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1. Introduction

Recently, there has been a rapid development in supersymmetric lattice gauge theories.
A systematic way to construct supersymmetric lattice formulations is developed in [
Hl, where a space-time lattice is generated by an orbifold projection of a supersymmetric
Yang-Mills matrix theory (mother theory), and a lattice spacing is introduced by “decon-
struction” [ff]. By choosing the orbifold projection properly, one can make at least one
supercharge or BRST charge preserved on the lattice. These formulations are further anal-
ysed in [J—[[(].! A prescription to generate a lattice theory from a topologically twisted
continuum supersymmetric gauge theory is proposed by Catterall [I3-[4]. In these formu-
lations, the BRST charge of the continuum theory is preserved on the lattice. A character-
istic feature of these formulations is that all the degrees of freedom on the lattice except for
site variables are doubled by a complexification and the path-integral is performed along
“the real line”. Numerical simulations are carried out for the model of two-dimensional
N = (2,2) supersymmetric gauge theory [[[5], which reproduce the Ward-Takahashi iden-
tities in fairly good accuracy. Other formulations constructed from topologically twisted
supersymmetric gauge theories are developed by Sugino [[§-[1d], where it is shown that
the BRST transformation for the continuum fields can also be defined for lattice variables.
The lattice action is straightforwardly generated from the ()-exact form of the continuum
action by replacing all the fields by the lattice variables. A common feature of the above
three formulations is that they possess at least one preserved supercharge or BRST charge.
Alternative approach (the link approach) has been developed in [R(—P3], where it is claimed
that all the supersymmetry of the continuum theory is preserved on the lattice. They first
explicitly construct a supersymmetry algebra on a lattice and next make a lattice action
based on the algebra, although there are some discussions on this approach [23, P4]. For
conventional but useful approaches to supersymmetric lattice gauge theories, see [@f@]

!For a nice review, see [EI]



in which the theories do not have any supersymmetry on a lattice but they flow to super-
symmetric theories without fine-tuning because of a discrete chiral symmetry on the lattice.
See also [BI] for a recent lattice approach to two-dimensional N = (2,2) supersymmetric
gauge theory.

The above seemingly different supersymmetric lattice formulations with a supercharge
on the lattice are related to the orbifold lattice theories. In fact, the prescription given by
Catterall can be reproduced using the orbifolding procedure [BJ. Sugino’s formulations
can be obtained from Catterall’s formulations by restricting the degrees of freedom of the
complexified fields with preserving the supercharge [B4]. Furthermore, the formulations
given by the link approach have been shown to be equivalent to those given by orbifold-
ing [BF. In this sense, it seems important to examine quantum mechanical properties of
the orbifold lattice theories. In the next section, we examine the vacuum energy of the
orbifold lattice theories constructed from ) = 4 and () = 8 mother theories. We show that
the vacuum energy exactly vanishes to all orders of the perturbation theory and the flat
directions of these theories are never lifted up by any perturbative effect. The final section
is devoted to conclusion and discussion.

2. Quantum corrections to vacuum energy

2.1 Orbifold lattice theories from () = 4 mother theory

As discussed in detail in [l -[], an orbifold lattice theory is obtained by performing an
appropriate orbifold projection to a supersymmetric Yang-Mills matrix theory (mother
theory) followed by deconstruction, that is, by expanding the orbifolded matrix theory
around a classical vacuum. Let us start with the orbifold lattice theories constructed from
the dimensionally reduced four-dimensional N' = 1 supersymmetric Yang-Mills theory [g].
As discussed in [L{], the lattice gauge theory obtained from this mother theory is essentially
unique to be a lattice formulation for two-dimensional N' = (2,2) supersymmetric Yang-
Mills theory.? The action of the orbifolded matrix theory (before deconstruction) is given by
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where m,n = 1,2, e,, are two linearly independent integer valued two-vectors, and all the
fields are complex matrices with the size M. Although this action does not contain any
lattice spacing nor kinetic terms, we can regard it as a lattice action by identifying n as
the label of a site on a two-dimensional square lattice with the size N. In this sense, the

