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Classical aspects ofB-model
inantum aspects ofB-model
penclosed and large N duality
Worldsheet B-model

51. Introduction

Mirror symmetry:dualityofSC.:(

Symplectic GeometryFourier Complex Geometry
1- model) (B - model)

Smapiz,x) - model) Smapiz,x(B- model)

localize localize

SHolomiz,xLN Sconstiz,XIN

Gromov-Witten type Hodge type theory
8

:)

String description (world-sheet theory i I

=world-sheet

string field theory:describe string in the lagrangian of2.

String Jock space String field
↑ 4

indynamics -Sits string field action

iebach 1992 Closedstring field theoryis described byastring action
which contains a numberofvertices, st. BV master egt.
In particular, g =0 string field o -alg.

iebach 1997 Open string field via Ao-alg.d openclosed quantum
master eqt. via moduliofborderedRiemann surfaces.

B-model:B-twisted I topo string
"localized around const. maps" -> "local"string fieldaction.
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Witten 1992:Amodel open string field CS + instantors

Bmodel open string field HolCS on (Y3

land speculate thattheoryis finite).
BCOV 1994 B-model on CY3 as gange theory. "Kodaira-Spencer gravity

"

Egt. ofmotion deformatofspy. str.calicon Ricciflat metrics
· leading cubic vertexofrebach's string action in topo. B-model.

· Barannikov -Kontsevich construction ofFrobenius mfd.
via polyvector fields)

Costello- (:2012. Full string action B-model on CY ofarbitrary dim.
s.t. BV master egt. lodd version ofHamilton -Jacobil -> BCOV.

Costello- (:2015, 2016 B-model open-closed coupling in large N limit
andtwisted supergravity
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11 itstotal deg.

Iwedge) product P = D is,s2 D ltiz, jitja

P
S gradedcomm. alg. Ga -1 KBnd

E:D
is Dist da (G) - 12E

Def:Calabi-Yau manifold,ex wex nowhere vanishing holo. vol. form
&x e412)dz...nded in loc. holo coord. On

->linear Dishxdic D
iswa

D
inric

isom. M I M -Rx
-ex b 3 -x

->divergent Wr:D D
inric

&
d-i, 2 dit,c

Note:P
isWe Dis NOT a derivation

Ex,B3: WrGe-KedIn-1 "Lee BValg.

- -[d.Js Schouten-Nijenhuis bracket.

Note:E.,-3:D
is Dinin D vitiz-I, jitja

intrinsicallydeff. (indep. of2x)

From 1-.-3 to 2,or ex, BV quantizat*

Properties:(2.3 cisklap. 63
96..83 96.3.8 +(-196.83
936. 3,03 -(- 1336.3, W33+(-i4,36.033

Namely, IPV, 5,02,3-, -3) is dGBV alg.

Trace Tr:P K

Tr() (x(M-2x) nex, only non-trivial for Pd.d

Ex. Tr((Ed) -(- 1)Tr(d(5))
Tr(knd() (1)Tr(d(8m))



Deformation theoryandlocal moduli
↓gauge fixing

cptKahler M" locally (McPV"(X)n.195m+ (m,m3 0,2 o}

[Bogomolov -Tian-Todorov]
cpt. Kahler CY M" smooth, tangentsp." x.

Extendedmodulispace M1 (5m+ (m,m30,2 03, not nec. type (1.1)

[Barannikov -Kontsevich]M smooth

Pf. d. Kercn<P

24,B} umda-lndin-1 "Lerae Imere Kerse

(Ker2, I,9-,-3)s (4,5,9-, -3)
dgla Ishifted) dgla
harmonic

P 3
~ Kerte ImCr- Ker2 Im2 1:Kahler)

e(Ker(a) Im22 188 -lemmal

(Ker2, E,5-,-3) harmonic proj 0.0 dgla homo.

(Ker 2, I,9-, -3) i
jI9.isom. g.isom.

