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Quintic Calabi-Yau 3-fold Q and its Mirror Family @),

» Fermat quintic polynomial: W(x1,...,x5) = x7 + -+ x
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» Fermat quintic polynomial: W(x1,...,x5) = x7 + -+ x

» Quintic Calabi-Yau 3-fold: Q@ = {W(xq,...,xs) =0} C P*
(or more generally, any smooth degree 5 hypersurface in P*)
AH(Q) =1, h?H(Q) = 101
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Quintic Calabi-Yau 3-fold Q and its Mirror Family @,

v

Fermat quintic polynomial: W(x1,...,xs) = x7 + -+ x
Quintic Calabi-Yau 3-fold: Q@ = {W(xq,...,xs) =0} C P*
(or more generally, any smooth degree 5 hypersurface in P*)
AH(Q) =1, h?H(Q) = 101

v

. /=1
> 5 = group of 5-th roots of unity, ¢ := e2 —

v

Mirror family QJ): crepant resolution of
{f+--+y8 —5dy1---y5 =0} CP*/G

G={(a1,...,a5) € (us)®:ar---as =1}/{(a,--- ,a) :a € s} = (us)?
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Quintic Calabi-Yau 3-fold @ and its Mirror Family QQ;,

v

Fermat quintic polynomial: W(x1,...,xs) = x7 + -+ x
Quintic Calabi-Yau 3-fold: Q@ = {W(xq,...,xs) =0} C P*
(or more generally, any smooth degree 5 hypersurface in P*)
AH(Q) =1, h?H(Q) = 101

v

. /=1
> 5 = group of 5-th roots of unity, ¢ := e2 —

v

Mirror family C:)w: crepant resolution of
{f+--+y8 —5dy1---y5 =0} CP*/G

G={(a1,...,a5) € (us)®:ar---as =1}/{(a,--- ,a) :a € s} = (us)?
HH(Qy) = 101, h*1(Qy) =1
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B-model: Complex Moduli

The (compactified) complex moduli of @ is M = P[5,1] ,
obtained by gluing C, and [C, /5] along C* by the transition
function z = (5¢)°.
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B-model: Complex Moduli

The (compactified) complex moduli of @ is M = P[5,1] ,
obtained by gluing C, and [C, /5] along C* by the transition
function z = (5¢)°.

» 1) =00 (z=10): MUM (maximally unipotent monodromy) point
» =1 (z=5"°): conifold point
» ¢ =0 (z = 00): orbifold point
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B-model: Complex Moduli

The (compactified) complex moduli of @ is M = P[5,1] ,
obtained by gluing C, and [C, /5] along C* by the transition
function z = (5¢)°.
» 1) =00 (z=10): MUM (maximally unipotent monodromy) point
» ¢p =1 (z=57°): conifold point
» 1) =0 (z = o0): orbifold point
Hodge line bundle

Ho(Qy, Q%) © H
i t
P e M
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Motivation: Mirror Symmetry

Y =0 (z=00)
mirror symmetry

FIRW(W, us)
FY
M =P[5,1]
Fg e [(H>2€)
°)
mirror symmetry W(Q)
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Motivation: Mirror Symmetry and LG/CY Correspondence

Y =0 (z=00)
mirror symmetry

FIRW(W, 1)

M = P[5, 1]

LG/CY

B 2-2
Fg = r(H g) correspondence

mirror symmetry
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Motivation and Overview

¥ 50(z=00)
mirror symmetry FIRW(W, i5) = LG(CS /15, W)
g = 0 Chiodo-Ruan (2008) Fw
g

g =1 Guo-Ross (2016)

M = P[5, 1]

_ LG/CY _ .

B 2-2 = -

FB e r(m?—2) correspondence g =0 Chiodo-Ruan (2008)
BCOV g =1 Guo-Ross (2017)
Costello-Li

mirror symmetry

. W(Q) = LG(Kps, W)
. — o Givental  (1996-
Y =00 & Lian—Liu—Yau( 996-7) FR

g =1 Zinger (2007) <« Vakil-Zinger, LI-Zinger
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Gromov-Witten theory: GW(Q)

The genus g, degree d GW invariants of the quintic 3-fold Q is

Nyo = | 1eQ  where (g,d) # (0,0),(1,0)
[Mg,0(Q,d)]Vir
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Gromov-Witten theory: GW(Q)

