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ABSTRACT

We examine the relationships between three proposals for the six-dimensional
(2,0) theory: the DLCQ of EL B], the deconstruction prescription of E , and the
five-dimensional maximally supersymmetric Yang-Mills proposal of Q, B] We
show that E] gives a deconstruction of five-dimensional maximally supersym-
metric Yang-Mills. The proposal of H, B] uses a subset of the degrees of freedom
of five-dimensional Yang-Mills and we show that compactification of it on a cir-
cle of finite radius agrees with the DLCQ arising from the proposal of M, B] or
from the deconstruction proposal of |3].
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1 Introduction

In this paper we wish to examine the relationships between various proposals for the six-
dimensional (2,0) theory. In particular, these include the Discrete Light-Cone Quantisation
(DLCQ) definition based on the instanton quantum mechanics ﬂ, E], a definition via decon-
struction from a family of four-dimensional N' = 2 superconformal field theories based on
circular quivers [3] and the more recent conjecture that the (2,0) theory on an S* of radius
R5 is equivalent to five-dimensional maximally supersymmetric Yang-Mills (5D MSYM)
with coupling g%, = 47 Rs M, B]

The 5D MSYM conjecture relies on 5D MSYM being a consistent quantum theory at the
non-perturbative level and not just an effective theory valid below some cut-off. Without
this the conjecture is devoid of meaning since either 5D MSYM simply does not exist as a
complete quantum theory, so that the conjecture is manifestly false, or it can only be defined
as the (2,0) theory on S!, so that the conjecture is tautological. On the other hand this is
perhaps one of the more interesting aspects of this proposal: namely, that a perturbatively
non-renormalisable and divergent E] field theory is in fact non-perturbatively well-defined
without additional UV degrees of freedom. Recently, several highly non-trivial tests of this

proposal have been performed .

From the traditional, Wilsonian, viewpoint 5D MSYM is a non-renormalisable effective
theory obtained by integrating out degrees of freedom above some scale (proportional to
1/ g% ). The UV is then described by a conformal field theory, which in this case is
the six-dimensional (2,0) theory. The viewpoint that we explore here is different. In
particular, the proposal of M, B] is that all the states of the UV theory are already present
in 5D MSYM. This may seem paradoxical, however the issue is that there is no physically
well-defined separation of the theory into perturbative, i.e. power series in g%,M, and
non-perturbative sectors. Perturbative calculations should only be viewed as low energy
approximations where the effective coupling g.rr = 932, aE is small and hence do not probe
the UV behaviour.

Thus we seek other ways to define 5D MSYM. A method that comes to mind is that
of deconstruction ﬂﬁ] We will show how 5D MSYM on a (discretised) circle of radius Ry
can be deconstructed from an N = 2 superconformal circular quiver gauge theory with N
nodes. In particular, for any process involving KK modes up to some finite level L the
correlation functions of 5D MSYM can be reproduced to arbitrary accuracy by taking N
suitably large compared to L. One could then think of the deconstruction as providing
a quantum definition of 5D MSYM in terms of a well-defined theory. Indeed we will see
that this relates directly the proposal of E] to that of M, B] In other words, an alternative
interpretation of the proposal of 3] is that one cannot deconstruct 5D MSYM on an S* of
radius R4 and coupling 932, a Without also deconstructing the (2,0) theory on a torus with



radii Ry, R5 where R5 = g%, v/ 472 keeping all KK modes.

Another method to define a theory is to consider DLCQ and we revisit the proposal of
,B] This proposal has the miraculous feature that it only requires knowing the dynamics
of the (2,0) theory on S! in the limit that Rs — 0. Thus it does not require knowledge
of the theory at finite Ry = g% ,,/47?. We will show that this DLCQ of the (2,0) theory
on a circle of finite size agrees with a DLCQ obtained from 5D MSYM defined using
deconstruction or assuming it is the (2,0) theory on S*.

The rest of this paper is organised as follows. In Section 2] we perform a discretisation
of one dimension in 5D MSYM and show explicitly that the resulting action is in the same
universality class as the four-dimensional deconstructed quiver theory of E], both leading
to the action of 5D MSYM on S' in the limit where the spacing goes to zero. Furthermore,
in the spirit of deconstruction, we argue that the quantum theory of the quiver conformal
field theory can be made to be arbitrarily close to that of the discretised 5D MSYM theory
on a circle of radius R4. In Section Bl we review the infinite momentum frame (IMF) and
DLCQ descriptions of the (2,0) theory and argue that, unlike for the DLCQ, there is no
obvious simplification of the theory in the IMF. On the other hand we show that a reduction
of the DLCQ prescription H, H] of the (2,0) theory on a circle of finite radius agrees with
the DLCQ description obtained from either 5D MSYM (assuming the conjecture of M, B])
or the deconstruction proposal E] Finally Section @] contains our conclusions and further
comments.

2 Deconstructing 5D MSYM

Our aim in this section is to deconstruct 5D MSYM starting from a well-defined four-
dimensional quiver gauge theory. The idea of deconstruction is that the quiver or theory
space can, in the Higgs phase of the 4D theory, be interpreted as a discretised physical
direction with spacing a = 1/vG. Here v is the Higgs vev and G the 4D coupling. A
priori, the 5D theory emerges only at energies below 1/a and is UV-completed by the
well-defined 4D quiver theory [16]. However, for a superconformal theory one can attempt
to take the spacing to zero, or in other words the UV cutoff to infinity. For this one needs
to start with a 4D theory which does not experience a phase transition at strong coupling

|. We will show that the superconformal quiver gauge theory introduced in Section [2.4]
exactly reproduces 5D MSYM on a discretised circle by matching the two actions. Note
that our discretisation process is not quite the same as replacing the circle by a lattice; for
a discussion on how to latticise a theory while preserving some degree of supersymmetry
see ] Rather, we will replace functions of the circle by piecewise constant functions. We
will then proceed to discuss the relation of B] to the proposal of M, B]



2.1 Discretised 5D MSYM: Gauge Fields

Let us begin with the bosonic part of the action of 5D MSYM with gauge group SU(K)
1
SB — /d% Tr [— ZF F —D XIDrxT 4 [XI,XJ][XI,XJ] . (21
Gy u 4

where pu,v = 0,...,4 and I,J = 1,....,5. In view of discretising and compactifying the
4-direction we will write

an - amxAn - 87114777, - i[Amy An]
Fin = O4Ay — Dy X°
DyXT = 9,XT —i[X% XT], (2.2)

where we have renamed A4 = X% and m,n =0, ..., 3.