2In this paper, we restrict ourselves to consider gauge theories in d dimensional space-time with d > 2.



variables z,,(n) and z,,(n) are bosonic fields living on the links (n,n+e,,) and (n+e;,,n),
respectively, and n(n), ¥, (n) and x12(n) = —x21(n) are fermionic fields living on the site n,
the link (n,n+e,,) and the link (n+e; +es, n), respectively. Note the action (1) is invari-
ant under a U(M) “gauge transformation” z,,(n) — ¢~ 1(n)z,(n)g(n+e,,) (g(n) € U(M)),
and so on. As mentioned above, kinetic terms and a lattice spacing a are introduced by
expanding z,,(n) and z,,(n) as

Zm(n) = élM + 2. (m), Zp(n) = élM + 2. (n), (2.2)

then we obtain a lattice formulation for two-dimensional N' = (2,2) supersymmetric Yang-
Mills theory. Since the potential terms of this theory are given by

L et ()2 () — 21 ()2 (n+-e0)

4 2+1(z;n(n)z_’m(n)—z_’m(n—em)z;n(n—em)y, (2.3)

8

the classical moduli space (the flat directions) of this theory is parametrized by the vacuum
expectation values of z/, (n) and z/,(n),
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with b € C (i =1,..., M) up to gauge transformations.

In this paper, we are interested in quantum corrections to this classical moduli space.
To examine them, we will estimate the vacuum energy at the point (R.4) in the classical
moduli space. Perturbatively, this is achieved by expanding the lattice action (after de-
construction) around the vacuum (2.4) and summing up all 1PI vacuum graphs. However,
recalling that the action of the lattice gauge theory is obtained by substituting (2.9) into
the action of the orbifolded matrix theory (R.1]), we see that the same result is obtained by
directly replacing z,(n) and Zz,(n) in the action (P.J]) with

1
Zm(n) — zp,(n) + ElM + by, = 2z (n) + ap,
1 _
Zm(n) — Zp,(n) + ElM + by = Zm(0) + Gy, (2.5)

respectively. In the following calculation, we will use this notation and estimate the vacuum
energy as a function of @, (i =1,..., M).

We first calculate the 1-loop vacuum energy. It is convenient to fix the gauge by
imposing a gauge condition,

Dy zZm(n) = Dy zm(n) = 0, (2.6)



For the purpose of the later discussion, we also define

Dy f(m) = anfn+en) = fM)am,  Dpf(n)=—anf(0)+ f(0+en)an.  (28)

By introducing gauge fixing terms and FP ghost fields corresponding to the gauge condi-
tion (.6) in a standard way, the second-order action is obtained as

D;, B(n)D;, C(n)

DO | —

52 — %Tr Z <%D;zm(n)D;zm(n) +
() Dyt () — 5 Xoun () (Dt (m) ~ D:wmm))), (2.9)

where B(n) and C(n) are FP ghost fields. By integrating over the fields, we get the 1-loop

contribution to the partition function as®

o [T 70
1—loop “
det A
= = 1 2.1
det A ’ (2.10)

where A =Y D/ D, is the Laplacian and the lattice variables have been abbreviated as
®(n). The denominator of the second line comes from the contributions from the bosonic
fields and the ghost fields and the numerator comes from the fermionic fields. The re-
sult (R.I() means that the vacuum energy is equal to zero and the classical flat directions re-
main flat at the 1-loop level. Note that the same calculation is carried out at the origin of the
moduli space in [§]. We can reproduce it by setting b, = 0 (or a’, = 1/a) in our calculation.

