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OUTLINE

@ PuNcTUAL QUOT SCHEME

(UCSD) TAUTO AL BUNDLES OVER QUOT SCHEMN 25TH JANUARY 2023



PUNCTUAL QUOT SCHEME

e C smooth projective curve of genus g.
e E — C vector bundle with rank(E) = N.
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PUNCTUAL QUOT SCHEME

e C smooth projective curve of genus g.
e E — C vector bundle with rank(E) = N.

Punctual Quot scheme Quot,(E) parameterizes short exact sequence

{0 S —E— Q—0:deg(Q) =d;rank(Q) = 0}.

Quot,(E) is a smooth scheme of dimension Nd.
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PUNCTUAL QUOT SCHEME

e C smooth projective curve of genus g.
e E — C vector bundle with rank(E) = N.

DEFINITION
Punctual Quot scheme Quot,(E) parameterizes short exact sequence

{0 S —E— Q—0:deg(Q) =d;rank(Q) = 0}.

Quot,(E) is a smooth scheme of dimension Nd.

| A

EXAMPLE
When E = O¢, then Quoty(E) = cldl,
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PUNCTUAL QUOT SCHEME

Several properties of the Punctual Quot schemes has been studied:
o (Bifet'89, Chen'01): Poincare Polynomial
o (Ricolfi'20, Bagnarol-Fantechi-Perroni’20): Motives
o (Biswas-Dhillon-Hurtubise'15): Automorphism group

o (Oprea'22, Oprea-Pandharipande’18): Positivity and Segre classes of
tautological bundles

@ (Toda'22) S.0.D of the derived category
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PUNCTUAL QUOT SCHEME

o (Oprea-S'22): Explicit formula for the Euler characteristics of
tautological bundles over punctual Quot scheme
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PUNCTUAL QUOT SCHEME

o (Oprea-S'22): Explicit formula for the Euler characteristics of
tautological bundles over punctual Quot scheme

e (Marian-Oprea-Sam’22): Refine the formulas to cohomology in the
case of P!
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UNIVERSAL EXACT SEQUENCE

DEFINITION

We have the following diagram
0—S—pr'E > Q > 0
1
C x Quoty4( E)
/ Quot,(E)
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UNIVERSAL EXACT SEQUENCE

DEFINITION

We have the following diagram
0—S—pr'E > Q > 0
1
C x Quoty4( E)
/ Quot,(E)

For any point g =[0 - S — E — Q — 0] € Quot4(E),
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UNIVERSAL EXACT SEQUENCE

DEFINITION

We have the following diagram

0—S—pr'E > Q > 0
1
C x Quoty4( E)
/ Quoty(E)

For any point g =[0 - S — E — Q — 0] € Quot4(E),

Slexggp =3 and Qleyy=Q
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TAUTOLOGICAL BUNDLES

Let L — C be a line bundle. We define the tautological bundle

L9 = 7 (Q@prL).

Q

C x Quoty, Lldl

l/ ~,

Quot,

(UCSD) TAUTOLOGICAL BUNDLES OVER QUOT SCHEN 25TH JANUARY 2023



TAUTOLOGICAL BUNDLES

Let L — C be a line bundle. We define the tautological bundle

Ll .= T« (Q ®pr*L).

Q

C x Quot, L]
l / ~Z |

Quot,

e Note that LI9 is a vector bundle of rank d over Quoty(E).
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RATIONALITY

For any line bundles Li,...,L;, — C and integers ki,...,k; > 0,

ZC,E (L17 s Ly ‘ Mg acay k@) = Z qu (QUOtd(E)v/\le:[ld] & /\kZLEd]
d

@ The above K-theoretic series are given by rational functions with pole
at g =1.
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RATIONALITY

For any line bundles Li,...,L;, — C and integers ki,...,k; > 0,

Ze(Ly,. oo Lelk, k) =) q%x (Quotd(E)a/\le[fl] ® - @ Akerl]
d

@ The above K-theoretic series are given by rational functions with pole
at g =1.

