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‣ loop computations and anomalies in gauge theory and string theory
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Map:

Strongly coupled gauge theory

Weakly coupled gravity theory
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QCD:  rho mass vs. pi meson mass squared

J.E., Evans, Scott 1412.3165



Anomalous dimension
 vs. RG scale

Varying the 
number of 
flavours



Condensate: Comparison to field theory calculation

Condensate Effective Field Theory (M. Chernodub) Condensate Gauge/Gravity Duality

Bu, J.E., Shock, Strydom 1210.6669

QCD in external magnetic field: Rho meson condensation

Bu, J.E., Shock, Strydom  JHEP 2012



Kondo model within gauge/gravity duality
J.E., Hoyos, O’Bannon, Wu JHEP 2013
J.E., Flory, Newrzella 1410.7811

• From condensed matter physics:                        
electrons coupled to magnetic impurity

• Toy model for QCD:

• Negative beta function

• Asymptotic freedom and confinement

• Dynamical scale generation



UV

IR

Free electrons 
+

 impurity spin

Impurity screened

Physics of the Kondo effect



Hamiltonian:



Hamiltonian:

χ†χ = q, Q = q/N

Large N: Screening corresponds to condensation process

Slave fermions

O = ψ†
Lχ Condensate



Gravity model

BTZ black hole

Action



Condensate

Mean field transition
approaches constant for �O� T → 0

�O�
√
Tc

�O�
√
Tc

J.E., Hoyos, O’Bannon, Wu 2013



Entanglement entropy J.E., Flory, Hoyos, Newrzella, 
O’Bannon, Wu in progress 



Fundamental aspects of gauge/gravity duality:
Higher spin theories

Free O(N) vector model Higher spin gravity theory

Calculation of four-point exchange diagrams

Bekaert, J.E., Ponomarev, Sleight  1412.0016



• New relations between quantum field theory and gravity

• New relations between different areas of physics        
(e.g. particle and condensed matter physics)

• New tools for strongly coupled theories

Gauge/Gravity Duality



If you would like to read more ...


