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AdS/CFT correspondence

o N=4 SYM AJS/CFT lIB classical
anar N= classica
[ at strong coupling J =) [ supergravity ]

© We need to study strongly coupled planar N=4 SYM to show AdS/CFT.
- BPS region, BMN limit, Integrability
- Numerical approach, Lattice theory ?

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 xS3 non-perturbatively !!!

© One can preserve gauge sym. and SUSY naturally in the matrix reqg.

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

-They are manifestly preserved in this method.



YM on R¢

Large N rEdUCtion [Eguchi-Kawai]

“volume independence” at large N.

YM theory on RRY is equivalent to 1
its “dimensionally reduced matrix model”
in the large N limit. o

Reduced Model

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

Matrix regularization /Cf.) Lattice regularization\
N=4 SYM
on RxS3 QCD
I N— oo (large N reduction) I Continuum limit
Plane wave _
matrix model Lattice QCD

~_ g

One can simulate using computer !!!



Aim of this project
- Non-perturbative analysis of N=4 SYM using PWMM.
- Applying this method to AdS/CFT.

Our Results

® We give a nonperturbative formulation of planar N=4 SYM
on RxS3 in terms of the plane wave matrix model (PWMM).

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

€ We compute circular BPS Wilson loop operator.
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2. Non-perturbative reguralization of
planar N=4 SYM on RxS3



Construction of S3 from reduced model

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

N=4 SYM on R xS3is realized from the reduced model as follows,

Locally, S3 ~S! xS2
N=4 SYM onRxS3

(1) Large N reduction

Dimensional -t
Reduction (S1) l (Realization of S')

[ SYM on R x S2 J

Dimensional l I (2) Commutative limit of fuzzy sphere
Reduction (5?) (Realization of S?2)

[ The plane wave

matrix model ] By combining (1) & (2),
one can realize a gauge theory on S3
from its reduced matrix model.




Dimensional reduction

® N=4 Super Yang—MiIIs on RxS3

1 :
SR><S3/Zk /dtng,Tl’ (—ZF%JFW -+ (A,&',Ao,Xm,/\))

9YM3

1 Dropping the derivative for S3

¢ Plane wave matrix model [BMN]

Spw = —/dtTr (——(Y 2 € iklY; Yk])2_|_...)



[Ishii-GI-Shimasaki-Tsuchiya]

Planar N=4 SYM on R xS3 is realized from PWMM as follows.

1 1 i 2
SPWMM = g—Q/dt tr {—5 (Xz' T Eeijk[xj’Xk]) + - }

1=1,2,3
We expand the matrices in PWMM around the following vacuum,

( ngs—l] \ continuum limit
X; = ngs] R 1« Ng — oo (S82)
Y+l A= oo (S)

2js+1=No+s s=-gptlo>

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

!

Fuzzy sphere + Large N reduction



3. Free energy at weak couopling from PWMM

PRL102, 111601 (2009) (0810.2884[hep-th])
[GI-Kim-Nishimura-Tsuchiyal]



Free Energy 1-loop Free energy in N=4 SYM on RxS3

[Aharony-Marsano-Minwalla-Papadodimas-Raamsdonk]
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Free energy at 1-loop level is reproduced from PWMM.

Behavior at high temp. ~ T# is also reproduced. [Kitazawa-Matsumoto]

One can derive the correct critical temperature from PWMM analytically.



4. Circular BPS Wilson loop from PWMM



[Ishii-GI-Shimasaki-Ohta-Tsuchiya]

Wilson Loop operator in PWMM

Wilson loop operator on noncommutative plane

W(C) = TrPexp (/ Audwu> [Ishibashi-lso-Kawai-Kitazawal]
C

One can also construct an operator in PWMM which is reduced to the
Wilson loop operator in SYM on R xS3 in the continuum limit.

4 N

W(C) = TrPexp (/C X4 eﬁ(z)dZM) — TrPexp (/C AM(z)dzM)

Continuum limit

\_ /

ef/_,(z)dzM: Right-invariant 1-form on S3 ~ SU(2)

X4 (A=1,2,3):50(3) scalars in PWMM.



Clrcu Iar BPS Wllson IOOp [in progress with Honda, Nishimura, Tsuchiya]
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First result for non-perturbative simulation of N=4 SYM !l



Summary

Planar N=4 SYM on RxS3 is regularized by PWMM nonperturbatively.
Gauge sym. and SU(2|4) sym (16 susy) are preserved.

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

Future work

€ 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.

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

log(W (rectangle)) = v\
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[in progress with Honda, Nishimura, Tsuchiya]