One might think that, even though the 1-loop contribution to the vacuum energy is
zero, higher-loop contributions would give non-trivial corrections to the vacuum energy,
since the supersymmetry is almost broken except for the only one preserved supercharge
(or BRST charge). However, we can show that it is not the case and the above 1-loop
result is exact. The key point is that the action (R.1) can be written in a Q-exact form [g]:

Sorb - %Tr Z Q (n(n) <Zm(n)2m(n) - zm(n - em)zm(n - em) + d(n)>

~ Yonn (1) (zm(n)zn(n Fep) — 2n(n)zm(n + en)>) . (2.11)

3In this calculation, the constant modes are treated by shifting the difference operators (@) and (E)
as DX — DX 4+ ip, which corresponds to adding mass terms as done in [E] Although this modification
breaks the BRST symmetry, the final result of the following discussion still holds in the limit of 4 — 0 since
the breaking of the symmetry is soft.



where @ is a BRST charge that acts on the fields as

Qzm(n) = ¥i(n), Qzm(n) =0,
Qd(n) = wm(n) 7m(n) - Em(n - em)wm(n - em)7

Qn(n) = 1 ()2 (1) — 2 (n — e)zm(n — o) — d(m)). (2.12)
Qan(n) = % <2m(n + en)én(n) - gn(n + em)ém(n)>7

and d(n) is an auxiliary bosonic field which makes @ be nilpotent off-shell. Recalling the
discussion in topological field theory [Bg], we see that the partition function of this theory
does not depend on the coupling constant g. In fact, if we write the partition function as

1 o=
Z(g) = fD<I>e 92 Q“[qﬂ, the derivative of the partition function by g gives

4 2(9) = <QE[<I>]> =0, (2.13)

dg
where (O) denotes the expectation value of an operator O and we have used the fact that,
as long as the BRST symmetry is not broken spontaneously, the expectation value of a
QQ-exact operator vanishes when the action is Q-exact.* This means that the partition
function evaluated in the weak coupling limit, that is, the 1-loop result given above is
exact. In particular, we can expect that all the higher-loop contributions to the vacuum
energy vanish.

Note that one might think that the partition function given above expresses not the
vacuum energy but the Witten index of the theory since we impose the periodic boundary
condition to the fermionic fields in the time direction. Although it is actually the case,
the boundary conditions do not affect the perturbative contributions in the limit that the
period of the time direction goes to infinity. Therefore we can conclude that there is no
perturbative correction to the vacuum energy from ).5

Another note is that we can apply the same analysis to a deformed theory given by®

Sorb - %TI‘ Z Q (U(n) <Zm(n)2m(n) - zm(n - em)zm(n - em) + d(n)>

neZ%
= o () (2 (1) 20 (0 + €) = 2 (0) 2 (1 + en)>> (214

where f € R and the BRST transformation is given by (R.19). By construction, this
deformation does not spoil the Q-exactness of the action and it becomes identical with the
original orbifolded matrix theory (R.1) by setting 3 = 1. We can show that the vacuum

4For a discussion on spontaneous breaking of supersymmetry for two-dimensional N = (2,2) theories,
see [@]

5The author would like to thank to H. Suzuki for discussing this point.

5The physical interpretation of this deformation is still unclear. In fact, the continuum limit of this
deformed theory is not Lorentz invariant, though it has a BRST symmetry generated by (). The author
would like to thank M. Unsal for pointing it out.



energy of this deformed theory also vanishes at the 1-loop level. Therefore, repeating the
same argument above, we can conclude that there is no perturbative correction to the

vacuum energy of this theory.

2.2 Orbifold lattice theories from () = 8 mother theory

Next we consider the lattice theories constructed from the mother theory with eight su-
percharges, that is, the dimensionally reduced six-dimensional N' = 1 supersymmetric
Yang-Mills theory [B]. By performing an orbifold projection to the mother theory, we
obtain the action of the orbifolded matrix theory [[L(]:

Serh = g%Tr Z (i‘zm(n)zn(n +en) —zp(n)zn(n+ep,) 2 (2.15)
nEZ%
+ é (20 (0)2(0) — Z(n — e) 20— €)
— () (Zn (m)n(0) = 10 + e)2 (0))
+ %gmn(n) <zm(n)1/1n(n +en) — Yn(n)zm(n+e,) — (m<—>n)>