@ Analogous statement is proved for punctual Quot scheme over
surfaces by (Arbesfeld-Johnson-Lim-Oprea-Pandharipande '21)
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RATIONALITY

For any line bundles Li,...,L;, — C and integers ki,...,k; > 0,

Ze(Ly,. oo Lelk, k) =) q%x (Quotd(E)a/\le[fl] ® - @ Akerl]
d

@ The above K-theoretic series are given by rational functions with pole
at g =1.

@ Analogous statement is proved for punctual Quot scheme over
surfaces by (Arbesfeld-Johnson-Lim-Oprea-Pandharipande '21)

@ In this talk, we will be interested in explicit formulas in the curve case.
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RESULTS

For any vector bundle V — X, let

/\yV:Zyk AV
k
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RESULTS

For any vector bundle V — X, let

/\yV:Zyk AV
k

THEOREM (OPREA-S’22)
For any line bundle L — C and vector bundle E — C

(1 + qy)¥(Eeb)

>~ a“X(Quota(E), 1, L) = =

d=0

e (Marian-Oprea-Sam'22) Determine each cohomology groups in genus 0.
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ANALOGY WITH HILBERT SCHEME OF SURFACES

Let X9 be the Hilbert scheme of d points on a smooth surface X,

THEOREM (ScALA’09, KrRUG'18)
For any line bundle L — X,

doivldl A gldy . (L ay)*
> g% (X1, A, L) = e
= (]_ = q)X( x)

where L9 — X9 js defined in a similar way.
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ANALOGY WITH HILBERT SCHEME OF SURFACES

Let X9 be the Hilbert scheme of d points on a smooth surface X,

THEOREM (ScALA’09, KrRUG'18)
For any line bundle L — X,

doivldl A gldy . (L ay)*
> g% (X1, A, L) = e
= (]_ = q)X( x)

where L9 — X9 js defined in a similar way.

e This theorem was proven using Bridgeland-King-Reid correspondence

De(X) = D (x?).
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CONJECTURE!

QUESTION
Is it true that

He (Quotd(E), /\kL[d]) = AKH(E ® L) ® Sym@~*H*(0¢)?

For any Z, graded vector space V* = Vy & V4,

ANV = P ANVe@Symi vy, Symkve = (P Ssym'Vo @ MV
i+j=k i+j=k

where the summands have degree j.

(UCSD) TAUTOLOGICAL BUNDLES OVER QUOT SCHEN

25TH JANUARY 2023

11/45



CONJECTURE!

Is it true that

H* (Quotd(E), /\kL[d]) = A*H*(E ® L) ® Sym?=*H*(O¢)?

@ A similar formula holds for Hilbert scheme of points.
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CONJECTURE!

Is it true that

H* (Quotd(E), /\kL[d]) = A*H*(E ® L) ® Sym?=*H*(O¢)?

@ A similar formula holds for Hilbert scheme of points.

e Over Cl9 (i.e when E = O¢), the identity was proven using derived
categories (Krug'21).
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CONJECTURE!

Is it true that

(Quotd( ), A L[d]) = NYH*(E ® L) ® Sym@~*H*(O¢)?

@ A similar formula holds for Hilbert scheme of points.

e Over Cl9 (i.e when E = O¢), the identity was proven using derived
categories (Krug'21).

e For d =1, Quoty(E) = P(E).
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CONJECTURE!

Is it true that

(Quotd( ), A L[d]) = NYH*(E ® L) ® Sym@~*H*(O¢)?

A similar formula holds for Hilbert scheme of points.

Over Cl9l (i.e when E = O¢), the identity was proven using derived
categories (Krug'21).

