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In the last few years, we have developed the twisted space-
time reduced model in the large N limit.

For pure gauge theory, this is the twisted Eguchi-Kawai model
(TEK-model). We have succeeded in calculation the continuum
string tension and running coupling constants in the large N limit.

It is quite straightforward to include adjoint fermions in this
framework. We have succeeded in showing that two flavor
theory is a conformal theory, and have calculated mass
anomalous dimension at infrared fixed point.

In this talk, we propose a new method to include fundamental
fermion in the twisted space-time reduced model,
and calculate meson propagators in the large N limit.



This is a quite challenging problem, because

Twist is the property of SU(N)/Z(N).
How can we introduce quarks in the fundamental
representation in our framework?

Meson propagators are space-time extended object.
How can we introduce space-time extended object
in the space-time reduced model?

We first review the known properties of the large N twisted
reduced model of pure gauge theory, i. e. the TEK model.



e Twisted Eguchi-Kawai model

EK model can be viewed as the usual Wilson gauge theory
having only one site with the periodic boundary conditions.

We introduce twisted boundary conditions in SU(N), N = L theory
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Srex =bN D Tr(z,,U,U,UU;)
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This model is related to ordinary SU(N) lattice theory on a lattice
with space-time volumeV =L* upto O(/N?) corrections.

The number of degree of freedom of SU(N) matrixis N? =L



The vacuum configurationU{? =T, of this model satisfy

zvﬂrﬂrvr/ﬂr; -1 [ Srex =bN> Tr ( z, U U UUT ) }

I, are fourl® xL* matrices with

rr,=z,0I T,

', play a central role in the construction of reduced model.



We can construct I, fromtwo LxL matrices P and Q,

PQL=2Q R
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1ﬂz :QL®PL
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QL= 2° , z:exptkz—flj

P ,Q, : LxL matrices

Fﬂ - Nx N matrices with N = L2

r,r,=z,,, u<v



We start from the SU(N) lattice gauge theory (N = L?)
with the Wilson fermion in the fundamental representation,

s=Y Tr[Vu(n)VV(n V] (n+ v)vj(n)]

n,uv
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on a lattice with the volume V = ®x/,L, /¢, : positive integer



For the gauge part, the twisted space-time reduced model
is obtained by the following reduction

Tyt
V,(n)=r(mu " 1 (n)
U, are four SU(N) matrices
Here T(n) =TT Ty with I, the four twist eaters

_ _A2mk/L
rr,=z, 1, z,, =¢ , U<V

k and L are coprime

In fact, with this substitution we have

Tr[vﬂ(n)vv(n YA UERDA (n)] - zWTr(U U U'U T)

u=v=u"y

This is the standard form of the TEK model



For the fermion part, we can not use the reduction prescription
since fermion is in the fundamental representation
(for adjoint fermion we can use reduction trick).

Instead, we make the following change of variable

Y(n)=I(n)y(n), ystill has n dependence!

Together with V (n)=T(n)U ,I'[T'"(n) for gauge field,
the fermion action becomes

D zmx(n)—x > [ 7(MA-y, U, L, x(m)+ Z(m)A+y, U T x(m)]
n n,m, u
Here

L ,(n,m) =TT (N[ (M)S(N+ ,m)

are four V xV matrices with V =¢,xL* the lattice volume.



This Wilson-Dirac matrix fﬂ(n, m) is too large to take inverse.
However, we can significantly reduce the size of the matrix as follows.

Only Ty(n,m) depends on n, . Its formis o(ny+1,m,) . Then
we can diagonalize it in monentum space with elements exp(ig,)

Let define L x> matrices fﬂ(n, m) by removing time components
from fﬂ (n,m). I',(n,m)depends only on spatial coordinates
and satisfies

N N N N

rr,=z,0,1,

L? x L® matrices FL satisfy the same algebra and we can show

z, T 0 0 0

Lu™
PN o ¢, I, O 0 o'
# 0 0 . 0

0 0 0 z,.T

Meson propagators do not depend on Q and Z !



Finally, point-point meson correlatorin YA and }»g channel
with zero spatial momentum is given by

Cas ()= exp(ippt) Tr| yaD ™ (06)75D(0)
Po

with
4
DU =1 37,00, 7, 0015
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~

U, = exp(ipg)U 1=0" U/,zzl,2,3 =U 1123

27rm
=———: 0<m</,L-1
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D(p,) are 4L* x4L* matrix. We have to invert ¢, L such matrices.

We notice that we start from 4¢,L° x4/,L° matrix, which can
not be inverted using presently available computer!



To test our new formula, we made following simulations.
® one value of gauge group:
N =289 =% =17

® two values of inverse ‘tHooft coupling
b=1/géN =0.36,0.37

® seven values of x foreach b

x =0.153, 0.154, 0.155, 0.156, 0.157, 0.158, 0.1585 (b =0.36)
x =0.150, 0.151, 0.152, 0.153, 0.154, 0.155, 0.1555 (b =0.37)

® two values of 7y =1, 2

For each parameter set, we calculate meson propagator
with 500 configurations. Each configuration is separated
by 1000 MC sweeps.

Results shown below are all preliminary.
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Conclusion

In this talk, we have proposed a new method to calculate
fundamental meson propagators in the large N limit
using twisted space-time reduced model.

We have to invert 4L* x4L* matrix £, L times, which can be done
using presently available supercomputer with L = 20

Our preliminary calculations are quite promising.

However, we have to improve the method to make precise
estimations of meson masses and decay constants,

mainly because formula used in this talk are for point-point
correlators.

Our next task is to study spatially extended meson operators
and those smearing.
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