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't Hooft-Mandelstam

magnetic condensate
confines electric charge
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Phases of
Gauge Theories

Coulomb :

Free electric :
Free magnetic :
Higgs :

Confining :

V(R) ~ %

V(R) ~ R ln%RA)

V(R) N ln(gA)

V(R) ~ constant

V(R) ~ oR



Phases of
Gauge Theories

electron > monopole
EM Duality: free electric <«— free magnetic
Coulomb phase «—= Coulomb phase

"t Hooft-Mandelstam

conjectured duality: Higgs phase <—> confining phase

Seiberg found strongly coupled SUSY analogs
where more precise tests can be made



SUSY and the problem
with scalars
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Supersymmeftry

Y ¢

fermion boson
SpINor é complex scalar
quark squark

top stop



Supersymmeftry

Al 2\
boson fermion
spin 1 é Sp1Nor
gluon gluino
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Gauge Interactions



Gauge Interactions




Scalar Mass




Superpotential
Interactions
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Superpotential
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Quadratic Cancellation
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SUSY QCD
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SU(N)*U(1): Anomaly
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Scalar Potential




Flat Directions F>N
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Flat Directions F>N

classically, can parameterize by gauge invariant
"mesons” and "baryons”
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Super Higgs Mechanism
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Running Coupling
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Banks-Zaks
Fixed Point

large N, with FF'=3N —eN
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Conformal Field Theory



CFT 101



Enhanced Symmetry

SUSY + Conformal = super-conformal

for holomorphic gauge invariant operators
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d=1 at F = gN free field!
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SUSY QCD
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Dual Theory
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Dual Gauge Coupling
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strong dynamics Yukawa Landau pole




Anomaly Matching

global symmetry

anomaly = dual anomaly
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Moduli Mapping

Q0 + M
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By

Running Coupling
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dual infrared free for F < 3N/2

weakly coupled Banks-Zaks fixed point
for F = 3N/2 + €



SU(N)
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Duality Consistency Checks
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Integrating QOut
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*t Hooft instanton
vertex
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Integrating QOut
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Integrating QOut
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Chiral Symmetry
Breaking
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EM Duality:

Seiberg duality:

Phases of
Gauge Theories

electron «—> monopole
free electric <« free magnetic
Coulomb phase <= Coulomb phase

quark, gluon <«  dual quark,
gluon, meson
strong electric «=> free magnetic
Coulomb phase <= Coulomb phase
Higgs phase <> confining phase



Discovering Hierarchies

SPS: W,Z --> gauge hierarchy
LEP: no light Higgs --> little hierarchy
Tevatron: top --> Yukawa hierarchy
LHC: no light SUSY --> squark mass hierarchy

Minimal Composite SSM
can resolve all these
hierarchy problems



Minimal Composite
SSM
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Minimal Composite
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Minimal Composite
SSM
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Minimal Composite SSM
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predicts stop much lighter
than other squarks
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Realistic SUSY RS
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Conclusions

Seiberg duality allows us to obtain
exact results for nonperturbative
effects in SUSY QCD

this allows for composite SUSY models
of electroweak symmetry breaking



