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Compactifications of string theory

Type |l superstring theory compactified on a Calabi-Yau

.

effective theory in M,:
N=2 supergravity in 4d coupled to matter

The low-energy action is determined by the geometry of the moduli space
parameterized by scalars of vector and hypermultiplets:

My s Mum
% a=1,....ny X q%, a=1,...,4ng
« My — special Kdhler « Mynm — quaternion-Kéhler
 determined by holomorphic e can be constructed via its
prepotential F'(z) twistor space
* NO corrections in string * receives all types of
coupling g, g.-corrections

The goal: to find the non-perturbative geometry of M gras
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Quantum corrections
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* worldsheet instantons
* one loop g.-corrections
* D-brane instantons

IIA/ X B/ X
D2 - . 4 D(1)
AD2 A%
mirror map A
B-D2 < - { e

* NS5-brane instantons



Quantum corrections

Corrections to the classical HM moduli space:

» worldsheet instantons — well known from mirror symmetry
* one loop g.-corrections — Robles-Llana,Saueressig,Vandoren '06
» D-brane instantons S.A.°07
A/ X 1B/ X
AD? < S D(-1) Robles-Llana,Rocek,Saueressig,
i ) - D1 ~ Theis,Vandoren '06, ‘07
mirror map
we are here 502 { D3
* e - L D5

S.A.,Pioline,Saueressig,
Vandoren '08
 NS5-brane instantons

partial results with D.Persson, B.Pioline
see Pioline’s talk



Quantum corrections

Corrections to the classical HM moduli space:

» worldsheet instantons
* one loop g.-corrections
* D-brane instantons

— well known from mirror symmetry

— Robles-Llana,Saueressig,Vandoren '06
S.A. ‘07

A/ X 1B/ X
D2 < . DL
A-D2 | { D1
mirror map
we are here ) ] { D3
P B-D2 = > D5

S.A.,Pioline,Saueressig,
Vandoren '08
 NS5-brane instantons

partial results with D.Persson, B.Pioline
see Pioline’s talk

Robles-Llana,Rocek,Saueressig,
~ Theis,Vandoren '06, ‘07

To go further we need an instanton
corrected mirror map

I'll present corrections due to
worldsheet, D(-1) and D1 instantons
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Twistor space formulation

How to conveniently describe (parametrize) a quaternion-Kahler manifold?

Twistor space Properties:
 Einstein-Kahler
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CP! Z * has .odd complex dimension
e carries contact structure
complex

A ¢ il 1 <l
M - B &N Ena Al = dald 4 ) déy R,
\rycoordinates
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Perturbative HM moduli space

HM moduli space at tree level

c-map = | HI0 = p(¢) HI-0l

Twistor lines:
f[%] = Mt ;—2 (z_lzA = ZEA)
~ ~ T —
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O = o % (21 W(z) — 2 W(3))

where W (z) = Fx(2)¢* — 22Ca

* respect symplectic invariance,
SL(2,Z)-duality and mirror symmetry

* reproduce the known HM metric




Perturbative HM moduli space

HM moduli space at tree level Uy
cmap = | HIFO = F(e)  HIO = F(g) :

A [+0]

Twistor lines: . Uy
f[j(\)] = (A4 = (z_lzA — ZZA)
i 2 ) 10
Vo= Gk (BT R) — 2 Fa(2) .
V= o 2 (z7'W(z) —z2W(2)) TR log z ﬁ -

2 247 U

where W (z) = Fx(2)¢* — 22Ca ™

One-loop correction
* respect symplectic invariance,

SL(2,Z)-duality and mirror symmetry | ®@ppears as a singular boundary

: condition for twistor lines
* reproduce the known HM metric _
 determined by the Euler number
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Towards the non-perturbative mirror map

We define the physical fields by the requirement that they transform under
duality groups according to the classical laws.

