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Prototype example for applications: QCD at low energies
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SU(N) gauge theory

In the limit N — oo: Only planar diagrams remain
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QCD in strong coupling regime
QCD at finite temperature and density

Predictions for

Heavy ion collisions and quark-gluon plasma

Applications to strongly coupled systems relevant for condensed matter physics

New tools for studying critical systems at RG fixed points
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From compactification of d = 11 supergravity on a Calabi-Yau manifold
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Chern-Simons term leads to axial anomaly for boundary field theory:
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Contribution to relativistic hydrodynamics, proportional to angular momentum:

Ty = pup €y, Wy = Leue,u’d7u?, in fluid rest frame J = LV x @



Chiral vortex effect

Prediction for quark-gluon plasma:

Chiral separation: In a volume of rotating quark matter, quarks of opposite helicity move in
opposite directions. (Son, Surowka 2009)

Chiral vortex effect
Heavy-ion-collision
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Proposal for experimental confirmation (Oz, Keren-Zur 2010):
Enhanced production of spin-excited hadrons along rotation axis
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Chiral vortex effect

Chiral separation: Relativistic quantum effect
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Chiral separation: Relativistic quantum effect
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External electromagnetic fields

A magnetic field leads to

p meson condensation and superconductivity in the QCD vacuum

Gauge/gravity duality
Effective field theory: magnetic field in black hole supergravity

(Chernodub) background
(J.E., Kerner, Strydom PLB 2011)
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Conclusion

New relations between string theory and strongly coupled gauge theories
Useful tools for predicting new physical phenomena

Comparison and combination with other approaches
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