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We examine the relationships between three proposals for the six-dimensional (2,0) theory: the discrete
light-cone quantization (DLCQ) of Aharony et al. [Adv. Theor. Math. Phys. 1, 148 (1998); Adv. Theor.
Math. Phys. 2, 119 (1998)], the deconstruction prescription of Arkani-Hamed et al. [J. High Energy Phys.
01 (2003) 083], and the five-dimensional maximally supersymmetric Yang-Mills proposal of Douglas and
Lambert et al. [J. High Energy Phys. 02 (2011) 011; J. High Energy Phys. 01 (2011) 083]. We show that
Arkani-Hamed et al. gives a deconstruction of five-dimensional maximally supersymmetric Yang-Mills.
The proposal of Aharony et al. uses a subset of the degrees of freedom of five-dimensional Yang-Mills,
and we show that compactification of it on a circle of finite radius agrees with the DLCQ arising from the
proposal of Douglas and Lambert ef al. or from the deconstruction proposal of Arkani-Hamed et al.
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L. 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
quantization (DLCQ) definition based on the instanton
quantum mechanics [1,2], a definition via deconstruction
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 Ry is
equivalent to five-dimensional maximally supersymmetric
Yang-Mills (5D MSYM) with coupling g%,; = 47*Rs [4,5].

The 5D MSYM conjecture relies on 5D MSYM being a
consistent quantum theory at the nonperturbative level and
not just an effective theory valid below some cutoff. 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 nonrenormalizable and divergent [6] field
theory is in fact nonperturbatively well defined without
additional UV degrees of freedom. Recently, several highly
nontrivial tests of this proposal have been performed [7—15].

From the traditional, Wilsonian, viewpoint 5D MSYM is
a nonrenormalizable effective theory obtained by integrat-
ing out degrees of freedom above some scale (proportional
to 1/g%y)- 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.
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In particular, the proposal of [4,5] 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 per-
turbative, i.e. power series in g%,;, and nonperturbative
sectors. Perturbative calculations should only be viewed
as low energy approximations where the effective coupling
et = g3vE is small and hence do not probe the UV
behaviour.

Thus we seek other ways to define SD MSYM. A
method that comes to mind is that of deconstruction [16].
We will show how 5D MSYM on a (discretized) circle of
radius R, can be deconstructed from an N = 2 super-
conformal 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 SD 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 [3] to that of [4,5]. In other words,
an alternative interpretation of the proposal of [3] is that
one cannot deconstruct 5D MSYM on an S' of radius R,
and coupling g%,, without also deconstructing the (2,0)
theory on a torus with radii Ry, Rs where Rs = g%,,/47?,
keeping all KK modes.

Another method to define a theory is to consider DLCQ
and we revisit the proposal of [1,2]. This proposal has the
miraculous feature that it only requires knowing the dy-
namics of the (2,0) theory on S in the limit that R — 0.
Thus it does not require knowledge of the theory at finite
Rs = 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'.
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The rest of this paper is organized as follows. In Sec. II
we perform a discretization 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 [3], 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 discretized 5D
MSYM theory on a circle of radius R,. In Sec. I1I we review
the infinite momentum frame (IMF) and DLCQ descrip-
tions 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 [1,2] 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 [4,5])
or the deconstruction proposal [3]. Finally, Sec. IV contains
our conclusions and further comments.

II. DECONSTRUCTING 5D MSYM

Our aim in this section is to deconstruct SD 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 discretized 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
[3]. We will show that the superconformal quiver gauge
theory introduced in Sec. IID exactly reproduces 5D
MSYM on a discretized circle by matching the two actions.
Note that our discretization process is not quite the same as
replacing the circle by a lattice; for a discussion on how to
latticize a theory while preserving some degree of super-
symmetry, see [17]. Rather, we will replace functions of the
circle by piecewise constant functions. We will then pro-
ceed to discuss the relation of [3] to the proposal of [4,5].

A. Discretized SD MSYM: gauge fields

Let us begin with the bosonic part of the action of 5D
MSYM with gauge group SU(K)

1 1 1
SgDzz— d5xTr|:—ZFM,,F‘“’—§D#XID”XI
8ym

1t vyl w7
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where u, v=0,...,4and I,J=1,...,5. In view of discretiz-
ing and compactifying the four-direction, we will write
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an = amAn - anAm -
F4m = 84Am - DmX6

D, X' = a,X' — i[X°, X'],

ilA,, A,

(2.2)

where we have renamed A, = X andm,n=0,...,3.