In order to proceed we first discretise the line whose coordinate is 2* by splitting it
into an infinite number of equal segments of length a and take the fields to be constant
along each segment. This has the effect of reducing the gauge symmetries to those of
four-dimensions. In the limit that a — 0 we expect that the full five-dimensional gauge
symmetry is restored. The integral over 2% becomes a Riemann sum, which approximates
the integral as a — 0. Keeping only terms which will be relevant for the gauge field A,,,

this gives
1 1=~ -
Seb- iy = Tr | = FRFE™ — 25 AR F AR | (2.3)

g YM k——oo

where 9y is a discretised version of the derivative involving the forward difference operator

f(k—i-l f(k)

a

ouf (k) — (2.4)

We then compactify the discretised direction by identifying f(V+%) = f(*) and truncating
the sum such that Na = 27 Ry

(5]
1~ -
SBGouge _ T / dz > Tr [ L) pm —04A§’;>04A<k>m] . (25)
9y M pe | N 4 2
—[¥]-N+1
As the last step we perform a discrete Fourier transform
(5]

1
A =
\/_ =3

M
s}
S
=

(2.6)

with ¢ = €2™/N: Note that the reality condition on A,, imposes B( k) B;(k). From now

on we will omit the sum ranges over Fourier mode indices, to be understood as above.



In terms of the Fourier modes the derivatives on the gauge fields become
8 AR — Z B (qs - 1) , (2.7)

whereas the gauge field strengths can be organised as

Frpn F™ = (9™ A" — 0" A™)% — 2i[ A, Ap] (0™ A™ — 0" A™) — [Ap, An][A™, A"]

= % Z qk(s—s’) (amBrr(L_S) _ 8nB1§n—S))(amB(S’)n _ anB(s/)m)
k,s,s’
_ ]\7232/2 Z qk(S—s’_S/’) [Br(n_S)’ Bg—s’)] (amB(SH)n _ O"B(S”)m) (28)
k,s,s' s

1 sdgl—g!—g! _s _g s"N\m s""Mn

k7875/78ll75///

Plugging these expressions into (23] and performing the sums over k and some of the
s-indices, we obtain

gh~Gauge _ 2 [ qig Tr [ ! > (OmBS ) = 0,B) (0B — o BEI™)
9y m 4 .

¢ (=s) p(=s)amp(s+s)n _ gn p(s+s)m

+2N1/2 ,[Bm , B, *’](0™B J0"B )
" (2.9)

_— (—s) (=s") (s"Ym p(s+s'—s")n

+4N s,s’ s//[Bm 7 Bn HB ' B ]

Z ¢ = 1B B
In the above we used Z Nl ¢*P=9) = N§, .

2.2 Discretised 5D MSYM: Scalars

We proceed to consider the scalar part of 5D MSYM compactified on a discretised circle.
Following the same steps as for the gauge fields and defining the Fourier transforms in
terms of

x® = \/_ Z sy (s (2.10)



we arrive at

Sl = g [ ate[Sowrilomi - Z By oy
29y m s
1 s s —s""\m s —s—s
N [BM,YA By
d4 Y ,Y(S Y —s' ),Y(S —s—s')
4NgYM/ s;// A B A B ]
1 8) o (— _
e d%ZamYﬁ B (g — 1) (2.11)
9y ur
7 /
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Ty | DA
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) Y. Y]Y, (a -1)
\/Ng%/M szs:/ 6 I 1

/d%Zsm ( ) )Y( 8)

where A € {I,6}. Note that there is an asymmetry between the A = I and A = 6 terms.
In particular, there is no KK mass for Yg.

agYM

2.3 Discretised 5D MSYM: Fermions

The fermionic part of the 5D MSYM action is naturally given by

1
Sip=—— [ dzTr ( - —zbw“Dwz + wz [Xz,v,bj]> ; (2.12)

9y m
where 4 =0,...,4, I =1,...5, 4,5 = 1,...,4. The ¢’s are complex 4-component spinors of
Spin(1,4) satisfying a symplectic Majorana condition and transforming in the 4 of Spin(5)
However, it will be convenient to re-write this in terms of complex 2-component 4D
Weyl spinors, such that we are able to compare with the action obtained from the 4D
quiver theory via the deconstruction description. We decompose

- G1 B C2 B —iCy B (3
P = (_Ugg) , Yo = <—U2CZ> , 3 = ( _io?cy ) , Py = ( io?Cr ) ;o (213)

such that the symplectic Majorana condition is satisfied. Note that the action written in
terms of the (’s will not have manifest 5D Lorentz invariance.

The kinetic terms will give

. 1 _ _ _ _
SE-Kin _ _~ / &z Tr (z'glamDmgl 4 iCoa™ DynCo + iC3a™ DinCa + iCa5™ DynCa

9y m (2.14)

+(3D4¢1 — i¢3D4Ch + iCaDalo — i§4D4§2> :

For our spinor conventions we defer the reader to the Appendix.



where ¢ = ¢T. Use has been made of the identities (io?)¢* = ¢ and (7 (io?) = —(, as well
as integration by parts.
We can also work out the Yukawa interactions. We will only explicitly write down the
terms involving X°. They are
In 1 i - i - i - i -
Sip™ = —— [ Pz Tr ( — -1 [ X5, 1] + 2 X5, o] + -3[ X5, 03] — —¢4[X5,1/14]>
95 ar 2 2 2 2

= QL d°z Tr < —i[¢1, 31 X5 — 1[G, (3] X5 + i[Co, G) X5 + i[Co, C_4]X5> . (2.15)

9y m

Similarly to the bosonic case, we can turn the 4-direction into a discretised one with
spacing a, so that the integral becomes a sum, the derivative becomes a forward difference
operator etc.. The discretisation procedure produces the following action for the quadratic

terms that we found above
a > = = = o X = = = o
S5p e = 73— / d'x Z Tr (cé’“’mcf’“’—zcék’a4<£k’+z<£k’a4<§k’—zci’“’&lcék’
9y M e
+ic®5m o, 4+ icema,, P +idPemo, P + ilPema, M
k) k k k) = k) k k k k
+¢8 [Xé% f’] VX A+ ¢ [Xé% é’] SR CRNe R

+¢1am AR, () + (AR, )+ P AR, () + el )
(2.16)

We then compactify the discretised direction, which truncates the sum, and also perform

a discrete Fourier transform such that

(5] (5]
1 - 1
k) — (p) gFp d (k) — —_ 7(P) g—kp 217
¢ TN NE nq an ¢ N g, (217)
p=[5]-N+1 p=[5]-N+1
which lets us write the 54( (k) derivatives as
n¢® = G gks(q* —1) . (2.18)