The genus g, degree d GW invariants of the quintic 3-fold Q is

Nyo = | 1eQ  where (g,d) # (0,0),(1,0)
[Mg,0(Q,d)]Vir

( 5 o)
cloga)* +> Nogq?, g=0;
d=1
0 25 = d
Fo(q) =3 —15logq+) Niag?, g=1;.
d=1
[o.¢]
> Ngaq?, g>2.
d=0

Chiu-Chu Melissa Liu (Columbia University) GW Theory, FJRW Theory, and MSP Fields



Gromov-Witten theory: GW(Q)

The genus g, degree d GW invariants of the quintic 3-fold Q is

Nyo = | 1eQ  where (g,d) # (0,0),(1,0)
[Mg,0(Q,d)]Vir

( 5 o)
cloga)* +> Nogq?, g=0;
d=1
0 25 = d
Fo(q) =3 —15logq+) Niag?, g=1;.
d=1
[o.¢]
> Ngaq?, g>2.
d=0

Maulik-Pandharipande (2006): algorithm of evaluating N, 4 based
on degeneration (LI)
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Stable maps with fields (Chang-LI)

Mathematical theory of LG(Kps, W = p(x3 + - - - + x2))
Genus zero: Guffin-Sharpe-Witten (GSW)
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Stable maps with fields (Chang-LI)

Mathematical theory of LG(Kps, W = p(x3 + - - - + x2))
Genus zero: Guffin-Sharpe-Witten (GSW)

Mg n(P*, d)P
= {{=[uC 7= (z1,...,2zn),p] :
[u, CaZ] € Mg,n(]P)‘la d)a pe HO(Ca U*OP4(_5) ® WC}
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Stable maps with fields (Chang-LI)

Mathematical theory of LG(Kps, W = p(x3 + - - - + x2))
Genus zero: Guffin-Sharpe-Witten (GSW)

Mg n(P*, d)P
= {{=[uC 7= (z1,...,2zn),p] :
[u, C, 2] € Mg n(P*,d), p € H(C,u*Ops(—5) @ wc}
= {£=(C,Z,L,p,p): (C,Z2) genus g, n-pointed prestable curve,
L € Picy(C), 0 = (¢1,...,ps5) € H°(C, LP®) nowhere zero
p € HY(C,L7° ®wc), Aut(€) finite} / ~
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Stable maps with fields (Chang-LI)

Mathematical theory of LG(Kps, W = p(x3 + - - - + x2))
Genus zero: Guffin-Sharpe-Witten (GSW)

Mg n(P*, d)P
= {{=[uC 7= (z1,...,2zn),p] :
[u, C, 2] € Mg n(P*,d), p € H(C,u*Ops(—5) @ wc}
= {£=(C,Z,L,p,p): (C,Z2) genus g, n-pointed prestable curve,
L € Picy(C), 0 = (¢1,...,ps5) € H°(C, LP®) nowhere zero
p € HY(C,L7° ®wc), Aut(€) finite} / ~

(¢1,.-.,¥s5,p) quantum version of (xi,...,xs, p)

GW Theory, FJIRW Theory, and MSP Fields
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Superpotential and Cosection

The superpotential

W : Kps — C, [X1,. .., x5, p] = p(X7 + -+ 4+ x2).
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Superpotential and Cosection

The superpotential

W : Kps — C, [X1,. .., x5, p] = p(X7 + -+ 4+ x2).

5
Crit(W) ={) _x* =0=p} = Q C Kps
i=1
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Superpotential and Cosection

The superpotential

W : Kps — C, [X1,. .., x5, p] = p(X7 + -+ 4+ x2).

5
Crit(W) ={) _x* =0=p} = Q C Kps
i=1

The superpotential W determines a cosection o : Ob — Op,
where Ob is the obstruction sheaf over P = M, ,(P*, d)P.
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Superpotential and Cosection

The superpotential

W : Kps — C, [X1,. .., x5, p] = p(X7 + -+ 4+ x2).

5
Crit(W) ={) _x* =0=p} = Q C Kps
i=1

The superpotential W determines a cosection o : Ob — Op,
where Ob is the obstruction sheaf over P = M, ,(P*, d)P.
The degeneracy locus of o is

Plo) = {£€P:0o(§): Obs — Cis zero}
= {D ¢l =0=p}=Mgo(Q.d) CP
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Superpotential and Cosection

The superpotential

W : Kps — C, [X1,. .., x5, p] = p(X7 + -+ 4+ x2).