In order to proceed we first discretize the line whose
coordinate is x* 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 reduc-
ing 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 x* 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

ad 1
_ % 54145,]:) 54A(k)m il’

SB Gauge __ a

5D-Discr
(2.3)

where d, is a discretized version of the derivative involving
the forward difference operator

f(k+ 1) _ f(k)

a

34 f® = (2.4)
We then compactify the discretized direction by identifying
fWN+H = £ and truncating the sum such that Na = 27R,

(5]
1
shis =2 a3 m - gRhrom
8ym k=[Y]-N+1

1. -
-3 a4A£,’,‘)a4A<k>m]. (2.5)

As the last step we perform a discrete Fourier transform

4]

1

[5

p=I§]1-N+1

B gtr, (2.6)

with g=¢2"/N; Note that the reality condition on A,,
) —pgt
m(k)
ranges over Fourier mode indices, to be understood as
above.
In terms of the Fourier modes the derivatives on the

gauge fields become

imposes B * From now on we will omit the sum

3,A0 = BY gk (q* — 1), (2.7)

o E

whereas the gauge field strengths can be organized as
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(2.8)

Plugging these expressions into (2.3) and performing the sums over k and some of the s-indices, we obtain
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In the above we used Zkig]—zvﬂ g"P~) = N5,

/)][B(s”)m B(S+s S”)n]
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a/zB(s)In)+ Nl/zz[B( s) le S/)](amB(ers/)n _ anB(s+s/)m)

(2.9)

B. Discretized 5D MSYM: scalars

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

; 1 )
XX) — ﬁzqu,(AS)’

we arrive at

B-Scalar — __
SSD -Disc

/d4 [Za Y(Y)amy( s) _
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where A € {I, 6}. Note that there is an asymmetry between
the A =1 and A = 6 terms. In particular, there is no KK
mass for Y.

C. Discretized 5D MSYM: fermions

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

1 .
Sty = [@¥Ti( =3 By D+ Il X 1)
Eym

(2.12)

where u =0,...,4,1=1,...5,i,j=1,...,4. The ¢’s
are complex four-component spinors of Spin(1, 4) satisfy-
ing a symplectic Majorana condition and transforming in
the 4 of Spin(5).1

However, it will be convenient to rewrite this in terms of
complex two-component 4D Weyl spinors, such that we are

'For our spinor conventions, we defer the reader to the
Appendix.
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able to compare with the action obtained from the 4D quiver
theory via the deconstruction description. We decompose

N s
(5 ()

i | &
" (—uﬂ; ) " (iozzr )

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

(2.13)

1
St K“‘—— AxTr(il "D,y +il,6" Dl
gYM

+i{36™D,, {3 +i{,6" D, + Dy
—i{3Dyly +ilyDyls — il4Dy (), (2.14)

where [ ={ t. Use has been made of the identities
(ic?)*=¢ and {T(io?)=—{, as well as integration by
parts.
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We can also work out the Yukawa interactions. We will only explicitly write down the terms involving X°. They are

ST = o [T~ 50D ] 5 Bl ) 5 X, ] = 3 L, )

8ym

1 _ _
= g_ PxTe(—i[ 4, $1Xs — il41, G1Xs + il LG1Xs + Lo, £4]X5). (2.15)
™

Similarly to the bosonic case, we can turn the four-direction into a discretized one with spacing a, so that the integral
becomes a sum, the derivative becomes a forward difference operator, etc. The discretization procedure produces the
following action for the quadratic terms that we found above

_Ki a - ~ (k)5 7 . 2(k) - . 2(k) =
Sngfglisc = 2 fd4x Z Tr({ék)adfk) _ é/(k)a _Z(k) + lé'(k)a é'(k) ggk)a‘lé/(zk) + lé/(lk) P amé«l(k) + lé'(zk) P amgék)
8ym

+ zg“(k) makg(k) + f(k) ", (k) + {gk)[X(k), {fk)] (k)[X(k), éu(k)] + f(k)[X(k), {ék)] (k)[X(k), f(k)]
+ 2P A, 0]+ fé")frm[Aﬁ,’?, Y1+ A, 01+ 20 amal, 9D, (2.16)
We then compactify the discretized direction, which truncates the sum, and also perform a discrete Fourier transform
such that
(o =L % Dghp and F0 = wz] H(p) g—kp 2.17)
\/N [Y]-N+1 7 \/ﬁ p=[51-N+1 T .

which lets us write the d,¢® derivatives as

~ 1
§ W = mzn(s)qks(qs - 1). (2.18)

The final answer for the kinetic and mass terms is

SSpBise = 7g d4szr[ ,(1 =g )@y = a0+ Y = Al ey + i e,
YM

+iaPoma,n) + inPama,n® + igdama, nt ):I \/__[d4xZTr(n1V) GBS, 7]
YM
+ ﬁ(s)—m[B(s—s/) )]+ 7—7(0 m[B(r v)’ ,’hr)]_l_ ,,—’(t) m[B(s s) )]+[n(r) ;)]YG_S_S
— (2, 2+ [, O = [55), 7501re ). (2.19)

The Yukawa interactions are dealt with in a similar way. We will once again discuss the sample term (2.15). Upon
discretizing we get

