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1 Introduction

Superconformal field theories (SCFTs) in five spacetime dimensions have received much
deserved attention in recent years. Their mere existence forces us to expand our view of
quantum field theories, as these fixed points cannot be reached by traditional means of
perturbing around free field Lagrangians. Yet, by now, there is overwhelming evidence
to support their existence, mostly due to stringy constructions starting with the seminal
papers [1-4]. Broadly speaking, there are three independent, yet complementary points of
view for studying these SCFTs, namely their embedding into type IIB brane webs [5-25],
geometric engineering [2, 26-34] and holography [35-41].

Many 5d SCFTs, admit supersymmetry preserving mass deformations, which trigger
an RG flow, whose low energy dynamics is effectively captured by an N' = 1 gauge theory.
Such deformations, preserve the SU(2)r symmetry, while breaking the flavour symmetry.
An important dynamical question is therefore to determine the full global symmetry of
the parent SCFT of a given 5d gauge theory. 5d SCFTs and gauge theories, can possess
a Higgs branch of their moduli space of vacua, which in the gauge theory regime can be
constructed as the hyperKéhler quotient [42, 43]. In the SCFT limit, the hyperK&hler
quotient, is no longer accessible, due to a lack of a Lagrangian description, making the
study of the Higgs branch in this limit more challenging. There are, by now, a plethora of
techniques to determine the enhanced global symmetry of the SCF'T parent of a given 5d
gauge theory, such as 7-brane analysis [44-49], superconformal indices [50-52], as well as
geometric approaches [2, 26-28, 53-58]. One particularly elegant approach to determine
the SCFT flavour symmetries as well as the Higgs branch of the SCFT, pioneered in [59],
is to consider their magnetic quivers. The magnetic quiver (MQ), of a given 5d theory, is a
3d N = 4 quiver gauge theory, whose Coulomb branch is isomorphic to the Higgs branch
of the 5d theory in question. In many cases, though not always, one can show that the
magnetic quiver of a given 5d theory, is the 3d mirror of its torus compactification. This
leads to an interesting interplay between 5d N = 1 theories and 3d N = 4 theories, and
has prompted many recent studies [59-78].

That 3d magnetic quivers are advantageous, is due to recent advances in extracting
the algebraic geometry of 3d N’ = 4 Coulomb branches [79-83]. Coulomb branches of 3d
N = 4 theories, are parameterised by BPS monopole operators, whose R-charges can be
determined from the R-charges of the fermionic content of the theory [84]. Following the
terminology of Gaiotto and Witten [85], we refer to a 3d N = 4 theory as good, ugly or bad,
depending on the conformal dimension of the monopole operators in that theory. A theory
is said to be good, if the conformal dimension of all monopole operators is greater than
%, which is the dimension of a scalar in (2+1) dimensions. A bad theory is one in which
some monopole operator has a conformal dimension less than % Finally, in an ugly theory,
there are some monopole operators whose conformal dimension is exactly %, but none that
are smaller. For good or ugly theories, the monopole formula [79], can correctly produce
the Hilbert series of the Coulomb branch, using the UV gauge theory data. However,
for bad theories, the monopole formula fails, due to the fact that the UV R-symmetries
of the theory are different from the superconformal R-symmetry, and hence the UV R-



charge cannot be used to predict the conformal dimension of the SCF'T operators. The full
structure of the Coulomb branch of some bad theories was recently understood by Assel
and Cremonesi in [86, 87], building on earlier results in [88, 89]. In particular, it was found
that for USp(2N) SQCD with 2N flavours in the fundamental representation, the Coulomb
branch has two most singular points, where the theory flows to an interacting SCFT in
the deep infra-red, with a local mirror Lagrangian in the vicinity of each singular point.
This is unlike the situation for good theories, where the most singular point on the moduli
space is unique, namely the origin, with an SCFT at the bottom of the RG flow in that
vacuum. The Coulomb branch Hilbert series of the local geometry around one of the two
most singular points of the USp(2/N) SQCD with 2N flavours was computed in [87], and
shown to agree with the Higgs branch Hilbert series of the local mirror.

The goal of this paper is to illuminate the Higgs branch of the SCFT parents of
5d gauge theories whose gauge group is either SO(6), or SO(8), and with matter in the
vector, spinor, and conjugate spinor representations. Our motivation is partly due to
the fact that, among classical simple gauge groups, the magnetic quivers for Ay and Cy
cases are well studied [59, 90|, while those of By and Dy remain relatively unexplored.
The magnetic quivers for SO(N) gauge theories with matter in vector representation were
recently constructed in [62], using their embedding into brane webs with O7"-planes. The
current work complements this study by adding matter in the spinor and the conjugate
spinor representations. The reason for restricting the rank of the gauge group is mostly
for practical reasons. The construction of magnetic quivers from brane webs with O5-
planes is, at present, still not completely systematic. It is, therefore, useful to limit the
discussion to situations where a consistency check of our computations is available. For
SO(6) gauge theories, this is achieved by comparing the orthosymplectic magnetic quivers
obtained from brane webs with an O5-plane, with the unitary magnetic quivers obtained
from the brane webs of SU(4) gauge theories. Similarly, for SO(8) gauge theories, one can
set up a consistency check, by exploiting SO(8) triality. As we shall see, in the rest of this
paper, such considerations also lead to some interesting results for 3d N’ = 4 theories. In
particular, in section 2, we exploit the isomorphism between SO(6) and SU(4), to conjecture
exact highest weight generating functions for orthosymplectic magnetic quivers, simply by
carrying over the results from their unitary counterparts. Similarly, in section 3, we uncover
several intriguing equalities of moduli spaces, of naively unrelated quivers.

Throughout the paper, we encounter magnetic quivers which contain bad USp(2N)
nodes, where the effective number of hypermultiplets is exactly 2N. We devise a method
to associate a Hilbert series to these quivers, by using the local mirror description around
one of their two most singular loci. We will refer to this procedure of associating the
Coulomb branch Hilbert series of a good theory, to the local geometry of the Coulomb
branch near a singular locus of a bad theory as “B2G”. For the specific case of USp(2) with
2 flavours, the prescription is first encountered in section 2.2.1. A similar prescription for
USp(2N) theories for N > 2 is used throughout the paper, though the technical details will
be published elsewhere [91]. The validity of our prescription is confirmed, by comparing
the results with those computed using the Hall-Littlewood technique [80]. In addition,
many of the magnetic quivers that involve bad nodes, can have a good “dual” description,



48+4C 4S8+4C
2S8+2C 28+2C
1S+1C 18+1C

Figure 1. A web diagram for SO(6)42V with various spinor matters.

since we have several inequivalent brane constructions for each 5d theory we consider. The
Hilbert series computed using our proposed prescription, is also consistent with the good
“dual” quivers.

The content of the remainder of this paper is organised as follows: section 2 contains
MQs for SO(6) gauge theories derived from brane webs with O5-planes, as well as MQs for
SU(4) theories, derived from ordinary brane webs. Here we will encounter MQs with bad
symplectic gauge nodes and devise various methods to extract the good interacting part.
Section 3 is dedicated to studying the MQs for SO(8) theories, and a comparison is made
between MQs of SO(8) theories related by triality, exchanging spinor, conjugate spinor,
and vector representations of SO(8). We conclude with our wish list for future projects in
section 4. Appendix A contains the unrefined Hilbert series results for the orthosymplectic
(OSp) quivers.

2 SO(6) vs. SU(4)

In this section, we consider magnetic quivers for 5d SCFTs that admit a mass defor-
mation, such that their low-energy dynamics is captured by SO(6) gauge theory with s
hypermultiplets in the spinor representation S, ¢ hypermultiplets in the conjugate spinor
representation C and v hypermultiplets in the vector representation V of SO(6). Since the
Lie algebra of SO(6), is isomorphic to the Lie algebra of SU(4), the low-energy theory may
also be thought of as SU(4) gauge theory, with (s+ ¢) hypermultiplets in the fundamental
representation F, and v hypermultiplets in the 2nd rank antisymmetric representation AS

of SU(4). The Chern-Simons level for the SU(4), gauge theory is given by x = *5¢:

SO(6) + sS + cC + vV SU(4)% + (s+¢)F + vAS. (2.1)

One can engineer SO(6)+sS+cC+vV using a five-brane web with an O5-plane. In par-
ticular, (conjugate) spinors are introduced as a separate web on the left or right side of
an SO(6) five-brane web as given in figure 1. This web can be viewed as a quiver theory
USp(0)-SO(6)-USp(0), where the USp(0) instanton, plays the role of the spinor matter [12].
Notice that in figure 1, only restricted configurations of spinors and conjugate spinors are
possible. For instance, 4S+3C cannot be depicted as a five-brane web. Furthermore, the
distinction between spinors and conjugate spinors needs some caution. For instance, con-
sider a five-web with two spinors, as shown in figure 2. This web can have three different



Figure 2. 5-brane webs for the SO(6) with three possible spinor configurations. The web diagram
on the top is generic 5-brane web depicted with an O5-plane (dotted line) where spinors are intro-
duced on the left and right. The 5-brane webs in the middle are three possible brane configurations,
1S+1C, 28, and 2C. The web on the bottom is the 5-brane configuration at infinite coupling.

interpretations, depending on how the configuration undergoes the “generalized flop” tran-
sition [20] when two spinor webs are brought towards the centre of the Coulomb branch.
In particular, 1S is modified into the web for the F4 theory, while 1C is modified into the
web for the E; theory [20, 60]. In figure 2, we depict three possible configurations, 1S+1C,
2S, and 2C. We stress that the corresponding webs in the infinite coupling limit all look
the same, and hence one needs to distinguish them by hand.

One can engineer SU(4)%—|—(S—|—C)F+’UAS, using a five-brane web description without
an Ob-plane [10]. Taking the SCFT limit of the two brane webs, of the SO(6) and SU(4)
theories, and reading off the corresponding magnetic quivers following the techniques de-
veloped in [60, 61, 90] yields two dual descriptions for the Higgs branch of the 5d SCFT
in question. The magnetic quivers obtained from the brane web with an O5-plane will
have qualitatively different features, compared to the magnetic quivers obtained from the
brane web without an O5-plane. Typical features of magnetic quivers obtained from brane
webs with an Ob-plane are the presence of orthogonal, and symplectic gauge nodes, hy-
permultiplets in the fundamental-fundamental representation of two unitary nodes, and
hypermultiplets in the second rank symmetric or antisymmetric representation of unitary
nodes. In contrast, the magnetic quivers obtained from ordinary brane webs will only
contain unitary nodes and bi-fundamental matter, with the possibility of multiple links
(bi-fundamental hypermultiplets) connecting two gauge nodes.

In what follows, we will often encounter theories, whose Higgs branch is given as the
union of several cones, where each cone is described by a distinct magnetic quiver. We
will denote by MQ;“", the magnetic quiver for the i-th cone of the SCFT parent of SO(6)



4+5S+cC+vV, ie.,
H3 (SO(6) + sS + cC +vV) = [ JC* (MQ;“") . (2.2)

Our notation for the magnetic quivers follows those of [60, 62], which we now briefly re-
view for the reader’s convenience. We use a circular white, red, or blue node to denote
a unitary, orthogonal, or symplectic gauge algebra (and hence a 3d N' = 4 vector multi-
plet) respectively. Square nodes with the same colour-coding are used to denote flavour
symmetries. We label each node by the dimension of the fundamental representation of
the corresponding algebra. A solid line connecting two nodes, represents a hypermultiplet
transforming in the bi-fundamental representation of the nodes that it connects. An excep-
tion to the previous statement is the case in which a solid line connects a symplectic and
orthogonal node, in that instance one has to impose a reality condition which leads to a
half hypermultiplet in the fundamental-fundamental representation. We use a dashed line
connecting two unitary gauge nodes to represent hypermultiplets transforming under the
fundamental-fundamental representation. A link starting and ending on a unitary gauge
node represents hypermultiplets in the second rank antisymmetric representation, the num-
ber of such hypermultiplets will be written explicitly in the diagrams. Hypermultiplets in
the second rank symmetric representation of unitary gauge nodes are denoted by jagged
lines.
The rest of this section is further subdivided to the cases with v =0, 1, 2.

