
THEORY CENTER
Q U A N T U Mh

Present & Future  

of  

Composite Dynamics

Francesco Sannino



QCD

3 colors + 6 flavours

Weakly coupled in UV

Strongly coupled in IR

Spontaneous chiral breaking 

Confines



Some open questions



Methodologies

Effective theories

Quark model, 
Polyakov loop, 
Nambu Jona-Lasinio, 
Holography
….

Lattice

Large N, Quantum numbers

Models:

Perturbation theory 



Composite landscape

Supersymmetric versions are highly interesting



Applications

Dark

Colliders
Compact stars
g-2, flavour physics
Heavy baryon and mesons

Bright

Strong CP
Axions
Early universe

Technicolor
Composite Goldstone Higgs
Fund. Partial compositeness
g-2, flavour physics, Mw

Dark baryons & pions
SIMPs
Composite inflation
Secluded sectors/
Gravitational Waves 

QCD

New composite dynamics 
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Pure (super) glue

Mass gap
Confines
Glueballs

Facts:

Applications:

Composite Higgs theories
Composite non-minimal glueball inflation
Composite gluonic dark matter
Gravity waves via deconfinment/confinement phase transitions 

Methodologies:

Lattice 

Large N (’t Hooft and Corrigan Ramond)

Power of supersymmetry



One flavour QCD

 axial anomaly

Chiral and gluon condensate
Gueball and massive mesons

UA(1)

Facts:

Applications:

Dark matter for 2 colors
Like glue theory for other N except no strict confinement
Analog computer for super Yang Mills  



Two index SU(N) Theories

QCD, Supersymmetry, Orientifold

Weinberg’s  scatteringππ

&





‘T Hooft large N

Planar diagrams
Gluons dominate
Baryons decoupling 
Quark-antiquark mesons are leading in N
Eta prime mass is 1/N suppressed

Facts:



Corrigan and Ramond large N

Planar diagrams
Gluons count as quarks
Multiquark states are leading in N
Better scattering unitarity
Resolve Weinberg puzzles 
Eta prime mass is order one

Facts:



Super YM - orientifold connection

Armoni, Shifman, Veneziano, th/0302163

Sannino, Shifman, th/0309252

Sannino, th/0507251



Effective Orientifold Lagrangian



Effective Orientifold Lagrangian



Effective anomalies



Underlying anomalies matching



Spectrum & Vacuum Energy



Predictions 1.0



Predictions 2.0



Predictions vs Lattice
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Size of higher order corrections



The quark mass weighs in



The quark mass weighs in



Predictions
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QCD
N → ∞N = 3

Planar theory 
Quark loops are suppressed 
Axial anomaly is suppressed

Planar theory 
Quark  Adjoint Weyl fermion 
Shared sectors with N=1 Super YM 
Axial anomaly is leading in N 
Orientifold field/string theory

→
 planar theory 
 dyn.: QCD + non-int. fermions 
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Partial summary

Pseudo and scalar spectrum

Vacuum properties

Size of subleading N corrections 

Predictions for other SU(N) theories 

Ask me more about chiral gauge theories 



More than one flavor



Pion scattering, tetraquarks and large N



Weinberg’s reasoning 



CR limit resolution



Exotic leading in N



Meson decay into glueballs

Mesons and glueballs in the CR limit have same rules



Summary

CR large N is a better description of  meson meson scattering

Scattering amplitudes unitarize faster in N

Exotic states are leading in N and help unitarize meson scattering 

Axial anomaly well captured and QCD spectrum better captured 

Many things to do from holographic descriptions to phase transitions



Future

20+ years to check/understand QCD dynamics/SYM, properly 

New directions for fixed charged sectors/near conformal dynamics

Finite density, theta angle vs flavor phase diagram for 2 and 3 colors

Novel ways to disentangle dilaton spectrum via fixed charged sectors 

Huge # of applications form cosmology, astro and particle physics



thank you