(4,5,9-, -3) ,0,0

33 Period map ·
(x) cpt. Kahler (Y

Me PV
"

I

mEMYlocal moduliofcpx str. on

s.t. En + 5 (m,n3 0

Mi.MEdE 2zi 12" +Msdz:dE"tMEdze dzi

wrt (z33 loc. holo, coord. On loc basis of(1,0) forms in a

Id dime-."(Xu) Gauss-Manin (flat) connection GM

I
MY=[Xu) -> identify."(Xn)-."(X)."X.K) loc.onMY
H*3 *4 holom.subbdl.WI fiber p**"(X)
In particular, my holo. Linebdl., called vacuum line ball.

period map ot) 903) M* C ",D)
MYClocTorel:3 (H*),K ⑫"-bdl./M* Imax

-

xxn]
[Xu] [Rxu]

Mex



CY3 .
x) -> .Kw/ cx.symplform WI.) Ixdu
23 3,0 2, 1

C
·

Lagr. subsp.

->Subdl. 2- c I, w sympl. vector bdl.
GMWO

Mx Mx

Prop. M*C 3),K Lagr. submfd.
Creason:Griffiths transversality)

Choose linear Lagr. 2C".K, transverse to
"

3 *)
2 3

as sympl. V.S. 3,0 2, 1

Lagr.
Ycx Yex Graph(dFol holo.Fores K

Eg. I
1,2 03

cpx.conjugate splitting.

-> cx SCt, 7", Ctio, toFol
Fo has homog. deg. 2 Wrt K"**, MYK*M*

Fo +92Jole") where is:"to loc coord on M

Geometrically, 50 (M*, *, called prepotential

-> Y*S4%)1, e", CeiFo, 27-28eiFoll

i.e. IR 11, 2", 2eiFo, 27-z"zeiFol

GM

Yukawa coupling Cisk(e) /y n ei ↳IRe Ex ZeiCresWeFo(z)

Deformation theoryfor pairs.ex, any dimd

deform - MEPU"(X), 5n+1 (m,m3 0

->Xu w holo. I1,0)-form esdz"'s

->non-vanishing Id, orform esx (es(du) est e

- smoothfu.p, d(eves(x) o-holom. vol. form

En+ [m,m30 & 2P + wen+(m,p30(A)



34 Extendedperiod map
-I +terwIt formal variables, degt =2 Ingravitational descendant)

(A) -i +I(,30mi =m +tP MePV"pEPU

P, e,5-,-3) ->extended moduliof
P HtT, 2,5-, -3) ->extended moduliofCY geometry
Remark:P HtT,: homological replacement of(Ker2, 5).

Kery is to
to

to tix 55
... 1

Question:(A) as Euler-Lagrange egt.?
Inot local!

BCO on (3 for McKers

En+1(m,m} o as EL-egt. ofKS Kodaira-Spencer action.

-i +(m,30(notEL-egt)
I 5 Lo-transf.ofdgla (Costello- (i) uses period map

- i + isdis(m* 0 EL-egt, J action fol.

Def. S St S as

7 (t))
=

2= 7 ItI=2: t =2=

Note:S1, 2) < S, 2) sub-cpx.

Def:W:S S C

w(f(t)2, g(t)):TrdB. Rest=of(t)gl-t)dt

(-111p1w(g(t), f(t))

Only nontrivial iftotal deg. is 26-2

- S, w is 16-2d)-shifted sympl. V.S.

EgCY3 &3,0 2""* &03

period -X - igraded skew-symm.
tp

oo

P
1, 1

Ep
32

*p
3.3

wr.t. W.



Cochain period map:(a map on formal schemes)

D:St S P(n) t(1-eMt)

d4 (0):· St ·S

is St c
- 1) S Asi

Imparticular. P is a formal embedding)

EX. - t(1 - ert) -

- +(m,3eMt

That is P: S1, 2,5-3 S
, 2,0

Ifwe view - as a vector field on SIX),

then Q is tangent to Im(P).

Im(P) <S) is a formal shifted lagr.submod.



$5 Classical BCOU Equation

Geometry ofgravitational descendant.Consider pt.

S K(t) > S KES IKE

w(f(t).g(t) Rest=of(t) g(t) dt sympl. Form

> St

pass tires, fire so

Im(p) < S is a formal Lagr. submanifold.

SS S S
*

S > ImP GraphId =O(S1)

Writee
&

Txt" & St

P(t) "Yester of
"+

k =0

Goal:Compute (2)

· String equation Let E:S S. Elt") +
**

View as a vector field on S, denote

h. preserves wi.e. WIf,g)-wIf, (g)
2 & kt1

- I
i
Ti +1 rid W

k >, 0

(- 1) dT ndT.x
- 1 !

itsdeind es

! !
0

1-11T:Tj2 W
itZindes itj

=0

des
k> 1

-1)" Tk T-k

-> Hamiltonian h to ll" TT

Lemma:is tangent to ImP-t (dilaton shift)

Pf: Let d P(f)-t - tef/t

a ImP-t 3-5fefy esSt

-a d-ef c aImP-t #

ByHamilton - Jacobi egt. h [mp-t
Const.O

IT +TrtWes 2to O

&
2

i.e. 2to T +

x
=0

Tk+ 1 27k String egt.