The final answer for the kinetic and mass terms is

in ? —s s —5 _ S s —s _ s
S5 Dise = d'zy Tr[—a(l—q )(né’% I s -l
/ d4$Z (B )+ 75 B )
gYM
+i7y )c‘rm[B(s‘s",né N+ o BG—) nf")
i YT g
T~ 0, e
(2.19)



The Yukawa interactions are dealt with in a similar way. We will once again discuss
the sample term (2.I5]). Upon discretising we get

n k) k
SgD Ilglsc = gYM2 /d4 Z Cl ’ ?(, ]Xs [Cl 7( ] é ) ( )
k=—00 2.20

160, (O - 0, G0

After compactifying and Fourier transforming we end up with

n ia _(s) _(s’ s+s
S&Hﬁm:—mzﬁ/d‘*x[([n&%né D=l g )Yy

s,8

(2.21)
F([ 050 = ) v

and similar expressions for other interaction terms involving different scalar components.
This concludes our discussion of 5D MSYM on a discretised circle.

2.4 Deconstruction: Setup

We now turn to the deconstruction picture. As the four-dimensional starting point we
will use the A/ = 2 superconformal Ay (circular) quiver theory, in the large N limit. The
expectation from [3] is to obtain, upon Higgsing, a theory with enhanced supersymmetry
in 5D.

The full action of the N'= 2 Ay quiver theory, written in terms of N' = 1 superfields,

is given by
7] _ .
S = /d4 —Im /d29 Wa(i)W(gi)> —/d29d2§ 22V (i) g —2V D (i)
Nl_N+1
. / 420429 VTV QI 2V Q) / d20d20 2V QU 2V Q)
+/d20 W +/d2§ W(“} , (2.22)

with 7 = 0/27 + 47i/G?, where G is the four-dimensional gauge coupling. Note that the
range of the sum (i.e. the labelling of the nodes of the quiver) has been conveniently chosen
so as to match the discrete mode expansion of the previous sections. With that in mind,
we will again suppress the sum ranges from now on, for brevity.

Each node has an SU(K) gauge field and is connected to its neighbours by bifunda-
mental and anti-bifundamental matter fields. The trace should accordingly be thought of
as being over each term in the respective representation of SU(K )(i). The superpotential
encodes the matter structure and is given by

WO = —ivaG tr [0D e Q) — Q(z‘)@(m)@(i)] , (2.23)



In terms of componentsB the bosonic part of the action is then

SfD = Z/d‘lx tr _ LF( ) p@mn _ poe@pmet — p QU pmot

2+ mn
4G (2.24)
—D,,0WpmQOWt _ Vs] :
where m,n =0, ...,3 and the covariant derivatives are defined as
Dy q)(i) = 0,00 —i[AD) &)
DnQ® = 8,QW —iAWQW 4 QW AL+
D,QY = 9,Q" —iAUFIQW 1 iQW AW (2.25)
The scalar potential Vg is given by
Vo=Vr+Vp, (2.26)

where
G? i i
Vr = Ztr ( Q(z)FQ(i) + Fé(z)F~(i) + F;[)( )qu‘)) ., Vp= 5 ZD( )ADI(L‘) . (2.27)

with A an adjoint gauge symmetry index. In turn, one has that

Fow = —ivV2G(QVe" —alQW)
Foo = —ivV2G(@1QW —QWalh)
Fpoy = —iv26(QVQY - Q1) (2.28)

for the F-terms and
DWOA _ ¢, [TA({q)(i),q)(i)T]+Q(i)Q(i)T_Q(i)TQ(i)_Q i=DiQl-1) L =D~ 1)1)} . (2.29)

for the D-terms. Note that since we are working with SU(K) gauge groups, the D-term
potential involves both single and double-trace terms coming from
ANi ANk i
(1Y, (T4, = oj8% — oiof (2.30)
where our normalisation for the generators is tr(TAT5) = §45,

The fermionic part of the four-dimensional theory is given in component form by the

2We follow the conventions of IE] The superfield expansions can be found in the Appendix.



expression
5413—2:“”/614 GZQ D5 Dy A® 4+ iy D5 D@ + ip D™ Dyyp® + i)™ D,y ap )

—z\/§(5\(i+1)1/?(i) _ @(z’);\(i))Q(z’) _ i\/i()\(i)w(z MOSNGaY )Q( it

_i\/§()\(i+1)1[,(i) _ Qz(i))\(i))@(i)f _ z‘ﬁ(f\(") () 1/1(Z 3+ )Q(i)

—iv2G (D) — (i+1)¢;(i)) (i) +z'\/_G(‘(i)zﬁ(’ ¢(z (i)

—iV2G (DD — g DGO 436 (D5 — (D500

—iV2G (P — Dy =) 5 +wvfzx¢“«%2-—wl ”w“—”>¢@ﬁ
—iv2AW, xV)80 — 2D, @t

(2.31)

2.5 Deconstruction: Gauge Fields

Deconstruction instructs us to expand the above theory around a real hypermultiplet vev,
(Q(i)> = % I «x. This leads to a Higgsing of the gauge group down to the diagonal
subgroup SU(K)N — SU(K); hence the trace (now denoted by Tr) will be over the latter
gauge group.

Let us explicitly describe the setup of the calculation for the gauge fields. As a result
of Higgsing (Z24]) we get

S = g X [ e e[ gEGEO™

. %1)2(;2(214%)14(2)7” B A%)A(Z—H)m _ A%—i_l)A(l)m)

(2.32)

Note that the gauge fields have acquired a mass, but that the mass-matrix is off-diagonal

AD M AV) (2.33)
where
2 -1 0 0 0 -1
-1 2 -1 0 0 0
o -1 2 -1 0 ... O
M=vcr| T T ] (2.34)
0 0 o -1 2 -1
-1 ... 0 0 0o -1 2

In more compact notation the above can be expressed as

M = ®G*21nn — (Q+ Q7] , (2.35)

10



with €;; = 0;41,; the so-called N x N ‘shift’ matrix. The latter can be straightforwardly
diagonalised into a ‘clock’ matrix (see e.g. ﬂﬁﬂ])

. Ni_ _ N
Q:dlag(q[z} N+17"'7q 17q07q7"'7 [2}) Y (2'36)
with ¢ = e2™/N . To be specific,
O '00=@Q and O 'Q'O=Q7'. (2.37)