5
Crit(W) ={) _x* =0=p} = Q C Kps
i=1
The superpotential W determines a cosection o : Ob — Op,

where Ob is the obstruction sheaf over P = M, ,(P*, d)P.
The degeneracy locus of o is

Plo) = {£€P:0o(§): Obs — Cis zero}
= {D ¢l =0=p}=Mgo(Q.d) CP

o is the quantum version of w

P(o) = Mgn(Q,d) isthe quantum version of Crit(W) = Q
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Cosection Localized Virtual Cycle

Applying Kiem-LI construction of cosection localized virtual cycle,
Chang-LI obtain

[Me.n(P*, d)]5* € An(Mgn(Q,d); Q)
H2n
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Cosection Localized Virtual Cycle

Applying Kiem-LI construction of cosection localized virtual cycle,
Chang-LI obtain

[Me.n(P*, d)]5* € An(Mgn(Q,d); Q)
H2n

and proved

Theorem (Chang-LI)

[ﬂg,n(P[lad)p]Xir = (_1)5d+1_g[ﬂg,n(Qad)]Vir
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Cosection Localized Virtual Cycle

Applying Kiem-LI construction of cosection localized virtual cycle,
Chang-LI obtain

[Me.n(P*, d)]5* € An(Mgn(Q,d); Q)
H2n

and proved

Theorem (Chang-LI)
[Megn(Pd)PI = (—1)TH 8 [Mgn(Q, )]

LG(Kps, W) = GW(Q)
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Moduli of 5-Spin Curves

Let v = (71’ s 775)' where ~; = (™, m; € {1727374}'
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Moduli of 5-Spin Curves

Let v = (y1,...,7¢), where v; = (™, m; € {1,2,3,4}.
The moduli of genus g, v-marked 5-spin curve is
——1/5 -
Mg{v = {(C,Z=(z1,...,z),L,p):
(C, 2) twisted genus g, ¢-pointed prestable curve,

L representable line bundle on C,
¢
>
pi ¥ — wlE = wc(z zj),
j=1
monodromy of L around zj is v; € s}/ ~
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Moduli of 5-Spin Curves

Let v = (71’ s 775)' where ~; = (™, m; € {1727374}'
The moduli of genus g, v-marked 5-spin curve is

M2 = {(C,7=(z1,---,21), L)

(C, 2) twisted genus g, ¢-pointed prestable curve,
L representable line bundle on C,
¢
p: ¥ — wlgg = wc(z zj),
j=1
monodromy of L around zj is v; € s}/ ~

¢
M;/j is nonempty = 2g — 2 + Z(l —m;) =0 mod 5.
i=1
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Moduli of 5-Spin Curves

Let v = (71’ s 775)' where ~; = (™, m; € {1727374}'
The moduli of genus g, v-marked 5-spin curve is

M2 = {(C,7=(z1,---,21), L)

(C, 2) twisted genus g, ¢-pointed prestable curve,

L representable line bundle on C,
¢
>~
pi ¥ — wlE = wc(z zj),
j=1
monodromy of L around zj is v; € s}/ ~

¢
M;/j is nonempty = 2g — 2 + Z(l —m;) =0 mod 5.

i=1
compact complex orbifold of dimension 3g — 3+ ¢
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Moduli of 5-spin Curves with Fields (Chang-LI-li)

g?’y g?’y’
Y = (9017' . 'a(p5) € HO(Ca L®5)}

M = {ICZ L.l [C7 Lol € M
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Moduli of 5-spin Curves with Fields (Chang-LI-li)

g?’y g?’y’
Y = (9017' . 'a(p5) € HO(Ca L®5)}

M = {ICZ L.l [C7 Lol € M

Recall that p : L®5 = wlgg, or equivalently,
p € H(C,L™° @ w®) nowhere vanishing
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Moduli of 5-spin Curves with Fields (Chang-LI-li)

—1/5
g,7?

o =(¢1,...,p5) € H(C, L)}

—1/55 .
Mg{W 7= {[C,Z,L,g@,p] [C Z L p]e/\/l

y®5 =, o
Recall that p : L®> — wE,

p € H(C,L™° @ w®) nowhere vanishing

or equivalently,

The superpotential

W:C5/IU/5_>(C7 [Xla"'7X5]'_>X{’+"‘+Xg’

—1/55
determines a cosection o : Ob — Oy, where X = M / v
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Moduli of 5-spin Curves with Fields (Chang-LI-li)

