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ABSTRACT: We develop a technique for counting the number of stress tensor multiplets in a
4D N =2 SCFT. This provides a simple diagnostic for when an isolated (non-Lagrangian)
SCFT is a product of two (or more) such theories. In class-S, the basic building blocks
are the isolated SCFTs arising from the compactification of a 6D (2,0) theory on a 3-
punctured sphere (“fixture”). We apply our technique to determine when a fixture is a
product SCFT. The answer is that this phenomenon is surprisingly rare. In the low-rank
An_1, Dy theories and the Eg theory studied by the first author and his collaborators, it
occurs less than 1% of the time. Of the 2979 fixtures in the (untwisted and twisted) Eg
theory, only 23 are product SCFTs. Of these, 22 were known to the original authors. The
new one is a product of the (£7)g Minahan-Nemeschansky theory and a new rank-2 SCFT.
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1 Introduction

In recent years, the class-S construction [1, 2] has yielded a wealth of information about 4D
N = 2 supersymmetric field theories and their superconformal fixed points. Generically,
N = 2 SCFTs come in families, where the exactly-marginal deformation corresponds to
varying a complex gauge coupling (whose S-function vanishes). If we turn off the gauge
coupling(s), these theories decompose into a product of free vector multiplets with an
isolated SCFT, a subgroup of whose global symmetry we had previously gauged.

So, to classify such theories, it suffices to classify the isolated theories and their pos-
sible gauging. In class-S, the isolated theories further decompose into products of SCFTs
associated to 3-punctured spheres (“fixtures”), on which one performs a partially-twisted
compactification of a 6d (2,0) theory. The fixtures fall' into three broad types: free hy-
permultiplets, an isolated interacting SCFT, or a mixture of both.

For any given (2,0) theory, the list of fixtures is finite, permitting a complete classifi-
cation of the resulting 4D SCFTs [3-14]. It turns out that the same isolated 4D SCFT can
have many different realizations as fixtures in (different) (2,0) theories. That redundancy
is not too difficult to keep track of. More serious is the possibility that some (many? most?)
fixtures could themselves correspond to product SCFTs, introducing a further (unexpected)
level of redundancy.

This has already been noted, in examples, in [3, 5, 9, 11, 14], where the fact that one
has a product SCFT can be seen by doing some gauging and then using S-duality (see,
e.g., the discussion in section 7 of [5]). But how prevalent the phenomenon — of a fixture
corresponding to a product SCFT — is, was unknown.

!This is not quite true in the twisted compactifications of the (2,0) theories with outer-automorphisms.
There [3-6], one encounters a fourth type of fixture, with a hidden marginal deformation, which we called
a “gauge theory fixture”. Some of these also turn out to be product theories, as we shall see below.



The purpose of the present paper is to develop a technique for deciding the issue, and
applying it to a large (but far from exhaustive) subset of the class-S theories which have
been catalogued so-far. The technique will involve using (certain limits of) the superconfor-
mal index to compute the number of N = 2 stress tensor multiplets (after suitably removing
the contribution to the index from any free hypermultiplets that might be present).

For the Ay_1 and Dy (2,0) theories (at least for low V), the number of known product
theories is very small. We verify that these are indeed product theories and that there are
no additional ones.

We then turn our attention to the Eg (2,0) theory. In the untwisted theory [11], there
were 10 fixtures which were known to be products. We checked all 881 fixtures and found
no additional product theories. In the twisted sector of the Eg (2,0) theory [5], the fixtures
were known to include 12 corresponding to product SCEFTs. We checked that these were,
indeed, product theories and found that there is only one additional previously unknown
product theory among the 2078 fixtures in the twisted sector of Fj.

From this large, but admittedly still limited sample, we seem to be led to two
conclusions.

e Fixture that are product SCFTs are relatively rare (at most, a few percent of the
total).

e In all of the examples we have found, whenever you do find a product SCFT, one of
the factors in the product is always a (rank-%k) Minahan-Nemeschansky theory [15, 16]
(the SCFT whose Higgs branch is the k-instanton moduli space of Eg 7). Why this
should happen to be the case is a mystery.?