The precise form of O is given by

1 /
Oss/ = — g% and 0_1 ss! — —8s 9 238
TN (07) (2.38)

where the exponent on the RHS is a product of the two labels. Note that Of = O~
We can use this to diagonalise the mass matrices
M=0"'MO =v’G* 21Ny — (Q+Q7 V)], (2.39)

and the mass-matrix eigenvalues can be read off easily
- . . 2
My, = v2G?[2— (27 F/N L72mik/NY ] = 252 [2—2 cos (%kﬂ = 4v*G?sin? (%) . (2.40)

In order to implement the above at the level of the action, one needs to redefine the
gauge fields by the same matrix O, such that

i L iini L it
AW = ﬁqu(]) and Agy = \/—Nq ]B(j) . (2.41)
Note that the unitarity of O and the reality of A imply a reality condition for the B’s
it . i ()
Zq ]B(j)—Zq]B] —Zq TB\T1) (2.42)
J J J

where in the last step we have taken j — —7 which does not affect the sum, and hence

Bl =B (2.43)

Then for the mass term appearing in ([2.32) we have

AgM;A9 = B ot*,mt,07,BO = BER v, BO (2.44)

(k)
while for the field strength

n m m n

A, AP 4O, AOn]
- Z(amBg_S) — anBﬁn_s))(amB(S)" _ 8”B(S)m)

s

11



(—s) m p(s+s'n n (s+s’)m
NWZ (@ Bst+sIn _ gn glstsim)

- Z $), B{=sN[BE"Im Blsts'=s"In) (2.45)
In the intermediate steps of the above, one obtains sums similar to (2.8]), some of which

can be explicitly performed.

Putting everything together, we arrive at the final answer for the gauge fields

_ 1
SED—GI?I?;S = G2 /d4x Tr [ 4 Z(amBy(L_s) _ anBy(n—S))(amB(s)n _ 8nB(s)m)
i -5 —(¢ m (s+s")n n n(s+s)m
+2N—1/22[B’(” ), BN (o Bl _ gn plstsim)
" (2.46)
TIN

! "
s,s’,s

__(4U2G2) Z sin? (%)Bf(n—s)B(s)m] ‘

(—s)’ Bg—s’)] [B(s”)m7 B(s—i—s’—s”)n]

2.6 Deconstruction: Scalar Fields

We continue by considering the scalar field terms in the action. In particular we have upon

Higgsing ([2.28))
FQ(i) = —Z\/_G(Q ) i) _ q>(i+1)c~2(i))
Fpoy = —ivG(@% — () —ivaG(@hQ® — QW el+D)

Fpoy = —ivG(QY —QU=1) —iv2a(QWQW — QU-YQlt-Y)y . (2.47)
and from (2.29])
DOA _ Ty [TA([@(Z) () ] Q(z TQ(Z +Q(z 1) Qz ”+Q Q(z Q(i—l)TQ(i—l)

(4)t i—1) i—1)f
+— )+ .
5@+ QU - —5(QUY +QUIh)|
(2.48)

The covariant derivatives will give

D,,®" = 3mq>(i)_i[A7(7§b)7(p(i)]

DY = 9,Q" — L\/_U(A(i) — AFDY A0 QW 4 i Ql) Ali+D)

2 m m m
DpQW = 9,QW —iAl+HQE) QWAL (2.49)

Combining the above will lead to a variety of mass and interaction terms in addition to
contributions coming from the kinetic terms. Similar to the gauge field example, the mass
matrices can be diagonalised by working with redefined fields

o) — L ig0)

VN

12



~ . 1 L,
@ — = iiH0)
Q 1Nq Q

QY = ——q9Qu) . 2.50
Vi (250)
At this stage we would like to bring the reader’s attention to the following fact: In the
subsequent calculation one finds that for cubic and quartic interactions involving matter
fields with different node indices there is disagreement with the discretised 5D description
for generic values of V. This is no cause for concern since we have already mentioned
that the prescription of E, IE] requires large N. In fact, in the large-N limit there is a
simplification arising from the redefinitions ([250]). Note that in terms of the hatted fields
one has e.g.

OO = i ((i=DEQUN QF) ~ i QU O®) | (2.51)
for each fixed k < N. Thus, provided that we restrict attention to processes involving KK
modes up to some finite level L, there is no difference between Q®WQU—Y and QWQ® to
leading order in N > L. Hence, ignoring all 1/N corrections, one can write

Foo ~ —iv2G[QY, @)

Fouy ~ —ivG(@" —oith)) —iy/2G[e0, QU]
Fypoy =~ —iwG(QY —QUV) —iv2G[QW, QW] . (2.52)
and
A ~ Al160) O L100 OO0 00N+ (06 oOh_ L (06 o0t
D _Tr[T <[<I> , U HQW, QT+ [QW, Q ]+\/§(Q +Q'"T) ﬁ(Q +Q( ))])
2.53

Moreover, the covariant derivatives will now be

D@ = 9,00 —i[A) o]
DmQ®  ~ 8,QW — iAW) QW] — %U(A(i) — AUFD)

m m

DpQY =~ 9,QW —i[AD, Q0] (2.54)

and to leading order in 1/N, the bifundamental scalars behave as adjoints of the diagonal
SU(K).

The above simplification also dictates that to leading order we can ignore both the trace
parts of Q and Q as well as the double-trace terms coming from the D-terms: First note
that the commutator structure of the F- and D-terms above is going to eliminate the trace
part of the Qs and Qs. Furthermore, any double-trace expressions coming from the second
term of (T4)? ; (THYk, = 5;5;? - %5;-51’“ in the D-term potential are also going to vanish.

With this in mind, we can treat the ®, Q and Q on equal footing. It will be useful to
express the complex scalars in terms of their real and imaginary parts. So we write

X 1 D)
o — G—\/Q(Yl()_zyz())
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QW = — v vy, (2.55)

Now, consider terms involving only the adjoint scalars ®. The only contribution to

their mass is going to come from the F-term potential, while the quartic interaction will
come from the D-term

i) mym s (2 G2 3 3
SibHiges = Z/d%; Tr [— D, @9 DmeOT — 7[@( ), @012 -
—v2G2(2CI)( )T _ )G+ _ (I)(i-l-l)q)(i)f)

This expression is identical in structure to the one for the gauge fields (2.32)) and we can
proceed analogously. Our redefinition in terms of hatted fields diagonalises the mass-matrix
and in terms of real components one obtains, e.g. for the real part of @,

B-Y; 1 4 —s) gmy(s) (—s) my(s+s')
Sio hies = g2 d'e T | - Za v Vomy, N1/2Z Yoy

1 —s —s sNm s+s'—s"
"N (B B v )
1 s g s shs/ sl
+m [Yl( )7Y1( )][Yl( )7Y1( + )]