—1/5
g,7?

o =(¢1,...,p5) € H(C, L)}

—1/55 .
Mg{W 7= {[C,Z,L,g@,p] [C Z L p]e/\/l

y®5 =, o
Recall that p : L®> — wE,

p € H(C,L™° @ w®) nowhere vanishing

or equivalently,

The superpotential

W:C5/IU/5_>(C7 [Xla"'7X5]'_>X{’+"‘+Xg’

—1/55
determines a cosection o : Ob — Oy, where X = M / v

X(o) = {(p)*=0}cax.
X(0)ea = {p=0}=MJ>C
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Fan-Jarvis-Ruan-Witten theory: FIRW(W, ps)

Applying Kiem-LI's construction of cosection localized virtual
cycles, Chang-LI-Li obtain the Witten's top Chern class

M>> i e Ag (M2 Q)
Had,
y4
where d, = 2(2 —my) iy = (™, ...
i=1
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Fan-Jarvis-Ruan-Witten theory: FIRW(W, ps)

Applying Kiem-LI's construction of cosection localized virtual
cycles, Chang-LI-Li obtain the Witten's top Chern class

——1/5,501vir +1/5.
[Mg{v w]a € Ad, (Mg{v' Q)
Haq,
¢
where dy = > (2= m;) if v = (¢™,...,¢™).
i=1
In particular, d, =0if m =--- =my = 2.
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Fan-Jarvis-Ruan-Witten theory: FIRW(W, ps)

Applying Kiem-LI's construction of cosection localized virtual
cycles, Chang-LI-Li obtain the Witten's top Chern class

[./\/ll/5 550]V1r c Ad»y (Mé/,?, @)
Haq,
¢
where dy = > (2= m;) if v = (¢™,...,¢™).
i=1
In particular, d, =0if m =--- =my = 2.

Define genus g FJRW invariants of (W, us):

ngg = /[MI{S 5%"]v1r 1e Q

where v = (¢%,...,¢%),2g —2+(>0,{=2g —2 mod 5.
e’
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Fan-Jarvis-Ruan-Witten theory: FIRW(W, ps)

Applying Kiem-LI's construction of cosection localized virtual
cycles, Chang-LI-Li obtain the Witten's top Chern class

[./\/ll/5 550]V1r c Ad»y (M1/5 @)

g
Haq,
‘
where dy = > (2= m;) if v = (¢™,...,¢™).
i=1
In particular, d, =0if m =--- =my = 2.

Define genus g FJRW invariants of (W, us):

ngg = /[MI{S 5%"]v1r 1e Q

where v = (¢%,...,¢%),2g —2+(>0,{=2g —2 mod 5.
e’

FgW(t) = Z 9g7elj ((91,0 = 0)

>0
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The Master Space

Let s € C* at on C® x P! by
S ()_(a P, [ula U2]) = (S)?a 5_5[3, [SU17 U2])
= (5)_(7 575p7 [U17571U2])

P[5,1]|x = 0 where X = (x1,...,Xs5)

C°/ s
up = 0

The master space
M := (C® x P1)//C* = (C® x P! — Z)/C*
where Z={X=0=u1} U{p=0=w}
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The Master Space

Let s € C* at on C® x P! by
S ()_(a P, [ula U2]) = (S)?a 5_5[3, [SU17 U2])
= (5)_(7 575p7 [U17571U2])

P[5,1]|x = 0 where X = (x1,...,Xs5)

C°/ s
up = 0

The master space
M := (C® x P1)//C* = (C® x P! — Z)/C*
where Z={X=0=u1} U{p=0=w}
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The Master Space

Let s € C* at on C® x P! by
S ()_(a P, [ula U2]) = (S)?a 5_5[3, [SU17 U2])
= (5)_(7 575p7 [U17571U2])

P[5,1]|x = 0 where X = (x1,...,Xs5)

C°/ s
up = 0

The master space

M := (C® x P1)//C* = (C® x P! — Z)/C*
where Z={X=0=u1} U{p=0=w}

uu=20
Kpa

p(>@ + - + XE) descends to a superpotential W:M-=C

Crit(W) = {p = X7 ¥ = 0} U{X = 0} = C(Q) UP[5,1]

Chiu-Chu Melissa Liu (Columbia University) GW Theory, FJRW Theory, and MSP Fields



Torus action

Consider the action of T(= C*) on M by

te[x1,... x5, p, (U1, w]] = [x1,. .., x5, p, [tur, ua]].