· Dilaton egt.: S 5. It k ++
" st.W(Lof,g)-wIf, Log)

~>Hamiltonian ho
s
(k+(-1)"TTs

Lemma:o is tangent to ImP-t (similar pf.)

By Hamilton - Jacobi egt. hoimpt Const. 0

Re (kt) Tadei Dilator egt.

· Grading egt. G: SS. GI 2K-2t"

Lemma: G is tangent to Imp
i.e. Imp is preserved byaction x.t" x22".

-> grading on (IAT2] degt"2K-2 degis =2-2k

- homog. ofdegree 6

string eat, dilator egt, grading
n - 3

.... dein
exo

kik... In So.....m

· Classical BCOU action

St ·IXIt:[2]419)
t1-erex

- St

S S S
*

S

2x: ImP Graphld*
X
=0)S+ S

n - 3

Denote +"...tkn: Smon......
m

kik... In

which extends PVIX)-linearlyto

· ·Sym(S+(X)) PV(X)

Theorem (Costello-(i)
Y
(M) Treo nsonTrim" classical BCOU action

Ifwe write M Motmit+Met+...w/ Mx PV(X)

X(u) ! Tr. modMed

For CY3, BCOV's Kodaira- Spencer gravity,
fields Me Kew2 <PVIX) (non-local)

action KS[mo] @TrMoM+S Tr



36 Hodge structure and primitive forms

(S,(X), Q tr,4-, -3) aP- pass to cohomology(Maurer. Cantan functor)
->Mx (Mt SiX) Qu + 9mm3 o3 Gange

L
P:Mx

·

S(X), al 16-2d) -shifted sympl. (:Q is compati w/w)
extended U isotropic subsp.
period map. ·

S(X), al . S.(X), 0) < S(X), 0) sub-cpx.)

but S,(X) <S(X) not preserve byQ.
-X), al

Def. An opposite filtration of 'S(X),0) is a linear isotropic subspace
2: S(X), 0) s.t. S(X),0) ·S,(X), 0) 2 andt2, 2.

->2 S(X), 0)
·

S,(X), Q) t ·S,(X), al

S

·

PV(X), 5)

->B2: SIX),Q)nt2-PVIX), 5)

denote 1:
·

S(X), al Be((t))

11:
·

Si)X), al BC-t?

-> I BI; tB2 d**BE are wconjugate to eachother.

Mx 4, Jovia2 *

1

e stP(Mx) Graph (dFY2)

fu. For on H+ PVIX),5)t,9 =0 B-model invariants.

Geometry ofthe opposite filtration 2

Define 1:S(X) PV(X)()t)) -(X)()t))

r(t "n) okin MG Pfis

25 +t2 d +2

e(S+IX))
pez

+4-P-7Pe(X)

where 72(X) "**(X), the Hodge filtration

r(t "pV:,
x

-
K+i-1

dri,A

(x) P =dri-k(d -p - 12P
+

x,)X)



In particular, 1:StIX)tSIX) -
p

+*Gre(X)

2 2

~ I is a spliting ofHodge filtrate

Eg. 1. I FP Harmonic splitting ->
"

P+g=H

P,G

Eg. 2. I monodromysplitting arise from LCSL

CY3 tp90 p "EP
2,2

24
3.x sympl.subsp. P(X)()t))

s

&

&, esD &3

· Primitive form (K. Saito) J-function (Givental)
Fix splitting 2 ->BC:

·

StIX), Q) n2
·

PV(X), 5)

choose basis yo's

Def* K:I I1 k()t)) Higher residue pairing

1.3(f(t),Bg(t)) Tr(d). f(t)g(t)

w(m,r)(k(m,wSdt

modulo t, K Tr
·

PVIX), 5) .
⑧

It H:2:wisotropic splitting
K(51,51) 0, K12,2) at KIt]

1:BE B2 C where BC H+nt2.

