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1 Introduction and summary

One of the most interesting and fascinating aspect of quantum gauge theories at strong
coupling is the possibility for two different theories to flow to the same conformal fixed
point at long distances.

The infrared dynamics can sometimes be described only in terms of a few gauge-
singlet fields, theories with this property are usually called S-confining. In the context of
3d N = 2 gauge theories, a paradigmatic example is the duality between SQED with one
flavor (Q, Q) and the XYZ model [1]. On the electric side, the infrared degrees of freedom



can be understood as the monopole operators 9* and the meson M = Q@, mapping to
three chiral fields on the magnetic side, interacting through a superpotential of the form
W = XY Z, as the name of the model suggests.

More general S-confining dualities relate gauge theories to Wess-Zumino theories (or
free chirals in the particular case of vanishing superpotential). Some of them can be
obtained starting from a known Aharony-like duality [2] and appropriately choosing the
matter content and the superpotential. As an example, Sp(N — 1) SQCD with Ny = 2N
flavors and W = o9 (i.e. flipped monopole superpotential) is dual to a theory of N(2N —1)
free chirals, transforming in the rank-two antisymmetric representation of the SU(2N)
flavor group.

Confining dualities are useful to deconfine fields transforming in rank-two representa-
tions of various gauge groups. This observation has been used in the context of 4d N/ =1
gauge theories [3-6] and of 3d N = 2 gauge theories [7-10]. Ref. [10] sequentially deconfined
either U(N) gauge theories with an adjoint and F' flavors or Sp(IV) gauge theories with an
antisymmetric and 2F fundamentals.

In this paper, we propose new confining dualities of gauge theories with orthogonal
gauge groups. We start from a duality for theories with SO(N) gauge groups and matter in
the vector representation, found by Aharony, Razamat, Seiberg and Willett (ARSW) [11],
building on [12-15]:

SO(F — N, +2)w/ F chiral flavorsq
= 1+ F(F + 1)/2 singlets o, S% (1.1)
W = oMt + S Tr(qgiq;)

SO(N,)w/ F chiral flavors Q
W=0

For F' < N. — 2, SO(N.) SQCD has no supersymmetric vacuum, while one may expect
confining dualities for FF = N, — 1 or F' = N, = 2, which we obtain decoupling flavors in
the ARSW duality. In the first case, we propose that the magnetic theory is actually a
Wess-Zumino model with an SU(N, — 1) symmetric matrix of chirals S, a vector ¢ and a
singlet o with superpotential W = Tr(¢Sq) + o2detS, (2.8). For F = N, — 2, the theory
develops a smooth quantum moduli space. However, we propose a mechanism to prevent
the moduli space from smoothing: we start from the case with F' = N, — 1, we turn on a
mass term for a flavor, then we gauge a Zo symmetry. On the magnetic side, the discrete
gauge symmetry is Higgsed while on the electric side, there is no Higgsing and the gauge
group is turned from SO to O, /Spin. We thus arrive to the duality (2.15).

A second starting point is a variation of the ARSW duality with linear monopole
superpotential [11, 16]:

SO(F — N.)w/ F chiral flavors q
= and w singlets S¥ | (1.2)
W =Mt +S¥ Tr(qiq;)

SO(N.)w/ F chiral flavors Q
w=mt

In this case, there are no supersymmetric vacua for F' < N, and one can expect to find
interesting confining dualities for ' = N, 4+ 1 or F' = N,.. In the first case, we propose
the dual to be a Wess-Zumino model with a symmetric matrix of chirals S, a vector ¢ and



superpotential W = Tr(¢Sq) + detS, (3.4). For F = N, we expect again a smooth quantum
moduli space. Building on the previous lesson, we avoid a quantum deformed moduli space
taking SO(N,.) SQCD with N, + 1 flavors and linear monopole superpotential, turning on
a mass term for one flavor and gauging/Higgsing a Zs symmetry. On the electric side, the
gauged discrete symmetry is preserved and we end up with a confining duality for O (N)
gauge group (3.10).

All such dualities are useful in deconfining rank-two symmetric representations (of
SU(F) or subgroups thereof). In particular, we apply such dualities, together with sym-
plectic confining dualities [2, 17], to find S-confining dualities for SO(N) (Sp(NN)) gauge
theories with an adjoint and 1 (2) fundamentals, respectively. In both cases, the dual
consists of a Wess-Zumino or free chirals depending on the choice of superpotential. Such
S-confining dualities can be used in turn as an intermediate step to prove other proposed
dualities in the literature as duality appetizers [18-21]. Turning on a real mass for a flavor,
we are able to prove the duality appetizer of [19] between SO(2N); with an adjoint ® and
N free chirals (duals of the composite operators Tr(®2'), Pf®) and the duality appetizer
of [21] between Sp(IV) 1 with and adjoint and one flavor with N free chirals (duals of ad-
joint traces). Moreover, we propose and derive a new duality appetizer: SO(2N + 1); with
adjoint dual of N free fields, mapping again to the adjoint traces in the electric theory.! If
we keep the CS level to be vanishing but pick an appropriate superpotential, we are able
to prove instead that the 3d mirror of (Aj, Aon) Argyres-Douglas is a theory of N free
massless hypermultiplets, as already claimed in [21].