\05/%/ The T fixed locus
MT = Kpa Uo U ((CS/M5)

Crit(W)T = QuUouU({0}/us)

Kips

Chiu-Chu Melissa Liu (Columbia University) GW Theory, FJRW Theory, and MSP Fields



Mixed Spin P (MSP) Fields (Chang-LI-Li-L)

Mathematical Theory of LG(M, W = pOxE + -+ x2)).
"Quantum Master Space”

We r.dosdse = 16 = (C,Z, L, N, 0, p,v1,12)
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Mixed Spin P (MSP) Fields (Chang-LI-Li-L)

Mathematical Theory of LG(M, W = pOxE + -+ x2)).
"Quantum Master Space”

We ydosdoe = {§ = (C,Z, LN, ¢, p,v1,12) :
(C,Z2) genus g, (-pointed twisted prestable curve
L, N representable line bundles on L,
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Mixed Spin P (MSP) Fields (Chang-LI-Li-L)

Mathematical Theory of LG(M, W = pOxE + -+ x2)).
"Quantum Master Space”

We ydosdoe = {§ = (C,Z, LN, ¢, p,v1,12) :

(C,Z2) genus g, (-pointed twisted prestable curve

L, N representable line bundles on L, deg(L ® N) = dy,deg N = d,
monodromy of L around z; is v,
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Mixed Spin P (MSP) Fields (Chang-LI-Li-L)

Mathematical Theory of LG(M, W = pOxE + -+ x2)).
"Quantum Master Space”

We vdo,dee = 16 = (C,Z, L, N, 0, p, 11, 12)

(C,Z2) genus g, (-pointed twisted prestable curve

L, N representable line bundles on L, deg(L ® N) = dy,deg N = d,
monodromy of L around z; is v,

@ € HY(C,L%5),p e HY(C,L™° @ w®),

vy € HY(C,L® N), 1o € H(C, N),

(¢, 1), (p, 2), (11, v2) nowhere vanishing,
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Mixed Spin P (MSP) Fields (Chang-LI-Li-L)

Mathematical Theory of LG(M, W = pOxE + -+ x2)).
"Quantum Master Space”

We ryidosdeo =16 = (C,Z, L, N, p, p,v1,10) :

(C,Z2) genus g, (-pointed twisted prestable curve

L, N representable line bundles on L, deg(L ® N) = dy,deg N = d,
monodromy of L around z; is v,

@ € HY(C,L%5),p e HY(C,L™° @ w®),

v1 € H(C,L® N),1n € H(C, N),

(p,11), (p, 12), (v1,v2) nowhere vanishing, Aut(¢) is finite}/ ~
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Mixed Spin P (MSP) Fields (Chang-LI-Li-L)

Mathematical Theory of LG(M, W = pOxE + -+ x2)).
"Quantum Master Space”

We ydosdoe = {§ = (C,Z, LN, ¢, p,v1,12) :
(C,Z2) genus g, (-pointed twisted prestable curve

L, N representable line bundles on L, deg(L ® N) = dy,deg N = d,
monodromy of L around z; is v,
0 5 0 -5 I
p € HY(C,L™),pe H(C, L R wck),
v1 € H(C,L® N),1n € H(C, N),
(p,11), (p, 12), (v1,v2) nowhere vanishing, Aut(¢) is finite}/ ~

(¢, p,v1,12) quantum version of (X, p, u1, u2)
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Mixed Spin P (MSP) Fields (Chang-LI-Li-L)

Mathematical Theory of LG(M, W = pOxE + -+ x2)).
"Quantum Master Space”

We ryidosdeo =16 = (C,Z, L, N, p, p,v1,10) :

(C,Z2) genus g, (-pointed twisted prestable curve

L, N representable line bundles on L, deg(L ® N) = dy,deg N = d,
monodromy of L around z; is v,

@ € HY(C,L%5),p e HY(C,L™° @ w®),

v1 € H(C,L® N),1n € H(C, N),

(p,11), (p, 12), (v1,v2) nowhere vanishing, Aut(¢) is finite}/ ~

(¢, p,v1,12) quantum version of (X, p, u1, u2)

The superpotential W determines a cosection o : Ob — Ow,
where Ob is the obstruction sheaf on W = W, - ¢ 4., With
degeneracy locus W™.
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Cosection Localized Virtual Cycle

T = C* acts on W by scaling v1. Everything is T-equivariant.
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Cosection Localized Virtual Cycle

T = C* acts on W by scaling v1. Everything is T-equivariant.
Theorem (Chang-LI-Li-L)

W(0o) is closed, proper, and of finite type.