For d = 1, Quoty(E) = P(E).

e For k =0, the formula predicts the known Hodge numbers

hPO(Quot4(E)) = <i) for p <d.
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TECHNIQUES

The proof can broadly be divided into three steps:

o Universality: Using the arguments similar in spirit to the universality
result of (Ellingsrud, Gottsche and Lehn), we show that there exists
universal series A, B, and C such that

Z qu(QUOtd, /\yL[d]) — Ax(OC)BdegLCdeg E'
d
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TECHNIQUES

The proof can broadly be divided into three steps:

o Universality: Using the arguments similar in spirit to the universality
result of (Ellingsrud, Gottsche and Lehn), we show that there exists
universal series A, B, and C such that

Z qu(QUOtd, /\yL[d]) — Ax(OC)BdegLCdeg E'
d

o A, B, and C depend on N, but not on the triple (C, E, L)
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TECHNIQUES

The proof can broadly be divided into three steps:

o Universality: Using the arguments similar in spirit to the universality
result of (Ellingsrud, Gottsche and Lehn), we show that there exists
universal series A, B, and C such that

Z qu(QUOtd, /\yL[d]) — Ax(OC)BdegLCdeg E'
d

o A, B, and C depend on N, but not on the triple (C, E, L)
e Universality reduces the calculations to Quot scheme over P!,
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TECHNIQUES

e Localization: We use equivariant localization (using a torus action)
to find the invariants.

o (Strgmme '85) and (Marian-Oprea '05) used Torus localization to
study Quot scheme. However, the combinatorics differs for us.
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TECHNIQUES

e Localization: We use equivariant localization (using a torus action)
to find the invariants.

o (Strgmme '85) and (Marian-Oprea '05) used Torus localization to
study Quot scheme. However, the combinatorics differs for us.

o Let N
E = @O(a,)
i=1

C* acts on E diagonally with distinct weights inducing C* action on
Quoty(E).
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TECHNIQUES

e Localization: We use equivariant localization (using a torus action)
to find the invariants.

o (Strgmme '85) and (Marian-Oprea '05) used Torus localization to
study Quot scheme. However, the combinatorics differs for us.

o Let N
E = @O(a,)
i=1

C* acts on E diagonally with distinct weights inducing C* action on
Quoty(E).
o Fixed loci are products of projective spaces
P4 x ... x P

where d; + - -+ dy = d.
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TECHNIQUES

o Combinatorics: The novelty of our work lies in this last step.

e We use several combinatorial identities, such as Lagrange-Biirmann
formula, to simplify the expression.




TECHNIQUES

o Combinatorics: The novelty of our work lies in this last step.

e We use several combinatorial identities, such as Lagrange-Biirmann
formula, to simplify the expression.

o Make necessary modifications to realize this expression in terms of
determinants.




TECHNIQUES

o Combinatorics: The novelty of our work lies in this last step.
e We use several combinatorial identities, such as Lagrange-Biirmann
formula, to simplify the expression.
o Make necessary modifications to realize this expression in terms of
determinants.
o Express the resulting expression as Schur polynomial evaluated at
roots of a polynomial with coefficients involving g and y.
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TECHNIQUES

o Combinatorics: The novelty of our work lies in this last step.

e We use several combinatorial identities, such as Lagrange-Biirmann
formula, to simplify the expression.

o Make necessary modifications to realize this expression in terms of
determinants.

o Express the resulting expression as Schur polynomial evaluated at
roots of a polynomial with coefficients involving g and y.

e We then use Jacobi-Trudi identities to obtain explicit formulas.
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MULTIPLE INSERTIONS

The localization calculation enable us to obtain the following:

THEOREM (OPREA-S’22)

For any line bundles My, M, ..., M, and L over C, where
0<r<rk E—1, we have

Z q%x (Quotd(E), /\yL[d] ®i—1 (A I\/I,[d])v)
d=0

(1 + qy)X(E®L)
(1 — g)X©O) [T, (1 — gxiy XM ®L)
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SYMMETRIC PRODUCT

For any vector bundle V, Sym, (V) :=>_, ykSymk V.
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SYMMETRIC PRODUCT

For any vector bundle V, Sym, (V) :=>_, ykSymk V.

THEOREM (OPREA-S’22)
For C =P! and d > k, we have

X (QUOtd(E),Syka[d]> _ (X(E ® Ll)(+ k — 1>‘
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SYMMETRIC PRODUCT

For any vector bundle V, Sym, (V) :=>_, ykSymk V.

