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Planar N=4 SYM
at strong coupling

IIB  classical  
supergravity

◆ We need to study strongly coupled planar N=4 SYM to show AdS/CFT.

AdS/CFT

No lattice theory for N=4 SYM (SUSY is difficult to keep on lattice.)

We can use the plane wave (BMN) matrix model instead of lattice

to analyze planar N=4 SYM on R×S3  non-perturbatively !!!

◆ One can preserve gauge sym. and SUSY naturally in the matrix reg.

・ BPS region, BMN limit, Integrability

・ Numerical approach, Lattice theory ?

・PWMM has gauge sym. and SU(2|4) sym (16 SUSY)

・They are manifestly preserved in this method.



YM  theory  on  is  equivalent  to  
its “dimensionally reduced matrix model”  
in  the  large  N  limit.

YM on

Reduced Model

“volume independence” at large N.

[Eguchi-Kawai]

d 

d 

◆ Matrix models give non-perturbative definition of large N theories.

Cf.)  Lattice regularizationMatrix regularization

Plane wave 
matrix model

N=4 SYM

on R×S3

N→∞ (large N reduction) Continuum limit

QCD

Lattice QCD

One can simulate using computer !!!



◆ We give a nonperturbative formulation of planar N=4 SYM 
on R×S3 in terms of the plane wave matrix model (PWMM).

◆ We compute circular BPS Wilson loop operator.

・ Non-perturbative analysis of N=4 SYM using PWMM.

◆ We reproduced free energy in SYM at weak coupling from PWMM.

・ Applying this method to AdS/CFT. 
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(1)  Large N reduction

(Realization of S1)

(2) Commutative limit of fuzzy sphere

(Realization of S2)

Locally, S3 ~ S1 ×S2

[Ishii-Ishiki-Simasaki-Tsuchiya,  Ishiki-Shimasaki-Takayama-Tsuchiya ]

N=4 SYM on ×S3

N=4 SYM on   ×S3 is realized from the reduced model as follows,

The plane wave 
matrix model

Dimensional
Reduction (S2)

By combining (1) & (2), 
one can realize a gauge theory on S3

from its reduced matrix model.

SYM on ×S2

Dimensional 
Reduction (S1)



◆ N=4 Super Yang-Mills on R×S3

◆ Plane wave matrix model [BMN]

Dropping the derivative for S3



continuum limit

(S2)

(S1)

Then, PWMM around this vacuum planar N=4 SYM on R×S3

Fuzzy sphere + Large N reduction

[Ishii-GI-Shimasaki-Tsuchiya]

Planar N=4 SYM on    ×S3 is realized from PWMM as follows.

We expand the matrices in PWMM around the following vacuum,



[GI-Kim-Nishimura-Tsuchiya]
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◆ Behavior at high temp. ~ T4 is also reproduced.  [Kitazawa-Matsumoto]

◆ One can derive the correct critical temperature from PWMM analytically.

F
re

e
 e

n
e
rg

y

◆ Free energy at 1-loop level is reproduced from PWMM.

1-loop Free energy in N=4 SYM on R×S3

[Aharony-Marsano-Minwalla-Papadodimas-Raamsdonk]





Wilson loop operator on noncommutative plane

[Ishibashi-Iso-Kawai-Kitazawa]

Continuum limit

[Ishii-GI-Shimasaki-Ohta-Tsuchiya]

One can also construct an operator in PWMM which is reduced to the

Wilson loop operator in SYM on R×S3 in the continuum limit.

: Right-invariant 1-form on S3 ~ SU(2)

: SO(3) scalars in PWMM.



All order result by 
Erickson-Semenoff-Zarembo

First  result for non-perturbative simulation of N=4 SYM !!!

[in progress with Honda, Nishimura, Tsuchiya]



◆ Planar N=4 SYM on R×S3 is regularized by PWMM nonperturbatively.
Gauge sym. and SU(2|4) sym (16 susy) are preserved.

◆ Simulation of strongly coupled N=4 SYM at finite temperature.

・Hawking-Page transition from N=4 SYM ?

◆ Computation of rectangular Wilson loop at strong coupling.

◆ Free energy at weakly coupling and circular BPS Wilson loop 
are reproduced from PWMM.

・Gravity side predicts the result at strong coupling. [Alday-Maldacena]

[in progress with Honda, Nishimura, Tsuchiya]


