐⇒ Hi(OZ) = 0 for i > 0.

Σ is Cohen-Macaulay ⇐⇒ Hi(OZ) = 0 for 0 < i < dimZ.

Theorem (Chen–Dirks–Olano–R ’26)

Assume Z ⊂ PN is 3-very ample. Then:

HRH(Σ) ≥ 0 ⇐⇒ Hi(OZ) = 0 for i > 0.

c(Σ) ≥ 0 ⇐⇒ Hi(OZ) = 0 for 0 < i < dimZ.
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Local cohomological invariants

Classification

We also compute the singular and intersection cohomology of Σ.

Corollary (Chen–Dirks–Olano–R ’26)

Assume Z ⊂ PN is 3-very ample. Then the following are equivalent:

Σ is a rational homology manifold.

Σ has quotient singularities.

Σ has Q-factorial singularities.

Z ∼= P1.
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Local cohomological invariants

Example: Σ := Σ(P2,OP2(d)) with d ≥ 3.

(1) lcdef(Σ) = 0, c(Σ) = ∞, HRH(Σ) = 0.
(2) Intersection Hodge numbers. By Poincaré duality, we only need to compute
IHj(Σ) for 0 ≤ j ≤ 5, which are given by:

j 0 1 2 3 4 5

IHj(Σ) QH 0 QH(−1)⊕2 0 QH(−2)⊕2 0

The intersection Hodge numbers Ihp,q(Σ) := dimGrpF IH
p+q(Σ) are given by

Ihp,q(Σ) =


1 (p, q) ∈ {(0, 0), (5, 5)}
2 (p, q) ∈ {(1, 1), (2, 2), (3, 3), (4, 4)}
0 otherwise

.
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Local cohomological invariants

Example: Σ := Σ(P2,OP2(d)) with d ≥ 3.

(3) Hodge-Du Bois numbers. Hj(Σ) is pure of weight j, and are given by

j 0 1 2 3 4 5 6 7 8 9 10

Hj(Σ) QH 0 QH (−1) 0 QH (−2) 0 QH (−3)⊕2 0 QH (−4)⊕2 0 QH (−5)

Hodge-Du Bois numbers hp,q(Σ) := dimGrpFH
p+q(Σ) are given by

hp,q(Σ) =


1 (p, q) ∈ {(0, 0), (1, 1), (2, 2), (5, 5)}
2 (p, q) ∈ {(3, 3), (4, 4)}
0 otherwise

.

(4) Defect in Q-factoriality. σ(Σ) = 1, and σan(Σ; y) = 1 for any y ∈ P2.

Thank you!
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Local cohomological invariants

Some computations of DB complexes Back

Node

Ω0
X

= [Op ⊕ π∗OP1 → Or,s]
= OX

Ω1
X

= [Ω1
p ⊕ π∗Ω

1
P1 → Ω1

r,s]
= π∗Ω

1
P1 ̸= Ω1

X

Cusp

Ω0
X

= [Op ⊕ π∗OP1 → Op]
= π∗OP1 ̸= OX

Ω1
X

= [Ω1
p ⊕ π∗Ω

1
P1 → Ω1

p]
= π∗Ω

1
P1 ̸= Ω1

X
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