It would, of course, be of interest to extend this analysis to the much-larger collection
of fixtures in the (2,0) theories of type E; [14] and Eg [17]. We leave that to future work.?
2 Counting stress tensors
The unrefined superconformal index of a 4d N' =2 SCFT is defined as [20, 21]:

I(p,q,t) = TrH(_1)Fp%(A+2j1—2R—r)q%(A—le—QR—r)tR—i—r‘ (2.1)

Here p, g, t are the three superconformal fugacities, A is the dilatation generator (conformal
Hamiltonian), j; and ja are the Cartan generators of the SU(2); x SU(2)3, R and r are the
Cartan generators of the SU(2)g x U(1), R-symmetry. The trace is taken over the Hilbert
space H on S? in radial quantization. We will be interested in two specializations of the
superconformal index: the Schur index, defined as

ISChur = Tr’HpA_R(_l)F (22)

2Later on this phenomenon could be understood using the unitarity bound criterion, which is also an
effective way to identify product theories [17-19].
3More recent study of product SCFTs in class-S theories of type E; and Fg has been conducted in [17, 18].



Short Multiplet Tsetr (D) )
CRjvio) (—1)201+72) W 0
Dr(0,52) (—1)2j2+1p}ﬁ"$ (‘UQJ’QHTM
EFt(jl,o) (—1)%n+1 % 0

Table 1. Contributions from short multiplets to Ischur and Igg,.

and the Hall-Littlewood index,
Ip, = Ty, 2B~ R (—1)F (2.3)

where Hpyr, is the subspace of H defined by A—2R—r = j; = 0. The superconformal index
does not receive contributions from generic long multiplets of the 4d A/ = 2 superconformal
algebra (or from combinations of short multiplets that can recombine into long multiplets).

In the notation of [22], the Hall-Littlewood index receives contributions from the short
multiplets Bp (whose superconformal primary contributes 721) and Dro,j,) (whose first
superconformal descendent contributes 7207241 (—1)1272) " The Schur index receives
contributions from éR(jth)’ Bg, Dg (0,j,) and ﬁR(j1,0)~ The contribution from each of
these short multiplets is listed in table 1.

The representation B /2 is the free half-hypermultiplet. If there are free hypermul-
tiplets present, we want to remove their contribution by hand. Concretely n free half-
hypermultiplets contribute a factor of

1/2 n 00 1 n
_ p _
ISChur— (PE ll—p]) _kl;[()<1—pk+1/2)

1
(1—7)"

Iy, = (PE[T])" =

to the index.

After removing the free hypers, we have an isolated interacting SCFT. As such, there
should be no higher-spin conserved currents in the spectrum. Various Dp g ;,) and D R(j1,0)
multiplets contain such higher spin conserved currents and hence must be absent from the
spectrum.? In particular,

#D1/20,1/2) = #D1/2(1/2,0) = #Do(0,1) = #Do(1,0) = #D1/2(0,0)
= #D1500,0) = #Do(0,1/2) = #Do(1/2,0) = 0

4The particular case of D1/2(0,0) and El/g(mo) is special; we thank the referee for pointing this out.

(2.5)

These multiplets contain additional supercurrents, enhancing A" = 2 to A" = 3 or N/ = 4. The enhanced
superconformal invariance requires a = ¢ (or np — n, = 0) and hence is excluded in essentially all of our
fixtures. Even when nj, — n, = 0, N' = 4 is excluded since our fixtures are isolated. N = 3 is incompatible
with continuous global symmetries which are not (A = 3) R-symmetries [23] and hence is compatible with
there being precisely one §1 multiplet — a special case we can check for separately.