THEOREM (OPREA-S’22)
For C =P! and d > k, we have

X (QUOtd(E),Syka[d]> _ (X(E ® Ll)(+ k — 1>‘

e (Marian-Oprea-Sam'22) Determine each cohomology groups in genus 0.
e When x(Ox) =1 and d > k, (Scala'l5, Arbesfeld'21)

X (XU Symk 1) — (X(DFk-1)
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SYMMETRIC PRODUCT

THEOREM (OPREA-S’22)
When C = P! and x = x(E ® L), we have

d
x(Quotd(E),SymyL[d]) _ Z
k=0

(—x +d(N + 1)) : (=y)*
1

k — y)dN+T)
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SYMMETRIC PRODUCT

In arbitrary genus, we show that

Z q“x (Quotd(E), SymyL[d]> — Ax(Oc) . gx(E®L)
d=0

holds true, for two universal power series A, B € Q(y)[[q]] that depend on
N, but not on the triple (C, E, L).
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SYMMETRIC PRODUCT

THEOREM (OPREA-S’22)

We have
aqy
B=f|—3=
((1 — )Nt 1>
where f(z) is the solution to the equation

f(z)V — f(z)N1+z=0, £(0)=1.

| A\

EXAMPLE
For instance, in the special case N = 2, we obtain

f(z) =1+ gsinh2 (%arcsinh (3\é§>> .
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OUTLINE

© HIGHER RANK QUOTIENTS AND GENUS 0
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QUOT SCHEME

@ C smooth projective curve of genus g.
e E — C vector bundle with rank(E) = N.

Quot scheme Quoty(E, r) parameterizes short exact sequence

{0+S—E—Q—0:deg(Q)=d;rank(Q) =N —r}
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QUOT SCHEME

@ C smooth projective curve of genus g.
e E — C vector bundle with rank(E) = N.

DEFINITION

Quot scheme Quoty(E, r) parameterizes short exact sequence

{0+S—E—Q—0:deg(Q)=d;rank(Q) =N —r}

v

EXAMPLE

o When C = P! and E = OZN then Quot,(E, r) (denoted as Quoty(N, r)) is
smooth.

o Furthermore, when d = 0, then Quot,(E,r) = Gr(N,r).
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MORPHISM SPACE

N
Let E =02V,
C Y
f
Maps from C to Gr(N,r) Subbundles of S C OGC}N

The Quot scheme compactifies Mory(C, Gr(N,r))!
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HIisSTORY OF QUOT SCHEME

o (Witten '93): Quantum cohomology of Grassmannian
o (Seibert-Tian '94): Quantum cohomology using stable maps

o (Bertram '94): Studied intersection numbers using Quot scheme
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HIisSTORY OF QUOT SCHEME

o (Witten '93): Quantum cohomology of Grassmannian
o (Seibert-Tian '94): Quantum cohomology using stable maps
o (Bertram '94): Studied intersection numbers using Quot scheme

o (Popa-Roth'03) Geometric comparison with stable map
compactification
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HIisSTORY OF QUOT SCHEME

Witten '93): Quantum cohomology of Grassmannian

Seibert-Tian '94): Quantum cohomology using stable maps

(
(
(Bertram '94): Studied intersection numbers using Quot scheme
(

Popa-Roth'03) Geometric comparison with stable map
compactification

(Marian-Oprea '05): Virtual intersection theory and recovered
Vafa-Intriligator formula
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HIisSTORY OF QUOT SCHEME

o (Witten '93): Quantum cohomology of Grassmannian

o (Seibert-Tian '94): Quantum cohomology using stable maps

o (Bertram '94): Studied intersection numbers using Quot scheme

o (Popa-Roth’'03) Geometric comparison with stable map
compactification

o (Marian-Oprea '05): Virtual intersection theory and recovered
Vafa-Intriligator formula

e (Marian-Oprea '09) Relation with Verlinde numbers and Grassmann
TQFT.
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HIisSTORY OF QUOT SCHEME

o (Witten '93): Quantum cohomology of Grassmannian
o (Seibert-Tian '94): Quantum cohomology using stable maps
o (Bertram '94): Studied intersection numbers using Quot scheme

o (Popa-Roth’'03) Geometric comparison with stable map
compactification

o (Marian-Oprea '05): Virtual intersection theory and recovered
Vafa-Intriligator formula

e (Marian-Oprea '09) Relation with Verlinde numbers and Grassmann
TQFT.

o (Buch-Mihalcea '09) Quantum K-theory of Grassmannian
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TAUTOLOGICAL BUNDLES

Let L — C be a line bundle. We define the tautological bundle

L9 .= m(Q@prrL).

