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Quick result
arXiv:0807.1315

   lattice

N = 47

          = 0.6 to 0.8

Wilson loops 1x1 to 7x7

                            (continuum extrapolation)

53

b = 1
g2N

√
σb = 0.1964± 0.0009

3Monday, July 14, 2008



Introduction

Large N

Large N reduction

Phase structure

Project description
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Large N
Expansion parameters          or 1/N

           simplifications

Planar graphs

Factorization

Non-interacting mesons

OZI rule

N →∞

α(Q2)

1/3 ≈ 1/∞
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Large N reduction

Reduction to a one point     lattice 
(Eguchi-Kawai)

      center symmetry

But broken at weak coupling

1d

Zd
N
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Work-arounds

Quenched E-K

But Bringoltz and Sharpe

Twisted E-K

But Teper and Vairinhos

Continuum or partial reduction
i.e. reduction to finite physical size

l > 1/Tc
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Center symmetry breaking at physical scale
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FIG. 2: History of the variable p(P̃µ) for each direction. We
see the evolution from a state where all four Z(N) factors
are preserved to one where one factor is broken. During the
first fifty passes (before the first measurement) Polyakov loops
in direction 3 have acquired some structure but, ultimately,
direction 2 is selected for breakdown and the Polyakov loops
in the other three directions converge to a symmetric state.
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L=9 N=31 b=0.3660:  one broken Z(N)
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FIG. 3: Here we show the difference between the distributions
of the largest inter-angle spacing for smeared Polyakov loops
in different directions in the phase where exactly one Z(N)
factor is broken. (At other couplings, where no Z(N) factor
is broken, all four distributions look like the three unbroken
ones here).
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FIG. 4: Angle distributions in four directions in the 1c phase.
There are twenty seven periods in the superposed oscillations.
The peaks, except close to the gap associated with direction
3, are equally spaced.
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FIG. 5: The transition ranges compared to possible two loop
renormalization group curves with tadpole improvement.

[24]

p(P̃µ) =
1

N2
〈

N
∑

i,j=1

sin2 1

2
(θP̃

i − θP̃
j )2〉 (12)

The averaging is over the 3-plane perpendicular to µ and
over configurations. Equally spaced angles respect the
Z(N) symmetry in the µ direction and maximize p to
0.5. When the angle-spectrum starts getting modulated

Zd
N → Zd−1

N → Zd−2
N → ...

Kiskis, Narayanan, and Neuberger
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Phase structureA survey of large N continuum phase transitions Rajamani Narayanan
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Figure 8: Summary of large N QCD in d = 3 on L3 lattice

where #SB is the blackbody energy density per massless vector particle [34]. Critical sizes associ-

ated with the 1c-2c, 2c-3c and 3c-4c transition have not been determined yet.

Transitions in smeared Wilson loops were first studied in 4d [26] before starting the careful

investigation of the double scaling limit in 3d. The transition fits the Durhuus-Olesen behavior as

shown in Fig. 9. A careful determination of the critical area still needs to be performed using the

double scaling limit.

It is interesting to look at the fermionic sector of large N 4d QCD. Chiral symmetry is broken

in the 0c phase and the chiral condensate is found to be [35]

1

N
〈$̄$〉MS(2GeV) ≈ (174MeV)3 (5.2)

Assuming N = 3 is large enough, we get 〈$̄$〉MS(2GeV) ≈ (251MeV)3 for SU(3). m2
" % mq as

expected and [36]
f"√
N

≈ 71MeV. (5.3)

This translates to f" = 123 MeV for SU(3). This is the first instance we know of where Montecarlo

simulations have indicated large 1/N corrections. Pseudoscalar masses as well as vector meson

masses were recently computed [39] for N = 2,3,4,6 and extrapolated to the large N limit. It

would be interesting to study current correlators and compute vector meson masses directly in the

large N limit using quenched momentum techniques. It would also be interesting to study the

correlations of Dirac eigenvalues as a function of force-fed momentum and their relation to f"

using recent ideas from random matrix theory [40].

Chiral symmetry is restored in the 1c phase and it is a first order transition [37, 38]. The behav-

ior of the Dirac spectrum in the 3c and 4c phases would shed some useful insight into dimensionally

reduced theories.

14

3 dimensions

Narayanan and Neuberger

9Monday, July 14, 2008



Project
Context

Karabali, Kim, and Nair

                          

Bringoltz and Teper

Large lattices

N up to 8

Polyakov loops

√
σb = 1√

8π
≈ 0.1995

√
σb = 0.1975± 0.0002− 0.0005
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This work

   lattice

N = 47

b = 0.6 to 0.8

Smear space-like links with staples in the 
same time slice

Wilson loops 1x1 to 7x7

Fit to get quark-antiquark potential and 
string tension

53
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Details

Wilson gauge field action with bare 
coupling g

           Tadpole improved to        
with e(b) the average plaquette

Space-like and time-like separations K, T in 
lattice units. 

Physical units              and         

b = 1
g2N bI = e(b)b

k = K/bI t = T/bI
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Smearing

1

2 U S+S-

U ′ = PSU(N)[(1− f)U + f
2 S+ + f

2 S−]

Iterate n times
τ = fn

f = 0.1 n = 25 τ = 2.5
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2 4 6 8 10 12
t

-7

-6

-5

-4

-3

-2

-1

0
ln

 W
(k

,t)

Compute all Wilson loops 1x1 to 7x7
W (k, t) = e−a−m(k)tFit to
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Fit m(k) to m(k) = σb2
Ik + c0bI +

c1

k

2 4 6 8 10 12
k

0

0.1

0.2

0.3

0.4

0.5

m
(k

)

b=0.6
0.0296(15)k + 0.129(4) - 0.160(4)/k
0.0296k+0.116
b=0.8
0.0342(11)k + 0.140(3) - 0.101(2)/k
0.0342k+0.132
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0 1 2 3 4 5 6 7
1/bI

2

0.16

0.165

0.17

0.175

0.18

0.185

0.19

0.195

0.2
σ
1/
2 b
I

0.1964(9)-0.00403(22)/bI
2

Extrapolate: bI →∞
√

σbI → 0.1964± 0.0009
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Are N and L large enough?

2 4 6 8 10 12
k

0.1
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0.2
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0.3

0.35
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0.45

0.5

0.55

m
(k

)

N=47
0.0342(11)k +0.140(3)-0.101(2)/k
N=41
0.0341(14)k+0.140(3)-0.100(3)/k
N=37
0.0339(14)k+0.139(4)-0.099(3)/k
N=31
0.0330(17)k+0.143(4)-0.102(3)/k
N=23
0.0323(22)k+0.141(6)-0.097(4)/k
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2 4 6 8 10 12
k

0.1

0.2

0.3

0.4

0.5

m
(k
)

43

0.0316(23)k+0.108(5)-0.117(6)/k
53

0.0296(15)k+0.129(4)-0.160(4)/k
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Are the results sensitive to smearing?

2 4 6 8 10 12
k

0.1

0.2

0.3

0.4

0.5

m
(k

)

τ=1.25
0.0354(12)k + 0.134(3) - 0.093(3)/k
τ=2.5
0.0342(11)k + 0.140(3) - 0.101(2)/k
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Do Creutz ratios work well?
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Conclusion

   lattice

N = 47

          = 0.6 to 0.8

Wilson loops 1x1 to 7x7

                            (continuum extrapolation)

53

b = 1
g2N

√
σb = 0.1964± 0.0009

21Monday, July 14, 2008