2.1 SO(6) theories without vector matter

We will first consider SO(6) theories, with (conjugate) spinors and without any vector
hypermultiplets. The unitary magnetic quivers correspond to SU(4), with fundamental
hypermultiplets, and were given explicitly in [74]. All the magnetic quivers appearing in
this section have a simple highest weight generating function (HWG) [83] for their Coulomb
branch Hilbert series. We verify that the same HWG can correctly reproduce the unrefined
Hilbert series of the Coulomb branch of the OSp quivers.

2.1.1  SO(6) + 2S/(1S + 1C) <— SU(4)1 /0 + 2F
The brane web for SO(6)42S at infinite coupling is given by

(2,-1) (1,-1) (1,1) (2,1)

This diagram can actually represent two distinct theories, namely, SO(6)+28S, as well as
SO(6)+1S+1C. The easiest way to see this, is to realise that (2.3) contains the following
subweb




which can either be the strong coupling limit of USp(2)o, or that of USp(2),, depending on
how one performs a generalized flop in going to the gauge theory phase [20, 60]. Therefore,
this decomposition gives rise to two magnetic quivers, depending on whether one treats the
subweb comprised of the (2,1) and (2, —1) 5-branes as the strongly coupled limit of USp(2)o
or USp(2), gauge theory. In the former case, the subweb in question is dynamical, and gives
rise to a gauge node of rank one in the magnetic quiver, while in the latter we treat this
subweb as frozen, and it only contributes as a flavour node in the magnetic quiver, whose
rank is determined by taking its intersection number with the remaining subweb made up
of the (1,1) and (1, —1) 5-branes. In addition, we can consider the subweb decomposition

, (2.5)

giving rise to a total of three magnetic quivers that one can extract from the diagram (2.3).
A comparison with the unitary magnetic quivers, obtained from the brane webs for
SU(4)o+2F, and SU(4);+2F, allows us to recognise the magnetic quiver for SO(6)+1S+1C
to be

1

MQpH? = 5 , (2.6)

MQ**? = o—o | MQy 0 = g . (2.7)

To confirm this, let us consider the brane web for SU(4)p+2F at infinite coupling

(1771)

(2,1)
(1,0) (1,0) . (2.8)

(2,1)
(11 _1)

The magnetic quiver one reads from this brane web is

AN (2.9



which we claim to be the same theory, in a sense to be clarified shortly, as MQ%’LO. In

addition, we can consider, yet another web diagram, for the infinite gauge coupling limit
of SO(6)+1S+1C

(2,1)

(2.10)
(2.11)
which is trivially the same as (2.9), upon removing the overall decoupled U(1).
Consider now, the brane web for the SCFT limit of SU(4);+2F
(1,1)
(27 71)
(2.12)
(2,1)
(17 _1)
From here, one can read off the following pair of magnetic quivers
?i? U ?i? : (2.13)

which can easily be identified with MQ%’O’O U MQ%’O’O (2.7), modulo field redefinitions. The
Coulomb branch and Higgs branch Hilbert series of MQ%’I’O, MQ%’O’O and MQ%’O’O match
with their unitary counterparts and the unrefined results are given in table 3 and table 4
respectively. The HWG for these magnetic quivers takes a very simple form and is given by

HWGc (MQ}™) = HWGe(2.9) = PE[(1+ p)8 + (g + ¢~ ut* — 2%
HWG, (MQ%O’O) = HWGL(2.13) = PE [t2 +(g+q Htt - tS] :
HWGc (MQ3*") = HWG2(2.13) = PE [ , (2.14)

where in the above, we use u to denote the highest weight fugacity for SU(2), and ¢ as a
U(1) fugacity.

We will now present an intuitive argument, for the agreement of the Hilbert series of
the two apparently different quivers in (2.6) and (2.9). These quivers actually describe
the same 3d N/ = 4 theory. The only reason for which they look different, is that the



U1 | U(D)s
Q| 1 -1
Q| 1 1
Qs | 2 0

Table 1. Table of charges for the hypermultiplets in theory (2.6).

U(1); | U1)g | aU(1)1 +6U(1)2 | ¢U(1); +dU(1),
Q1 1 0 a c
Q2 1 -1 a—1b c—d
Q3 0 1 b d

Table 2. Table of charges for the hypermultiplets in theory (2.9). In the last two columns we
define two different U(1)s, whose Lie algebra generators are a linear combination of the generators
of U(1); and U(1)s.

two abelian quivers are written considering U(1) charges of the hypermultiplets under two
different sets of U(1)s. Said in other words, a simple change of basis in the Lie algebra of
U(1)? can recast the table of charges of (2.9) into that of (2.6). We collect the charges of
the various hypermultiplets in tables 1 and 2.

We notice that we can reproduce the U(1) charges of table 1 by takinga =1, b=c=
d = —1 in table 2. We will then identify Q1 with Q, Q3 with Qs, and finally Qo with
the charge conjugate of Q3. In particular we remark that it is consistent to identify Qs
and the charge conjugate of Qs3, as each hypermultiplet consists of two chiral multiplets in
conjugated gauge representations.

2.1.2 SO(6) 428 + 1C +— SU(4)1 + 3F
The brane web for SO(6)42S+1C at infinite gauge coupling limit is given by

(1,1)

(2.15)

MQPY = : (2.16)



Next, we consider the web diagram for SU(4)p+3F

(1,-1) (1,1)

1 1
, (2.17)
1
(2,1) ' (1,-1)
whose magnetic quiver is readily obtained to be
1 1
{:I . (2.18)
1 1

The unrefined computations of the Coulomb branch and Higgs branch Hilbert series for the
two quivers match and are given in table 3 and table 4 respectively. The Coulomb branch
and the Higgs branch of the above two quivers are identical with the following HWG:

HWG: = HWGy = PE [(1 + M1M2)t2 + (,ulq + ugq_l) tt — ulugtﬂ , (2.19)

where p; are the highest weight fugacities of SU(3) and ¢ is the U(1) charge. We remark
that the duality between (2.18) and (2.16) generalises to the case in which the three bifun-
damental hypermultiplets among the U(1) nodes are replaced with an arbitrary number n
of them.

2.1.3 SO(6) + 2S + 2C < SU(4)g + 4F

There are two inequivalent brane webs with O5-plane that realise SO(6)+2S+2C. The first
web diagram, involves a configuration with the orientifold plane asymptotically an O5~ on
both ends, corresponding to the 5d electric quiver [1S + 1C] — SO(6) — [1S + 1C]

(1,-1) (1,1)

1 1
9 9 : (2.20)
05~ 1 1 1 i 057
The corresponding magnetic quiver is
2 A2 4
1 1

MQT*PuMQy*? = 2 U I : (2.21)

2



where A? denotes the rank 2 antisymmetric tensor. Alternatively, one can consider a brane
web with an O5-plane which is asymptotically an O5"-plane on one end, and an O5~-plane
on the other end

2 , (2.22)

=+ 5 3 1 —
05 3 s 2 3 1 1 05

corresponding to the 5d IR quiver SO(6) — [2S + 2C]. From this web diagram we find an
alternative magnetic quiver

2 1 1 6
220 —.220
@ @
1 2 3 2 2 2

Let us now consider the fixed point limit of the web diagram for SU(4)g+4F

(1,-1) (1,1)

1 1

(2.24)
1 2 2 1
1 1
(1’1) (17'1)
The magnetic quivers for this brane system are
1 1 !
; ; U I4 . (2.25)
1 2 1

The unrefined Coulomb branch and Higgs branch Hilbert series for the orthosymplectic
quivers in (2.21) and (2.23) match with their corresponding unitary quivers in (2.25) and
are given in table 3 and table 4 respectively. Moreover, we know the HWG of the Coulomb
branch of the two cones of (2.25) as

HWGE(2.25) = PE[t* (1 + paps) + t* (5 + qupe + g7 p2) — 53]
HWG2(2.25) = PE[t? + t* (g + ¢ 1) — 7], (2.26)

where p; are the highest weight fugacities of SU(4) and ¢; and g are U(1) charges. Thus,
we can write the HWG for the orthosymplectic quivers as:

HWGe(MQ2>") = HWGe(MQ;2’) = HWGL(2.25)
HWGe(MQ220) = HWGe(MQ, ") = HWG2(2.25) . (2.27)

~10 -



2.1.4 SO(6) + 38 + 2C +— SU(4), + 5F
The brane web for SO(6)+3S+2C is given by

(2,-1) (1,-1)

2 . (2.28)

05~ 3 g 2 1 05~

Njw
N |=

From this brane web we obtain the following magnetic quivers

2
2
10----01 3
MQ¥20 U MQE20 — T T U 1 ) (2.29)
@ L
2 2 4 2
2 2 2

On the other hand, the brane web for SU(4)

+5F is given by

1
2

(1,-1) (1,1)

2 1
(2.30)
1 2 3
(17 71)
The magnetic quiver one reads off from this ordinary brane web is
L, 1 5 1
U 1 1. (2.31)
O O O O
1 2 2 1
1 1

The unrefined Coulomb branch and Higgs branch Hilbert series for the orthosymplectic
quivers in (2.29) match with their corresponding unitary quivers in (2.31) and are given
in table 3 and table 4 respectively. The HWG of the Coulomb branch of the two unitary
cones in (2.31) is known by [66]:

2
HWG¢(2.31) = PE [tQ + (naq + psq” )+ D prpswt™ — uzustsl :
k=1

HWGE(2.31) = PE [(1+ pupua)#? + (g + prag ™)t — ppat®] | (2.32)

where p; are highest weight fugacities of SU(5). Thus from the above discussion, we can
conjecture that:

HWGe(MQ2*%) = HWGE(2.31),
HWGe(MQ3*?) = HWG2(2.31). (2.33)

- 11 -



2.1.5 SO(6) + 3S + 3C +— SU(4)g + 6F
The brane web for SO(6)43S+3C at infinite coupling is given by

(1,1)
1

9 . (2.34)
2
o5~ 1 1 s 2 53 1 1 o5
From here we read off the magnetic quiver to be
! 1
2
MQIUMQEH 200 142 U 2
@ @ @
@ L @ @
5 5 1 1 5 2 2 4 2 2
(2.35)

On the other hand, the brane web for SU(4)y+6F at infinite coupling is given by

(1771)

1 1
3 2 1
, (2.36)
1 2 3
1 1
(17 71)
from which we obtain the magnetic quiver
1 1 1 1
O\—/O U . (2.37)
O O O O O
O O O O 0]
1 2 3 2 1 T 5 5 5 1

The unrefined Coulomb branch and Higgs branch Hilbert series for the orthosymplectic
quivers in (2.35) match with their corresponding unitary quivers in (2.37) and are given
in table 3 and table 4 respectively. The HWG of the Coulomb branch of the two cones
of (2.37) are given by [66]:

3
HWGE(2.37) = PE [ﬁ +(q+q pst* + > prpe—it®™ — pit
k=1
2
HWG2(2.37) = PE [tz + (aq + pog )+ ppeo it — mw@} : (2.38)
k=1

- 12 —



where p; are the highest weight fugacities of SU(6). Thus, from the above discussion, we
can conjecture that:

HWGe(MQ??) = HWGA(2.37)

HWGe(MQ3°) = HWG2(2.37) . (2.39)
2.1.6 SO(6) + 4S + 4C +— SU(4)o + 8F
The brane web for SO(6)4+4S+4C at infinite coupling is given by

2
4 )
05— 1L 1 3 2 5 3 3 g 2 3 1 1 05-
(2.40)
whose corresponding magnetic quiver is
2
MQHY = 4 . (2.41)
@ @ @ @ @ @ @ @
2 2 4 4 6 4 4 2 2
The brane web for SU(4)o+8F at infinite coupling is given by
1
2
4 3 2 1
, (2.42)
1 2 3 4|,
1
from here we obtain the following magnetic quiver
1 2 1
: (2.43)
O O O O O O O
1 2 3 4 3 2 1

The perturbative results of unrefined Coulomb branch and Higgs branch Hilbert series for
the quiver (2.41) match with that of (2.43) and are given in table 3 and table 4 respectively.
The HWG of the Coulomb branch of the unitary quiver was computed in [59]. Thus, we
can conjecture the following HWG for the orthosymplectic quiver:

HWGe(MQ1™*?) = PE

4
Zuz‘us—z’tQZ + (1/2 + )\2) 24t u4u)\(t4 _|_t6) _ V2)\2M421t12 ’
i=1

(2.44)
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where p; are SU(8) highest weight fugacities, while v and A are SU(2) highest weight
fugacities.

2.2 SO(6) theories with a single vector hypermultiplet

We will now begin to examine SO(6) gauge theories with a single hypermultiplet in the
vector representation, as well as hypermultiplets in the (conjugate) spinor representations.
Accordingly, we will be looking at the magnetic quivers for SU(4),, gauge theory with a
single second rank antisymmetric hypermultiplet, as well as fundamental hypermultiplets.
As we shall see, the magnetic quivers do not always have a simple HWG, unlike the previ-
ously examined cases. Nevertheless, some magnetic quivers still have a HWG that can be
written down in closed form.

2.2.1 SO(6) +2S/(1S + 1C) + 1V +— SU(4)1 0 + 2F + 1AS

Consider SO(6) gauge theory with two spinors or one spinor and a conjugate spinor, in
addition to a vector. Both of the theories can be realized by a brane web of the same shape
(see the discussion around figure 2) and the brane web at infinite coupling is given by

(17_1)
(2771) (171)
\M_‘ . (2.45)
o 2 3 on

From here we find three subdivisions and the magnetic quivers obtained from the subdivi-

sions are

1
1, 2 !
MQtuMQytt UMQyt! = 21 2 U § U 2(}3 . (2.46)
1 X 2 -
1

Then a question is which of the magnetic quivers are for SO(6)+2S+1V or SO(6)+1S+
1C+1V. In section 2.1.1, we encountered a similar situation and at that time some sub-
divisions corresponded to the magnetic quivers of one theory and the others corresponded
to those of the other theory. In this case it turns out that the situation is different due to
the presence of bad gauge nodes in the magnetic quivers.

In order to resolve this issue, we consider the magnetic quivers from their unitary
counterparts. SO(6)+1S+1C+1V corresponds to SU(4)p+2F+1AS and its brane web at

— 14 —



infinite coupling is given by

(2.47)

(1771)

The diagram admits two subdivisions and the magnetic quivers that one reads off from
this brane web are

1 1 1
% U 1 2. (2.48)
1 1 1

On the other hand SO(6)+2S+1V corresponds to SU(4);+2F+1AS and its brane web at

infinite coupling is given by

(2.49)
This brane web has three subdivisions and the corresponding magnetic quivers are
1 9 1
ZILJlQlQl u L3 1 o 1 (2.50)
o0—0—-=0 o0—0—-=0
1 1

Hence we have five subdivisions for the two theories in total and the five subdivisions need
to fit into the three subdivisions in (2.46).

Among the three magnetic quivers in (2.46), the last quiver MQ?*’1 is a good theory
and one can compute the Coulomb branch Hilbert series by using the monopole formula.
Then it is possible to see that the Hilbert series agrees with that of the rightmost magnetic
quiver in (2.50).

When the magnetic quivers contain bad gauge nodes the correspondence could be more
involved. In bad theories, the Coulomb branch may not be simply a cone. For example
the Coulomb branch of USp(2N) SQCD with 2N flavours has two most singular points
and the theory flows to an interacting SCFT at low energies at each point [87]. Both the
first and the second magnetic quivers in (2.46) contain a bad USp(2) gauge node with 2
effective flavours (which is the N = 1 case of aforementioned example), it is natural to
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expect that the full Coulomb branch of the bad magnetic quivers is not a single cone. On
the other hand, all the magnetic quivers in (2.50) are good theories and so their Coulomb
branch is expected to be a single cone. Hence, the Coulomb branch of the first and the
second magnetic quivers in (2.46) seem to be different from the magnetic quivers in (2.48)
and (2.50).

From the viewpoint of the Higgs branch of 5d theories, we expect that the Higgs branch
of 5d SO(6)+2S+1V/SO(6)+1S+1C+1V or SU(4);+2F+1AS/SU(4)o+2F+1AS at the
infinite coupling is a union of cones and the origins of the cones are located at the same
point where a 5d SCFT is realized. While this picture is consistent with the expectation
for the Coulomb branch of the magnetic quivers in (2.48) and (2.50), this does not agree
with expectation for the Coulomb branch of the bad magnetic quivers in (2.46). Hence
we argue that the Higgs branch of the 5d theories is given by the Coulomb branch of the
good unitary quivers in (2.48) and (2.50). As for the bad quivers in (2.46), which contain
the bad USp(2) gauge node, we need to extract a part which corresponds to the Coulomb
branch of the good unitary quivers from the Coulomb branch of the bad quivers in order
to reproduce the Higgs branch of the 5d theories.

We hereby propose a prescription (which we denote as ‘B2G’) that extracts the mag-
netic quivers whose Coulomb branch agrees with that of the unitary counterparts from
magnetic quivers which contain the USp(2) gauge node with two effective flavours. A
similar prescription can be given to extract the good magnetic quivers from bad magnetic
quivers which contain a USp(2N) gauge node with 2N effective flavours. We will discuss
more about the N > 1 case in an upcoming work [91]. To motivate the prescription, note
that the Coulomb branch of the USp(2) gauge theory with two flavours has two most singu-
lar points. An SCFT is realized at low energies at each point and it is the same SCFT which
arises from the U(1) gauge theory with two flavours [87, 89, 92]. Hence the local geometry
in the vicinity of one of the most singular points of the Coulomb branch of USp(2)+2F,
which is given by C?/Zs, can be described by the Coulomb branch of U(1)+2F. Then a
natural way to change quivers which contain the bad USp(2) gauge nodes into good theo-
ries, is to replace the USp(2)+2F with U(1)+2F. Namely, we use the local geometry near
one of the most singular points of the Coulomb branch of USp(2)+2F to construct the
whole Coulomb branch moduli space. In order to embed U(1)+2F into the original quiver,
we need to gauge the flavour symmetry. However we need to be careful of the gauging
since the flavour symmetry of U(1)+2F is different from that of USp(2)+2F. The flavour
symmetry of the USp(2) gauge theory with two flavours is SO(4) and either all or a part
of the flavour symmetry is gauged in a magnetic quiver. We propose matter contributions
to the dimension of the monopole operators in various gaugings. It turns out that there
are two ways of implementing the matter contributions which can give different Coulomb
branch Hilbert series. We will see that these different Coulomb branch Hilbert series agree
with the Coulomb branch Hilbert series of the unitary quivers in (2.48) and (2.50).

When SO(2)xSO(2) is gauged, the prescription of replacing the bad USp(2) gauge
node is given by the following two ways,

=
or

=
Qow

. (2.51)

Qv

2 2 2
@ @ @ B2G
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or

[un
[

a 3 a B2G, ... 43%2 7.2 . (2.52)

Here the solid/dashed line between SO(2) and U(1), with  above it, implies the bifunda-
mental/fundamental-fundamental matter. In the Coulomb branch Hilbert series compu-
tations, the contribution to the dimension of the monopole operators from the matter is

given by!
1
Anyp ( zi(l) ) = §\m1 — ma|, (2.53)
1
Anyp ( 2’,%, ,(1) ) = 5\7”1 + mal, (2.54)

where my is the magnetic flux for SO(2) and ms is the magnetic flux for U(1). Note that
this is different from the matter represented by a straight line without % between SO(2)
and U(1) since in that case U(1) gauge node arises by gauging U(1) part of USp(2). When
we consider the local part then the two configurations can be equivalently written as

1 1 2 1 1
2 _ , (2.55)
and
1 1 2 1 1
o ---@ = o---0 ° (2.56)

When SO(3) inside SO(4) is gauged, the prescription is the given by the following re-
placement,

1 2 3 11 1 1 3
2 2
e—eo—o - B2G, e—o0—e SR (2.57)

Here the contribution from the matter represented by the solid line with % on it between
U(1) and SO(3) to the dimension of the monopole operators in the Coulomb branch Hilbert
series computations is given by:

1 1

Ahyp( 01 2 .3 ) :ifml—m2\+1\m1\, (2.58)
1

Ahyp( sl ) = 4 lml. (2.59)

where m; is the magnetic flux of U(1) and my is the magnetic flux of SO(3). Finally when
the full SO(4) is gauged then the prescription is given by the following replacement,

1
i_éi ...  B2G é#éi U (2.60)
or
1
o o .. B >2.e L (2.61)

! Appropriate modifications are required while using the Molien-Weyl integral to compute the Higgs
branch Hilbert series. We do not give explicit expressions, but it should be implicit from the expression of
the conformal dimension of the monopole operators.

17 -



The contribution from the matter represented by the solid/dashed line between U(1) and
SO(4) with % on it, to the dimension of the monopole operators in the Coulomb branch
Hilbert series computations is given by (see footnote 1):

1

Anyp ( Ol 3 .4 ) =3 (lm1 —ma1| + [m1 — mapal), (2.62)
1

Bugp (L3 4 ) =5 (Imu—maa| + [may +maol). (2.63)

where m; is the magnetic flux of U(1) and my 1, m2 2 is the magnetic flux of SO(4).
We can apply the above prescription to the first and second magnetic quivers of (2.46).
Each quiver gives rise to two magnetic quivers whether we use the replacement (2.51)
r (2.52). From the explicit evaluation of the Hilbert series of the moduli spaces, we find
that the replacement (2.51) corresponds to the magnetic quivers of (2.50) and the replace-
ment (2.52) corresponds to the magnetic quivers of (2.48). Namely the correspondence is
given by

1
15 1 !
MQI ! uMQR ! uMQE™! = 21 1 U § U 2(}3 . (2.64)
1 X 2 1
1

MQyuMQytt = (2.65)

We have explicitly computed the unrefined Coulomb branch Hilbert series of the orthosym-
plectic quivers and they agree with their unitary counterparts. The results are given in
table 3. Moreover, since we know the HWG of the Coulomb branch of some of the unitary
quivers [66, 79], we can conjecture the same for the orthosymplectic quivers:

HWGe(MQ3 ™) = HWG2(2.50) = PE | (42 +12) 2]

HWGe(MQ2® 1) = HWG3(2.50) = PE '(;ﬁ +1) 2+ (q+¢7) ¢ = 19]
HWGe(MQ)™!) = HWGE(2.48) = PE [(1+ 2 + v2)2 + (g + ¢ )t — p?v2t%]
HWGe(MQy ™) = HWG2(2.48) = PE [(1+ st + plg + g )E* — p] . (2.66)

where p and v are highest weight fugacities of SU(2), and ¢ is the U(1) charge.

