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Large N gauge theories coupled to adjoint fermions

e Connection to gravity and string theories.

* Possibility of using a matrix model to study continuum gauge theories.
* Possibility to work with real number of fermion flavors.

* Understand the transition from conformal to confining field theories.

Two main questions pertaining to the matrix model

|) What is the range of fermion flavors for which the single-site massless theory can be expected to
reproduce the infinite-volume continuum theory?

2) Can we reproduce the infinite-volume continuum theory with massive fermions!?

We will provide an answer to both these questions using Wilson fermions and overlap fermions
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THE SINGLE-SITE MODEL
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How do we figure out if we can reproduce continuum infinite volume
result at the level of perturbation theory!?

: jk _ 0% sik
Weset  U,=V,D,V!; D} =¢e"%s
We replace the integral over Uy by an integral over V, and 0i,
We wrrite V, = e aL = Q; aff =0 V1

Expand in powers of ay

Show that the integral over Oi, is dominated in the large N limit such that continuum infinite volume
perturbation theory is reproduced order by order

We will ask if this is indeed the case at lowest order in perturbation theory
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Density function

We define a joint distribution, p(0),as N — o

p(0) = ZH&(() / [[d6u0(6) =1, [T _des(0) = 1.

At the lowest order

S04 = N* @046 p(0)3,.1(0 - $)p(9)

— 1
Iif  p(0) = Gy
and if S,(0), Sr(f) has the correct infinite volume momentum dependence
then the single site model reproduces the infinite volume continuum theory at this order.

We will need to verify this order by order in perturbation theory
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The formulas at the lowest order

50 = N*f d0°60(0)8,,1(0 - $)p(6);
, 0
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S7(0) = 210 Yo (M)

Ay 2
Y (M) = (mw+§) +P; 17=Zsin29u;
‘1,

2 E V'Yw(mw) .

h/o(moamw) -
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Density function

e Assume that only one p(0) dominates in the large N limit.

* Only allow non-negative distributions to contribute.
 Assume that the dominating distribution is a smooth function.
e Note that the action is invariant under p(0) — p(0 + a)

'Owin'g to the periodic and symmétric nature of-Sg, £(0), it follows that

do, S ko d Sk
./ H ¢5 Sg.1(0 — o) el 2ou kudy — /\i.g’f) et 2=n kulu ;

do,
(yf) /H o gf(¢)HCOS(ku¢u

Therefore, Fourier expanding

p(0) = 820 Kb with

C_p=¢C., cyp=1

results in

Sof—szCLCkA(gf),
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Condition for domination by the constant mode
50 = N*f 0046 p(0)5,,(0 - 6)p(9) PO) = gy D eue Tk
k

Sy = N? Z creiAe )
k
A = )‘gcg) +f)\§.f)

If all Ak are less than zero for all k #0 then the constant mode will dominate and we will reproduce
the continuum infinite volume perturbation theory at the lowest order.
If one or more A« is greater than zero, then we can make the corresponding coefficient in the
Fourier expansion as large as we want as long as p(0) remains non-negative everywhere.
- The maximum will be obtained at the boundary of the allowed values of ci
- The density function will be zero at least in one point in the four dimensional Brillouin zero.
- The single site model will not reproduce infinite volume continuum physics.

We will numerically compute the eigenvalues from the gauge and fermion parts separately by
dividing the four dimensional space of O, into M* equally spaced points.
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FIG. 1: Eigenvalues Ay = /\fcg) + f/\,(;’) as a function of k* for the massless overlap Dirac operator with f = 1 and m,, = —1

obtained using numerical integration with M* equally spaced points in the four-dimensional integration space.
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® All eigenvalues for k # 0 are © M=41

negative and the single site model
with overlap fermions and =2,

: mw=-| will reproduce infinite

volume continuum perturbation

theory at the lowest order.
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FIG. 2: Logarithm of the eigenvalues for the massless overlap Dirac operator with f = 2 and m,, = —1 obtained using numerical

integration with M* equally spaced points in the four-dimensional integration space.
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Behavior of eigenvalues as a function of k

 All gauge modes are larger than zero.

- This implies that single site large N pure gauge theory will not
reproduce infinite volume continuum theory. This is nothing but
the statement that Eguchi-Kawai reduction does not work for
pure gauge theory in four dimensions.

e For M=XA+7) <oforallk
- A(m,,my) < 0 for all k,

- [ > max; {—)\ig)/)\ﬁco)}.

Massless overlap fermions

_—)\fcg)/)\g’) — 5 as k — oo for all m,, < 0.
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Why the single site model does not work for massive fermions

| N " . 2
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FIG. 3: Plots of fy = —AJ(,C”)/)\ECO) (for k, < 9) at my, = —1 and different choices for m,. For m, =0, fo — 0.5 as k* — oc; for
all m, > 0, fo — oo as k% — oc. The boundary of the allowed region is determined by max; fo(k).
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Wilson fermions needs to be massless and f > 2.39 in order to
reproduce infinite volume perturbation theory
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FIG. 6: Plots of fy = —)\Ec”)//\iw) (for k,, < 9) for different choices of m... For m, = 0, fo — 0.5 as k* — oo; for m. > 0,
fo — oo as k* — oc.
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FIG. 10: The Fourier coeflicients, |ex|, of p(f) as a function of k = vk? for several values of N with f = 1 flavors of massless

overlap fermions and the Wilson mass parameter set Lo m. =
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FIG. 9: The Fourier coeflicients, |ex|, of p(f) as a function of & = vk? for several values of N with f = 2 flavors of massless
overlap fermions and the Wilson mass parameter set to m. = —1.
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Discussion of previous numerical work

The Fourier coefficients are nothing but
Ck(b) = Tt U{‘l U";z U’;; Uil

We tried to look at all of them in the weak coupling limit, b— 00

Previous numerical work has mainly focussed on k,=(1,0,0,0) and its permutations.We have seen here
that this can lead to incorrect conclusions about the validity of the single site model.

Since some coefficients with small k could be accidentally small, even looking at ky=(1,-1,0,0) might not
be sufficient to check if the single site model can reproduce the infinite volume continuum theory

Much of the previous numerical work has been done at finite values of the lattice coupling. Even if there
is some evidence for a infinite volume limit at finite lattice coupling, the results here show that one
cannot take the weak coupling limit. This also applies to numerical work done with massive fermions.
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