SSS

41)2G2 Z sin ( ) )Y(s)}
(2.57)
Since at leading order in 1/N we can treat ®, ) and Q similarly, it is straightforward to

evaluate the rest of the scalar terms. The only point of special interest is that the field Yy
does not pick up a mass during the Higgsing process and there is an asymmetry between
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the A =1 and A = 6 terms. The final result is

SED S%?Qagi yar) /d4x Tr {— _Za y{ 8)3mYA N1/2 Z YA y amyf(xsﬂ)
+% Z [By(n_s),Ylg_s)HB(s )m’Yf(‘S-l-S/—s”)]

+ﬁ’ ’ [YA_S),Yg‘sl)][Yf”),Y§+S"5”)]

4Ngz/d4 Z v Yy v )

888

v [t 2 OnYy) B (™ 1)
\/_G/d4xz B(s s ( s— s)m(q—s—s’_l)

+\/%G SZS;[}/G s)7 Y[(s’)]YI(—s—s )(q—s—s 4U2G2 Z sin ( )Y( 5)y(5)]

(2.58)

2.7 Deconstruction: Fermions

We now proceed to study the effect of expanding the fermionic part of the action (Z3T)
around (Q(i)> = % lIx «x. This gives rise to the following mass terms

ST = 2 [ate[ GO0 0N Oy —pAE)
GO D — FDGDY (@ gD X(i)i(i))] . (2.59)
In order to diagonalise the fermion mass matrices, define

(AD x D @ i)y G\/—Zq an ns) 0 ) (2.60)

and note that the large-N simplifications which we used in ([Z51]) will also apply for prod-
ucts of bifundamental fermions.

The fermion mass terms then become

ass i -8 - s s
SfDMnggsz—gTr/d“wZ(l—q ){ng g =7 0~y Y | (2.61)
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For the fermion kinetic terms we have
_Kin ? _(8)=m s _(8)=m s _(8)=m s _(8) =m s
Sip Higes = 52 > T /d4:v M 5" 0y + 155 0y + 755 0 + 705 O
1 4. [=(8) =mpp(s—s) (s") —(s) ~mrp(s—s') ()
+7G2\/N§Tr/d 33[771 o™ [By oy g a " (B my ]
o™ (B — ¢ B

_'_77‘(13) " (g Br(ri_s,)nz(ls ) 774(18 )B(s—s/))] ’

(2.62)
while the terms involving ® become in the large-/N limit
n 1 . s s —s—s’ o (—s—s'
Sipmte = N ZTr /d4x[— i), ") (v ) iy )
[n?),ﬁ@ il 1“*3” +iv")
_Z‘[ng )7775 )](Yl(—s—s) _ iY2(_S_S ))] .
Finally, for the terms involving @) we will have, again in the large-N limit
—Int— 1 _(s) (s’ _ _(s s+s’
Siplag =~ T [ dta () - APy
(0?05 ) = s DY
1 _(s) _(s _(s) _(s s—l—;’
t oy T [ el A
—(t7 s DY T (269)

and similar expressions for terms involving Q).

2.8 Comparing Discretised 5D MSYM to Deconstruction and the (2,0)
Theory

Having obtained explicit expressions for all terms in both discretised and compactified
5D MSYM, as well as the Higgsed N' = 2 Ay quiver theory, we are now in a position
to compare the two. We see that the kinetic and mass terms for the gauge field in the
expressions ([2.9]) and (2.46]) fix the relations

1 a 9 9
@ = E and G vt = a— s (265)

since |e2™5/N — 1|2 = 4 sin? (). These further yield

a=— and G = (2.66)

Gv

= Q
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It is straightforward to check that, with these identifications, all terms between the 5D and
4D calculations match exactly, that is ZII) with 258]), [ZT19) with Z6I)-(Z62]), and
22I) with (2:64). Thus, we arrive at the conclusion that the Ay quiver theory at large
N deconstructs 5D MSYM on a discretised circle with spacing a

During the course of the 4D calculation, we noted (and just confirmed) that in order
to get agreement between the two descriptions we needed to ignore corrections of O(1/N).
This is not surprising. The claim of deconstruction is not that one finds 5D MSYM exactly,
at all scales. Rather, if we restrict to observables that only involve KK modes up to some
level L then correlation functions of these can be computed to arbitrary accuracy in the
deconstructed theory by choosing N > L ﬂﬁ]

Let us expand upon this point. For fixed N we have two theories at hand. One is
the superconformal quiver gauge theory with N nodes and coupling G?> = 1/v%a?. The
other is the discretised 5D MSYM on a circle of radius R4 = Na/27. This latter theory
is a truncated version of the full 5D MSYM on a circle, analogous to a KK reduction
keeping the first N levels. It is a deformation of 4D MSYM obtained by adding a finite
number of massive fields which form complete short N = 4 multiplets at each level. It
is renormalisable and we view it as an effective field theory below the scale N/Ry. If
we examine physical processes up to some scale L/Ry, we then expect the effect of any
modes of 5D MSYM with energy above N/R, that we neglected in the discretisation to be
suppressed by powers of L/N.

Let us now compare the quantum theories arising from these two actions. We restrict
attention to correlation functions of local operators composed from the fields that appear
in the Lagrangians but only up to some scale L/R4. The correlation functions obtained
in the two theories will agree up to powers of L/N, arising from the differing interaction
terms in the action. By taking N > L we can match the computations of the discretised
5D MSYM arbitrarily well by using the quiver theory and in particular we could take the
limit N — oo with R4 fixed. This allows us to compute a large class of local correlators of
5D MSYM on a circle of radius R4 as a limit of the superconformal quiver gauge theories.

The deconstruction that we have just obtained is precisely the deconstruction of the
(2,0) theory that was proposed in B] These authors noted that the four-dimensional SCF'T
has an SL(2, Z) S-duality which maps G — 27 N/G. Hence, in addition to the perturbative
spectrum of states, arising from the deconstruction of the 4-direction, with masses

L\ 4 L
M2 ) = 4G22 sin? <%> = 5 sin’ <%> LeZ, (2.67)

3 Alternatively, one can compare the deconstructed theory to 5D MSYM compactified on a circle without
prescribing any kind of discretisation but truncating the KK tower at level N. This leads to a four-
dimensional action which is similar to the one we have obtained by discretisation but with two differences.
Firstly, the mass spectrum of the fundamental fields is the familiar KK pattern of M? = L? / R?. Secondly,
one finds no powers of ¢ in the interaction terms. Nevertheless the discussion that follows is similar.
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there is also a dual tower of magnetically charged soliton states with

2m)20v2 N2 L 4(27)2N? L
M? :4(7'2 — ) =L sin® [ = Lez. 2.68
K2 o2 sin” { — A sin” { — ( )

In the limit N > L these can be identified as two KK towers corresponding to compactifica-
tion of a six-dimensional theory with radii Ry = Na/2m and Rs = g%,,/4m%, both of which
are freely adjustable parameters. In addition there will be a complete SL(2,7Z) invariant
spectrum of states carrying both types of KK momenta. Thus the deconstruction argument
of [3] shows that one cannot deconstruct 5D MSYM without also simultaneously decon-
structing a six-dimensional theory with 16 supersymmetries and an SO(5) R-symmetry —
presumably the (2,0) theory.