- 1len(n) (Zl(n +en+ en)gmn(n) - gmn(n + el)zl(n))> )

2

where [,m,n = 1,2,3, e, are integer valued three-component vectors, d is the number of
linearly independent vectors in {e,,}, and again we assume that all the fields are complex
matrices with the size M. Note that d is the maximal dimensionality of the lattice theory
obtained after deconstruction. The fields z,,(n) and Zz,(n) are bosonic fields living on
links (n,n + e,,) and (n + e, n), respectively, and n(n), ¥y (n), &nn(n) and xim,(n) are
fermionic fields on the site n, the link (n,n + e,,), the link (n + e, + e,,n) and the link
(n,n + e; + e, + e,,), respectively. The fields &,,,,(n) and x;m,(n) are antisymmetric in
terms of a permutation of the indices.

In this case, we can construct several kinds of supersymmetric lattice gauge theories
with a different dimensionality, with a different number of preserved supercharges and with
a different lattice structure by changing the vectors e,, and the number of bosonic fields
to shift as (2.J) [Ld]. Recalling the discussion around (R.§), however, we can estimate
the vacuum energy of these theories at once by directly expanding the orbifolded matrix
theory (R.15) around

Zm(n) = = Qpm, Zm(n) = = G- (2.16)

=M

a Gy,

SE

By fixing the gauge by the gauge condition (.€), we obtain the second-order action,

D, B(n)D,, C(n) + n(n)D;,m(n)

DO | —

1 1-_ _
52 — ?Tr Z <§Dn Zm(n) Dy, 2 (1) +

d
nezs,



= 56 () (D(0) = D (1)) + 5En (0) D} Ximn >>. (2.17)

From this expression, it is easy to show that the 1-loop contribution to the vacuum energy
vanishes again.

As for the case of the Q = 4 orbifold lattice theories, the lattice theory (R.1§) possesses
a BRST charge Q that acts on the fields as [f]]

sz(n) = wm(n)7 sz(n) =0,
Qd(n) = Yy (n)Zn(n) — 2, (0 — e )Y (n —epy),
Qn(n) = %(zm ~ zn(n— en)zm(n — ep) —d(m)). (2.18)
Qn(m) = 5 (2n(n + €)20(n) — Z(m + e)2m(m)).
Qlen(n) - 07

where d(n) is again an auxiliary field to make @ nilpotent off-shell. Here we can ex-
tend (R.1§) by supplementing the fields with an additional bosonic field fi,,,,(n) satisfying

Qflmn(n) = len(n)' (2'19)

Then the action of the orbifolded matrix theory (B.1§) can be equivalently expressed in a
Q-exact form:

Sorb = Tl” Z Q( ( m(0)zZm(n) — Zn(n — ep)2m(n — e,,) + d(“))

nEZd

— Xmn(n) (zm(n)zn(n +e,) — zp(n)zpm(n+ en)>

- %flmn(n) (2[(11 +en + en)gmn(n) - Smn(n + el)zl(n))> .
(2.20)

Note that, although the partition function diverges by integration over fi,,,(n), it is irrel-
evant for the vacuum energy. Therefore, the 1-loop result given above is shown to be exact
by repeating the argument in the previous subsection, and the vacuum energy is expected
to be zero in all order of the perturbative expansion.

In summary, we can conclude that the flat directions of the orbifold lattice theories
constructed from the mother theory with four and eight supersymmetries do not receive any
quantum correction perturbatively.

3. Conclusion and discussion

In this paper, we examined quantum corrections to the classical moduli space of orbifold
supersymmetric lattice theories constructed from the () = 4 and ) = 8 mother theories.



We showed that the classical moduli space does not receive any quantum correction per-
turbatively, namely, the flat directions of these theories remain flat even if we take into
account quantum effects. We also modified the action of the ) = 4 orbifolded matrix
theory without spoiling the @-exactness and showed that the classical moduli space of the
deformed theory does not receive any perturbative correction either. Note that these results
might be invalidated if the @-symmetry were to be spontaneously broken. However, we
can expect that it does not affect the perturbative results in any way since supersymmetry
breaking is usually caused by a non-perturbative effect, if it is not broken at the tree level.