In fact, we found that the same prescription also works for the Higgs branch. The
Higgs branch Hilbert series of the magnetic quivers in (2.64) and (2.65) agree with the
Higgs branch Hilbert series of the magnetic quivers in (2.50) and (2.48) respectively. The
result is summarized in table 4.
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2.22 SO(6) + 25 + 1C+ 1V +— SU(4); + 3F + 1AS
The brane web for SO(6)+2S+1C+1V at infinite coupling is given by

(17_1)

, | . (2.67)

05~

SIS

The magnetic quiver extracted from this brane web is

1
Q

MQ2M UMQEL = 10 O 1 u O —e—o0 . (2.68)

2 2

The magnetic quiver MQ%’l’l contains a bad USp(2) gauge node and we apply the pre-

scription proposed in section 2.2.1 to extract magnetic quivers which capture the moduli
spaces of the unitary counterpart. The magnetic quiver after applying the prescription is
given by

MQ2tt  BIG, (2.69)
Next, consider the brane web for SU(4)1+3F+1AS
2
(1,1)
(2.70)
(1> 71)
The corresponding unitary magnetic quiver is given by
3
oO—0—-©O0

U ° : O . (2.71)
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The unrefined Coulomb branch and Higgs branch Hilbert series for the quivers in (2.69)
match with the corresponding unitary quivers in (2.71) and are given in table 3 and table 4
respectively. The HWG of the Coulomb branch for the second cone on unitary side is
known [93] and so we can write the same for the OSp quiver:

HWGe(MQ3™) = HWGZ (2.71) = PE [n (8 + 1) + (] +23)° — it | (2.72)
where v and vy are the highest weight fugacities of SU(3) group.

2.2.3 SO(6) + 2S + 2C + 1V < SU(4)¢ + 4F + 1AS

There are two inequivalent web diagrams for SO(6)4+2S4+2C+1V. The first web diagram,
corresponding to the quiver [1V] — SO(6) — [2S + 2C], is given by

5 (2.73)
i 23_5; 1 1 3 g 2 3 1 L 2)_5: )
The corresponding magnetic quiver for this theory is
1 1
1
MO - T ]
@ @ @ @ @
1 2 3 2 3 2 2
2 2
MQy*! = I I (2.74)
@ @ @ @
2 2 2 4 2 2

Note that the magnetic quivers MQ%Q’1 and MQ%’Z’1 have a bad USp(2) gauge node. Hence,
we use the prescription proposed in section 2.2.1 to extract magnetic quivers which capture
the moduli spaces of the unitary counterparts:

1 1
B2G :
221 2 1
MQ: = I
1 1
2 2
e >0 o o ®
1 1 3 2 3 2 2

MQ%’ZI B2G, I

w‘“‘H
v @
—Q— W
v @
v @
I
o—1n1
~0
v @
o—=n
o
(]
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An alternative web diagram, for 5d SO(6)+2S+2C+1V can be obtained by considering
[1S + 1C] — SO(6) — [1S + 1C]

[1‘V]

9 , (2.76)
2
05~ 1 1 5 3 1 105
which gives the following magnetic quivers:
1 1
1 A2
2,2,1 : 1 2,21 2
MQ," = 2 ;o MQy T = 5 (2.77)
2 4 2
2 2

22,1 . .
The magnetic quiver MQ, ~ has a bad USp(2) gauge node and we again replace it by a
U(1) node using the prescription in section 2.2.1. The magnetic quiver after applying the
prescription is given by

1 1
_ 1
Moyt B, - . (2.78)
2
1 1
On the other hand the brane web for SU(4)o+4F+1AS is given as
, (2.79)

which gives the following two unitary quivers:
1 1 1 1 1
f[ M y ﬂ | (280
O U U
1 2 2 1 1 2 2 1
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The unrefined Coulomb branch and Higgs branch Hilbert series of the orthosymplectic
quivers match with their unitary counterparts and are given in table 3 and table 4 respec-
tively.

2.2.4 SO(6) + 35S +2C + 1V +— SU(4)1 + 5F + 1AS

The brane web for the SCFT limit of SO(6)+3S+2C+1V is given by

(1,1)
(2.81)

05~ 05~

[NIE
—_
NJw
no
ot
w
no
Njw

The magnetic quiver associated to this brane system is

MQPH! = . (2.82)
@ @ @
2 2

On the other hand, the brane web for the SCFT parent of SU(4)

S
S
=
v @

+5F+1AS is given by

N

, (2.83)
1 1 2
. (2.84)
O O O O O
1 2 3 2 1

Note that the quiver (2.82) has a bad USp(2) gauge node and we can use our B2G pre-
scription to extract the good quiver. The Coulomb and Higgs branch Hilbert series after
doing the B2G replacement agrees with that of the unitary quiver (2.84) and the results
are given in table 3 and table 4 respectively.
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2.2.5 SO(6) + 3S + 3C 4 1V +— SU(4)y + 6F + 1AS
The brane web for SO(6)4+3S+3C+1V at infinite coupling is given by

2
(2.85)
4
S S S S S SR S
From here we read off the following magnetic quiver
o1
02
3,3,1
MQy™" = . (2.86)
Q4

@ L @ L @ @ @
2 2 4 4 6 4 2

Note that this quiver has a bad USp(4) gauge node. We use our upcoming prescription [91]
to compute the Coulomb branch and Higgs branch Hilbert series which are presented in
table 3 and table 4 respectively. These Hilbert series are in agreement with the Hilbert
series of the following unitary quiver:

1 3 1
: (2.87)
O O O O O O
1 2 3 4 2 1

2 . (2.88)

(17 71)
2.2.6 SO(6) + 4S + 4C + 1V +— SU(4)o + 8F + 1AS
The brane web for SO(6)4+4S+4C+1V at infinite coupling is given by
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The magnetic quiver associated with this brane web is

4
44,1 _
@ ® @ @ @ @ @ @ @ @ ® @
2 2 4 4 6 8 10 8 6 4 4

2 2
(2.90)
Now let us consider the brane web for SU(4)p+8F+1AS at infinite coupling
3
6 4 3 2 1
(2.91)
3
The magnetic quiver for this brane system is given by
3
T (2.92)
O O O O O O O O O O
1 2 3 4 5 6 4 3 2 1

The magnetic quiver in equation (2.92) (resp. (2.90)) can also be seen as the 3d mirror of a
class-S theory of As (resp. Ds) type on the sphere, with three regular untwisted punctures.
The three (Nahm) punctures defining the A-type theory are [1°], [3,3], [2,1%], while the
three (Nahm) punctures defining the D-type theory are [22,1%], [22,1%], [5,5]. Following
the techniques explained in [94] and [95], we computed the Coulomb branch spectrum of
the two four-dimensional theories, as well as their superconformal central charges. Let us
denote by d; the number of Coulomb branch operators of conformal dimension ¢. We find
for both theories an identical spectrum given by {d4s = 1, d5 = 1, d¢ = 1}, and identical
central charges given by a = 65/8 and ¢ = 19/2. We take this match as a further evidence
for the agreement of the magnetic quivers in (2.92) and (2.90).

Note that the quiver in (2.90) has two bad USp(8) gauge nodes. We use our upcoming
prescription [91] to compute the Coulomb branch and Higgs branch Hilbert series. The
perturbative results up to first few orders are given in table 3 and table 4 respectively.
These results agree with the Hilbert series of the unitary quiver (2.92).

2.3 SO(6) theories with two vector hypermultiplets

We now move on to study the Higgs branch of SO(6) theories with two hypermultiplets in
the vector representation, as well as the hypermultiplets in (conjugate) spinor representa-
tions.
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2.3.1 SO(6) +2S/(1S +1C) + 2V «+— SU(4)1/0 + 2F + 2AS
The brane web for SO(6)+1S+1C+2V at infinite coupling is

(2.93)

05+ 1 1 3 1 05—

[N

5
2

The magnetic quiver for this brane system is given by the union of three cones

10
20—01
1,1,2
20—MW1
oo o e o
1 2 3 2 1
2 2 1 1 2 2 1 1
1,1,2 B2G
oo 2 o0t el
2 2 2 2 1 1 2 1 2 1 1 1
3
MQy 2 = I : (2.94)
oo o e
1 2 3 4 2

We can alternatively consider the brane web for SO(6)+2S/(1S+1C)+2V at infinite cou-
pling

(1,-1) (1,1)
2 : (2.95)

05~ g 2 2 3 05~

which gives the following magnetic quivers

MQ?*Q U MQ;,*,Q U MQ;’*’Z _ ) )
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To distinguish the magnetic quivers for SO(6)+1S+1C+2V from those of SO(6)+2S+2V,
we must apply the B2G procedure to the above magnetic quivers and compare the Hilbert
series results with the unitary magnetic quivers for SU(4)/;+2F+2AS (similar to what
we did in section 2.2.1). The end result can be summarised as

—1,1,2

2,0,2
MQ; " =

To confirm these results, we can consider the brane web at infinite gauge coupling for
SU(4)p+2F+2AS

(2.99)

The corresponding magnetic quiver is given by

1 1
2 2
O——CO0—0—"™20
E E U 1 1 U 1 > > T . (2.100)
1 2 1
1 1
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On the other hand the brane web for SU(4);+2F+2AS at infinite coupling takes the form

(17 71)

2 (2.101)

whose magnetic quiver is the union of the following three cones

1

2

1 1
A U 1 U . (2.102)
? b b ? 1 H 1

2 2

1

The Coulomb branch and Higgs branch Hilbert series of the quivers in (2.94) and (2.97)
match with the corresponding unitary quivers in (2.100), while those of (2.98) match with
that of (2.102). The results are given in table 3 and table 4 respectively. Further, the
HWG of the Coulomb branch of the second cone in (2.100) is known [66]:

HWGZ (2.100) = PE [(1 + gy p3)t? 4 (prq 4 pzg )t — ,ul,ugtﬁ} PE [l/ll/ztﬂ ,  (2.103)

where p; and v; are the highest weight fugacities associated with the groups SU(4) and
SU(3) respectively, and ¢ is the U(1) charge. Thus, the HWG of the Coulomb branch of
the corresponding orthosymplectic quivers can be given as:

HWGe (MQL™?) = HWGe(MQ, ) = HWG2 (2.100). (2.104)

2.3.2 SO(6) +2S+1C + 2V +—— SU(4)% + 3F + 2AS
The brane web for SO(6)42S+1C+2V at infinite coupling is given by

(1, 1) . (2.105)

- 3 5
05 3 2 3 5 1
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The magnetic quiver for this brane system is

MQ>H? = : (2.106)
2 1
@ @
2 4 4 2
Now, let us consider the infinite coupling web diagram for SU(4)1+3F+2AS
2
, (2.107)
(1,1)
which gives the following magnetic quiver:
2 2 2
. (2.108)
O O O O
1 2 2 1

We would like to point out that the quiver in (2.106) has a bad USp(2) and a bad USp(4)
node. For the bad USp(2) node, we can use our B2G prescription discussed before. For the
bad USp(4) node, we use our upcoming prescription [91] to compute the Coulomb branch
and Higgs branch Hilbert series, which are given in table 3 and table 4 respectively. These
results are in agreement with that of the unitary quiver in (2.108).

