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Introduction

String theory — 10 dimensions vs 4 dimensional physics
Possible solution: compactify 6 dimensions on a manifold K.
General aspects of 4d physics determined by K

Example: unbroken 4d susy — need globaly defined spinor on K — simplest case
— manifold with SU(3) holonomy = Calabi—Yau manifold.

Topology — determines low energy field content



Given topology — CY manifolds come in families — parameterised by moduli

e small deformations of the CY metric
e massless scalar fields in 4d (flat directions)
e determine 4d couplings = need to be fixed

Moduli stabilisation < Fluxes

Background value for field strengths Fj, — harmonic on K (eom)
/ Fp:ma = Fp:mawaa
,-yOé

= generate potentials for moduli



Flux 4+ Dualities

Mirror symmetry/T-duality smoothly relates RR fluxes in type Il theories.
Type |IB S-duality maps NS-NS into RR fluxes

Mirror symmetry/T-duality of H flux — deformation of the geometry —
manifolds with SU(3) x SU(3) structure

Heterotic/type IIA duality takes gauge field fluxes to manifolds with SU(3) x
SU (3) structure



N = 2 gauged supergravity
Multiplets
e gravity - graviton g,,,, and graviphoton A,
e vector multiplets - vector fields AZ and complex scalar field X*

e hypermultiplets - 4 real scalar fields £

Very constrained

Potential allowed only together with scalar manifold isometries gauging (charged
scalar fields)



Fluxes in type |l compactifications

Hodge diamond of Calabi—Yau

0 0 A =dim HLD(Y)

0 0 h(2D=dim H®D(Y)

left «- right and up < down symmetric consequence of complex conjugation and
Hodge duality.
Mirror symmetry exchanges h(%1) and h(%:1).



Type IIA/CY5: N = 2 sugra coupled to h(1:1) (Abelian) vector multiplets and
h(2D 4+ 1 hypermultiplets.

Type 1IB/CY3: N = 2 sugra coupled to h(?!) (Abelian) vector multiplets and
ALY 4+ 1 hypermultiplets.

Spectrum is invariant under mirror symmetry!



Flux 1A 1B
ngmiwi; F():m() Fl:F5:O
A Fy = e’ Fg= eoV I3 = plaa + ‘Mﬁé
2(h(1 1) +1) 2(h(2D)+1)
NS-NS |  Hs=ploa+eap? Hs = paa+eap?
2(h(;af)+1) Q(h(;,?)_ﬂ)

I pAand e; & qa.

Mirror symmetry m
What about €4 and ;*?

= deformation of the geometry — manifolds with SU(3) x SU(3) structure.



Half-flat manifolds

Mirror symmetry: NS 3-form flux (@ = 0) < half-flat manifold with SU(3)
structure d€2 ~ 4-form flux.

SU (3) structure in 6 dimensions — invariant tensors: almost complex structure J
and (3,0) form €.

dJ and df) — intrinsic torsion

Half-flat (dual to NS flux):

dw; = €8°

doy = €0, da,=ds" =0,

Special basis; breaks symplectic invariance!



Generalization

do; = piaB? —qltaa
doy = piad
dpt = g¢f'e’

Constraint (from d%w = 0)

(i, 4i); (Pj, 45)) = 107;1461_}4 — ijqu =0

Effect: p;4 and ¢/ charges for hyperscalars wrt all vector fields
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Heterotic/ K3 x T? + flux

N = 2 sugra in 4d + SYM with gauge group GG and nj; > 20 hypermultiplets

Crucial ingredient: Bianchi identity
dH =trRANR—trF N F

Take Fj,s¢ — solution — breaks gauge group to G

Coulomb branch: G — U(1)", — n, (Abelian) vectormultiplets

I _ o al I _ ol
/Fflm—m S Fhpye =m wa
,yOé

m®! charges for hypermultiplets wrt all vector fields < mapped to ¢4 via
heterotic/type IIA duality.

«
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Conclusions

RR fluxes respect mirror symmetry

manifolds with SU(3)(x.SU(3)) structure — crucial for string dualities with
NS-NS H-flux.

Half-flat manifolds — dual to half of the NS-fluxes (= 0)

Full duality of H-flux involves manifolds with SU(3) x SU(3) structure (non-
geometric fluxes)

certain SU(3) x SU(3) structures — dual to heterotic gauge field fluxes
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