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Introduction and MotivationIntroduction and Motivation

Aim: to understand better Aim: to understand better nonperturbativenonperturbative
aspects of string theory aspects of string theory compactificationscompactifications..
Results: exact formulae for a series of Results: exact formulae for a series of 
instantoninstanton corrections, to ALL ORDER in corrections, to ALL ORDER in 
the string coupling constant      .the string coupling constant      .
Models: Type II strings on Models: Type II strings on CalabiCalabi--YauYau
threefoldsthreefolds, no fluxes (yet , no fluxes (yet ……).).
ConifoldConifold limit: stringy limit: stringy instantonsinstantons in field in field 
theory.theory.
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Type II on CYType II on CY

FourFour--dimensional action is N=2 D=4 dimensional action is N=2 D=4 
SUGRA coupled to vectorSUGRA coupled to vector-- and and 
hypermultipletshypermultiplets..
The fourThe four--dimensional dimensional dilatondilaton is part of a is part of a 
hypermultiplethypermultiplet, so the , so the hypermultiplethypermultiplet
modulimoduli space receives quantum space receives quantum 
corrections.corrections.



NonperturbativeNonperturbative stringsstrings

InstantonsInstantons: wrapped Euclidean : wrapped Euclidean DpDp--branesbranes
over p+1 cycles (over p+1 cycles (Becker,BeckerBecker,Becker, , 
StromingerStrominger, , ‘‘95).95).
IIA: D2 over threeIIA: D2 over three--cyclescycles

NS5 over CY NS5 over CY 
IIB: D(IIB: D(--1),D1,D3,D5,NS5 over points, two1),D1,D3,D5,NS5 over points, two--
cycles, fourcycles, four--cycles, CY. cycles, CY. 



Type IIA on CYType IIA on CY

Vector Vector multipletsmultiplets: special : special KahlerKahler, , 
holomorphicholomorphic prepotentialprepotential F(tF(t):):

WorldsheetWorldsheet instantonsinstantons: F1 over two: F1 over two--cycles.cycles.
KahlerKahler modulimoduli

cl pert w sF F F F= + +
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HypermultipletsHypermultiplets

HypermultipletsHypermultiplets: quaternion: quaternion--KahlerKahler, also , also 
determined by a single function    determined by a single function    

called called hyperkahlerhyperkahler potential (de Wit, potential (de Wit, KleijnKleijn, , 
S.V., 1999; de Wit, S.V., 1999; de Wit, RocekRocek, S.V., 2000)., S.V., 2000).

Complex coordinates:Complex coordinates:
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Quantum correctionsQuantum corrections

All quantum corrections encoded in a All quantum corrections encoded in a 
single function:single function:

This function is invariant under symmetries This function is invariant under symmetries 
of string theory, e.g. Sl(2,Z) of IIB.

cl pert instχ χ χ χ= + +

of string theory, e.g. Sl(2,Z) of IIB.



CC--mapmap
Using TUsing T--duality (cduality (c--map), vectors and map), vectors and hypershypers are are 

exchanged, andexchanged, and

Includes classical, Includes classical, perturbativeperturbative (     and             ), (     and             ), 
and and worldsheetworldsheet instantonsinstantons. . 
(M.Rocek,C.Vafa,S.V.,(M.Rocek,C.Vafa,S.V.,’’05; 05; D.RoblesD.Robles--LlanaLlana, , 
F.Saueressig,S.V.,F.Saueressig,S.V.,’’06; B. de Wit and 06; B. de Wit and 
F.SaueressigF.Saueressig, , ‘‘06)06)
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SL(2,Z)SL(2,Z)

This result is not SL(2,Z) invariant, as This result is not SL(2,Z) invariant, as 
required by IIB. This is because D1 required by IIB. This is because D1 
instantonsinstantons are left out, and also D(are left out, and also D(--1) :1) :
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D(D(--1) and D1 1) and D1 instantonsinstantons

Applying the method of images:Applying the method of images:

Sum over multiSum over multi--instantonsinstantons, RR scalars     , RR scalars     
and    arise from Sl(2,Z) completion.and    arise from Sl(2,Z) completion.
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Mirror symmetryMirror symmetry

11
0          00          0

0                     00                     0
1                              11                              1

Exchanges two and threeExchanges two and three--cycles, IIA and IIBcycles, IIA and IIB

1,1h
1,2h 2,1h



Mirror symmetryMirror symmetry

D1 D1 instantonsinstantons mapped to membrane mapped to membrane 
instantonsinstantons (over A(over A--cycles)cycles)

D(D(--1) 1) instantoninstanton mapped to membrane mapped to membrane 
instantoninstanton corresponding tocorresponding to

consistent with consistent with Strominger,YauStrominger,Yau, Zaslow,, Zaslow,’’9696
3 , 0 1h =

1 0b = 2 3S S↔



Mirror mapMirror map

Relate IIA and IIB variables:Relate IIA and IIB variables:

Checks: classically ok, produces correct Checks: classically ok, produces correct 
instantoninstanton actions, actions, conifoldconifold limit ok (below).limit ok (below).

(Marino,Minasian,Moore,Strominger,(Marino,Minasian,Moore,Strominger,’’99)
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Membrane Membrane instantonsinstantons

D2 D2 instantoninstanton (half) contribution to the (half) contribution to the 
hypermultiplethypermultiplet modulimoduli space :space :

Exact result to all orders in string coupling !Exact result to all orders in string coupling !
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ConifoldConifold limitlimit

In IIA, we can take the volume of a threeIn IIA, we can take the volume of a three--
cycle and the string coupling constant to cycle and the string coupling constant to 
zero, zero, 

with fixed ratio such that with fixed ratio such that instantonsinstantons survive:survive:
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ConifoldConifold limitlimit

In this limit, gravity decouples and the In this limit, gravity decouples and the 
resulting resulting modulimoduli space is fourspace is four--dimensional dimensional 
hyperkahlerhyperkahler (Gibbons(Gibbons--Hawking):Hawking):

Coordinates                    with      and     the Coordinates                    with      and     the 
RR scalars and               the vanishing RR scalars and               the vanishing 
threethree--cyclecycle
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Resolving singularitiesResolving singularities

Metric determined by single function:Metric determined by single function:

Singularity at        is resolved by Singularity at        is resolved by instantonsinstantons
(after Poisson (after Poisson resummationresummation). This result ). This result 
proves the conjecture by proves the conjecture by OoguriOoguri and and 
Vafa,Vafa,’’96 !96 !
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Field theory ?Field theory ?

Is this the Higgs branch of some N=2 D=4 field theory ? Is this the Higgs branch of some N=2 D=4 field theory ? 
Typically in SYM,Typically in SYM,

No field dependence in No field dependence in instantoninstanton action (however, action (however, 
constrained constrained instantonsinstantons ……))

Exotic stringy Exotic stringy instantoninstanton interpretation ?interpretation ?
Cosmic strings ? (Greene, Morrison, Cosmic strings ? (Greene, Morrison, VafaVafa, Yau,, Yau,’’96)
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ConclusionsConclusions

IIB: determined all D(IIB: determined all D(--1),F1,D1 1),F1,D1 instantoninstanton
corrections to corrections to hypermultiplethypermultiplet modulimoduli spacespace
IIA: determined half of the D2 IIA: determined half of the D2 instantoninstanton
corrections (Acorrections (A--cycles)cycles)
Field theory limit agrees with Field theory limit agrees with OoguriOoguri--VafaVafa
Left to do: D2 over BLeft to do: D2 over B--cycles (cycles (e.me.m. duality). duality)

NS5NS5--branes branes 
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