We conclude this paper by making some comments on other orbifold lattice theories.
Let us first consider an orbifolded matrix theory,

1 2

Sorb :g_QTr Z <i ‘zm(n)zn(n +en) —zp(n)zn(n+e,) (3.1)

n %(Zm(n)gm(n) — Zn(n — ep)zm(n — em))Q

+ n(n) (Em(n +a—ep)Ynn+a—ey) —Yyp(n+a)z,(n+a)

1

)
B §an(n) <Zm(n)7/}7L(n +em) = Yn(n)zm(n+ay) — (m — n)>> ’

where e,,, a, a,, and aj, are three-component vectors satisfying
ata,=e,, as+ta,=—|emle,n, a+a +as+ap=0, (3.2)

Zm(n) and Z,(n) are the same bosonic fields as in (R.1) but n(n), ¥,,(n) and x12(n) are
fermionic fields living on the links (n,n+a), (n,n+a,,) and (n — ajs, n), respectively. In
particular, we assume that any of the vectors a, a,, and ajs is not zero. The action (B.1)
has been first given in [R1] and is shown to be obtained from @ = 4 mother theory by an
orbifold projection with no preserved supercharge in any usual sense [B5]. It is easy to show
that the vacuum energy of this theory again vanishes at the 1-loop level. However, in this
case, there seems to be no guarantee that higher-loop contributions to the vacuum energy
vanish, since there is no usual BRST symmetry in this theory. It would be interesting,
however, to investigate quantum corrections to this theory from the view point of the
supersymmetry algebra on lattice discussed in [0, R1]).

Interesting orbifold lattice theories are those constructed from @ = 16 mother the-
ory [], that is, IKKT matrix theory [B§]. The action of the corresponding orbifolded
matrix theory is written as

Sorh = g%Tr Z (%‘zm(n)zn(n +en) — zn(n)zn(n+ep) 2 (3.3)

d
nezsy,



+ 2 ()20 () — 20— e)zn(n — )
() (2n(@)1(0) = 10 + e)2m(n) )

5
= Ym
+ 56 (0) (5 () (0 + €) = () (1 + €0) = (mm))
1
2

> Emnpgr&mn (1) (Ep(n +eq + er){pg(n) — {pg(n + ep)%(“))) )

where m,n = 1,...,5, e,, are five-component vectors satisfying Z 1em = 0 and d is
the number of the linearly independent vectors in {e;,}. Again the classmal vacua are
parametrized as (R.4) with m = 1,...5, and it is straightforward to show that the vacuum
energy is zero at the 1-loop level. However, we cannot apply the same argument in the
previous section since the last term of the action (B.J) is not Q-exact but Q-closed [H].
Thus, there is a possibility that the classical flat directions would be lifted up by quantum
effects. In fact, from the viewpoint of the superstring theory, we can expect that non-
trivial quantum corrections to the vacuum energy exist in this case. Recalling that the
mother theory with sixteen supercharges is identical with the low energy effective theory
on D-instantons on a ten-dimensional flat space-time, the orbifolded matrix theory (B.d)
can be regarded as the low energy effective theory on D-instantons in the background of
an orbifold.” In this interpretation, the background (R.4) can be regarded as the positions
of D-instantons. The point is that this orbifold background breaks the supersymmetry
on the ten-dimensional space-time, so (R.4) or (R.16) gives a non-BPS configuration of
D-branes. Therefore, it seems that there should be some force between the separated
D-instantons. In terms of the theory on the D-instantons, this means the classical flat
directions parametrized by a,, are no longer flat if we take into account quantum corrections
to the orbifolded matrix model. It would be interesting to analyse these theories along this

way [Ad).

Acknowledgments

The author would like to thank P. H. Damgaard and S. Hirano for useful discussions
and valuable comments. He would also like to thank D. B. Kaplan, M. Unsal, H. Suzuki,
F. Sugino and T. Takimi for useful comments. This work is supported by JSPS Postdoctoral
Fellowship for Research Abroad.