Q

C x Quoty, Lldl

l/ ~,

Quot,
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TAUTOLOGICAL BUNDLES

Let L — C be a line bundle. We define the tautological bundle

L9 .= m(Q@prrL).

Q

C x Quoty, Lldl

l/ ~,

Quot,

e Note that L[] may not be a vector bundle over Quoty(E, r).
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RESULTS

Let C =P! and E = O%}N for the rest of this section.




RESULTS

Let C =P! and E = (’)QCFW for the rest of this section.

THEOREM (OPREA-S’22)
Letdegl =¢> —d —1. Then

X (Quotd(N, )., det L[dl) = (—1)r—1d [qd} s\(z1, 22, .., zn)

where

@ z;'s are the distinct roots of the equation
(z— 1)N —qzN-t=o.

o sy is Schur polynomial for A\ = ((d + ¢ +1),...,(d +{+1))

~
r times
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SPECIAL CASES

e Let G = Gr(N,r), then

X(G,0c(t+1))=s\(1,...,1), A= (({+1),....,(¢+1)).

r times
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SPECIAL CASES

e Let G = Gr(N,r), then

X(G, Oc(t+1)) = sy(1,...,1), A= (((+1),....((+1)).

r times

o Let L = Oc¢, then

N
X (Quotd(N, r),det(’)[cd]> = (r— d>'
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SPECIAL CASES

e Let G = Gr(N,r), then

X(G, Oc(t+1)) = sy(1,...,1), A= (((+1),....((+1)).

r times

o Let L = Oc¢, then

N
X (Quotd(N, r),det(’)[cd]> = (r— d>'

o Let d > r(¢ + 1), then

X (Quotd(N, r), det L[d]> =0.
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GENERAL RESULT

THEOREM (OPREA-S’22)
LetdeglL =/¢ and 0 < r < N. We have

x(Quoty(N, r), Ay LIf) = (~1)(=1 o] :Ziiﬁwzﬁ);

In the numerator (fi(z;)) is the N x N matrix with

f( ) zé+d+N—i+1 if1 < /S r
\Z) = .
I Nz 4 y)Ht ifr+1<i<N

e z;'s are the distinct roots of (z — 1)N — q(z + y)zN=""1 = 0.

@ The denominator is the vandermonde determinant.

(UCSD)
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CONJECTURES OF MARIAN-OPREA-SAM

CONJECTURE (MARIAN-OPREA-SAM '22)

Same notations as above.
e Ford= (N —r)a+ b, for all line bundles Ly,..., Ly

k k
X(Quotd(N, N, (AN oo (A Lﬁ;‘,’])v) =0

wherem <r—1and0< ki +---km < d+r(a+1).
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UNIVERSAL SUBBUNDLE

Recall the universal short exact sequence

0—S——pr'E Q >0
{
1 % Quoty(N, r)
/ Quoty (N, r)

Let Sx — Quot,(N, r) denote the restriction of S to {x} x Quoty(N,r).
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UNIVERSAL SUBBUNDLE

Recall the universal short exact sequence

0—S——pr'E Q >0
{
1 % Quoty(N, r)
/ Quoty (N, r)

Let Sx — Quoty (N, r) denote the restriction of S to {x} x Quoty(N, r).
@ The cohomology ring of Quoty(N, r) is generated by

aj=c(S)) and fi=m.(ci(SY)).
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UNIVERSAL SUBBUNDLE

Recall the universal short exact sequence

0—S——pr'E Q >0
{
1 % Quoty(N, r)
/ Quoty (N, r)

Let Sx — Quoty (N, r) denote the restriction of S to {x} x Quoty(N, r).
@ The cohomology ring of Quoty(N, r) is generated by

aj=c(S)) and fi=m.(ci(SY)).