In the limit ¢« — 0, N — oo, with R4 — oo the 4D theory results are matched
to uncompactified 5D MSYM with arbitrary value for the coupling 932, A+ Which suggests
that deconstruction in principle provides a quantum definition of 5D MSYM at all scales.
Finally, the remaining tower of KK modes of masses Mg o is nothing but the instanton-
soliton tower of ﬂﬂ, Ié

We note that since 5D MSYM is not well-defined (at least naively) we cannot claim that
the deconstructed theory is 5D MSYM. Rather, our discussion shows that deconstruction

|. This matches the content of the conjecture of M, B]

provides a controlled definition of 5D MSYM. Our purpose here was to find a way of
identifying parameters between the 4D and 5D descriptions and this approach has enabled
us to do so in a natural way.

3 The DLCQ of the (2,0) theory and 5D MSYM

We now shift gears and turn our attention to the (2,0) proposals of H, B] In order to
compare the latter to the proposal that the (2,0) theory on S is equivalent to 5D MSYM,
we will need to quickly review the philosophy behind the Infinite Momentum Frame (IMF)
and the related Discrete Light-Cone Quantisation (DLCQ). There are various outstanding
conceptual and technical issues with the IMF, and especially DLCQ, which need to be
addressed before one can claim to have a complete understanding of a theory that is
defined using these methods. However, it is not our intention to resolve or discuss these
issues here. Rather, we will accept the IMF and DLCQ prescriptions at face value and
focus on the arguments leading to the proposal of [1, 2].

3.1 IMF and DLCQ

The basis for the IMF is that, since we are considering a Lorentz-invariant field theory, we
can examine it in any frame we like. By a judicious choice of frame the physics might be
simpler to analyse. To this end let us consider an M5-brane wrapped on an S' of radius
Rs and boost it along the compact 2° direction. The energies and momenta transform as
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1

1
Pl = P (3.1)

where ¢ = 1,...,4. If we introduce light-cone coordinates

+

1
vt =—s(t£a%),  Po=—s(BxD),

Sl

then (BI) can be written as

/
= P
P T+u ©
1
P = tlip
1—wu

Let us write u = (1 — €2)/(1 + €?) so that an infinite boost corresponds to € — 0. This

limit defines the IMF. In what follows we always only consider the term of leading order
in e. We find that to leading order (B.1]) becomes

P',f‘ = €P+
1
P = ZP_
€
P = P. (3.3)

Thus if we view the original S' as an orbifold:
(t, ', 2°) = (t, 2", 2° + 27 Rs), (3.4)
then in the IMF we have

(:17+/, x_/, $i/) o~ (x+/ +27Ry, x_/, z

) (3.5)

where

Ry = R5/V2¢ . (3.6)

Next let us consider on-shell modes in the un-boosted frame with momentum P; = n/Rj
for some integer n. These have energy

E = /P}+P?+m?

_ iy (REY), o
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where we have denoted P? = P? +m? and F(z) =1+z— 1= %az +.... Here m allows
for the possibility of massive states that can arise on the Coulomb branch. We see that

+n In|e R2P?
P/ — |n| €+ F< 5 L
" V2Rs  V2R; n?
po bl ()
- V2eRs  \2Rse n?
P = p. (3.8)

We find that modes with n < 0 have diverging P’ in the IMF and thus decouple. Therefore
we can simply look at the effective theory with these modes integrated out. This can be

made arbitrarily precise by taking e suitably small. Therefore we restrict to n > 0 for
which

2 2p?
P - fne+ ne F<R52L>
P n F(R%Pi)
B \/§R56 n?
P = p. (3.9)

Now in the original theory we have states with all values of n. However for fixed Rs,
in the € — 0 limit the finite momentum states are those that have large n, with ne finite.
This is the traditional IMF picture (as used e.g. in ﬂ2__4|]) and is valid for any finite Rs
but takes n — oco. Physically this corresponds to the fact that the only modes left in the
infinite momentum frame are those that were moving sufficiently fast against the boost so
that they have finite velocity after the boost. Note also that for any given € there are still
infinitely many n that must be included if one wishes to describe the full theory.

There is another possibility which is to take Ry small with Ry = Rs/v/2¢ fixed. This
is the DLCQ construction and does not require large nH Fixing n here simply means
truncating to a fixed momentum sector of the theory. One must then still allow n to be
arbitrary in order to describe the full theory.

In either case we find

2ne
P, =
+ R5
Rs
P = — P? +m?
5 \/ine( ; )
Pl = Pp. (3.10)

Note that we have the three parameters R5,n and € and in the limit ¢ — 0 we have just one
constraint, namely that ne/Rs is fixed. To arrive at (BI0) from (B3] we simply require
that Py R5/n < 1 in the limit ¢ — 0.

4See e.g. , ] for DLCQ in the context of Matrix Theory.

20



3.2 Application to the (2,0) theory

The DLCQ construction of H, E] works as follows. In the limit that Rs is small the (2,0)
theory on S! is well described by weakly coupled 5D MSYM with coupling g% M= 472 Rs.
As observed in ﬂ, E], this is something of a miracle since lagrangian field theories usually
become strongly coupled when compactified on a small circle. In this limit states with n
units of momentum along the compact direction correspond to solitons that carry instanton
number n. These states are heavy when Rj is small so that keeping P, fixed means slow
motion in the transverse directions. This is the Manton approximation ﬂﬁ] for solitons
whereby the relevant degrees of freedom correspond to motion on the soliton moduli space.
In the limit that g% u ~ Rs — 0 all other interactions can be neglected. Thus we find
that the theory reduces to motion on the moduli space of n instantonsﬁ In the IMF, this
corresponds to the second possibility discussed at the end of the previous section: For fixed
R, = R5/\/2¢, sending Rs — 0 also requires € — 0 and therefore the DLCQ description of
the (2,0) theory is given by quantum mechanics on the n-instanton moduli space.