SISJDIn]tDm(, — g jd4 Tr([g“(k), Zék)]xS(k) + [E(k)’ ng)]ng) [g(k)’ é'(k)]ng) _ [Z(Zk) (k)]X(k)) (220)
YM? k=—o00

After compactifying and Fourier transforming we end up with

St = — Z szr [ A7, 751 = [, Dy + (0, n$1 = [, DY 21
YM

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

D. Deconstruction: setup

We now turn to the deconstruction picture. As the four-dimensional starting point we will use the JN° = 2 super-
conformal 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 JN" = 1 superfields, is given by
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Sp= > tr [ d4x[8ilm(7 f d20wa<i>W£j>) — [ 04?6V T2V ) — f 0?9V QT2 o)
i=[§]-N+1 m
_ f 20d2Be=27"" 9D 2V GO 1 f LOWD + [ dzgw(”], (2.22)
|
with 7= 0/27 + 47i/G*>, where G is the four- Ve=Vp+Vp, (2.26)
dimensional gauge coupling. Note that the range of the
sum (i.e. the labeling of the nodes of the quiver) has been ~ Where
conveniently chosen so as to match the discrete mode + t t
. . . . . . = ; y+F.,Faio+ i i
expansion of the previous sections. With that in mind, we Vr Ztr(FQ"’ Fou FQ"’ Foo + FooFao),
will again suppress the sum ranges from now on, for 2.27)

brevity.

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

WO = —i2G tr[Q(i)(p(i)Q(i) — Q(i)(p(iH)QN(i)]' (2.23)

In terms of components,2 the bosonic part of the action
is then

| A A
SE=> f d4xtr[ - WF%F(’)’”” - D, ®OpmpWt
i

~D,,09D"Q"t —p, 3" 3" — vy ] (2.24)
where m, n = 0,...,3 and the covariant derivatives are
defined as

D,V = 4,00 — i[4}), ®7]
D,,0" =9, 00 — iAD Q" + iV ALY (2.25)
D, 0" = 4,07 — Al 0 + i0WAY).

The scalar potential Vg is given by

i

174 :G—ZZDO)AD([)
D 2 - A
with A an adjoint gauge symmetry index. In turn, one
has that
Foo = —i2G(QVDD — Pt Gl
Fgo = —iv2G(@V Q0 — 9O @l+D)
Foo = =iv2G(QV Q% — 0=V 0l~1),

(2.28)

for the F-terms and
DA — tr[TA([(I)(i), q)(i)’r] + Q(i)Q(i)f _ Q(i)’r Q(i)
_ Q(i*l)TQ(ifl) + Q(i—l)Q"‘(i—l)T)]’

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

(2.29)

A ‘ 1.
(TA) (TA), = 8)8% — — 8%8) (2.30)

Kr
where our normalization for the
tr(TATB) = §4B.

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

generators  is

Sip=tr [ d4x[G2 ADGnD, A + iz D, D + i Dam D, D + iy Ve D,, i

— iV2(XED g — O XD Qi) — j\ZAD ) — D\ +1) )

— 2D GO — 030Gt — RO G — Dy 0y 50

— iN2G(HD y D — 3 +V G000 + i GV F D — F VD) QO — i2G (D D — @ D) G
+ i\/zG(lZ(i)/\—/(i) _)—((i+1)l‘p(i))Q~(i)’r _ i\/EG(lp(i)fp(") — lZ(ifl)l/j(i—l))(p(i)

+ V3G §0 — 00 FUTN GO — (B0, gD — B[ AD, O]t ]

(2.31)

*We follow the conventions of [18]. The superfield expansions can be found in the Appendix.
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E. Deconstruction: gauge fields

Deconstruction instructs us to expand the above theory
around a real hypermultiplet vev, (Q®) = 7 Lkxk- This

leads to a Higgsing of the gauge group down t0 the diago-
nal 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 (2.24), we get

Shoaee — éz / d4xTr[— %F%F(")m” - %UZG2 (2457 A

4D-Higgs

_A%)A(H»l)m _Awl)A(i)m)]' (2.32)

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

ADM;AY), (2.33)
where
( 2 -1 0 0 0 -1
-1 2 -1 0 0
0 -1 2 -1 0 0
M = v2G? .
0O ... 0 0 -1 2 1
\—1 ... 0 0 0 -1 2/
(2.34)

In more compact notation the above can be expressed as
M = v’°G 2l yxy — (A + Q7] (2.35)

with Q;; = &, ; the so-called N X N *“shift” matrix. The
latter can be straightforwardly diagonalized into a ““clock™
matrix (see e.g. [19-21])
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07'Q0=0Q and O07'Q7'0=0QL (2.37)
The precise form of O is given by
O =g and (07— g, (238
SS \/ﬁq SS \/]vq ’ *

where the exponent on the RHS is a product of the two
labels. Note that OT = 07!
We can use this to diagonalize the mass matrices

©+0)]

and the mass-matrix eigenvalues can be read off easily

M= 0""MO = v*G* 21 yxy — (2.39)