@ The intersection numbers involving the above classes (including the
higher genus case) were studied by (Bertram '94, Marian-Oprea '05).
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SCHUR FUNCTORS

We may apply Schur functors to a vector bundle to obtain new ones.

EXAMPLE

o For A = (4), we have S)(V) = Sym*(V)

[TTT]

o For A =(1,1,1), we have S\(V) = A3(V)

i
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ONGOING WORK WITH MING ZHANG

THEOREM (ZHANG-S)

For any partitions \ and v contained in the partition (N —r,...,N —r),

r times

and d >0,

x(Quoty(N, r),det Sy ® S)(Sx) ® Su(Sx)) = 0.

| A\

EXAMPLE
When N =7 and r = 3, X and p are contained in the partition (4,4,4,4).

A=(32) p=(4,1)
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OUTLINE

© FURTHER DIRECTIONS




HIGHER GENUS

When both genus g > 0 and rank of quotient N — r > 0, there are two
main difficulties:
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HIGHER GENUS

When both genus g > 0 and rank of quotient N — r > 0, there are two
main difficulties:

@ Quot scheme may not be smooth.

(UCSD) TAUTOLOGICAL BUNDLES OVER QUOT SCHEN 25TH JANUARY 2023



HIGHER GENUS

When both genus g > 0 and rank of quotient N — r > 0, there are two
main difficulties:

@ Quot scheme may not be smooth.

@ Universality argument fails.
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VIRTUAL FUNDAMENTAL CLASS

THEOREM (MARIAN-OPREA’05)

For any C, 0 < r < N and E, the Quot scheme Quoty(E,r) admit a
2-term perfect obstruction theory.
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VIRTUAL FUNDAMENTAL CLASS

THEOREM (MARIAN-OPREA’05)

For any C, 0 < r < N and E, the Quot scheme Quoty(E,r) admit a
2-term perfect obstruction theory.

e By the celebrated work of [Behrend-Fentachi'97, Li-Tian'98], Quot
schemes admit a virtual fundamental class.
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VIRTUAL FUNDAMENTAL CLASS

THEOREM (MARIAN-OPREA’05)

For any C, 0 < r < N and E, the Quot scheme Quoty(E,r) admit a
2-term perfect obstruction theory.

e By the celebrated work of [Behrend-Fentachi'97, Li-Tian'98], Quot
schemes admit a virtual fundamental class.

@ The virtual intersection theory of Quot scheme was studied in
[Marian-Oprea’05] and Vafa-Intriligator formula was proven.
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VIRTUAL FUNDAMENTAL CLASS

THEOREM (MARIAN-OPREA’05)

For any C, 0 < r < N and E, the Quot scheme Quoty(E,r) admit a
2-term perfect obstruction theory.

e By the celebrated work of [Behrend-Fentachi'97, Li-Tian'98], Quot
schemes admit a virtual fundamental class.

@ The virtual intersection theory of Quot scheme was studied in
[Marian-Oprea’05] and Vafa-Intriligator formula was proven.

QUESTION

Find a closed-form expression for x""(Quoty(E, r), A, L) in all genera.
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IsoTROPIC QUOT SCHEME

e M — C line bundle

@ 0: E®E — M : non-degenerate bilinear form (symmetric or
symplectic)
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IsoTROPIC QUOT SCHEME

e M — C line bundle

@ 0: E®E — M : non-degenerate bilinear form (symmetric or
symplectic)

Isotropic Quot scheme is the closed subscheme of Quoty(E, r)

IQu(E,r,o)={[0 S - E = Q — 0] € Quoty : O"S®S =0}
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IsoTROPIC QUOT SCHEME

e M — C line bundle

@ 0: E®E — M : non-degenerate bilinear form (symmetric or
symplectic)

Isotropic Quot scheme is the closed subscheme of Quoty(E, r)

IQu(E,r,o)={[0 S - E = Q — 0] € Quoty : O"S®S =0}

o (Kresch-Tamvakis '03) : Over P!, Lagrangian Quot scheme
1Qq4(O?", n, o).