References

[1] D.B. Kaplan, E. Katz and M. Unsal, Supersymmetry on a spatial lattice, [JHEP 05 (2003 )

037 [hep-1at/0206019].

[2] A.G. Cohen, D.B. Kaplan, E. Katz and M. Unsal, Supersymmetry on a euclidean spacetime
lattice. I: a target theory with four supercharges, JHEP 08 (2003) 024 [hep-1at/0302017].

"For a related work, see @]


http://jhep.sissa.it/stdsearch?paper=05%282003%29037
http://jhep.sissa.it/stdsearch?paper=05%282003%29037
http://arxiv.org/abs/hep-lat/0206019
http://jhep.sissa.it/stdsearch?paper=08%282003%29024
http://arxiv.org/abs/hep-lat/0302017

3]

A.G. Cohen, D.B. Kaplan, E. Katz and M. Unsal, Supersymmetry on a euclidean spacetime
lattice. II: target theories with eight supercharges, JHEP 12 (2003) 031| [hep—lat/OSO?Olﬂ].

D.B. Kaplan and M. Unsal, A euclidean lattice construction of supersymmetric Yang-Mills
theories with sizteen supercharges, JHEP 09 (2005) 042 [hep-1at/0503039].

N. Arkani-Hamed, A.G. Cohen and H. Georgi, (De)constructing dimensions, |Phys. Rev. Lett

86 (2001) 4757 [hep-th/0104005].

J. Giedt, E. Poppitz and M. Rozali, Deconstruction, lattice supersymmetry, anomalies and
branes, JHEP 03 (2003) 035 [hep-th/0301044].

J. Giedt, Non-positive fermion determinants in lattice supersymmetry, [Nucl. Phys. B 66§

(2003) 139 [hep-1at/0304004].

T. Onogi and T. Takimi, Perturbative study of the supersymmetric lattice theory from matriz
model, [Phys. Rev. D 72 (2005) 074504 [hep-1at/0506014].

K. Ohta and T. Takimi, Lattice formulation of two dimensional topological field theory,

Theor. Phys. 117 (2007) 317 [hep-1at/0611011].

[11]

P.H. Damgaard and S. Matsuura, Classification of supersymmetric lattice gauge theories by
orbifolding, JHEP 07 (2007) 051 [rrXiv:0704.2696].

J. Giedt, Deconstruction and other approaches to supersymmetric lattice field theories,

Mod. Phys. A 21 (2006) 3039 [hep-1at/0602007)].

[12]

[13]

[14]

[15]

S. Catterall, Lattice supersymmetry and topological field theory, JHEP 05 (2003) 03§
[hep-1at/030102g].

S. Catterall, A geometrical approach to N =2 super Yang-Mills theory on the two
dimensional lattice, JHEP 11 (2004) 004 [hep-1at/0410052].

S. Catterall, Lattice formulation of N = 4 super Yang-Mills theory, JHEP 06 (2005) 027
[hep-1at/0503034.

S. Catterall, Simulations of N = 2 super Yang-Mills theory in two dimensions, JHEP 03

(2006) 039 [hep-1at/0602004].

[16]

[17]

18]

F. Sugino, A lattice formulation of super Yang-Mills theories with exact supersymmetry,
[JHEP 01 (2004) 015 [hep-1at/0311021.

F. Sugino, Super Yang-Mills theories on the two-dimensional lattice with exact
supersymmetry, [JHEP 03 (2004) 067 [hep-1at/0401017).

F. Sugino, Various super Yang-Mills theories with exact supersymmetry on the lattice, JHER

01 (2005) 01 [hep-1at/041003y].

[19]

[20]

F. Sugino, Two-dimensional compact N = (2,2) lattice super Yang-Mills theory with exact
supersymmetry, [Phys. Lett. B 635 (2006) 21§ [hep-1at/0601024].