Mkk — U2G2[2 _ (eQwik/N + e*Zwik/N)]
2k k
- v2G2[2 - 2cos(i)] = 4u2G2sin2(7T—). (2.40)
N N

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

ljBT

W —
A" )

| B 1
—¢"”BY and A 2.41

N q 0 = \/ﬁ q ( )
Note that the unitarity of O and the reality of A imply a
reality condition for the B’s

Zq—ijB;rj) = ZqijB<j) = Zq_ijB(_j),
7 7 J

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

(2.42)

B(*j) = B, (2.43)

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

0= diag(q[%]”\’“, L qfl, qo’ g ..., q[g]), (2.36) A(i)M}'-A(j) — Bzrk)OTle OJB(I) = B(fk)Mle(l)’ (2.44)
with ¢ = ¢*™/N_ To be specific, while for the field strength
|
> Fa FOm =3 [(0,A% — 0,40)% = 21[A5), AP 107 AD" — 9740m) — [AS), APAD™, AT
f i
— (=s) (=) mp(s)n _ anp(s)m (=s) p(=s) mp(s+s)n _ anp(s+s)m
Z(a By —9,B ) ("B gnBImy — Nl/ZZ[B’" By (omB 0"B )
_ z [Bﬁnfs)’ Bﬁ;sl)][B(s//)m, B(S+S/7S//)n:|. (2.45)

N i

8,8,

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,

SB—Gauge
4D-Higgs

4N Z [B( s) B( Y/):l[B(s”)m, B(S+S/*S”)n:|

s, s/ S//

1 1 — — ! / !
:E‘/’dA‘XTrI:_ZZ(amBgl S)_antn ‘Y))(amB(s)n anB(s)nl)+ N]/QZ[B( s) B, (S)](amB(s+s)n_anB(s+s)m)

(4v2G2)Zsm( )B( Y)B(S)’":I

(2.46)
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F. Deconstruction: scalar fields

We continue by considering the scalar field terms in the
action. In particular we have upon Higgsing (2.28)

F g0 = —iv2G(QV D — +D o))

Fgo= —ivG(PD — PUtD) — i 2G(DD QD — QW Pi+D)

Foo ==ivG(Q"=0"") —iv2G(Q"0" - 0171 0)
(2.47)

and from (2.29)
DA — Tr[TA<[q)(i)’ D] GO GO 4 GU=D Hl-t
+ 0Dt — oli-Dt -1 + Y (o) 1+ oWt
o0 o' 10 ﬁ(Q o)

~ 0o ) | 2.48)

The covariant derivatives will give
D, &0 =g, ®D —[AD $O]
D0 =4, 0= (Al AL )=ia 00 +i00 AL

D,,0% =0,,0" — Al 00 +i00AY). (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 diagonalized by working with rede-
fined fields

. 1 . Ay ~(; 1 L AG) ; 1 sAG
(I)(l):ﬁ_qu(p(}) Q():ﬁq]Qj Q():ﬁq./Q(J)'
(2.50)

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 disagree-
ment with the discretized SD description for generic values
of N. This is no cause for concern since we have already
mentioned that the prescription of [3,16] requires large N.
In fact, in the large-N limit there is a simplification arising
from the redefinitions (2.50). Note that in terms of the
hatted fields, one has e.g.

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~(’A)Q("71)
and 0¥ Q" to leading order in N > L. Hence, ignoring all
1/N corrections, one can write

(2.51)

PHYSICAL REVIEW D 88, 026007 (2013)
F oo = —iv2G[ 0%, 1]
Fgo = —ivG(®© — @D — i 26[00, 00]
Foo = —ivG(Q" — 0~Y) — iv26[Q", 0]

(2.52)

and

Dl =Tr[TA <[q>(i)’ DO+ [0, 60T+ [00, Q1]

v . . v . :
+— (0D + 0Oy = (0O + oWt )] 2.53
ﬁ(Q o"m) ﬁ(Q o) (2.53)
Moreover, the covariant derivatives will now be
D, d) =y OO —; Affz), o)
D, 00 = 4,00 — iAD, Q0] — (4D — AUV
0 0 [Aw, O] 7 ( )

D, 0% =g, 00 —i[AY 0V, (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 Os.
Furthermore, any double-trace expressions coming from
the second term of (TA)ij(TA)"l = 8;'6f — %6;6? 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

s 1 . 4
0 — Ly _ iy

Gﬁ( ! 2)
50 _ 1 i _ 0

= — 1Y,

Q G\/f( 3 +)
b
G2

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,

SE]S(-I)Higgs = Z [d“x Tr[—qu)(i)qu)(i)f
L

(2.55)

O = — (v —ivr{"),

2
_ %[q)(i)’ PO — 1262 (2O POt

— pOPU+Dt — (p(iﬂ)q)(i)’r)]_ (2.56)

