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Motivations

• Semirealistic string models: 

✓ N=1 string compactification: {
( chiral matter from brane intersections ) 

IIA/B on CY manifolds+D-branes,O-planes  

M-theory on       manifolds G2

✓ Moduli stabilization:
Kahler moduli (volumes)  

{ Complex structure moduli  (shapes) 

D3-branes

R1,3 × CY

Dilaton-axion modulus   

✓ SUSY breaking: F-terms , fluxes, hidden sectors, etc. 

( Fluxes and D-brane instantons ) 

Wflux(U, τ)

Winst(T, τ)

• D-brane instantons   
(Blumenhagen, Cvetic, Weigand,Ibanez,Uranga)

✓  New chiral couplings:
Majorana masses, Yukawa couplings, etc 

e
−

8π2kVp

g2
+2πikθp

new scales 

+ fluxes   

✓  Flux induced couplings: Winst(G3, T, τ) ?

Heterotic on CY manifolds  
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Winst(G3, T, τ) Outline

• D(-1)-instantons:   gauge vs stringy instantons:  

✓ Instanton moduli space:   D3D(-1) open strings 

3/ 2 × 2• The model:  D3-branes   on                        +3-form fluxes         

✓ SQCD:  gauge group              +          flavoursU(Nc) Nf

✓ Instanton action RR/NSNS:   Open/closed string amplitudes 

• Non-perturbative potentials:   gauge & stringy instantons:  

✓ F-terms: gauge and exotic superpotentials, BW multifermionic couplings  

• Conclusions:     

(Garcia-Etxebarria, Marchesano, Uranga)
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Winst(G3, T, τ) D3-branes on                   

• D3-brane gauge theory :  

U(N0) × U(N1)✓ Gauge group:  

✓ Matter:  

➡ SQCD:  Nc = N0 Nf = N1

• D(-1) Instantons :  

✓ gauge instantons:      

3/ 2 × 2

k0 = 1

✓ stringy instantons:      k2 = 1

e
−

8π2k

g2
+2πikθ

e
−

8π2kVp

g2
+2πikθp

N0N̄1 + N̄0N1 Φ =

(
0 Q

Q̃ 0

)

V =

(

V0 0

0 V1

)
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Winst(G3, T, τ)
• D3D(-1) on flat space: 

 open string modes  Instanton moduli: 
wα̇ positions 

sizes,gauge orientations 

xµ

Instanton moduli space

 D(-1)D(-1) 

 D(-1)D3 (wα̇, µ
A)iu

• on 

µ = 1, ..4 α, α̇ = 1, 2 A = 0, ..3 c = 1, ..3 i = 1, ..k u = 1, ..N

3/ 2 × 2

✓ gauge instantons:      k0 = 1

✓ stringy instantons:      k2 = 1

Only fermions from D3-D(-1) open string modes  !

(xµ, χa, Dc, θA
α , λα̇A)ij

(xµ, Dc, θ0

α, λα̇0||wα̇u0
, µ0

u0
, µ1

u1
)

(xµ, Dc, θ0

α, λα̇0||µ
2

u0
, µ3

u1
)
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Winst(G3, T, τ)
• D(-1)D3-ation: 

Instanton action

SD3/D(−1)(Φ) =
2π3α′2

gs
DcD

c
−

i

2

(

µ̄3Φµ2
− µ̄2Φµ3

)

.

✓ gauge instantons:      k0 = 1

✓ stringy instantons:      k2 = 1

✓ flux couplings:      
{

Ḡ = 2eφ G(0,3) ∼ Wflux

G = 2eφ G(3,0) ∼ (DτWflux)∗

SD3/D(−1)(Φ, Φ̄) =
2π3α′2

gs
DcD

c + i Dc

(

w̄α̇(τc)α̇
β̇
wβ̇

)

+ i λα̇

(

µ̄ wα̇ + w̄α̇ µ
)

+
1

2
w̄α̇

(

Φ Φ̄ + Φ̄Φ
)

wα̇ +
i

2
µ̄1 Φ̄ µ −

i

2
µ̄ Φ̄µ1

+ i w̄α̇

(

D̄α̇Φ̄
)

µ1
− i µ̄1

(

D̄α̇Φ̄
)

wα̇ .

φ̄, ψ̄

µ, w

G GḠ

θ̄θ̄

µ̄

µ

λ̄ λ̄Sflux
=

2πi

gs

[

G θαθα −

(πα
′)2

2 Ḡ λα̇λα̇

]

+
i

2
G µ̄µ ,

θ̄α̇ =
π√
2
α
′
λα̇ ≈ 0                 

Φ = φ(x) +
√

2θψ(x) + . . .

Φ̄ = φ̄(x) +
√

2θ̄ψ̄(x) + . . .

µ̄
1
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Winst(G3, T, τ)
• Effective interactions: 

Instanton integral

✓ F-terms:      

Seff = M
kAβA

s e
2πikAτA

∫
d M e

−SD3D(−1)−Sflux

• General form: 

•                          R-symmetries : 

➡   determines m,n,p !
U(1)3 ∈ SO(6)

•    n=p=0  Affleck,Dine, Seiberg superpotential   {•    p=-n  Beasley-Witten multifermions   

Q(dM) = Q(Seff)

Winst(x, θ) = ΦmΦ̄n(D̄α̇Φ̄D̄α̇Φ̄)p
∣

∣

θ̄=0

Seff =

∫
d4xd2θ Winst(x, θ)
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Winst(G3, T, τ) Effective interactions

• ADS, BW F-terms: 

Winst = C Λ2N0+1−p

(

D̄α̇Φ̄ D̄α̇Φ̄
)p

Φ̄p Φ p+2N0−2

∣

∣

∣

∣

∣

θ̄=0

N1 = N0 − 1 + p p = 0, 1, ..

• Flux-induced couplings: 

Winst = C GΛ2N0+2−p

(

D̄α̇Φ̄ D̄α̇Φ̄
)p

Φ̄p+2 Φ 2N0+p−2

∣

∣

∣

∣

∣

θ̄=0

N1 = N0 − 2 + p p = 1, ..

Winst = C Ḡ Λ2N0−p

(

D̄α̇Φ̄ D̄α̇Φ̄
)p

Φ̄p−3 Φ 2N0+p−3

∣

∣

∣

∣

∣

θ̄=0

N1 = N0 + p p = 0, 1, ..

Winst = C ḠM
2−2N0

s e
2πiτ2Φ

2N0 N1 = N0    stringy instantons   

   gauge instantons   
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Winst(G3, T, τ) Conclusions

• Flux induced non-perturbative interactions: 

✓  Superpotentials, multi-fermionic interactions, etc. 

✓  Exotic superpotentials for U(N) gauge theories (U(1)-stringy instantons). 

• Moduli stabilization: 

e
−

8π2kVp

g2
+2πikθp✓  Kahler moduli stabilization : 

• SuSy breaking: 

✓  Soft symmetry breaking  : G(3,0) ∼ (DτWflux)
∗
∼ m 1

2

G(0,3) ∼ Wflux ∼ m 3

2
✓  Instanton mediated breaking  : 

 gauge & stringy instantons 

Nf = Nc

Nf = Nc

Nf = Nc − 1