There also exists an alternative derivation directly from the (2,0) system of ﬂﬁ] This
system is essentially 5D MSYM covariantly embedded into 6 dimensions using a non-

dynamical vector field C*. Choosing C* spacelike, C* = g% 05, leads to 5D MSYM along

20, ..., 2* with coupling g%, - However one can also consider a null embedding correspond-

ing to an infinitely boosted D4-brane. Deferring to @] for the details, we simply wish
2 5#

', where g% is an arbitrary parameter with

to observe here that for the choice C* = g
dimensions of length, one finds

4A7’n
Pr = —
+ 92
1
P = 2—gzga58_mo‘8_m5
1 .
P = 2—92Tr/d4a;F,~jF_J, (3.11)

where n is the instanton number, g,z is the metric on the n-instanton moduli space with
coordinates m® and Fj;, I;_ are obtained from the field strength of the instanton and are
determined by the ADHM constructionﬁ

We note that the derivation of (B11]) in @] is exact, starting from the the (2,0) system
of @], and does not require taking the limit of an infinite boost. Examining the spectrum
of P shows that it can be identified with that of the (2,0) theory reduced on a null circle

obtained by the identification
2
t~ o+ 9
= — . 3.12
x T+ or ( )

5We will come back to the details of this derivation shortly.

5There is also a generalisation that arises on the Coulomb branch, where one finds that P_ =
# (gap(0-m® — LY (0-mP — LP) + V). Here V GapL“L? and L* is a tri-holomorphic Killing vec-
tor on the instanton moduli space ]
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Comparing ([3I1) with (3I0) we find that P, = P, if we identify R, = R5/v/2e = ¢°/4r?.
In addition (3IZ) precisely matches (5). Thus for any finite value of g2, we obtain the
DLCQ picture of the (2,0) theory. In particular, finite g requires that Rs = ¢g%,,/47% — 0
as € — 0 and so again we only need the extreme IR of 5D MSYM.

Having obtained the DLCQ at finite Ry it would appear that we can arrange for
Ry — oo in the limit that R5,e — 0, leading to a description of the uncompactified (2,0)
theory. At this stage one needs to be careful: In a null compactification the radius of the
27 identification is not physically meaningful by itself as a Lorentz boost can rescale R .
But in the IMF, when we choose a specific frame with fixed P, = n/R,, this can be done
if we also scale n — oo @] This gives the DLCQ description of the (2,0) theory on R%®

ﬁ, 9.

This conclusion is a puzzling feature of the DLCQ proposal, since we have somehow
managed to define the six-dimensional (2,0) theory, which is the UV of 5D MSYM, by
only using information contained in the extreme IR of 5D MSYM. The origin of this

as the large-n limit of super-quantum mechanics on the instanton moduli space

is the miracle mentioned above, namely that the (2,0) theory becomes weakly coupled
when compactified on a circle with a small radius. This miracle is also important for S-
duality of four-dimensional maximally supersymmetric Yang-Mills since it ensures that the
four-dimensional coupling constant is given by the ratio of the two circle radii and hence
that modular transformations, such as interchanging the two circles, map strong to weak
coupling @]

In addition, one needs to keep in mind that, on top of the usual concerns about the
IMF and DLCQ, the instanton moduli space has singularities which must somehow be
dealt with in the quantum theory. For example the authors of [1, 2] provide one resolution
in terms of turning on mild non-commutativity as a regulatorﬂ in view of switching it back
off at the end of any explicit calculation.

3.3 The (2,0) theory in the IMF

Having reviewed the DLCQ proposal, let us instead consider an IMF prescription. If we
assume that the (2,0) theory on S! is equivalent to 5D MSYM, then we can also consider
a traditional IMF description of the (2,0) theory with a finite value for R; > 0 but large
n.

First, what is 5D MSYM at large n and low energieeﬁ described by? It is given by an
expansion around the ground state in the n-th soliton sector. At low velocities this leads
to the Manton approximation of slow motion on the soliton moduli space ] For a recent
detailed discussion on instanton-solitons of 5D MSYM see [31/].

However, now we would like to see what happens to this description beyond the low-
energy approximation. It is well known that the Manton approximation is not exact,

7A non-commutative deformation corresponds to blowing up the moduli space singularities.
8Here, low energies means small excitation energy above the BPS bound of the n instanton sector.
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although in the case of monopoles in four dimensions it can be shown to be valid as
long as the moduli velocities remain small B] Nevertheless at finite g3, the Manton
approximation does not capture all the dynamics of 5D MSYM. For the particular example
of monopoles in four dimensions there are estimates that the radiation produced in soliton
scattering scales as the third or fifth power of the velocity ﬂﬁ, @] We expect that the
instanton-soliton solutions relevant for 5D MSYM will behave in a similar way: At non-
zero velocity these effects can only be neglected in the strict g%/ a — 0 limit. Therefore the
IMF picture does not simply reduce to quantum mechanics on the instanton moduli space
for finite R5 = g¥,,/47%. Rather, it contains an infinite number of additional radiation
modes that represent fluctuations about the soliton.

One might hope that in the large-n limit there could be a further suppression of the
massive modes so that the Manton approximation is again valid. For example, the solitons
become heavy at large n so their centre-of-mass velocity must be bounded by 1/n to ensure
that the momentum remains small. However, this seems unlikely to extend to all moduli as
the large-n moduli space contains configurations where the solitons are widely separated. It
would then seem that various ‘light’ massive modes, obtained in the small-n moduli space,
can be lifted to the large-n moduli space. For instance, one can imagine configurations
of well separated solitons where only a few are moving, in which case their velocities are
not required to be small to ensure that the total excitation energy of the system is small.
Therefore, the radiation and other non-zero modes seem to be insensitive to the value of n
and we do not expect any additional suppression at large n.

Hence there does not appear to be any significant simplification by considering the
(2,0) in the IMF as there was with DLCQ.

3.4 A DLCQ of 5D MSYM

To complete the circle of ideas we can also consider a DLCQ of 5D MSYM and compare it
to a compactified version of the proposal H, B] To this end, let us start with 5D MSYM
and compactify on 2* with radius R4. To construct a DLCQ it is sufficient to only consider
a small Ry. Compactifying 5D MSYM on S! with coupling g%, we find 4D MSYM with
coupling G? = g%, /27 Ry, coupled to a tower of KK modes. For small Ry this is strongly
coupled but if the proposal of ,B] is true then 5D MSYM on S' admits an S-duality since
it is the (2,0) theory on S! x S!. Evidence for this can be found in H] Alternatively, we
could use the 4D quiver deconstruction approach as the quantum definition of 5D MSYM,
as argued in Section This has a built-in S-duality for the theory on a (discretised)
circle.