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 diagonalizes the mass
matrix, and in terms of real components one obtains, e.g.
for the real part of ®,
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- 1 1 - i _ _s /
B-Y _ 4 _ Z (—s) (5) Z (=5) y(=5) (s+s)
S4D-Il-liggs = E fd xTr[ 5 - 8mY1 amYl +N1/2l /[Bm , Yl ]8’”Y1

2N Z [B(—\) Y(—\)][B(;“)m Y(s-H -5 )] 4+ 4N Z [Y(_S) Y(_ )][Y(\ ) Y(“*" - )]

S5,8,8 5,8,

1
-3 4v2G2)Zsm (N)Y( S)Y(S)]. (2.57)

Since at leading order in 1/N we can treat ®, Q and Q similarly, it is straightforward to evaluate the rest of the scalar
terms. The only point of special interest is that the field Y does not pick up a mass during the Higgsing process and there is
an asymmetry between the A = [ and A = 6 terms. The final result is

1 - ,
Siitm = fd“xTr[—EZaij, Domy) + N1/2 Z[B( Oy eyt

(9 P REIm plets'=s") (=8) =)y ylsts'—s")
2N IZ”[B Yy V1B Y, ]+4N ,Z,,[Y Y S vy ]

S5,8,8 S5,8,8

f . Z (YY), YOy, yi =5

I//

4NG2

v () pl—sim( s 1y — ¥ (5) Y (—s—shm(g—s—s' —
+G[dxgamY6 B (g™ — 1) JNG Z[Bm’Y6 1B m (g = 1)

w () y(sNy(=s—s)( —s—s 1 22 : 2(” S) (=) (s)]
+ Y Y)Y 1 —(4v°G sin Y; VY7 2.58
NG g;[ ;1Y) (g ) 2( )z;_ N/ i ( )

G. Deconstruction: fermions

We now proceed to study the effect of expanding the fermionic part of the action (2.31) around (QWy = 7”5 1 gxg. This
gives rise to the following mass terms:

SEDmIe-lIslsgge ZTr/d4x[—iv()_\(i+1)t_ﬂ(i) — [p(i)/{(i)) — iv()t(i)w(i) _ ¢(i)A(i+1)) — ivG(fﬂ(")/\/(") — X(Hl)lz(i))

— G i) — 0] (2.59)

In order to diagonalize the fermion mass matrices, define

A0 X0 90, g = = WZ‘]”( Gy, ny s, ), (2.60)

and note that the large-N simplifications which we used in (2.51) will also apply for products of bifundamental fermions.
The fermion mass terms then become

iv —_ -5 N =5) = N N =\5) =5
Siptiess = T G Trfd“XZ(l =g\ Y = 2P Al + a0 — 3R] (2.61)
N
For the fermion kinetic terms we have
i =\S) =m =5 m =S m =\S5) =m
SiDetiges = @ZTrfd“X[n(l)U aun) + 757 0,m5 + 7Y 0,mS + 75 9,m¢]
Gz\/—ZTr[d4x[n S)O.m[B(‘ ‘ , ”’71 )] + 17]() m[B(‘ ‘ , 772 )] + -() m(Bﬁr‘l_S)n(g\) _ quS/T](;)B%_S ))

-(S) m(qs s B(S S)nif) 775‘5 )BS;_S’))], (262)

026007-8



DECONSTRUCTING (2,0) PROPOSALS

while the terms involving ® become in the large-N limit

F-Int-®

PHYSICAL REVIEW D 88, 026007 (2013)

1 . / —s—s' cy(—s—s' . =(s) =(s s+s' Ly (s+s’
S4D—Higgs = GZWZTY'/'CJ%[_Z[W%)’ 774(‘Y)](Y£ s 4 lYé )) + 1[7751 ), né)](Yf ) lYg i ))

— iR, A N0 + vy ™) — il

Finally, for the terms involving Q we will have, again in the large-N limit

gF-In-Q

1 , )
+ — Tl’fd“x —(.s), _(s) + _(S)’ (s
GZ\/NS% (7, 25" 1+ [03, 74

and similar expressions for terms involving Q.

H. Comparing discretized SD MSYM to deconstruction
and the (2,0) theory

Having obtained explicit expressions for all terms in
both discretized and compactified SD 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

=_—_— and G2v2=i2,
a

& 2 (2.65)

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

1 G

v
It is straightforward to check that, with these identifica-
tions, all terms between the 5D and 4D calculations match
exactly, that is (2.11) with (2.58) and (2.19) with (2.61),
(2.62), and (2.21) with (2.64). Thus, we arrive at the con-
clusion that the Ay quiver theory at large N deconstructs
5D MSYM on a discretized 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 deconstruc-
tion 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 decon-
structed theory by choosing N > L [16].