A. D’Adda, I. Kanamori, N. Kawamoto and K. Nagata, Twisted superspace on a lattice,

Phys. B 707 (2005) 10( [hep-lat/0406029].

[21]

A. D’Adda, I. Kanamori, N. Kawamoto and K. Nagata, Ezact extended supersymmetry on a
lattice: twisted N = 2 super Yang-Mills in two dimensions, [Phys. Lett. B 633 (2006) 645
[hep-1at/0507029].

,10,


http://jhep.sissa.it/stdsearch?paper=12%282003%29031
http://arxiv.org/abs/hep-lat/0307012
http://jhep.sissa.it/stdsearch?paper=09%282005%29042
http://arxiv.org/abs/hep-lat/0503039
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C86%2C4757
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C86%2C4757
http://arxiv.org/abs/hep-th/0104005
http://jhep.sissa.it/stdsearch?paper=03%282003%29035
http://arxiv.org/abs/hep-th/0301048
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB668%2C138
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB668%2C138
http://arxiv.org/abs/hep-lat/0304006
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD72%2C074504
http://arxiv.org/abs/hep-lat/0506014
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PTPKA%2C117%2C317
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PTPKA%2C117%2C317
http://arxiv.org/abs/hep-lat/0611011
http://jhep.sissa.it/stdsearch?paper=07%282007%29051
http://arxiv.org/abs/0704.2696
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=IMPAE%2CA21%2C3039
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=IMPAE%2CA21%2C3039
http://arxiv.org/abs/hep-lat/0602007
http://jhep.sissa.it/stdsearch?paper=05%282003%29038
http://arxiv.org/abs/hep-lat/0301028
http://jhep.sissa.it/stdsearch?paper=11%282004%29006
http://arxiv.org/abs/hep-lat/0410052
http://jhep.sissa.it/stdsearch?paper=06%282005%29027
http://arxiv.org/abs/hep-lat/0503036
http://jhep.sissa.it/stdsearch?paper=03%282006%29032
http://jhep.sissa.it/stdsearch?paper=03%282006%29032
http://arxiv.org/abs/hep-lat/0602004
http://jhep.sissa.it/stdsearch?paper=01%282004%29015
http://arxiv.org/abs/hep-lat/0311021
http://jhep.sissa.it/stdsearch?paper=03%282004%29067
http://arxiv.org/abs/hep-lat/0401017
http://jhep.sissa.it/stdsearch?paper=01%282005%29016
http://jhep.sissa.it/stdsearch?paper=01%282005%29016
http://arxiv.org/abs/hep-lat/0410035
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB635%2C218
http://arxiv.org/abs/hep-lat/0601024
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB707%2C100
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB707%2C100
http://arxiv.org/abs/hep-lat/0406029
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB633%2C645
http://arxiv.org/abs/hep-lat/0507029

[22] A. D’Adda, I. Kanamori, N. Kawamoto and K. Nagata, Ezact extended supersymmetry on a
lattice: twisted N = 4 super Yang-Mills in three dimensions, prXiv:0707.3533.

[23] F. Bruckmann and M. de Kok, Noncommutativity approach to supersymmetry on the lattice:
SUSY quantum mechanics and an inconsistency, [Phys. Rev. D 73 (2006) 074511|
lhep-1at/0603003].

[24] F. Bruckmann, S. Catterall and M. de Kok, A critique of the link approach to exact lattice
supersymmetry, [Phys. Rev. D 75 (2007) 045016 [hep-1at/0611001].

[25] J. Nishimura, Four-dimensional N =1 supersymmetric Yang-Mills theory on the lattice
without fine-tuning, |Phys. Lett. B 406 (1997) 215 [hep-1at/9701013].

[26] D.B. Kaplan, Dynamical generation of supersymmetry, |Phys. Lett. B 136 (1984) 163.

[27] N. Maru and J. Nishimura, Lattice formulation of supersymmetric Yang-Mills theories
without fine-tuning, [Int. J. Mod. Phys. A 13 (1998) 2841| [hep-th/9705152].