2.3.3 SO(6) + 2S + 2C + 2V «— SU(4)o + 4F + 2AS

There are two inequivalent web diagrams that engineer the SO(6)+2S+2C+2V theory.
The two brane webs differ in their asymptotic O5-plane charges. The first brane config-
uration, corresponding to the quiver [1S + 1C] — SO(6) — [1S + 1C] is given at infinite

[2|V]
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coupling by

2
. (2.109)
4
o5~ L 1 s 3 3 5 1 1 o5
The magnetic quiver one reads from this brane web is
O1
02
2,2,2 3
MQ:?? = O : (2.110)
Q4

@ @ @ @ @
2 4 6 4 2

The quiver in (2.110) has two bad USp(4) gauge nodes. We use our upcoming prescrip-
tion [91] to compute the Coulomb branch and Higgs branch Hilbert series, which are given
in table 3 and table 4 respectively.

The second web diagram, realising SO(6)+2S+2C+2V, corresponds to the infinite
coupling limit of the gauge theory [2V] — SO(6) — [2S + 2C], and is given by

o5+ 1 1 2 2 4 1 3 5 2 3 1 1 05"
(2.111)
The corresponding magnetic quiver is
1
— 222 1
MQ, = 2 I . (2.112)
@ @ @ @ @ @ @ @ @
1 2 3 4 5 4 5 4 4 2 2

This quiver has a bad USp(4) gauge node and we use upcoming prescription [91] to com-
pute the Coulomb branch and Higgs branch Hilbert series as given in table 3 and table 4
respectively.
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Now let us consider the brane web for the infinite gauge coupling limit of SU(4)+
4F+2AS

2
I 2 1
(2.113)
1 2 4|,
2
The magnetic quiver for this web diagram is
2 4 2

. (2.114)
o0 o

The Hilbert series results of (2.110) and (2.112) mentioned in the appendix match with
the Hilbert series results of the quiver (2.114).

*¥e
e
*¥e
~0

2.3.4 SO(6) + 38 + 2C + 2V +— SU(4); + 5F + 2AS
The brane web for the SCET limit of SO(6)43S+2C+2V is given by

1

. . (2.115)

— 3 7 5 3 —
05 2 2 z 4 4 3 8 2 2 1 05

[V
NI

The magnetic quiver associated to this brane system is given by

1

MQ>>2 = 4 : (2.116)
@ @ L @ @ @ @ @ @
2 4 6 8 6 6 4 4 2 2
If, on the other hand, we consider the brane web for the SCFT limit of SU(4)%+5F+2AS
2 4 6 |*
, (2.117)
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we get the following magnetic quiver:

O
1

J J

2
% : (2.118)
O O O O
1

SJe)
=0

6

The magnetic quiver in (2.118) (resp. (2.116)) can also be seen as the 3d mirror of a class-S
theory of As (resp. Dy4) type on the sphere, with three regular untwisted punctures. The
three (Nahm) punctures defining the A-type theory are [22,12], [22,12], [23], while the three
(Nahm) punctures defining the D-type theory are [18], [24], [33,1%]. We find that both the
four-dimensional theories have an identical spectrum given by {d3 = 1, dy = 1, dg = 1},
and identical central charges given by a = 163/24 and ¢ = 47/6. We take this match as a
further evidence for the agreement of the magnetic quivers in (2.118) and (2.116).

Note that the quiver in (2.116) has a bad USp(6) gauge node. We use our upcoming
prescription [91] to compute the Coulomb branch and Higgs branch Hilbert series. The
perturbative results up to first few orders are given in table 3 and table 4 respectively.
These results agree with the Hilbert series of the unitary quiver (2.118).

2.3.5 SO(6) + 3S + 3C + 2V «— SU(4)¢ + 6F + 2AS
The brane web for SO(6)+3S+3C+2V at infinite gauge coupling is given by

o5~ L 1 3 3 g 5 5 9 4 T 3 3 2 3 1 1 05
(2.119)
The magnetic quiver one reads off from here is given by
4
MQP*? = I (2.120)
@ @ @ @ @ e— —0—0
2 4 6 8 10 8 8 2 2

On the other hand, the brane web for SU(4)o+6F+2AS at infinite coupling is given by

4
8 6 4 2 1
(2.121)
1 2 4 6 8
4
The magnetic quiver associated with this brane web is
4
I . (2.122)
O O O O O O O O ®)
1 2 4 6 8 2 1
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The magnetic quiver in (2.122) (resp. (2.120)) can also be seen as the 3d mirror of a class-S
theory of A7 (resp. Ds) type on the sphere, with three regular untwisted punctures. The
three (Nahm) punctures defining the A-type theory are [23,12], [23,12], [42], while the
three (Nahm) punctures defining the D-type theory are [110], [24 12], [5%]. We find for
both theories an identical Coulomb branch spectrum given by {ds = 1, d5 = 1, dg = 1},
and identical central charges given by a = 223/24 and ¢ = 65/6. We take this match as a
further evidence for the agreement of the magnetic quivers in (2.122) and (2.120).

Note that the quiver in (2.120) has a bad USp(4) and a bad USp(8) gauge node. We use
our upcoming prescription [91] to compute the Coulomb branch and Higgs branch Hilbert
series. The perturbative results up to first few orders are given in table 3 and table 4
respectively. These results agree with the Hilbert series of the unitary quiver (2.122).

3 SO(8) triality

In this section we consider SO(8) gauge theories with matter in the vector V|, spinor S
and conjugate spinor C representations. We then use SO(8) triality to produce several
equivalent magnetic quivers for a given theory. We will encounter theories whose Higgs

branch is given as the union of several cones, where each cone is described by a distinct
S,C,U

magnetic quiver. We will denote by MQZ,,SO(S), the magnetic quiver for the i-th cone of
the SCFT parent of SO(8) +sS+cC+vV, i.e.

H3 (SO(8) + 58 + cC + vV) = [ JC™ (MQg8 o)) - (3.1)

3.1 SO(8) + 1V +— SO(8) + 1S
The web diagram for SO(8)+1V at infinite coupling is given by
(2,-1) (1,1)
(3.2)

05+ 1 1 05+

The magnetic quiver that we obtain from here is given by
3 1 3 1 3 1
00,1 B2G, ) _
MQl;SO(S) - ? 2 % = .
1 1 2 1 1 1 1 1 1 1 1
(3.3)

On the other hand, the brane web for the infinite coupling limit of SO(8)+18S is given by

(2,1
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whose magnetic quiver is given by

3 1
1,00
MQy 5o = . (3.5)
1 1 1

This coincides with the magnetic quiver obtained in [61] from the brane web with an O77-
plane. The unrefined Coulomb and Higgs branch Hilbert series of the two quivers agree
and are given in table 3 and table 4 respectively. We further propose the following highest
weight generating function of the Coulomb branch:

HWGc(3.3) = HWGe(3.5) = PE [(1+42) 2+ (g + ¢ 1) put® — 22 (3.6)
where 1 is the SU(2) fugacity and ¢ is the U(1) charge.

3.2 SO(8) + 2V +— SO(8) + 2S
The web diagram for SO(8)+2V at infinite coupling is given by

(1,-1) (1,1)

\ i , (3.7)

and the corresponding magnetic quiver is given by

w

MQY o) = 1 : (3.8)

@ L @ @

1 2 3 2 1

By SO(8) triality, the 5d theory SO(8)+2V should be identical to SO(8)+2S, the latter
has a web at infinite coupling given by

(2,-1) (2,1)
1 1

Here, we encounter a 5-brane web diagram that includes more than one coincident subwebs
that intersect with O5-plane. In this case, we need to consider the two types of contribu-
tion: one is the contribution coming from one of the subweb and its mirror image, which
corresponds to the factor |2m;| in the monopole formula. The other is the contribution
coming from the mirror pair of different subwebs among coincident ones, which corresponds
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to the factor |m; +m;| (i < j) in the monopole formula. As discussed in [60], the number
of each contribution is given by

4 of |2my] - %(Self ST) — (SI with O5),
4 of lmi +my|: (SelfSI) (i < j). (3.10)

Here, “SI” denotes the stable intersection number, which is used to compute the number
of hypermultiplets, and “Self SI” means the SI with the mirror images of the considered
subwebs.

Both types of contributions need to be part of the weight of representations of the
unitary group. Such weights are included in two representations: one is in rank 2 symmetric

tensor representation, which we denote as “Sym?”

, and the other is in rank 2 antisymmetric
tensor, which we denote as “A2”. The weight |2m;| is included only in Sym? while the weight
|m; +m;| is included in both of the representations. In order to reproduce the contribution

mentioned above, we claim that the number of these hypermultiplets are given by

# of Sym? :  —(Self SI) — (SI with O5),

1
2
# of N2 %(Self ST) + (ST with O5). (3.11)

Note that “Sym?” is interpreted as the charge 2 hypermultiplets when the gauge group is
U(1). Indeed, the proposal for Sym? above is the generalization of the rule proposed in [60]
regarding the number of the charge 2 hypermultiplets. Also, it was proposed in [60] that
the number of A? is simply given by Self SI, which now turned out to be valid only when
the number of Sym? is 0. For generic case, we need to modify the rule as mentioned above.

If we apply this proposal to coincident (p,q) 5-branes intersecting with O5-plane,
we have

# of Sym*:  pg—q,
#of N2 pg+gq. (3.12)

By using this, we claim that the magnetic quiver for the SCFT limit of SO(8)+2S is
given by

MQQ,O,O _

1:50(s) (3.13)

The unrefined Coulomb and Higgs branch Hilbert series of (3.8) and (3.13) match and are
given in table 3 and table 4 respectively. We further propose the following highest weight
generating function of the Coulomb branch:

HWGc(3.8) = HWG¢(3.13) = PE [(1 n u%) 24+t + (q + q_l) piat® — ugtlﬂ . (3.14)

where p; are highest weight fugacities for USp(4), and ¢ is the fugacity for U(1).
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3.3 SO(8)+2S+1C +— SO(8) +2S + 1V +— SO(8) + 1S + 2V
The brane web for SO(8)42S+1C at infinite coupling is given by

(27'1)
) (3.15)
05~ 2 3 1 1 05~
from which we read off the magnetic quiver
21,0

MQI;SO(S) = (3.16)

The brane web for SO(8)+2S+1V at infinite coupling is given by

(1,1)

(3.17)
, (3.18)

where the contribution of the dashed line to the monopole formula is given by (see foot-

note 1)
1
Ahyp< o -*-0 ) =
1 2

where m; is the magnetic flux of the U(1) node, while my; are magnetic fluxes for the U(2)
gauge node. The brane web for SO(8)+1S+2V is given by

(Im1 —ma1| + |m1 +may2l) , (3.19)

N —

(1,1

(3.20)

o5+ 1 2 2

Njw

O5~
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From here we read off the following magnetic quiver:

2

MQtOs’(Z)(s) = 2 T I : (3:21)
@ L O
1 1

The unrefined Coulomb and Higgs branch Hilbert series of (3.16), (3.18) and (3.21) match

and are given in table 3 and table 4 respectively. We further propose the following highest
weight generating function of the Coulomb branch of these quivers:

HWGe = PE [ (14 4 +02) € + i3t" + (g + g 1) povt® — 3?2 | (3.22)

where p; are USp(4) highest weight fugacities, v is an SU(2) highest weight fugacity, and
q is the U(1) charge.