KIY, Y) Ya wo highert, such is called a 'good basis'.

define MY:MY Mx

- =>MoP : A H+2 proje H+
e

BE c I-(+ Be((t)) BC-t?
626,T =0} 973ko

-> familyM2(26) PUIX)t.
Sit. -(26)![M(26), M(26)30

2 t (1-em4/)10
a
64

I
means Q-cohom. class.



·

PV(X), 5)

Be((t))
BC-t

+ 11- emt)]n 564 ltgee(28,t) J-function
em4t]a 1-55 primitive form

Prop:K(8265, 2e85) Ya (indep. of th

Pf. K(2265, 2285) K(Y +OCt, 4p +0(5)) Yap +Ol

K(828 + (1-em4t)], 208 t(1-em4t(1) C
K((z=m2) em, (68M2) emt) - t. -- Ya

X
A NotMt...

2e65's defines a familyof'good basis' param. by928}

Geometrically, Spandres 53e6 -Mxn +2

At 760, oMxnt2 Hint1 B2

It oMy 2 1-1 My 2 for nearby to
182653 forms an basis ofMent2

Compute 826285: (1) 22688521 by the expression of5

12388828] -es2et-temta-ememeesemeetla coMy

8262854cMn2 (cMnt2) I Spandeer53

&(6) s.t. 826285 - p(T)22] O QuantumDifferential Egt.
solve WDUV egt.

Equivalently, 2008 -> p(T)822M2st] 0

Remark:Perturbative algorithm for LG model byLi-Li-Saito.



5 ClassicalB 'master equation
P(f) t11-emAss

St ((X)=t=[2] ~- St

2x: ImP Graphld* W/ X(u) Tre

~ preserves ar quadratic Hamiltonian ha 2x 0

-8 ++ 2:5) S1. 2O cohomological of.
Si Sil

2 E S Si Si

Toy model (finite dim.)
Let, w, il dg sympl. V.S.

WO-sympl. WE
2 *, E

-1
E

2

- skew-symm. wirt.W.
Assume Lagrangian splitting V +-

2:
I

2 V
*

I

I

IE
I >

- 1 2

E E I - - I
C

(-1)we + - - I I I

P: x +(-1)we ++

P measure the failure ofa preserving -

Prop. P = Sym) +ofdegd d --compatible): 1+1, p 0

/Pf: < 1+ 1 at0 -1 wie Sym) P =Sym2) +

Geometrically, -1 wie Sym)
W =W

guad. Hamil ofQ: ha =Sym2)
*

(-1)we I

i
I Sym I

1
* * A *

ha E I - - I Sym - 3

x I 3I x I



Denote Up:Sym") I Sym"-) I, contracting w/ P= Sym?) *

Define B bracket (f.93p: cp(fg) Ppflg (-1)*fCrpg

Prop. (0):Sym") I, 2,8p, 3..-3p) is a dGBV-alg.

Pf: = 1 +1 + 40
-

2,24. 0

Given Lagrangian I Graph (d=0) <
*
I

tangent to 2

-= + [0,203 0 (reason:(odds Hamilton - Jacobihaz 0.)
(classical master egt.)
8: [0, 3p: 0)+ 0l+st. 0.

8il- Iv geometrically
Back to B-model on

2: S Si S!

c kex8 t(- t)k+ (as W). -) v) -Resto)-,-)(

where S is distributional elt. of P 1P '

S is integral kernel for: P 1 P'

P x +(- 1)w 2 1 S = P ( P distrib
12 +t2

Given a local fel (Mis) S..... on M Mo+tmit.... .St PV(X)-E.

S Tr(SMS)
BUbracket 21, 230 ~2 S local

Theorem (Costello. (i) Y(m) Tre es -,
· es.

s.t. +2=0,=30 CME topo. recursion relation

So -kil(m*K) 0 where 8 2+ 958,-3 ml



58 iantum B 'master equation
Toy mode, w, il dgsympl. V.S.