Indeed, the isolated SCFTs corresponding to fixtures (compactifications on 3-punctured
spheres) are generalizations of acyclic quivers and in such theories, it is believed that there
are no D and D type multiplets at all in the spectrum [21, 24, 25].° From now on we
assume this is true, but we will continue keep the relevant multiplets visible and provide
further arguments below as to why we assume the absence of specific multiplets.

The remaining contributions to the Schur and Hall-Littlewood indices can be written

as follows
ISChur = 1+81p+83/2p3/2 +82p2 —+ ... (2 6)
Iyt = 1+ 72 + hy o + hot* + ... '
where
hi = s1 =#DB;
h3/2 = 83/2 = #33/2 (2.7)
ha = #Bay — #D1(0,0)
s9 = #B1 + #Ba — #D1(0,0) — #D1(0,0) + #Co(0,0)
Rearranging these, we obtain
#OO(O,O) =s3—hy —ha+ #§1(070) (2.8)
In general, this gives us only a lower bound
#00(070) > §9 — hl - h2 (29)
Because of the following recombination formula
OU(O,O) + DI(O,O) + 51(0’0) + BQ = long multiplet, (210)

the superconformal index cannot do better than this lower bound. We need some dynamical
information. The key point is that Dy ) +ﬁ1(070) is the multiplet containing an (N = 1)-
preserving (but (A = 2)-breaking) marginal perturbation (exactly-marginal, if it’s a flavour
singlet [26, 27]). If such an operator is present in our product theory, then one of the factors
in the product is actually a special point of enhanced N/ = 2 superconformal symmetry in a
family of N' = 1 superconformal theories. While this is certainly possible, it seems unlikely
in the cases at hand. Based on this argument and the belief that there should be no D
and D type multiplets for fixture theories, we take #El(o,o) = 0 and (2.9) is an equality.
CA'O(O’O) is the /' = 2 stress tensor multiplet and computing the r.h.s. of (2.9) allows us to
count them.

3 Superconformal index for class-S theories

In this section, we’ll recall some facts about class-S theories and their superconformal
indices. A class-S theory of type j is obtained by a partially-twisted compactification of a

5We thank the referee for mentioning this point to us.



6d (2,0) theory of type j, where j is a simply-laced Lie algebra, on a genus-g, n-punctured
Riemann surface Cy,. The punctures are the locations of codimension-2 defects and are
labelled by nilpotent orbits in j, or equivalently, embeddings p : su(2) — j up to conjugation.
The global symmetry associated to a puncture is then the centralizer f of p(su(2)) Cj [10].

For a fixture, i.e. a 3-punctured sphere, the Schur and Hall-Littlewood limits of the
unrefined superconformal indices have the following form [21, 28]

Hz 1ICS a; XA(az)

Tsane(P) = 2 S (o)) (3.1)
12, Kuw az)PA(ai)

Talm) = 2 e (P ) (3.2)

where

1. The sum is over highest weights A labeling the finite dimensional irreducible repre-
sentations of j.

2. Flavor fugacities a; associated to the it" puncture are determined by decomposition
of the fundamental representation of j as a representation of p;(su(2)) x f;. There’s
some freedom in assigning these but the choices are equivalent under the action of
the Weyl group W of j. {p} and {7} are the fugacities for the trivial puncture.

3. The K-factor associated to the i puncture is determined by the restriction of the
adjoint representation ad; of j to p;(su(2)) x f; as

ady = @ Vi @ R, (3.3)

where V;, is the n-dimensional irreducible representation of su(2) and R, ; is the
corresponding representation of f;, possibly reducible. Upon this decomposition, the
K-factors are

Ks(a;) = PE [Z f;X% (a )] (3.4)

n

rank(j) n 4
Kur(a;) =(1—7%) "z PE lZT “X%n,i(ai)] (3.5)
n

4. The polynomials appearing in the index xx and P are characters and Hall-Littlewood
polynomials for the representation labeled by A respectively. The formula for HL
polynomials is

1 1—r2e (@
Py(a;) = oW I ———— (3.6)
Wa(r )wEW aED, 1—ew()
Wi(r) = Z 72l(w) (3.7)
wEStabyy (A)

where @ are the positive roots of j and flavor fugacities {a;} can be assigned once
we choose a basis for the weight lattice for j.