3.4 SO(8) + 2S + 2C +— SO(8) + 2S + 2V

The brane web for SO(8)42S+2C at infinite coupling is given by

2(1,—1) 2(1,1)
z i . (3.23)
o5~ 1 1 3 2 2 3 1 1 o5
From this, we obtain the following magnetic quiver
2 A2
2,2,0 2 2,2,0 _ @ o—@ @
MQii o) = - MQyS0s 2 2 2 2
@ @ @ @
2 2 4 2 2

(3.24)
On the other hand, SO(8) triality implies the equivalence of SO(8)+2S+2C with
SO(8)+2S+2V. The latter theory has a brane web at infinite coupling given by

(1,-1) (1,1)

. , (3.25)

05~

wlw
[N)
[\
Njw
3
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from which we obtain the corresponding magnetic quiver to be

2 A2 272
1 1 1 1
2,0,2 _ B2G
MQilsos) = 2 — 2
2 4 2 1 3+ 4 3 1
2,0,2 . O0—e—e@ O
MQ35o) = 1 2 2 1 - (3.26)

The unrefined Coulomb and Higgs branch Hilbert series of MQ?}%’S (8) and MQ?]g’g (8) match

and are given in table 3 and table 4 respectively. The HWG’s of the Coulomb branches for
the second cones take a very simple form and are given as

HWGe(MQ3 50 s) = HWGe(MQR% ) = PE [138% + (o + a3 ) ¢4+ 10 + i uot® — pufpi3e'®)

(3.27)
where p; are USp(4) highest weight fugacities.

3.5 SO(8) 4+ 1S+ 1C 4 2V «— SO(8) + 258 + 1C + 1V
The brane web for the SCEFT limit of SO(8)4+1S+1C+2V is given by
(1,1)

1 iz . (3.28)

The magnetic quivers associated to this brane system are

2
MOLL2 1
Q1750(s) = 1 I
@ { @ @ Q@
1 2 3 4 3 2 2
5
11,2

MQY ) = 2 { . (3.29)
(] L @ Q@
1 2 3 2 1

The brane web for the SCFT limit of SO(8)4+2S+1C+1V is given by
(17 71)
1

(1,1)
. . (3.30)

O5~

05~

NI
[\
no

njw
—

[NIES
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The magnetic quiver that we read off here is

1 1
2,1,1 2 A2 2 B2G, 2 A2 2
MQl;SO(S) -
® @ @ Oo—; L @
2 4 2 2 1 5 4 2 2
1
211
MQQ;SO(B) = : (3.31)
2 2 2

The unrefined Coulomb and Higgs branch Hilbert series of MQllég (8) and MQféé (®) match
and are given in table 3 and table 4 respectively. The HWG’s for the Coulomb branches

for the second cones takes a very simple form

HWGe(MQy 58 s)) = HWG(MQ3 56 s)) = PE [M%ﬂ + (1 + o+ Mg) 4+ pgt® — Mgtlﬂ :

(3.32)
where the p; are USp(4) highest weight fugacities.
3.6 SO(8) + 28 + 2C + 1V +—» SO(8) + 2S + 1C + 2V
The brane web for the SCFT limit of SO(8)42S+2C+1V takes the form
(17 _1)
2> 2 . (3.33)
o5 1 1 3 2 4 I 2 3 1 1 o5
The magnetic quivers associated to this brane system are
1 A2
221 _ 2
MQY Soi) =
@ @ @ @ @ @
2 2 4 6 4 2 2
2 2
MQ3 50 = : (3.34)
@ L @ @ @
2 2 4 4 4 2 2
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If, instead, we take the SCFT limit of the brane web for SO(8)+2S+1C+2V, given by
(17 71)

1

) (3.35)
2 2
'E)g—' 3 2 4 1 2 g 1 L E):r,:_
we obtain the following alternative magnetic quivers
1
2,12 _ 2 112
MQY sos) =
@ @ @ @ @
2 4 6 4 2 2
2 2 1
O
2,1,2
MQQ;SO(B) = I I (3.36)
@ @ @ @
2 4 4 4 2 2

The unrefined Coulomb and Higgs branch Hilbert series of MQ?’%’& (8) and MQ?’;’CZ) (®) match

and are given in table 3 and table 4 respectively.

4 Conclusion

In this paper, we studied the Higgs branches of 5d SCFTs, that admit deformations to
SO(6) or SO(8) gauge theories with matter in either the vector, spinor, or conjugate spinor
representation of the gauge group. We used the brane configurations, engineering these
theories, to find the corresponding magnetic quivers. The magnetic quivers for SO(6)
theories were verified by comparison with those of SU(4) theories, while we used SO(8)
triality, to provide consistency checks of the magnetic quivers proposed for the SO(8)
theories. The agreement of the different magnetic quivers for a given SCF'T, were shown to
hold at the level of the unrefined Hilbert series, for all cases, on both the Coulomb and the
Higgs branch of the moduli space. The unrefined Hilbert series for both the Coulomb and
the Higgs branch Hilbert series of all magnetic quivers studied in this work are collected
in appendix A. Some magnetic quivers encountered in this work, involved bad symplectic
gauge nodes. We were able to assign a Hilbert series for both Coulomb and Higgs branches
of these theories, developing a new technique which is referred to as B2G in the main text,
which uses a local mirror description of the effective theory around the most singular locus
of the moduli space. Details of these computational techniques will be the content of a
future publication [91]. Since the Coulomb branch of a bad 3d N/ = 4 USp(2N) theory
is comprised of multiple singular loci, one may wonder whether a 5d Higgs branch whose
magnetic quiver contains bad USp(2/N) nodes, has a similar structure on its Higgs branch.
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However the output of our study seems to suggest otherwise. In particular, we found that
for the theories under our construction, the local geometry near one of the two singular
points on the Coulomb branch of the magnetic quiver, can capture the full Higgs branch of
the 5d theory. This conclusion follows because for every magnetic quiver with a bad node,
we have a dual magnetic quiver without any bad nodes. It would be interesting to find
further checks of this claim.

We encountered brane webs whose magnetic quivers involve second rank symmetric
and second rank antisymmetric tensors. We provided a formula for computing the number
of hypermultiplets in the (anti)symmetric representations, which generalises previous rules
for extracting magnetic quivers from brane webs with O5-planes in [60, 68]. Despite these
improvements, there is still no completely systematic algorithm to extract magnetic quivers
for 5d SCF'Ts engineered using O5-planes. Perhaps the most urgent question to address,
is the magnetic quivers for SO(2r + 1) theories, which are engineered using O~5—planes.
One might be able to use the results of [62] as a guide for such a study. Another subtle
issue, that will eventually need to be addressed, is developing a more systematic method
for distinguishing different theories whose 5-brane web at the SCFT limit is identical.

Acknowledgments

We thank Guillermo Arias-Tamargo, Stefano Cremonesi, Julius Grimminger, Amihay
Hanany, Alessandro Mininno and Zhenghao Zhong for interesting discussions. SK acknowl-
edges the hospitality at APCTP where part of this work was done. MA is supported by
STFC grant ST /S505778/1. F.C. is supported by STFC consolidated grant ST /T000708/1.
SD is supported by the NSFC grants No. 12050410249 and No. 11975158. The work of
HH is supported in part by JSPS KAKENHI Grant Number JP18K13543. SK and FY
are partially supported by the Fundamental Research Funds for the Central Universities
2682021ZTPY043. FY is supported by the NSFC grant No. 11950410490 and by Start-up
research grant YH1199911312101.

A Unrefined Hilbert series results for OSp quivers

In this appendix, we collect the unrefined Hilbert series of all the orthosymplectic magnetic
quivers appearing in the main sections. The Coulomb branch Hilbert series are given in
table 3, while the Higgs branch results are mentioned in table 4. Table 5 contains the
palindromic polynomials appearing in table 3 and table 4 respectively.

HSc(t) = HSc(t; € Z) + HS¢ (17 € Z+ 1)
Quiver
HSc(t; 1 € Z) HSc (tm € Z+ 1)
143t%+2¢6 43154412 2t2 4 2¢%4 4246424542410
1o (1-t2)2 (1—t1) (1—1t8) (1-t2)2 (1—t%) (1-t8)
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1+ 2% 4+ 7t + 148° + 29¢% + 46t'° 4 ... 2% 4 6t* 4 14¢° + 26¢% + 460 + . ..
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HSc(t) = HSc(t; € Z) + HS¢ (17 € Z+ 1)

Quiver
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14+¢4
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14t 2t2
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HSc(t) = HSc(t; € Z) + HS¢ (17 € Z+ 1)
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1+ 1842 + 205t* + 1591t° + 9499t% +
MQpt? 45959t 4- 1885352 4- 675381t + not required
2163400t'¢ 4 6305809¢'8 4+ 16961842t%° + . . .
14 24t + 8t% + 255¢* + 144¢° + 17165 +
12567 + 8594t% + 7312¢° + 3487210 +
32640t'" + 1206282 + 120336t +
M 1,1,2 .
Q2 36796814 + 383440415 + 1013621416 + not required
1088720t + 2565512t + 2814744t +
6045369t%° 4 ...
1+ 11¢% + 8¢% + 65t + 80t + 295t° +
432¢7 + 1122t% + 1720t° + 3666t +
MQy"? | 5640t + 10564t + 16024t + 27460t + not required
40752t + 6544516 + 94888¢17 +
144935¢'® + 205440t'° 4 301571t%° + . ..
. 14 148% + 129¢* + 895t5 + 5071t% + 482 + 76t + 696t° + 4428 + 22072t1° +
O 23887t'° + 96579t'% 4 343049t + 91956¢'2 + 332332t'* + 10700566 +
1093344t + 31766858 + 8527154¢2° + . .. 31291248 + 8434688t%° + . ..
14 20t2 4+ 179t* 4 32t5 + 1092t5 + 416t7 + | 4% + 83 + 76¢* + 112t5 + 6245 + 840" +
s 5142t% + 2816t° + 20024¢'° + 136001t + 3452t% + 4496¢° + 14848t1° + 19040t +
5 67328t12 + 52544t + 201208t + 53300t'% + 67792t'3 4 166760t +
17257641 + 545849¢'¢ + 500352t17 + 210864t° 4 467772t + 588368¢'7 +
1365524t + 1313248t + 3188473¢2° 4+ ... | 1199988t'8 + 1501496¢'° + 2856896¢2° + . . .
L 1+ 11t% + 65t + 2955 4+ 11228 + 83 + 80t° + 432¢7 + 1720¢t° + 5640t +
5 3666t10 4 10564112 4- 27460t 4 65445t1¢ 4 16024¢'% + 40752t 4 94888t'7 +
1449358 + 301571¢%° + . .. 205440t + . ..
14 14¢% + 119" + 806t5 + 4480t% +
MQ*92 16¢>+208t° + 1568t +8736t° +39552¢ 11 +. . .
Qi 20886110 + 8377812 + . .. 20807+ + + +
14 2062 + 175t* + 326° 4+ 1060t5 4+ 416¢7 + | 2¢% + 16t% 4 40t* + 208t° + 348t5 4+ 1408t +
4994¢% + 2784t° + 19432¢'° + 13376t + 2080t% + 6896t° + 9640¢1° + 27184¢'! +
MQ202 65340t'2 + 51584t + 195360t + 36784¢1% + 91248t 4 121040t +

169120¢'° + 530141¢'¢ + 489760t7 +
1326692t + 1284544¢1° + 3098889t%° + . ..