3 Alternatively, one can compare the deconstructed theory to
5D MSYM compactified on a circle without prescribing any kind
of discretization 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 discretization but with two differences. First,
the mass spectrum of the fundamental fields is the familiar KK
pattern of M?> = L?/R?. Second, one finds no powers of g in the
interaction terms. Nevertheless, the discussion that follows is
similar.

— ! —(s) =(s) —(s) (s
4D-Higgs GZ\/NZ,Tr,[d4X[([T]1 > M3 ] - [772 » My
s,

) — iyl (2.63)
DY (0, 5] = [0, DY)
DY = [, T+ [, DY YL 264

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 discretized 5D MSYM on a circle of radius
R4 = Na/2m. 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 mul-
tiplets at each level. It is renormalizable and we view it as
an effective field theory below the scale N/R,. If we
examine physical processes up to some scale L/R,, we
then expect the effect of any modes of 5D MSYM with
energy above N/R, that we neglected in the discretization
to be suppressed by powers of L/N.

Let us now compare the quantum theories arising
from these two actions. We restrict attention to correla-
tion functions of local operators composed from the
fields that appear in the Lagrangians but only up to
some scale L/R,. 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
discretized 5D MSYM arbitrarily well by using the
quiver theory and in particular we could take the limit
N — oo with R, fixed. This allows us to compute a large
class of local correlators of SD MSYM on a circle of
radius R, 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 [3]. These authors noted that the four-
dimensional SCFT has an SL(2, Z) S-duality which maps
G — 2wN/G. Hence, in addition to the perturbative
spectrum of states, arising from the deconstruction of the
four-direction, with masses

L 4 L
My, = 4G2vzsin2(w—) = —sin2<77—> LEZ,
N a N

(2.67)

there is also a dual tower of magnetically charged soliton
states with
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42m)>N? | (WL)
S — n _
gYM N

(2.68)

(2m)*v2N? 7L
PR

G? N
LeZ

In the limit N > L these can be identified as two KK
towers corresponding to compactification of a six-
dimensional theory with radii R, = Na/27 and Rs5 =
g%\/472, both of which are freely adjustable parameters.
In addition there will be a complete SL(2, Z) invariant
spectrum of states carrying both types of KK momenta.
Thus the deconstruction argument of [3] shows that one
cannot deconstruct SD MSYM without also simulta-
neously deconstructing a six-dimensional theory with 16
supersymmetries and an SO(5) R-symmetry—presumably
the (2,0) theory.

In the limit a — 0, N — oo, with R, — oo the 4D theory
results are matched to uncompactified 5D MSYM with
arbitrary value for the coupling g%,;, which suggests that
deconstruction in principle provides a quantum definition
of SD MSYM at all scales. Finally, the remaining tower of
KK modes of masses Mgy, is nothing but the instanton-
soliton tower of [22,23]. This matches the content of the
conjecture of [4,5].

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 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.

III. THE DLCQ OF THE (2,0) THEORY
AND 5D MSYM

We now shift gears and turn our attention to the (2,0)
proposals of [1,2]. 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 quantization (DLCQ). There are vari-
ous 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].

A. 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 analyze. To this end let us consider an
M5-brane wrapped on an S! of radius Rs and boost it along

PHYSICAL REVIEW D 88, 026007 (2013)

the compact x° direction. The energies and momenta trans-
form as (E = P)

1 1
E'= (E—uPs) P.=——=(P5s—uk)
V1—u? > N a1
Pl=r, '
where i = 1, ..., 4. If we introduce light-cone coordinates

1 1
T=x0xx),  P.=-—4x(ExPs)

V2 V2

then (3.1) can be written as

1— 1+
P, _1/1+MP* P.=,—"p_ pP=p,

Letus write u = (1 — €2)/(1 + 62) 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 €. We find that to leading order (3.1) becomes

1

(3.2)

P, = €P, P = P- P, =P, (3.3)
Thus if we view the original S I"as an orbifold,
(¢, x', x°) = (t, x', x> + 27R5), (3.4)
then in the IMF we have
(™, x~! X" = (xT + 27R ., x 7/, x7), (3.5)
where
R. = Rs/\2e. (3.6)

Next let us consider on-shell modes in the unboosted
frame with momentum Ps = n/Rs for some integer n.
These have energy

R2P2
E=w/P§+P%+ 2= l}:ll(1+F< )) (3.7

5

where we have denoted P} = P} +m? and F(x) =

Vitx—1= %x + - - . Here m allows for the possibility
of massive states that can arise on the Coulomb branch. We
see that

|n] + n |nle (RZP2 )
| = e+ € F
V2Rs — \2Rs

n

_ 2p2
po_nl=n_ lnl F<R5PJ_) (3.8)
\/EER5 \/§R5€ n2
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 € suitably small.
Therefore, we restrict to n > 0 for which
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R2P2
P’+ _ \/§n6+ ne F( Szl)
Rs \/§R5 n
2 p2
PL=—2 F(Rfl) (3.9)
\/§R56 n

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 [24]) and
is valid for any finite R5 but takes n — oo. 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 Rs small
with R, = Rs/ 2€ fixed. This is the DLCQ construction
and does not require large n.* 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

_ \/5716 pl . R5
Rs 2\2ne

Note that we have the three parameters Rs, n and € and in
the limit € — 0 we have just one constraint, namely that
ne/Rs is fixed. To arrive at (3.10) from (3.9) we simply
require that P Rs/n << 1 in the limit € — 0.