[28] H. Neuberger, Vector like gauge theories with almost massless fermions on the lattice,

Rev. D 57 (1998) 5417 [hep-1at/9710089].

[29] D.B. Kaplan and M. Schmaltz, Supersymmetric Yang-Mills theories from domain wall
fermions, [Chin. J. Phys. 38 (2000) 543 [hep—-1at/0002030.

[30] G.T. Fleming, J.B. Kogut and P.M. Vranas, Super Yang-Mills on the lattice with domain wall
fermions, |Phys. Rev. D 64 (2001) 034510 [hep-1at/0008009].

[31] I. Montvay, Supersymmetric Yang-Mills theory on the lattice, [Int. J. Mod. Phys. A 17 (2002)

2377 [hep-1at/0112007.

[32] H. Suzuki, Two-dimensional N = (2,2) super Yang-Mills theory on computer, JHEP 09

(2007) 059 [erXiv:0706.1399].

[33] P.H. Damgaard and S. Matsuura, Relations among supersymmetric lattice gauge theories via
orbifolding, JHEP 08 (2007) 087 [arXiv:0706.3007].

[34] T. Takimi, Relationship between various supersymmetric lattice models, JHEP 07 (2007) 01(]
[ErXiv:0705.3831).

[35] P.H. Damgaard and S. Matsuura, Lattice supersymmetry: equivalence between the link
approach and orbifolding, JHEP 09 (2007) 097 [prXiv:0708.4129].

[36] E. Witten, Topological quantum field theory, |Commun. Math. Phys. 117 (1988) 353.

[37] K. Hori and D. Tong, Aspects of non-abelian gauge dynamics in two-dimensional N = (2,2)
theories, UHEP 05 (2007) 079 [hep-th/0609034].

[38] N. Ishibashi, H. Kawai, Y. Kitazawa and A. Tsuchiya, A large-N reduced model as
superstring, [Nucl. Phys. B 498 (1997) 467 [hep-th/961211§].

[39] M. Unsal, Supersymmetric deformations of type IIB matriz model as matriz reqularization of
N =4 SYM, JHEP 04 (2006) 002 [hep—th/0510004].

[40] P.H. Damgaard and S. Matsuura, in preparation.

- 11 —


http://arxiv.org/abs/0707.3533
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD73%2C074511
http://arxiv.org/abs/hep-lat/0603003
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD75%2C045016
http://arxiv.org/abs/hep-lat/0611001
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB406%2C215
http://arxiv.org/abs/hep-lat/9701013
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB136%2C162
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=IMPAE%2CA13%2C2841
http://arxiv.org/abs/hep-th/9705152
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD57%2C5417
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD57%2C5417
http://arxiv.org/abs/hep-lat/9710089
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CJOPA%2C38%2C543
http://arxiv.org/abs/hep-lat/0002030
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD64%2C034510
http://arxiv.org/abs/hep-lat/0008009
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=IMPAE%2CA17%2C2377
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=IMPAE%2CA17%2C2377
http://arxiv.org/abs/hep-lat/0112007
http://jhep.sissa.it/stdsearch?paper=09%282007%29052
http://jhep.sissa.it/stdsearch?paper=09%282007%29052
http://arxiv.org/abs/0706.1392
http://jhep.sissa.it/stdsearch?paper=08%282007%29087
http://arxiv.org/abs/0706.3007
http://jhep.sissa.it/stdsearch?paper=07%282007%29010
http://arxiv.org/abs/0705.3831
http://jhep.sissa.it/stdsearch?paper=09%282007%29097
http://arxiv.org/abs/0708.4129
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CMPHA%2C117%2C353
http://jhep.sissa.it/stdsearch?paper=05%282007%29079
http://arxiv.org/abs/hep-th/0609032
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB498%2C467
http://arxiv.org/abs/hep-th/9612115
http://jhep.sissa.it/stdsearch?paper=04%282006%29002
http://arxiv.org/abs/hep-th/0510004