270672t'° 4 353936¢16 + 726832¢17 +
939242t18 4 1797536t1° + 2299448¢%° + . ..
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HSc(t) = HSc(t; € Z) + HS¢ (17 € Z+ 1)

Quiver
HSc(t; 11 € Z) HSc (7 € Z+ 1)
1+ 1182 + 68" + 313t° 4 1202t% + 2t2 4 32t* + 214t° + 9728 + 3472t1° +
MQ;"? | 3953t'0 4 11453¢"* + 29842t + 71275¢'° + 10544t"2 + 28260t + 68662t'° +
158094¢'® + 329343t>° +- . .. 153948t + 323034¢* 4. ..
MQ2L2 1+ 20t 4 8t + 275t* + 296t° + 3045t° + 6% + 2413 + 150t + 504t° + 2144t +
! 4800¢7 +27790t% +51128t° + 21187110 +. .. | 6528t7 422284t% +61992t° +182902¢1° +. ..
14 272 + 16t + 537t* + 992t° 4 9266t° + 12¢2 + 48t% + 384¢* + 1440¢° + 77005 +
MQP*? 23904t7 + 133582t% + 383712¢° + 28192t7 + 120740t% 4 417440t° +
1626798t + . .. 15368160 + . ..
- 1+ 39t% + 64t° + 921t* + 2432¢° +
L 169661° + 5209617 + 254322¢° + 801152t” + not required
31636140 + . ..
1+ 40t% + 64t 4+ 1104t* + 3520t° + 16t + 64t> + 736t* 4 3520t° 4 22848t° +
MQP*? 26972t° + 108032t” + 587528t% + 108032t" 4 549792t + 2428480t° +
2428480t" 4 11018073t'% + . .. 107249126 4 ...
. 1+ 57t% + 88¢% + 2432t + 9024¢°
MQ*2 + + + p * * 32t% 41283 +2016t* +9984t° +85856t° +. . .
91715t% + . ..
14262 42¢4 44464248 42410 4412
(1—t2)2 (1—16)2
MQ?;OS’(l)(s) I not required
14 4% + 9t* + 2065 + 375 + 60t1° + . ..
14262 42t4 44464248 12410 4412
(1—2)2 (1—t6)2
MQ};OS’&S) I not required
1+ 4% + 9t* + 20t5 + 378 + 60t1° + . ..
Py (t)
(1—t2)4 (1—t6)4
MQ?;OS’(Q)(S) I not required
141162 +60t* 42355+ 745t5+2016'%- . . .
Pya(t) Py3(t)
oo A—2)2 (1—t4)Z (1-5)% A—t2)2 (1) 2 (1—5)%
MQ1 sos) I I
1+ 7t2 +36t*+133t5+409t3 4108210 + . .. 4% + 24" +102t° + 3365 + 934¢'° + ...
1+ 1082 + 62t* + 291¢° 4 1102t® + 4t 4 36t* + 196t5 + 8245 + 284010 +
MQ}7 50 | 3556t 4 10104¢"% + 259044 + 60965¢'° + 8448t'% 4 22392t + 54040t¢ +
133590¢'® + 275450t%° + . .. 120684t + 252596120 + . ..
14 10t 4+ 62¢* + 2915 + 1102t% + 4t 4 36t* + 196t5 + 8245 4 28400 +
MQ} %5 | 355610 + 101042 + 25904 + 60965¢'° + 844812 + 22392¢'* + 54040¢1° +
133590t + 275450620 + . .. 120684t + 25259620 + . ..
1+ 14t% 4+ 98t* + 4875 4 1926t° +
MQ; %S ) 639610 4 18552¢'% + 48296t + not required

115005t + 254274¢8 4 528046t%° + . ..
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HSc(t) = HSc(t; € Z) + HS¢ (17 € Z+ 1)

Quiver
HSc(t; 11 € Z) HSc (7 € Z+ 1)
1+ 13t + 143t* + 1106t° + 6918¢° + 8t2 + 104t* 4 936t5 + 6200t° + 333840 +
MQ} %0 35792¢"0 + 159285t'% + 623177t + 151776t"% + 602624t + 2134800¢'° +
2187539t16 46992878t +20617582¢%° + . .. 6868552t18 4 20339496t2° + . ..
1+ 6t% 4 30t* 4 110t° + 339¢® 4 900¢° + 2 4 6 s 10 12
MQ220 140112 - 464481 + 9365410 4 17754115 + 42 +24t* +100¢5 + 320t + 87210+ 209612 +
280(8) 20 4584t +9280¢'° +17644¢"® +31816¢*° +. ..
31962t%° + ...
14 17t% + 161" + 1178t° + 7146t° + 4t 4 86t* + 86415 + 5972t% + 32612t +
MQTES ) 36564t'0 + 161447¢'% 4 628953¢"* + 149614¢"2 + 596848t + 2120866¢'° +
2201473t6 4+ 7025402¢8 4 20688074t%° + . . . 683602818 4 20269004¢%° + . ..
1+ 6t + 30t* + 110t + 339t + 900£° + 2 4 6 8 10 12
MQ2O2 S14011% 4 4644414 + 0365¢16 1 1775415 + 482+ 24t +100¢5 + 3205 +872¢1° 4+ 209612 +
2;80(8) 20 4584 1-9280t1° 4176448 4-31816%° +. ...
31962t%° + ...
14 17t 4+ 16t3 + 151¢* + 248t° + 1065¢° +
2032t7 + 6375t% + 12320t° + 32229¢1° +
MQUL2 61368t + 140928t + 2612643 + ot recuired
1;50(8) 545817t + 978968t° + 190216216 + d
330124817 4 604873218 4 10175424t +
17765022¢%° + . ..
P14 (t)
(17155)2I (171521)2I
MQ;;E’(Q)@) I not required
141062 +55t*4+215t54+679t5+1831 % . ..
14+13t2 483 +99¢* +124t5 +645t5+1016t7 + | 4t + 8t3 + 52t* + 124¢5 + 420t° 4+ 1016t" +
3631t% + 6160t° + 17605t1° + 30684t + 2744t% + 6160t° + 146240 + 30684t +
MQ} 756 74988t + 130632t"° + 285329¢'* + 65940t + 130632t"* + 260488t +
489484¢1° + 982434t + 1650624t + 489484t + 919728t + 1650624t +
3098316t'8 + 5087712t + 9046590t%° + ... | 2950416¢'® + 5087712t + 8718432¢%° + ...
1+ 6% 4+ 31¢* + 11145 + 351¢% + 927410 + ) 4 6 s 10 12
MQZL! 2999112 4 4811714 4 9745416 1 18463¢1° 1 482+ 24t +104¢5 + 3283+ 904t 10+ 216812 +
2%80(8) 20 4768t 496400 + 183768 + 3312820+ . ..
33309t%° + ...
M@t 1+ 16t% + 16t 4+ 192¢* + 38415 + 203715 + 8t + 16t + 136t* + 384t° + 1688t° +
180(8) | 5072t7 4+ 19123¢t% +49824¢° + 1562590 +. .. | 5072t7 4+ 17400t% +49824¢° +148624¢° + . . .
MQ22L 14 15t% + 163 4 175¢* 4 36815 + 1840t° + 8t + 16> + 136t* 4 368> + 1640t° +
%80(8) | 4768t7 +16982t° +45408t° +135469t'° +. .. | 4768t +16208t5 4-45408t° +132744t'04-. ..
MQZL2 1+ 2062 + 163 4 224¢* + 3841 + 2189t + 4% +16t° + 104t* + 384t° + 1536t° +
1S0®) | 5072t7 +19815¢% +49824¢° +159015¢0 +. .. | 5072t7 +16708t% +49824t° 4+145868t1° +. . .
MQZL2 14 19t% + 163 + 211¢* + 36815 + 202015 + 4% + 16> + 100t* 4 368t° + 1460t° +
280(8) | 4768t7 4+ 17758t% +45408t° 413838510 + . .. | 4768t7 +15432t% +45408t° 412982810 4. ..

Table 3. Unrefined Coulomb branch Hilbert series for the orthosymplectic quivers.
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Quiver Higgs branch HS: HSy (¢)
MQpH? AT = 14962 + 663 + 361" + 361° + 1126 + 12017 + 285¢°
+320t7 + 621" + . ..
MQFO0 L0 gtHt® — 14 156 + 84t + 3006° + 8251° + 1911810 + ..
MQ; "0 At = 14362 56+ 7e0 + 0% 4+ 11670 4 .
MQPH? oy = 14962 + 420 + 1361° + 357° + 801410 ..
MQ%ZO (1—t2) (17t3?232t1)7t4) a2 — L 447 4 487 4 112" + 1687 + 3147 4 4t
+72t% 4 104¢° 4 155¢"0 + . ..
MQ5™" IO HOLH® — 1 4156 4 84t + 3001 + 825¢° + 1911110 + .
—— 220
MQ; = <1_tscf5ﬁ?_t4) oy = L+ 47 487+ 1180+ 166° + 318° + 44t
+72t% 4 104¢° + 155¢'0 4 ...
—— 220
MQ, LEOZHOEH® — 14+ 1562 + 84t% + 3001° + 8256° + 1911¢10 + ..
MQy™" Ty = 1+ 4%+ 148 4 37° + 8615 +176t"° + ..
MQj >0 s = 14962 4 36t + 106t° + 2616° + 561¢1° + ..
3,3,0 _
MQl (1,{2) (17t3) (1&24?2%?825) (l—tG) (17t7) =1 + t2 + 2t3 + 3t4 + 4t5 + 8t6
+10t" + 15¢t% 4 20t” + 30" + ...
3,3,0
MQ; TR ey = L+ 46 + 1061 4 4¢° + 20¢°
+16t" + 36t° + 40t + 67" + . ..
MQ%A’O 1+ t* 4+ 2t° + 5% + 5¢7° + 126 + ..
MQp™! Tl = 14 512 + 613 + 18t4 + 261° + 5815
+78t7 + 149t + 198t + 325¢t'0 + ...
MQ ! Qrt)% = 14662 + 1964 + 4416 + 8565 + 146610 + ...
MQ3 ™ LR — 1 4114 4 561 + 19260 + 51765 + 1183110 + ...
1,1,1
MQl (€= (1—t2??1(?t3)3 a—h — 1+ 5% +8t° + 16t" + 32¢°
+58t° + 887 + 151¢% + 224t + 329" + ...
MQy™! Lol = 1 4t? + 48° 4+ 9 4 121
+22% 4 24¢7 + 41¢° + 48t° + 66t'° + . ..
MQyht T = 14562 + 18t4 + 61° + 461°
+26t" 4 101¢° + 78t 4 205¢"0 + ...
MQ; " LB gt — 14 817+ 35¢% + 1114° + 286° + 637t + ...
MQp*! T iy = L+ 260 + 4+ 4”4 0t° 41207
+20t% 4 26¢° 4+ 39t + ...
MQSH | o 2 s = L+ 462 108 4 46° + 2315 + 1687 + 466 + 408" + 88110 + ..
— 921
MQ, 1462 + 4% + 47 + 9t° + 12¢7 420t + ...
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Quiver Higgs branch HS: HSy (¢)
— 22,1
MQ, et ey = 14+ 487 + 10t* + 4¢° + 23t° + 16t7 + 46t° + 40t° + 8810 + ...
(A—2)2 (1-15)2 (1£9)
3,2,1
MQj 1+ % + 2% + 265 4 46° 4+ 467 + 8¢° + 8t° + 13t'% +
3,3,1
MQj 1+t*+2t° 4+ 5% + ...
441
MQ; 1+0(t"
1,1,2
MQI (1-t) (1-t3) (1Q—1t24<)t)(1—t5)2 (1—t0) — L4874+ 27 4 4t* 4 6t°
+10¢5% + 14¢7 + 22¢% + 32t° + 4610 + . ..
1,1,2
MQ, a—t) (l—tQ?Qliit—)ﬁ) oz = L 5%+ 247 + 14t 4 1487
+32t% + 44¢7 + 73t +102¢° + 157¢10 + . ..
1,1,2
MQ; 14 3¢% + 14¢* + 34¢% +89t% + - -
— 1,12
MQ, T ey = 1+ + 288+ 4tt +6t°
+10t® + 14¢7 + 22t8 + 32t° + 4610 + . ..
119 1—t4+3t2 —2t3 4414 4246 4448 — 24243410 411 4412
MQQ? ’ (1—t) (1—-t2)2 (1—t3) (1—t5)2 -
14 562 + 2% + 14¢* + 14¢° + 325 + 44¢7 + 73¢% + 102¢° + 157¢1° +
— 1,12
MQ; BESCBA T = 1 307 + 140" 4 3415 4 891° + 17941 + ..
2,1,2
MQj 167+ 3t" 4+ 267 + 4t° + 67 + 8t° +
2,2,2
MQj 1+t*+2t° 4+ 5% + ...
— 2,22
MQ1 L4t +2t0+ 565+ ...
3,2,2
MQj L4+t%+ ...
3,3,2
MQj 142t% +8t* + ...
(1-1) Q13(1)
MQUYL T () =
i80(8) 14 10t 4 18t + 52¢* + 116¢° + 250t° + 454¢7 + 889¢% + 1490t° + 2538¢1°0 +
(1-t) Qi3 () _
MQL0 T3 () =
;80(8) 14 10t 4 18t + 52¢* + 116¢° + 250t° + 454¢7 + 889¢% + 1490t° + 2538¢1°0 +
14662 4+27t% +48t6 48415 +86¢10 484412448414 427416 46184420
MQO ,0,2 (1—t2)3 (1—t3)2 (1—t0) =
1;50(8) 14 9¢% + 55¢* + 2126% + 688¢5 + 1852410 +
14662427t 44816 48415+ 8610484112 148t 14 427416 4 64184420
MQQ ,0,0 (1—t2)3 (1—t4)4 (1—16) -
1;50(8) 14 9¢% + 55¢% + 2126° + 688¢5 + 185210 +
MQZ’LO 1+ 562 + 43 + 25¢* 4 22t° + 86t° + 867 + 254t5 + 270t° + 6480 + 716t 4 149912 +
1;80(8) 1686t + 3177t + . ..
(1—t) Q14 ()
MQ%OS%) 8 TP @) -2 () (1) =
580( 1+ 562 4 4% + 25t* + 22t° + 86t + 86t 4 254t5 + 270t° + 64810 + . ..
(1—t) Qua(t)
MQ;% . AP (=) (1= )2 (L) (1) =
;80(8) 1+ 52 + 4% + 25t* 4 22t° + 865 + 8617 + 254t5 + 270t° + 648¢1° +
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Quiver