In the twisted sector, some of the defects might have the action of an outer automor-
phism o € Out(j). Let g C j be the invariant subalgebra. Twisted defects are labeled
by, up to conjugation, homomorphisms p : su(2) — g¥ where g¥ is Langlands dual of g.
As in the untwisted case, the flavor symmetry is the centralizer of the image of p [10].
Twisted-sector fixtures have 2 twisted punctures and 1 untwisted puncture. Unrefined su-
perconformal indices for such fixtures have almost the same form as before but are slightly
modified as [4, 5, 28]

_ — Ks(b)xy (b) [T Ks(axh (ai)
Ban®) =2 T ) L 35
_  Kun(b)PL(b) [T, Knw (ai) Py, ()
(1) =3 K (D PL((7)) . 39

where the sum is now over the weights A’ of gV, extended® (in the case of the untwisted
puncture) to weights of j (denoted as A in the formulas). The K and flavor fugacities a;
for twisted punctures are determined as in the untwisted case but with j replaced by g".

The main computational bottleneck is computing and evaluating the Hall-Littlewood
polynomials, which requires a sum over the elements of the Weyl group. For low rank
classical algebras Ay and Dy, the Weyl groups are rather small and the HL polynomials
can be evaluated with ease. However, |Wg,| = 51840, which makes the evaluation of HL
polynomials very tedious. And we need to compute them for every representation that
contributes to a given order in 7. Fortunately, one can exploit the freedom in the choice of
flavor fugacity assignments to deduce whether or not a given representation will contribute
to a desired order.

For the untwisted Fg theory, it turns out there are 71 representations that contribute
to the order p? and 7%. The highest dimensional representation that occur has Dynkin
labels [0,0,1,0,0,2],, and dimension = 1911195. In the twisted Es case, there are 30
representations that contribute, 15 of which already appeared in the untwisted case. The
largest f4 and ¢ representations that appeared to order p? and 7# have dim([1, 1,0, 1y, =
379848 and dim[2,1,0, 1,2, 0],, = 688740975.

4 Examples

As a simple example, consider an interacting fixture in the D, theory as given in figure 1.
The corresponding 4d A/ = 2 SCFT was identified as the product of two copies of rank-1
Minahan-Nemeschansky Eg SCFT in [9]. The unrefined Schur and Hall-Littlewood indices
for this fixture to the order of p? (7%) are

Isehur = 1+ 156p 4+ 11102p% + . ...

4.1
Iy, = 1+ 15672 4+ 109447 + ... (41)

SFor the main case of interest here, namely g¥ = 4 and j = eg, the precise extension can be found in
section 4.1 of [5].



Figure 1. An interacting fixture in the D, theory which corresponds to the product of two copies
of rank-1 Minahan-Nemeschansky Fg SCFT.

We read off h; = s; = 156, which equals the dimension of ¢g @ ¢. The lower bound
on #Co(0,0)s

s9 —h1 — hg = 11102 — 156 — 10944 = 2 (4.2)

is clearly saturated in this example.

At least for low NV, there are not too many further examples of product SCFTs among
the (twisted or untwisted) fixtures of the Ax or Dy theories. For most of the interacting
fixtures the lower bound on #éo(o,o) is equal to 1. However, there are more interesting
product SCFTs in theories of type Eg.

In the untwisted FEg case, our results can be summarized in table 2 below. We find
10 product theories among the 881 good fixtures (the numbering is the one used in [11])
with regular punctures. The first 7 were known to be product theories in [11]. The last 3

were not.