The idea: to use a consistency between the mirror and SL(2, Z) symmetries

o at® + b e £
0 0
SL(2,Z) duality: ) rd & +d
(known only at S = Lt g g Fabel€°
the classical level) ~ - .
({0) ( d —c) (§0> non-linear
— +
o —b a o terms
Findamap ¢, =mlg’_| and m — m,
a holomorphic action of SL(2,2) a’—0,9:—0

on the twistor space such that:

(E(Q?IA’Z) — (gAséAa(l’)) WH—/ —
% known

One can do this by restricting to to be found
o’, D(-1) and D1 corrections

As a result, the consistency condition crucially simplifies
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The holomorphic action of SL(2,Z) on the twistor p—
space does not receive any corrections! ?
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Instantons and TBA

Equation for the twistor lines:

Gaiotto,Moore,Neitzke '08
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Bmg = 27T2|Z,, Blg = —2miOp+mi  dap(8) =
mass parameters  chemical potentials kernel
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v

Thermodynamic Bethe Ansatz equations

‘ ( ) maf cosht — o— Zn%/ df’ dap (0 — 9) log (1 + ePro— e (0 ))

Is it a formal analogy or something deep?
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Gauge theory: Integrable model:
~ M =
—  (non-perturb. symplectic Yang-Yang functional _
; [Pl el ) - at the critical point \é

— the Kahler potential
—

~.
plays important role in

Nekrasov-Shatashvili story

String theory:
potential for QK spaces — contact potential giving Kahler potential on Z x4
. @M (qaaz) . 1 o )
xll = Z (dz+py —ipsz+p_z°) = Kg]zlog%JrRe(b[@]
17 Z

Without NS5 contributions it is globally defined and @ (¢%,z) = ¢(¢%) ~ log g(ﬁ
T\/VW

g\ = (non-perturb. part of) s
_ | - = free ener
—— __ the contact potential 9y _ \é

W



S-matrix and integrability

S-matrix

<"Ya:’}/b>
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qbab(e) = —1 90




S-matrix and integrability

S-matrix

<"Ya;’}’b>
S (0) = —1810595“5 N Sap(6) = [sinh (% (0 +i(6, — e)b)))]

Conditions on integrable S-matrices:
» Lorentz invariance

Zamolodchikov algebra  Sas(0)Sha(—0) =1
crossing symmetry Spa (i — 0) = Sgp(6)

Yang-Baxter equation trivially satisfied

bootstrap:



S-matrix and integrability

S-matrix

<'70,:’Yb>
008 S Sunl8) = [sinh (% (6 +i(60 — Ob)))]

qbab(g) = —1 90

Conditions on integrable S-matrices:

« Lorentz invariance d a b 0 b
- Zamolodchikov algebra  Sab(8)Sea(—0) =1 d

* crossing symmetry Sea(mi —0) = Sap(0) c ) c

* Yang-Baxter equation trivially satisfied

* bootstrap: If Sep(#) has a pole at 6 = iu,, then

1. there should be a bound state with 2. Sga(0—1u’ )Sqp(0 +iul,) = Sqs(H)
mg = mz + mg + 2mgmy coS Uy, G, = 7 — S,

We have u,, = 0, — 6, and the bound state carries the charge vz = 74 +



S-matrix and integrability

S-matrix

{VarVb)
810g Sab Sap(8) = [sinh (% (60 +1i(0, — Qb)))]

00

qbab( )

Conditions on integrable S-matrices:
» Lorentz invariance

« Zamolodchikov algebra  Sa (Q)Sba =1

e Crossing symmetry Spa (Tl —

* Yang-Baxter equation trivially satisfied

* bootstrap: If Sep(#) has a pole at 6 = iu,, then

1. there should be a bound state with 2. S4.(0 o )Sap (0 + iuy.) Sdc
m2 = m2 +m? 4 2mamy cos uS :

We have u,, = 0, — 6, and the bound state carries the charge vz = 74 +

All conditions on integrability are satisfied!




Conclusions

<—3 Results %

 Twistor description of all D-instanton corrections to
the HM moduli space

« Generalized mirror map including worldsheet, D(-1)
D1-instanton corrections.

As a by-product: SL(2,7) transformations on the twistor space

- Relation to integrability

N—

— 2 Problems =

——
—

* To find corrections coming from D3 and D5-insantons
For this one needs the complete non-perturbative mirror map

* To find NS5-brane instanton corrections

See Pioline’s talk

N—