Applying S-duality we arrive at weakly coupled 4D Yang-Mills with gauge coupling
G? x 2mRy/ 932, u — 0 but where the tower of KK modes around x* are now given by their
S-duals which will be some sort of monopole states. What exactly are these? From the
point of view of the (2,0) theory S-duality corresponds to swapping x* with 2°. Therefore
S-duality takes momentum modes around z* to momentum modes around z°. In 5D
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MSYM momentum modes around z° are given by instanton-solitons along the R* spanned
by z!, ..., z*. Compactifying this R* to R3 x S! leads to so-called calorons, namely instantons
that are periodic along z* (monopoles are special cases of calorons that are invariant along
S1). As before we decompactify the theory by taking n, Ry/e — oo. Thus we find that the
DLCQ of 5D MSYM on R is given by quantum mechanics of the caloron moduli space
(see also @] for a related discussion). Note that the use of S-duality was crucial for this
argument. As we mentioned this is guaranteed in deconstructed theory. If we start with
5D MSYM on its own then S-duality on an S' of finite size is tantamount to assuming that
it is the (2,0) theory on S! x S! and therefore essentially assumes the conjecture of |4, B]

Let us compare this with the DLCQ proposal constructed above for the (2,0) theory
on RY5. To obtain a DLCQ of the (2,0) theory on RY* x S we can take an orbifold that
acts as 2° 2 294 27 R5 and hence need to consider instantons that are periodic: once again
one is lead to the moduli space of calorons. Thus we find agreement between the DLCQ
of the (2,0) theory on Rb%* x St at finite radius and the DLCQ of 5D MSYM on RY* at

finite coupling.

4 Conclusions

In this paper we have discussed the relationships between three proposals for the (2,0)
theory: deconstruction E], DLCQ H, B] and 5D MSYM M, B] In particular we explicitly
showed how deconstruction leads the action of 5D MSYM. This provides a definition of the
full 5D MSYM as a limit of a family of well-defined four-dimensional superconformal field
theories. Furthermore we showed how the DLCQ construction is also consistent with the
view that the (2,0) theory on S! is given by 5D MSYM by showing that they both lead to
the same DLCQ of the (2,0) theory on a finite circle. This crucially assumed the S-duality
property of the 5D theory, which is explicit when defined in terms of deconstruction.

A common feature of all these proposals is that they do not require any new states that

do not appear in 5D MSYM to describe the (2,0) theory. This is the central observation in
,B] and therefore this is compatible with both ,B] and [3]. Conversely, these proposals
provide some support to the claim that although 5D MSYM is perturbatively divergent ﬂa]
and power counting non-renormalisable, it should not simply be viewed as the low-energy
effective theory of the (2,0) theory on S! in the Wilsonian sense, meaning that some
heavy states have been integrated out. Rather, the spectrum and interactions are those of
the (2,0) theory. The proposals of H, E] and E] offer alternative methods for computing
physical quantities beyond the techniques of traditional perturbative quantum field theory.

In addition there are still other ways that may be used to define the (2, 0) theory starting
from the conformal field theory of an arbitrary number of M2-branes @] For example
one can consider a large number of M2-branes that are blown-up via a Myers effect into
M5-branes wrapped on an S3 of finite radius. It was argued in ﬂﬁ] that the resulting

fluctuations of the M5-branes are given by 5D MSYM on 52, where S is viewed as a Hopf
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fibration over S2. Furthermore 5D MSYM on a three-torus of finite size can be obtained
from cubic arrays of M2-branes @] In principle all these proposals give definitions of 5D
MSYM and the (2,0) theory on S!. It remains to be seen if they are equivalent.

Finally we should also mention some other recent proposals for the (2,0) theory which

ﬂl;g] which considers the (2,0) theory
on R x S°. Realising S° as a Hopf bundle over CP? one can then perform an Zj, orbifold
that acts on U(1) fibre. In the large k limit one therefore finds the (2,0) theory is given by
5D MSYM on R x CP?2. In this scenario the radius of CP? determines the scale 932, o and
1/k plays the role of a dimensionless coupling constant. Furthermore, since k is discrete,

we did not discuss. One very interesting proposal is

there is hope that perturbation theory about large & is finite allowing one to extrapolate
to small k.

In addition, there have been other recent conjectures for the (2,0) theory which focus on
novel lagrangian descriptions for the self-dual tensor directl 1n six-dimensions [40] or five-
dimensional models which include the KK towers of states |41 . It would be interesting
to understand the relation of these papers to the conjectures we discuss here. In particular,
since the proposals discussed here capture at least a significant portion of the dynamics of
the (2,0) theory, these other proposals should be related to them in some concrete way.
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Appendix

Here we collect our conventions for the gamma-matrices used in Section 23l The Spin(1,4)
gamma-matrices are given by

0 do™ —loyy O o2 0

with m =0,...,3 and 0™ = {1,0°} and ™ = { 1, —0'}. They satisfy

{7 =20 AP0 =t A0yt = —

CsytCit = ()T (Csy™)T = —Csy” cr = —cs. 4.2)

On the other hand, the hermitian Spin(5) gamma-matrices are given by

)\1 _ 02 U )\3 0 ]12><2
0 0 Toxo 0 ’
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and satisfy

ANy =267 0 DT =AL ) A2 =1

KT =-K, (KXH)T =—KM. 44
The conjugate fermions are defined as
B =Pia0 (4.5)
and satisfy the symplectic Majorana condition
i =1p] C5K7; . (4.6)

We also give the superfield expansion, used in Section 2.4l In Wess-Zumino gauge one
has that

VO = —05m0AD + 620D — ig2o D) + %925213(@')

Wi = —i\D 49,00 — %(amane)aFg; +0%(0™ Dy D),

0 = @O +i0c™00,,d" — %9252@(“ + V20 — ée%m%mé + 02 Fp
(4.7)

for the vector multiplets while

QY = QY +i05™60,,Q" — %92525@2') + V2050 — %028,%1#(“0"15 +0%Fy
. - L 1 g~ _=,. i - =0 -
1 — @OF _ ;95m @OF _ 229200001 (@) 4 2 _p295m (4) 2t

0) Q 0000, Q 107000 + V20 + \/59 00" 0 + 0°F 5,

(4.8)

for the hypermultiplets, where we are using the same letter for the chiral superfields as for
their scalar components in the hope that no confusion will arise.
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