We obtain the cosection localized virtual cycle (Kiem-Li)

[Wg777do,doo];ir € AIvir(Wg_me?doo? Q).

where
l

4 4 . .
dv1r_d0+doo+1—g+€—5;mi If’)/i:Cmr.

GW Theory, FJRW Theory, and MSP Fields

Chiu-Chu Melissa Liu (Columbia University)



Torus Localization

wT = Jwr (T labelled graph)
r
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Torus Localization

wT = Jwr (T labelled graph)
r

Chang-Kiem-LlI: torus localization of cosection localized virtual
cycles (cf. Graber-Pandharipande, Behrend)

T_ e _ Ny, DV
144 —LrJWr 12%)% —;(r)*eT(,\,Fir)
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Torus Localization

wT = Jwr (T labelled graph)
r

Chang-Kiem-LlI: torus localization of cosection localized virtual
cycles (cf. Graber-Pandharipande, Behrend)

) ) [Wr gir
wlh=Uwr VI =) (i) rim
y S0

el ~ T ™,
veV(l)
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Torus Localization

=UJwr (T labelled graph)

Chang-Kiem-LlI: torus localization of cosection localized virtual
cycles (cf. Graber-Pandharipande, Behrend)

_ vir _ (o, IVl
_Lrjwr Wy —zr:(r) (N
[Mg..n, (B*, o)L
WIS~ T VI, where VST = M, 0],

veV(l) [71/5,54,0]“r
8viv

Chiu-Chu Melissa Liu (Columbia University) GW Theory, FJRW Theory, and MSP Fields



Torus Localization

=UJwr (T labelled graph)

Chang-Kiem-LlI: torus localization of cosection localized virtual
cycles (cf. Graber-Pandharipande, Behrend)

— vir __ I [Wr e
= Lrjwr W = er( o ()
[Mg..n, (B*, o)L

VS~ T W™, where VI = { [My, 0],
v o7 1/5:507vir
v (Mg, 15
= T-equivariant MSP theory can be reduced to
» LG(Kps, W) = GW(Q)
» GW theory of a point (known)
» LG(C®/pus, W) = FIRW(W, us)
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Vanishing and Polynomial Equations

When d"'* > 0,
/ 1=0 (%)
We 7.y doo 15T
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Vanishing and Polynomial Equations

When d"'* > 0,
/ 1=0 (%)
We 7.y doo 15T

yisempty = d"" =dy+dy +1—g.
Theorem (Chang-LI-Li-L)
1. When -y is empty, dp = 0 and d, > g, the relations (*)
determine ©,4 in terms of
©g ¢ such that g’ < gand 0 < ¢ <7g —2.
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Vanishing and Polynomial Equations

When dV* > 0,

/ 1=0 (%)
We 7.y doo 15T

yisempty = d"" =dy+dy +1—g.
Theorem (Chang-LI-Li-L)

1. When -y is empty, dp = 0 and d, > g, the relations (*)
determine ©,4 in terms of
©g ¢ such that g’ < gand 0 < ¢ <7g —2.

2. When 7 is empty and dy, = 0, the relations (*) determine

Ng 4 in terms of

Ng/ g such that g’ < g and d’ < d
Ng.4- such that d' < g

Ogyforg’ <gandl<2g—4
Og, for £ <2g — 2.

vV vy vy
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Vanishing and Polynomial Equations

Corollary
1. FgW is determined by

> {FgV,V:g’<g}
» {0 :0< V' <7g—2},{=2g—2 mod 5
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Vanishing and Polynomial Equations

Corollary

1. FgW is determined by
> {FgV,V g < g}
» {0 :0< V' <7g—2},{=2g—2 mod 5
Q . .

2. Fg° is determined by
» {FY g <g}
> {F2:g' <g}

» Ngo,....,Ngg_1. (Ngo is known.)
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Vanishing and Polynomial Equations

Corollary
1. FgW is determined by
> {FgV,V g < g}
» {0 :0< V' <7g—2},{=2g—2 mod 5
2. FgQ is determined by
» {FY g <g}
> {F2:g' <g}
» Ngo,....,Ngg_1. (Ngo is known.)

Guo-Ross (2016): mirror formula of FV
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