@ (Cheong-Choe-Hitching '19 '20) : Lagrangian Quot Scheme is
irreducible when d >> 0 and studies enumerative invariants.
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Y smooth, F vector bundle, X = Zero(s)

i

X sy

L[X]"" = e(F)N[Y]
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Y smooth, F vector bundle, X = Zero(s)

i

X sy

i [X]" = e(F)N[Y]

Let C = P!, then
@ Y = Quoty - smooth

o X =1Qy - zero locus of a section of a vector bundle
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PROBLEM

Note that the isotropic Quot schemes are not smooth even when C = P!,
The virtual K-theoretic invariants are unexplored in these cases.

PROBLEM

Find analogous formula for the virtual K-theoretic invariants and vanishing
results for x""(1Qq(E, r, o), AKLI), where C = P*.
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PERFECT OBSTRUCTION THEORY

Recall
0—S pr*E Q—0
1
C X |Qd
y X‘
C 1Qq

The isotropic quot scheme 1Qy admit a perfect 2-term obstruction theory
induced by Rr.(B®*)" — 7>_1L}q, where

B® = [RHom(S, Q) — Hom(A> S, pr*M)].
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VAFA-INTRILIGATOR TYPE FORMULA

Let a; = ci(Sl{x1q,) for any x € C.

THEOREM (S ’21)

When E = O®N | r =2 and my + 2my = vir dim,

/ amal? = Ty (M) 3 (14 ¢)m+dcm y(c)e?
[1Qq]vr CA+1

where the sum is taken over N roots of unity ¢ # +1. Here

JQ) =N -1+
Taa) = ()72 S (5)-m

i=0
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VAFA-INTRILIGATOR TYPE FORMULA

@ Obtain an explicit formula for the intersection numbers of the form
fyal a” N [1Qq]"", where f; = m.(ci(SV)).
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VAFA-INTRILIGATOR TYPE FORMULA

@ Obtain an explicit formula for the intersection numbers of the form
fyal a” N [1Qq]"", where f; = m.(ci(SV)).

@ Construct virtual fundamental class when 0 : EQ E — M is a
symmetric form.

(UCSD) TAUTOLOGICAL BUNDLES OVER QUOT SCHEN 25TH JANUARY 2023



VAFA-INTRILIGATOR TYPE FORMULA

@ Obtain an explicit formula for the intersection numbers of the form
fyal a” N [1Qq]"", where f; = m.(ci(SV)).

@ Construct virtual fundamental class when ¢ : E® E — M is a
symmetric form.

o Obtain Vafa-Intriligator type formula when r =1 and r =2 in
symmetric case.
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VAFA-INTRILIGATOR TYPE FORMULA

@ Obtain an explicit formula for the intersection numbers of the form
fyal a” N [1Qq]"", where f; = m.(ci(SV)).

@ Construct virtual fundamental class when 0 : EQ E — M is a
symmetric form.

o Obtain Vafa-Intriligator type formula when r =1 and r =2 in
symmetric case.
o We show that the above formula match with the

Gromov-Ruan-Witten invariants for the symplectic and orthogonal
Grassmannians (SG(N,2) and OG(N,2)).
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PROBLEMS

The motives of the nested (punctual) Quot schemes of curves were found
by (Monavari-Ricolfi '22). We can define the tautological bundles over the
nested Quot schemes in a similar fashion.

PROBLEM

Find the Euler characteristics of tautological bundles over nested Quot
schemes of curves.
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PROBLEMS

Dubrovin conjecture implies that the quantum cohomology is generically
semi-simple if and only there exist a full exceptional collection.

PROBLEM

Study the quantum cohomology of the punctual Quot scheme of P.

(UCSD) TAUTOLOGICAL BUNDLES OVER QUOT SCHEN 25TH JANUARY 2023



Thank you!




QUESTIONS
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