Those three fixtures,

(@) o
D, g D, 8
Ds(a;) ’ 12)4

(respectively, #59, 61 and 99 in the table of interacting fixtures in [11]) were later identi-
fied as product theories in [5] by gauging a subgroup of the flavour symmetry and using
S-duality.

In the twisted Fg case, we identify 13 product theories among 2078 good fixtures with
regular punctures. Only one interacting fixture, namely fixture #91, was not previously
listed in [5] as a product theory. We also find that three gauge theory fixtures are product
theories. One was explicitly noted as such in section 3.6 of [5]. We discuss the other two
below. Our results can be summarized in table 3.



#iype Fixture ISchur (P) IHL (T) #éo(()’(]) Theory
1+496p+ 14+4967°+
Lint ) . 2 [(Es),, SCFT]?
+116002p>+... | +1155047"+...
o (E7) SCFT
Ay O\ | 14222p+216p2 + | 1422277 +2167°+ ((Er)s }
Sint p, © +23880p° +. .. +236567" +... ? 8
[(Fs), % Sp(2),, x U(1) SCFT]
o [(E7)4 SCFT]
o | (At 1+269p+266p2 + | 1+2697° +2667°+ ) SX
int
Ds 35045p> 13477
o R [(Br), < SU(2), SCFT]
o (Es),,SCFT
20 D, g 14320p+156p2 + | 1432977 +1567°+ ) Bz ]
int X
As 2 504087 +...
. +50739p% +... | + Mt (o)., X SU(2), SOFT]
14+54p2 +1641p+ | 14547 +16417°+
1l mix 136198p3 + +361447°+ 2 [(Es)s SCET)? +1(27)
1640688p>+... | +6376147"+...
1+399p+ 1439972+
Sint ) . 3 [(E7)sSCFT]?
+75582p°+... | +751807 +...
o Fg),,SCFT
D, O)|1+404p+ 1440472+ () SCFT]
18int E (a ) O 2 4 3 X
683 FTT039p% +... | +766327 +... ,
o [(Eo)o SCFT]
o Fe), SCFT
D, O\|1+172p+ 141727+ (B} SCFT]
Pt n, © 1 14886p>+ ... 11471274 ¢ 2 x ,
o) [(Es),q x SU(3)2, SCFT]
o [(Es)4SCFT]
o D, O\|1+165p+164p7+ | 14+1657°+164r°+ ) 6
int |\ D.(a,) 2 4 X
s 13451p% +... | +132847%+...
o TR (B}, % SU(3),, x U(1) SCFT]
: . [(Es), SCFT]
" 14212p+112p% 4 | 1421272 +1127%+ ) 6
int X
+22273p° +. .. 4220597+ ... (B7)... xU(L) SCFT]
18

Table 2. Product theories corresponding to fixtures in the untwisted Eg theory.




#type Fixture ISchur(p) IHL(T) #Oo((),o) Theory
FEs), SCFT
- 14+136p+104p® + | 1413672 +1047°+ ) [(Ea)e ]
int 4 X
+9036p>+. .. 488987 +...
[(F1),,xSU(2)2SCFT]
(Es), SCFT
103 14+159p+156p% + | 1+15972+1567°+ , [(Ea)e ]
int 4 X
+12229p% +. .. +120687* +...
[(E6)12 x SU(2)7 SCFT]
1+234p+ 14234724
99int ) . 3 [(Es)sSCFT]?
1257797 +... | 42554274+ ...
E7). SCFT
1+186p+ 1418672+ (B0 ]
glint 9 4 2 X
116142p°+... | +159547% ...
[(F1),,x U(1)SCFT]
° Es),,SCFT
0 2A,)\ | 1+326p+ 1432672+ [(Fs)sz ]
14int F O 2 4 2 X
. 1+49102p°+... | +487747 +...
[(Bs)4 SCFT]
° Fs), SCFT
A, 0 \|1+170p+ 1+17072+ [(E6)y SCF'T]
5int F O 2 4 2 X
. +14601p°+... | +144207%+. ..
[(E6)18 X (G2)10 SCFT}
P 0\ | 11620 3120% 4 | 1416277431200+
T T
Ains 20 P ) 2 | [(Es)y, xSU(2), SCFT)?
¢ 113365p°+... | +132017%+...
: FEs).SCFT
. 14+159p+160p% + | 1+15972+1607°+ ) [(E6)s ]
int 4 X
+12464p° +. .. +123037% +...
[(E5) 5 X SU(2) SCFT]
[} . FEs), SCFT]?
) Ci(ay) 8 14237p+156p2 + | 1423772 +1567°+ . [(Fo)s }
int F4 2 4 X
127140p% +... | +269007" +...
< [(Es),, % SU(2), SCFT]
F.( ) 0\ | 1+312p+ 1+3127°+
T
Ling &%) 0 e ] 4 [(Fo), SCFT]*
¢ +46540p°+... | +462247" +...