Pl

(P2 +m?) P/=P,. (3.10)

B. Application to the (2,0) theory

The DLCQ construction of [1,2] 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%\ = 47*Rs. As observed in [1,2], 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 instan-
ton number n. These states are heavy when Rs is small so
that keeping P fixed means slow motion in the transverse
directions. This is the Manton approximation [27] for
solitons whereby the relevant degrees of freedom corre-
spond to motion on the soliton moduli space. In the limit
that g3y, ~ Rs — 0 all other interactions can be neglected.
Thus we find that the theory reduces to motion on the
moduli space of n instantons.” In the IMF, this corresponds
to the second possibility discussed at the end of the

*See e.g. [25,26] for DLCQ in the context of matrix theory.
>We will come back to the details of this derivation shortly.
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previous section: for fixed R, = Rs/ V2e, sending
Rs — 0 also requires € — 0 and therefore the DLCQ de-
scription 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 [28]. This system is essentially 5D
MSYM covariantly embedded into 6 dimensions using a
nondynamical vector field C*. Choosing C* spacelike,
CH = g%\ 6%, leads to 5D MSYM along x°, ..., x* with
coupling g%, However one can also consider a null em-
bedding corresponding to an infinitely boosted D4-brane.
Deferring to [29] for the details, we simply wish to observe
here that for the choice C* = g2, where g2 is an arbi-
trary parameter with dimensions of length, one finds

47r*n
P+ - - 5
g
— 1 a B
P —@gagafm d_m (3.11)

1 .
Ti = ng Trfd“xFiij_,

where n is the instanton number, g,g is the metric on the
n-instanton moduli space with coordinates m® and F;, F;—
are obtained from the field strength of the instanton and are
determined by the ADHM construction.®

We note that the derivation of (3.11) in [29] is exact,
starting from the (2,0) system of [28], and does not require
taking the limit of an infinite boost. Examining the spec-
trum of P, shows that it can be identified with that of the
(2,0) theory reduced on a null circle obtained by the
identification

g2

+ o~ ot
xT=x"+ o
Comparing (3.11) with (3.10) we find that P, = P, if we
identify R, = Rs/2e = g*/42. In addition (3.12) pre-
cisely matches (3.5). 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 R it would appear
that we can arrange for R, — oo in the limit that Rs,
€ — 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 x* 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 [26]. This gives the DLCQ description of the

(3.12)

SThere is also a generalization that arises on the Coulomb
branch, where one finds that P_ =2‘?(gaﬁ(a,m"—L“)><
(0_mP —LP)+ V). Here V « g,gL*LP and L“ is a triholomor-
phic Killing vector on the instanton moduli space [29].
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(2,0) theory on R'3 as the large-n limit of superquantum
mechanics on the instanton moduli space [1,2].

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 ex-
treme IR of 5D MSYM. The origin of this 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 [30].

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
noncommutativity as a regulator,” in view of switching it
back off at the end of any explicit calculation.

C. 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 Rs; > 0 but large n.

First, what is 5D MSYM at large n and low energies8
described by? It is given by an expansion around the
ground state in the nth soliton sector. At low velocities
this leads to the Manton approximation of slow motion on
the soliton moduli space [27]. For a recent detailed dis-
cussion 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,
although in the case of monopoles in four dimensions it can
be shown to be valid as long as the moduli velocities
remain small [32]. Nevertheless at finite g%,; 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 [33,34]. We expect that the instanton-soliton so-
lutions relevant for 5D MSYM will behave in a similar
way: at nonzero velocity these effects can only be ne-
glected in the strict g%y, — O limit. Therefore, the IMF
picture does not simply reduce to quantum mechanics on

7A noncommutative 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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the instanton moduli space for finite Rs5 = g%\/47>.
Rather, it contains an infinite number of additional radia-
tion modes that represent fluctuations about the soliton.

One might hope that in the large-» 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 mo-
mentum 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 con-
figurations 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 nonzero
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 sim-
plification by considering the (2,0) in the IMF as there was
with DLCQ.

D. A DLCQ of SD 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 [1,2]. To this end, let us start with
5D MSYM and compactify on x* with radius R,. To
construct a DLCQ it is sufficient to only consider a small
R,. Compactifying 5D MSYM on S! with coupling g%,
we find 4D MSYM with coupling G2 = g%,,/27R,,
coupled to a tower of KK modes. For small R, this is
strongly coupled but if the proposal of [4,5] 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 [7].
Alternatively, we could use the 4D quiver deconstruction
approach as the quantum definition of 5D MSYM, as
argued in Sec. IIH. This has a built-in S-duality for the
theory on a (discretized) circle.