I I

w Lagrangian splitting V +-
-> 2 E

- I >

P x + ( - 1)weSym +

10)=2, Up, 3-, -3p)dGBV-alg. -

a,b
-

* 1a11b1

Def. (formal) Weyl algebra W): n ),0

n

-t -ab-t1) b a Gwilab)
-

Fformal quantum parameter
Note:W) tW) 0

Ann + :34=
*G(V) =03, annilator of +

zi preserving +

dually
zi

* *

preserving Ann)+)

Prop. Ann)+) <
*

is a subcomplex

Def. (formal) Fock space Fock)+: W) W) Ann(V)

Remark:Treat Ann) it as annilation operators.

is compatiblews W)
(W), 2) defines a cochain complex
WI Ann(V) < W) subcomplex

-> 2: Fock) + Fock) +

Lagrangian splitting V +-

*
+- V,*c

*

0 +uoSym" I formal fu. on +

0 +

-

h
=

c

Wh Fock) +

creation

operators I

-on W) & Fock) +->
I on Or I

0- Fock) +

1

2 R 2

0 +
=

I Fock) +



2 I I v 20 + 0 +

Prop. - 2 to 8p Istd. quantofquadratic Hamiltonian)
·2
2 0 Pf:exercise.

Inantum Master Egt. (QME) for 950
gh O +
I

~GOP eFl o

2 t 8p ! [F, F3p O

nh-o
2. [E,Fo3p 0 (CME)

F (e) (i.e. eFo(

↳
~F O in Fock) +

Iquantum gauge consistency) pass to --cohomology.
-

F: Fock) + ,

Let It
⑧

,
> H,+, 2

sympl. W isotropic

Choose polarizat*it H-2 Lagr, splitting

WI Weyl)It ·0 H-
Q-con
e N

Fock) + Fock (1

~F O

-

Fa gF2/
F2 gsoFEt9
F5 -> (IH). 9uatart.



59 Homotopic Renormalization Toymodel. - r 2 E, v

Space offieldsE, smooth sections ofgraded bundles

-celliptics differential.
Ishifted/Poisson Kernel PeP/Sym(Eldistw/ support, ax
*S E* om(E,K) continuous dual

* *

so **S*3* - Syng etc.

0(E)
no Sym"G*

Up:Sym") I Sym"-2) I so

Up:Sym") 9* Sym"-)** NOT well-defd

Cannot multiply distribut*! (UV problem in , need renormalizat*)

Change notation:4 2Ko e P/Sym(E))dist (shifted Poisson Kernel

Ko: 2 - Ko O

keyobservation:Elliptic regularity
·

smooth, distribut*, -

->So Kr I Cr
distrib. smooth distribut
Kernel kernel parametrix'

2Kr·Sym")9* Sym"-(** well-def*.

2xr:0(E) O(E) (normalized BU operator).
Okr, a 0 1:(Kr) O(

Def. (O(E), 2,0kr) normalized bGBV alg. wrt.parametrix Pr.

Given 2 parametrices, to Kriti Cr. Kretz Cra

P: Pr Pr. -SymK) smooth!

->Op:0(E) OIE) 2norder op., contract us pr

Drop. O(E):-tekr. O(E)h:i.e. gauge
exp(GCpE?) ⑮ exp(GCpE?)

O(E): -
48km

0(E)n.

Pf: etwr, etwpr - Epr=0 -texr-exra) A



Def. OE):: Sym" (*) hOlE)h: "action at least cubic modulo t"

Homotopic renormalization group (HRG)

C2, -:OHE)h: 0HE)h:

CE, I hlog) ehrp e/)

i.e. eWSP?, I) /t etwp e
I/h

Pr -:vertex
- CE, I

i connectedNCE, I I = 2:propagator.

Def:ASolofeffective QME is :E O4E)h:for each Pr s.t.

11) Renormalized- I, 1 - 42kr) e[ir/ 0.

(2) Homotopy RG,
-

rE C2, I1

/Earlier prop. => (1) A (2) are compatible).

$10 antum BCOU theory
B-model on:E SIX) D te:

shifted Poisson Kernel Ko 0 SotP P

Choose Kahler metric gon ->2*: D
is

P
i,j- 1

->heat kernel h8eP P for r>o

12-r55,5*)2)(x.) xhr (X., X2) G(X2)

Let Kr 2 hi to so

Prop:So Kr+cCr w Pr S** hide

Pf:This is the integral kernel repr. ofthe operator eat.

8? 8 9-r55,5*] S *2 e-utE,*du

- t2,,2 0. *2 0

2 j2*2 2 -455,5*]dn

⑤2.2*0 e
-n55,5*]

IH 8 - 29
-

r55,5*]#C

-



Def:Given parametrixPr w menormalized Poisson Kernel,

effective propagator Pst SymIPVIX)) < Symid for osssL

PC Si 12x2 hi du smooth!

chomotopyfrom regularizat*Keto (n)

Def (Costello- (i) perturbation quantization ofBCOU theoryon is

so, Ito 49 gOYS,(X)) hist.

