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N =4 SYM and Deformations

® .J/'=4 SYM: dimensional reduction of /=1
SYM in 10-d.

A(lO) — (A,uv ¢I)7 w(l()) — IDA
® One gluon, 6 real scalars, 4 chiral fermions.

® Deformation: Same fields, different
couplings(parameters).



Lagrangian of deformed theory
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B-function of Yukawa Coupling
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Nonlinear differential equations with
96 complex variables!



N =1 deformations

® SYM with chiral supermultiplets
® Superpotential W = \;;;,Tr(®' D’ ¥)

® Beta functions
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Renormalization Potential
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The potential for
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Properties of Renormalization
Potential

® Covariant under re-parameterization.
dz’ i; OV
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® Assuming the metric g is positive definite,V

increases monotonically with energy.
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® |f V is bounded below, the flow always
have a infrared fixed point.




Renormalization Potential of
Yukawa Coupling
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Global minima
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® p has global minima where

Fy =1Ir5=Tapcp =0

® As energy decreases, Yukawa co
always flow to a fixed point!

® Start with random values for couplings, a
fixed point is found at the end of Flow.



New fixed points vs new dinosaurs

® Find a numerical solution(dinosaur fossil).

® Find characteristics of the solution(describe
the fossil).

® Compare with known theories(species).

® Derive the analytical Lagrangian(Name and
study a new species).



The Jurassic
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Anomalous Dimension Matrix

® Anomalous dimension matrix is defined by:
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e Expand couplings around a minima of p:
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® The matrix is Positive-semidefinite. (NOT
true the other way around.)
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Number of parameters

® Each zero eigenvalue of the anomalous
dimension matrix corresponds to a

‘protected operator’.
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Number of parameters

® Number of O,: number of parameters N, .
® Number of O; : 31 — Dim(Gsym)

® ‘Accidentally’ protected operators.

N, = Dim(Ker(A;;)) + Dim(Gsym) — Ngcei — 31

® |eigh Strassler: N, = 4 ,7; deformed, N, =6



Leigh-Strassler Theory
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® 4 parameters,a U(l) symmetry, |2
accidentally protected operators.

® ftzeros of anomalous dimension matrix:
31-1+4+12=46



Renormalization potential of
the scalar couplings
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® T[he potential is not bounded below.

® anomalous dimension matrix: positive
semi-definite.

® 6 protected operators: (anti-)holomorphic.



Leigh-Strassler theory is a
saddle point

L=Lrs+ z0; + z0;.

1
Ve(z, 2) = Va© — 65CLIJKL5QLKMN5QNMJI

Vs(2i,2) = V§®, Bi #0 |

A subsystem in which LS is stable: _
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Emergence of other symmetries

LS: U(1)XSUSY

Yi - U(l)g




Discussion

® Classification of the fixed points.

® The gravity dual of the fixed points. Strong
evidence for a conformal field theory since
it has both weak and strong description.

® Behavior of accidentally protected
operators should be sensitive to higher
loop corrections.



