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* Yet physics is non-perturbative
QCD, SYM @ Veneziano-Yankielowicz

e String theory beyond perturbation theory: dualities & branes

* Focus on brane instantons
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* In string theory, extended objects
wrapped on extra dimensions

Worldsheet instantons: pert in gs
Brane instantons: non-pert in gs

[Becker’s, Strominger;Witten; Harvey, Moore; ...]

* Brane instantons & “small” gauge instantons:
A unified story  Witten '95

* Focus on D-brane instantons, exploit open string description
Polchinski 95
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D-brane instantons

* Instanton modes from open strings

neutral bosonic: integrate over “moduli”

neutral fermionic: type of 4d terms

charged: couplings to gauge dof

e Structure of the amplitude. Sketch

/ d*z Ae 1O
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e Difficult: Supersymmetry and/or extra handles/tricks

* Tons of applications
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e Some full direct computations in terms of D-brane instantons
e.g. Billo, Ferro, Frau, Gallot, Lerda, Pesando

e Many results from relating to perturbative setup

- Dualities to heterotic worldsheet instantons ...many....

- Particle-instanton duality:

Particle loop in ST compactification = Tower of instantons in “T-dual”

G > ¢

underlies many recent proposals e.g. WGC for instantons



Applications: In dualities

Particle loop in ST compactification = Tower of instantons in “T-dual”

G > @

* M-th on T2 =10d type IIB R4 terms Green, Gutperle,Vanhove
* M5-brane on T2 =D3-brane R2 terms Bachas, Bain, Green

* M-th on CY;3xS' = A-model topological string Gopakumar,Vafa

e M-th on CY3%xS1/Z; = unoriented A-model Piazzalunga, AU

* [IB on conifoldxS' =D2-brane instantons on conifold Ooguri,Vafa

* 5d QFT on S* = Seiberg Witten Nekrasov

* 4d QFT on S = Wall-crossing Gaiotto, Moore, Neitzke
* M-th on CY3XT2= (p,q) string instantons Collinucci, Soler, AU

e HW on K3 xS* = D7-brane R4 terms Petersson,Soler, AU
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Applications: Pheno. Moduli

e Parameters in the compact geometry are 4d moduli fields

Phenomenological disaster! o - F
5th forces, cosmological problems,... *_)) &5

* Flux moduli fixing generically not enough

e Contemplate instanton effects
KKLT; Large volume [Quevedo et al], ...
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* Certain couplings forbidden by perturbative U(I)s

top Yukawa, mu-term, ....
Aa

D6 4
e Contemplate instanton effects
D2 o,
Blumenhagen,Cvetic; Ibanez, AU;
Florea, Kachru, McGreevy, Saulina il



Applications: Pheno. Supo

* Certain couplings forbidden by perturbative U(I)s

top Yukawa, mu-term, ....

/\a
D6 4
e Contemplate instanton effects
D2 o,
Blumenhagen,Cvetic; Ibanez, AU;
Florea, Kachru, McGreevy, Saulina =
A 7

* Integration over instanton fermion zero modes leads to
insertions of charged 4d fields

Winst — (I)l - (I)n €_U
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* Suggestion that brane instanton effects can be geometrized

Perturbative computation in a non-perturbatively modified geometry
Koerber, Martuccis...

* In the spirit of gauge/gravity duality Maldacena;...

Non-perturbative SYM condensate in terms of dual deformed geometry
e.g. Klebanov, Strassler

F3-flux

Vg

\M D5s

4

™ 7

deformed conifold resolved comifold

singnlar conifold
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* Geometrize instantons leading to 4d charged operators
Garcia-Valdecasas, AU+Franco

* Fairly explicit in systems of D3 at CY3 toric singus

Brane tiling e Mirror
i A
RO TS
00 i

Instantons + backreaction

b N\,
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Result in geometries associated to higher-genus bipartite graphs

a)

introduced by Arkani-Hamed et al; Franco et al
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Essential in dualities in high dimension & susy
Essential in pheno model building

* Expect further explorations on gravitational aspects of instantons
Coleman-deluccia tunneling among vacua
Stability of vacua vs Weak Gravity Conjecture Ooguri,Vafa;...

* Perturbative tools into non-perturbative dynamics

LET’S CELEBRATE THEVENEZIANO AMPLITUDE @ 50!