Higgs branch HS: HSy (¢)

MQ} o) 1+ 482 + 1167 + 815 + 3165 + 3207 + T06° + 88t + 17040 + ...
MQ3 50 s, L2020 200 1 41012 4 54t0 4 2106° + 659t + 1772410 +
MQ; o) 1+ 482 + 1161 + 815 + 3165 + 32t7 + 706° + 882 + 17040 + ...
MQ} 5 s) Lzt a® e g 107 4 540 4 21068 + 6591 + 177260 + ..

1,1,2 2 4 5 6 7 8
MQ; $6(s) 14 4¢% 410t + 8t° + 28t° + 28" 4 63t° +

14662 +17t4 42766 43268 42710417412 614 4416

MQI,LQ (1—t2)% (1—t4)4 =

2%50(8) 1+ 1062 + 55¢% + 215¢° + 67945 + 183141 +

(1—t) Q15(t)

MQ2’1’1 (A—13)2 (1—t4) (1—13)3 (1—t0)2 (1—18)

1;S0(®) 1+ 482 + 10t% + 81° + 28t° + 2817 + 63t° + 76t + 148t + ...

14662 +17¢4 4276 43265 42710417812 4614 4416

MQ2,1,1 (1—t2)4 (1—t4)4 -

%80(8) 1+ 1062 + 55¢* + 21565 + 679¢° + 18310 4 ...

2,2,1 2 3 4 5 6 7 8
MQ7 o) 142 4 26% + 2t 4+ 26° + 6t° 4 8¢" + 13t° +

2,2,1 2 4 5 6 7 8
MQ3 5o s) 1+ 3t% 4+ 8t* +2t° + 16¢° + 107 + 32¢5 + . ..

27172 2 3 4 5 6 7 8
MQ7 $6(s) 1462 4+ 2t° +2t* + 2¢° 4+ 6t° + 8" + 13t +

2,1,2 2 4 5 6 7 8
MQ3 §os) 1+ 3% + 8t* + 2t° + 16t° + 10t” + 32t° +

Table 4. Unrefined Higgs branch Hilbert series for the orthosymplectic quivers.

Label Palindromic Polynomial
Py(t) 1422 +10t* + 10t + 16¢° + 1010 + 1012 + 261 + 116
Py(t) | 143t +38t* +69t° +225¢5 + 24010+ 37212 + 2401 +225¢¢ +69¢*° 43870 + 3¢22 ¢
Ps(t) | 8% +20t* +112° + 156t° + 328¢'0 + 27612 + 328" + 156¢1¢ + 11248 + 20120 + 8¢22
Py(t) 141187 + 57" + 170t° + 324¢% 4 398t + 324¢'% 4+ 170 + 57¢'¢ + 11¢'% 4 *°
Py(t) 1+ 126 + 63t* + 204¢° + 550¢% 4 1094¢"° + 1906t'* + 2708¢"* + 3432¢'® + 3596¢'® +
> 3432t%° + 2708t** + 1906t>* + 1094¢°° + 550¢°% + 204¢%° + 63t° + 12¢3* 4- %6
Ps(t) 8t% + 56" + 216t° + 536t + 1136t'% + 1888¢'? + 2752t"* + 3344¢'° + 3664t'® +
6 3344t%° 4 2752t + 1888t>* + 1136t° + 536¢>° + 216t°° + 56¢°% + 8>
P;(t) 14362 + 8t 4+ 21¢° + 33t% + 3410 4 33¢"2 + 2141 + 8¢16 + 318 +¢%°
Pg(t) 34 10t 4 20¢" + 31¢° + 38t° + 31¢'% 4 20¢'* + 10t + 3¢*°
Py(t) 14267 4+ 7t 4+ 1265 + 22¢% + 16610 + 22¢"2 + 1241 + 7410 4 2418 + 20
Pip(t) 202 4+ 4t* + 215 + 1065 4 2410 4 4412 4 241
Pri(t) | 1472 +22t* +53t° + 9415 + 129610 4+ 148412 + 120¢ ™ + 94416 + 53118 422420 4+ 7¢22 424
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Label Palindromic Polynomial
Pua(t) 14 5% + 21¢* + 54¢% + 11448 + 182¢1° + 248¢12 270t + 24816 4 182418 + 114¢%° +
12 54122 4 21424 4 5126 4 428
Pis(t) 4t% + 16¢* + 50t + 108t5 + 188¢10 + 25212 4 284¢1 + 25216 + 188¢18 + 108t2° +
13 50622 4+ 16624 + 4128
Pry(t) 14 662 + 17t + 27t% + 325 + 2710 4+ 1712 + 6t + ¢16
Q1(t) L4t + 6% + 9% + 15¢* + 12t° + 15t° + 97 4 6% +-¢° + ¢1°
Q2(t) 1+ 6t% + 15" + 18¢5 + 15¢° + 610 4 ¢2
Q3(t) | 143t +2t° +6t* +4t° + 10t° + 67 + 9t5 + 6t° + 10" + 4" 4 6'% 4+ 2% 4 3¢"4 - ¢16
Q4(t) 143t 4 7¢* 4+ 1265 + 16t° + 16¢10 + 1662 1261 4 7616 4 3418 4 420
Q5(t) 14 6t + 12¢* + 21¢° + 24¢5 + 24410 4 2142 + 12¢™ + 6116 4 ¢18
Qs(t) 14+t+t2+288+ 2t +3t° + 5t + 617 + 73 + 7% + 70 + 7t 4 812 4 T3 4+ Tt 4
6 7t15 + 7t16 + 6t17 +5t18 + 3t19 + 2t20 + 2t21 +t22 +t23 +t24
Q1) 14 3t2 4+ 6t* + 2t° + 10¢% + 4¢7 + 155 + 6¢° + 21410 + 811 + 22¢'2 + 10¢13 + 25¢14 +
7 10t° 4 22¢16 4+ 8617 + 21818 4+ 6¢1° + 15¢2° + 421 + 10t22 + 2623 + 624 + 3¢26 4 ¢28
Qs(t) | 14+t+48% 4763 +14¢" +19¢° +-25¢° + 2417 +25¢5 4 19¢° 4 14410 4 7411 412 4413 441
Qo(t) 1—t+4t2 + 3 +5t* +26° + 55 + 7 + 4% —¢° +¢1°
Quo(t) 14 ¢4 462 + 43 + 11¢* + 14¢° + 235 + 28¢7 + 38¢% + 37¢% + 44¢1° + 37¢1L + 38¢12 +
10 28113 1 23414 1 14415 £ 11416 o+ 4417 4 4418 4 419 4 420
Qu(t) 142+ 263 + 261 + 3t° + 5% + 667 + 9% + 11¢° + 12610 + 13¢1 + 16¢12 4+ 12¢12 +
11 1681 4+ 13615 + 12616 + 1187 4 9¢'8 + 6¢1° + 5820 + 3¢ 4 2622 4 2423 4 24 4 ¢26
Q12(t) 1=t 42+ 26 + 30 4+ 67 + 265 + ¢ + 2610 4 41 4 312 4 24 4416 — 17 4418
Qus(t) 1+t 4 782 + 2183 + 398" + 58t° + 90t° + 110t7 4 1185 + 110t° 4 90t'° + 5811 +
13 39t12 Jr211513 + 7t14 +t15 +t16
Qua(t) 14t + 3% + 563 4+ 16t* + 21¢° + 34¢5 + 34¢7 + 53¢% + 56t° + 7310 + 64t + 7312 +
14 56113 4+ 53t14 4 34415 1 34416 4 21417 + 16418 4+ 5110 + 3420 4 (21 4 422
1+¢4+5t2 433+ 1264 +9t° +32t° 430t 7 +68t2 +65t° +119¢ 10+ 114¢1 1 +187¢12 + 1813+
Q15(t) | 268t™ 248t +330¢10 +-287¢'7 4354418 428719 + 330t2°0 + 248t +268t%% 418112 +-
187824+ 11462 +119t%° +65¢°7 +-68°° +-30¢> 43260 +9¢> +12¢%2 437 4571 77 447
14 2t2 + 3t* 4+ 2t° + 5t° + 4¢7 + 6% + 6t° + 610 + 6t + 6612 + 4413 + 5eM 4 215 +
Qlﬁ(t) 3416 4 op18 4 420

Table 5. Palindromic polynomials appearing in the main sections.
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