Hiype Fixture Ischur (P) Ty (1) #C'o(o,o) Theory
14+133p+52p2 + | 14133724521+
n/agauge 2 4 2
+8446p° +... +83117% 4. ..
1+156p+ 1415672+
n/agauge 2 4 2
+11830p° +... +116727% +...
1+326p+ 1432672+
anuge 2 4 2
+12558p° +... +124007% +. ..

Table 3. Product theories corresponding to fixtures in the twisted Fg theory.

5 Gauge theory fixtures

The Fy(a1) puncture, in the twisted sector of the Ejg theory, is “atypical” (in the nomen-
clature of [3]). That is, it carries a “hidden” marginal deformation. To access the full space
of marginal couplings, we should resolve it to a pair of punctures: Fj (the simple puncture
from the twisted sector) and Fg(a1) (the simple puncture from the untwisted sector). The
coincident limit of those two punctures does not imply any gauge coupling becoming weak;

instead, we simply obtain Fjy(a1).

A fixture with an Fj(aq) puncture is thus, really, a 4-punctured sphere in disguise:

empty gauge theory fixture

where the gauge theory is at a strong coupling point in the interior of the conformal
manifold. We computed that the theory has two stress tensors, and is thus a product
SCET. That is indeed the case, as we can see by examining the other degenerations of the
4-punctured sphere which is its resolution:

12)  [(Bg SCFT] x [(F)),, x SU(2)% SCFT |

~10 -



where one of the SU(2)s of the (Fy),, x SU(2)2 SCFT is gauged, and

[(E6)6 SCFT] X [(Eg)12 SCFT] 1(7)

where a GG subgroup of the Fg is gauged. In each case, there is a decoupled Minahan-
Nemeschansky (Fg); SCFT, as anticipated.

The same remarks apply, mutatis mutandis, to

empty gauge theory fixture

(see section 8.1 of [5], where this and the third gauge-theory fixture are discussed in detail)
whose S-dual frames are

12) [(Eg)s SCFT] x [(E),, X SU(2), SCFT|
and

SU(3) %Az, SU(@3),)

[(Ee)g SCFT | x [(Eg),, SCFT|  empty

Here, too, there is a decoupled (Fg); SCFT.
This is a nice check that our formalism works, even when the SCFTs are not isolated.

- 11 -



6 The new product SCFT

The fixture

[(E;)g SCFT] X [(F,),, X U(1) SCFT]

is a product SCFT that hasn’t been identified previously.” Since it has rank-3, it must be
a product of a rank-1 and a rank-2 theory. The possibilities for rank-1 N'= 2 SCFTs are
very limited [29-32]. The only one consistent with the global symmetries and R-charges
of the Coulomb branch parameters is the Minahan-Nemeschansky (E7)g SCFT. The other
factor in the product is, then, a new rank-2 SCFT, with global symmetry (F4),, x U(1),
n4s = ns = 1 and (np,n,) = (32,16). So far, we are not aware of an alternative class-S
construction of this theory.
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