(1) homotopy RG flow:I. C. (i.e. eFILS/ etep? eFies/)

(2) renormalized QME 25h JeFinish) "> Crn")

13) locality axiom. Ihas small Lasym. expansion via local functional.
14) classical limit: him I

- X

- 0

15) degree axiom t Hodge weight axiom: g' has Hodge wt. (3-d)(g-1)
( Hodge wt. ofEMPV"is k +m-1)

IR limit 00,

↳ & 9-h55,5*] D
2 Charmonic proj.) O

D

- 2k 0

+ h(eFIL3/h - eF[0]/h To
-

To . Soi---is

viag & splitting ofHodgefilt. -> S, -
O

S

·

)-t

-> Fnx:Sym"), 't.( (mirror to GW-invariants)



~ finiteness and locality
In practice, construct quantization

(1) Start my local fal
=

= OYc(E) hi(classical interaction

12) Find --indep. Local fel(e) =hOcoE) hi(counter terms)

S.t. eITLS/: Cimetepee (I+I(e))/t exists 1-> [[[L]32s.t. 2G)

13) Furthercorrectionto someage anomalyit

Def:UV finite iflimeterselite exists.

Assume UV finite
* I + - +13, 130 ill deftat0

regularize a >[[L] +-ITL] +13[[L], ITL]3 0 well-def* for 0

0
- 1 +15,13+ lz-,-.... 0

-> renormalized local QME

· explicit formulae for his's not known.

Thin ((i) 2d Chiral theories are UV finite.

Renormalized local QME Cegt. in Chiral

erenormalized
[I,I3

CME

ref:Vertex alg. and quantum master eat.

· Explicit canonical solt ofquantum B-model on elliptic curves
and establish quantum mirror conjecture.

Thm (Wang-Yan) Chiral theories ofanydim. are UV finite.

e.g. BCOV, HCS
-quantum BCOV has a local expression.

(Gnil Higher chira CI.



S-- Landau-Ginzburg B-model
fi

i
h

holo. fr. C. Crit(f) compact
cpX.mid. Tholo. vol form

P &**, >4c compact support
2f2+97, -3c + df d 2 2

P 2,01,0 < 4, 01, 2 dGBV

Lemma P., 01- 4 ,2f qnasi-isom.

Pf:If.-3 acyclic outside a small ubd ofCrit(f) #

To apply Barannikov -Kontserich constr. for Frobenius mfd.str. on C, E5,
need III Hodge-to-deRham Ei-degen. of spectral segfor tradic filt. of

P -t1, 8f+t2 (or Pc t, 0f+t2 (
1-smoothness, formality, hence a univ period map.

(2) Trace pairing Ir)-,-) on PV, compat.W/ Ef& 2.

->sympl. str. W Tr) -, -> Resto

13) Splitting of C, 55
·

Pc t, 2f+t2

compat.W. Tr (and higher residue) -> "good basis".

Remark:CritIf) isolated C, E5JacIf) 0 (Crit)f))

Hodge-to-deRham Ei-degen. V

Trace pairing Tr:P. ① Tr() SxIMSCInD

Prop:Tr(s)) - 1-1)"Tr(dEsp); TrI12Ip) 1. 1)"Tr(2) Bl
Cor. To defines a pairing on cohomologies.
I:

⑧

C c,55 · c,5f C

More generally, K: C iti, is it, if K-t.

kg(df(t),Bg(t)) (r(d)f(t)g(- t) 2 If +t2

Eg.f:(k",=dz) C w Crit(f) =303
⑧

C c,55 Jaclf) andfra: f

Viewing Tron 5, Tr(d(z)dz, B(z)dz) LibiSaito ReSz=0..s
↓ Kf(f(z),(z)) Kold,) +K,1d.B)tt......

*Res higher residues ofK. Saito



Hodge-to-deRham:(i) PV too big for Tr (ii)PV too small for Hodge decomp.
(iii) PVR 'bad' for nonlinear str., e.g. product.

Ki-Wen) >. < -7 7 solves (i) (ii) (iii).f,0 W/ f,0

7
f,0

·(ME) fl">iMeL i,j3

Assume (X,g.1) Kahler w bounded CY geometry.