Applying S-duality we arrive at weakly coupled 4D
Yang-Mills with gauge coupling G? « 27R,/g%\ — O,
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
x°. Therefore S-duality takes momentum modes around x*
to momentum modes around x°. In 5D MSYM momentum
modes around x° are given by instanton-solitons along
the R* spanned by x!,..., x*. Compactifying this R* to
R3 X S! leads to so-called calorons, namely instantons that
are periodic along x* (monopoles are special cases of
calorons that are invariant along S'). As before we decom-
pactify the theory by taking n, Ry/€ — oo. Thus we find
that the DLCQ of 5D MSYM on R!"* is given by quantum
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mechanics of the caloron moduli space (see also [35] for a
related discussion). Note that the use of S-duality was
crucial for this argument. As we mentioned this is guaran-
teed in deconstructed theory. If we start with SD 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 [4,5].

Let us compare this with the DLCQ proposal con-
structed above for the (2,0) theory on R!>. To obtain a
DLCQ of the (2,0) theory on R"* X S we can take an
orbifold that acts as x> = x> + 277R5 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 R1# X ST at finite
radius and the DLCQ of 5D MSYM on R at finite
coupling.

IV. CONCLUSIONS

In this paper we have discussed the relationships be-
tween three proposals for the (2,0) theory: deconstruction
[3], DLCQ [1,2] and 5D MSYM [4,5]. In particular we
explicitly showed how deconstruction leads to 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 [4,5] and therefore this is compatible with both [1,2] and
[3]. Conversely, these proposals provide some support to
the claim that although 5D MSYM is perturbatively diver-
gent [6] and power counting nonrenormalizable, 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 [1-3] 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 [36]. 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 S* of finite radius. It was argued in [37]
that the resulting fluctuations of the M5-branes are given
by 5D MSYM on %, where S° is viewed as a Hopf
fibration over S2. Furthermore 5D MSYM on a three-torus
of finite size can be obtained from cubic arrays of
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M2-branes [38]. In principle all these proposals give defi-
nitions 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 pro-
posals for the (2,0) theory which we did not discuss. One
very interesting proposal is [39] which considers the (2,0)
theory on R X $°. Realizing S° as a Hopf bundle over CP?
one can then perform an Z, orbifold that acts on U(1)
fiber. In the large k limit one therefore finds the (2,0) theory
is given by 5D MSYM on R X CP?. In this scenario the
radius of CP? determines the scale g%, and 1/k plays the
role of a dimensionless coupling constant. Furthermore,
since k is discrete, there is hope that perturbation theory
about large k is finite allowing one to extrapolate to
small k.

In addition, there have been other recent conjectures for
the (2,0) theory that focus on novel Lagrangian descrip-
tions for the self-dual tensor directly in six dimensions [40]
or five-dimensional models that include the KK towers of
states [41,42]. 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 Sec. IIC. The Spin(1,4) gamma matrices are
given by

0 ioc" _]12><2 0
yh = , )
ie" 0 0 1y

B o 0
€= 0 o2/
with m =0,...,3 and o™ = {1, o'} and 6" = {1, —c'}.
They satisfy

{yr vyt =2mm YOy Tyl =y~
Yy yiyt=—i  Csy*C5t = (y*)T

(Csy*)T = —Csy* Cl = —Cs.

(A2)

On the other hand, the Hermitian Spin(5) gamma matrices
are given by
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2 1
1 g 0 2 _ -0 0
A ( 0 —-o? )’ A ( 0 o! )’

= -0 0 0 io?
0 o3/ ic? 0

and satisfy
(AT = A,

K

(A, AT} = 26",

The conjugate fermions are defined as

l]’iE‘//;r’)’O

and satisfy the symplectic Majorana condition

¥, = $ICsKl.

0 1
23 = ( 2%2 )
Iy O

A2 =1
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2= ( 0 _i]lzxz)

We also give the superfield expansion, used in Sec. II D. In Wess-Zumino gauge, one has that

VO = —gomdAl) + 9290 — 62000 + L g2g2 D0
2

Wi = —ial + 0,00 — 2("5"0) Fin + 00" D, A1),

OW = ®Y + jhg™fo,, PV — 10202@’) + 26040 — ée%m X0 + 6°F g0

for the vector multiplets, while

. . _ . 1 - . .
0¥ = 0 + 0094, Q" — L 2?00 + V204 -

i1 0
2X2 (A3)
K'=-K  (KX)T =-KA. (A4)
(AS)
(A6)
(A7)
i o
—=0%0,, ¢V o™b + 6°F 50
V2 (A8)

~ ~ - ~ 1 - ~ s — = (] - = (i -
0t = 9t — igo™63,, OVt — 2626200 + V205" + \/Liezeamama,y” +0°Fl,

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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