Defif:holo. D'strong elliptic ifEx0,k2,2,2 f""fasz
+a

+a

Eg. (C, dZ), gstd, fnon-degen. quasi-homog, polyn.
I mirror ofFJRW theory)

Eg. (C, in...), gstd, f convenientnon-degen. Laurent polyn. ( mirror oftoric
finale

Eg. Crepant resol*of9, dYZ SUIM), gALE (orbifold (GB-model)

holo.Thm(Li-Wen) f:(X,9,2) R, strong elliptic, cpt.Crit(f)
bounded CY geometry

(1) P5,0, 55.8) dGBV, w pairingTr, Hodge-to-deRham degen. V

(2) P. E5)< P,,0.5)<1, Ef) quasi-isom.

I Hodge-to-deRham degen. V for all)
13) Poincareduality
Tr: C 5,0. f

·

C.,0.s&non-degen.
1 -ksgeneralize K. Saito higher residues

Cor. Frobenius str. on C. Ef.

Remanlis:charp approach



512 pen-closed B-model
closed string field B-mode 32 theory
Witten 1992

open string field B-mode CS + instantons

open string field--mode Holom. CS

holo.v.b.
. Rx CY3

fields E **, nd x
ghost physical field antighost anti-field

CS
action CS) SxTr AnA+An A, Al 2x

for 1, 2 - 1,2 0

2

0 1 3
0 ->deform holo.v.b. str. on=

HCS describes moduliofholom. v.b.
E:(-1)-shifted sympl. Ws WIG,) SxTrIdu). ex

-> shifted Poisson Kernel So E (EE)dist.

B bracket [1, 23 for local fall's.
HCS satisfies CI, SHCS, HCS3 0

Write Sites: SHCS, 3, Sites 0 BRS. - transf.

SACS 2 - 3

->

3

->dgLa**, nd

Large N perspective: -subbdll. N

W ample enough

idempotent PeyN/C, 424, > N

&**, nd &** gliv EN

ENCEN+1<EN+2C......

Look for fol. on Er, stable as N-0, called "admissible fel". Eg. (x TrA-1x

Large Ndualityas on EN. J SIHCS) Ist order deformat, locadm.
*Sics] [HCS, J30Sinlocdual of glile., 5,5,3)

-cyclic homology
(Loday- Quillen-Tsygan) him."GlivIR) Sym C.-(R1) ·

·

HKR 88

C.., R ·

-

,I + 52 C. (R) -(C.(R) -E, b+tB).
women

->
..., (t)) t..-



-...
-

,I +2
local dual

P 1tT, -5 + + 8) ->St

BCOV field (gravity) single trace operator at N-co
i.e. Gangel Gravityduality

Eg1. Mep
..
-1storder deformat*.

In SxTr(M= ...0 ex (HKR)

Eg2. M = trp.. - 1storder deformat.

Ju einenamSx Tr (s "I 12
2 ...012X

↑

m In general formula for higher order deformatat the disk level

storosedstring by Willwacher-Calague's cyclic ext*ofKontsevich formality.
Iconfrimipy -> Poisson -- model.

xM

Open-closed Master Eastfor gin 1M, g.gen com is i
Eg.n(, I needs to sit. - iebech's open-closedmaster egt.,

~ 2 (M
,-degenerate ofgin

Eg (g,h) 0.1), 2 - A E.

2
-

0.1 2 E 0.1, 10.1 3 E 10.1, 10,00 0
- A

~ Kontserich formality [-, Io,0bc.
(symmetry) open BV bracket closed BV bracket

Eg. (9,h) 2,0) (i.e. t c 25-, -3 0

~ W xxx WL
- -

2
-
2.0 C

- 1,P 2[10, 1103 E10.0.12.00 0

Eg. (g,h) 0.2) collapse-, Y

2
X

X
-

X

X C Pi
- -

2
-
0,2 [ 00, -0.230 0 - 0,1 25 01, 2013 E10.0, 023 0

mer

I-loop anomaly ~virtual VB

~ Trogen ~ (Trosenin 0 ink-th., rkO

Thin (Costelo-(i) HCS on "KY) glwvin[1] ~I order deformat*
canon, quantizat*gin's s.t.-iebech's open-closed master egt.,

Remark:Such quanticateglue to local CY my nontrivial laction.

Remark:BCOV+HCS open-closed B-mode is UV finite CY.