In a companion paper [22], we apply such new confining dualities in order to sequen-
tially deconfine Sp(N), O (2N + 1) and SO(2N) gauge theories with an adjoint and an
arbitrary number of fundamental flavors.

The structure of the paper is the following: in section 2 we review the basic ARSW
duality for orthogonal groups and, building on that, we prove new confining dualities with
flipped monopole superpotential for orthogonal gauge theories; new confining dualities
with monopole superpotential are instead derived in section 3. All the dualities useful to
deconfine rank-two matter in ortho-symplectic gauge theories are collected in section 4.
Those dualities are used in section 5.1 to derive S-confining dualities for SO(N) (Sp(V))
gauge theories with an adjoint and 1 (2) fundamentals, respectively. Building on those,
we also derive the aforementioned duality appetizers and 3d mirror of (A1, Aan) Argyres-
Douglas, in section 6 and 7, respectively.

2 Dualities and confinements for orthogonal gauge theories

In this section we study the 3d N/ = 2 gauge theories with orthogonal groups with N,
colors, and matter in F' copies of the vector representation. Building upon the duality first

proposed by Aharony, Razamat, Seiberg and Willett (ARSW) [11], valid for F' > N,, we
discuss the infrared behavior for FF = N. — 1 and F = N, — 2. In the next section we

1To be precise, the electric theory of the proposed duality has a non-zero superpotential of flipping type.
For this reason, this is not actually a proper appetizer in the sense of [18-21].



discuss the same theories with a linear monopole superpotential turned on. A prominent
role will be played by discrete global symmetries.

Let us start with a review of the properties of the discrete symmetries. Different
orthogonal groups can differ in their global properties, due to the gauging of discrete
global symmetries. The usual SO(N,) gauge group comes with two global Zs: the charge-
conjugation C (or Zg), that acts on vectors as a reflection and a magnetic symmetry M (or
ZQA) associated to non-trivial center of the group and changing sign to the fundamental
monopole operator. Gauge-invariant operators in the chiral ring are said baryonic if they
are charged under C and can be both baryons in the usual terminology (i.e. composite op-
erators made of chiral fields contracted with the Levi-Civita tensor) or baryon-monopoles,
using the terminology of [11]. By gauging different combinations of such discrete sym-
metries, different gauge groups are obtained, usually denoted by O(N.)+, Spin(NNV.) and
Pin(V.). The variouss possible gaugings are summarized in (2.1).

/K

N, —>Sp1n c) —>P1n (2'1)

\\/

In general, gauging a discrete symmetry strongly affects the chiral ring, projecting out part
of the generators: this is the case, for instance, of the baryonic operators when charge
conjugation C is gauged, as in O(N,.)4 and Pin(NV.).

2.1 Dualities

The duality for orthogonal groups (special and not) proposed in [11] generalizes the dualities
previously proposed in [12-15] for O (N.) strictly. The starting point is SO(N.) SQCD
with F flavors (). Since the group is special, both C and M are global symmetries and
none of the possible chiral ring generators is projected out. Thus, the global symmetry
group of the theory is:

U(1)4 x Z§ x 71

(2.2)

In (2.2), U(1) 4 denotes the axial symmetry acting on the flavors; moreover, the quotient
with respect to a Zs factor, is due to the relation CVe- MF . ™A = 1, where A the generator
of U(1) 4. The chiral ring of the theory is generated by the following operators: the meson
Tr(Q! @Q7), transforming in the rank-2 symmetric representation of SU(F) and the baryon
ex Q¥ where ex denotes the Levi-Civita tensor of SO(N,) and the contraction of indices
is understood. The baryon transforms in the rank- K antisymmetric representation under
SU(F') and it has a non-trivial charge under C. Together with such composite operators
we also find monopole operators. In the case of SO(N.) we have two different kind of



monopoles, depending on their charge under C action. The unit-flux monopoles are usually
denoted as OMT where the sign reveals the charge under Z§. The odd monopole 9~,
however, it is not invariant on its own, but it actually needs to be dressed with N, — 2
flavors;? the resulting “baryon-monopole” will be denoted as E)JE;QNC,Q, it only exists for
F > N, —2 and it transforms in the rank-(N, — 2) antisymmetric representation of SU(F).
Both the even and odd monopole transform non-trivially under the magnetic symmetry
M. All the charges are summarized in table 2.3.

SU(F) U(1)a C| M
Tr(Q'Q7) symm? 2 + | +
ex-QF antisymK K — | + (2.3)
m+ singlet -F + | -
D)T;QK,Q antisymK_2 K—-F-2|—| —

RMT] = F(1 - R[Q]) +2 — N,
The ARSW duality states that
SO(F — N.+2)w/ F chiral flavors q

= 1+ F(F +1)/2 singlets o,S¥ (2.4)
W = oMT + S Tr(q;q5)

SO(N.) w/ F chiral flavors Q
W=0

with mapping

Tr(QQ) S
€ QNC M o,
— eq e 2.5
mt o (2.5)
SDTE__QNC_Q €. qF—NC+2

Duality (2.4) is valid for F' > N,. As in all Aharony-like dualities, the meson Tr(Q'@’) in
the electric theory maps to the gauge singlet matrix S¥ in the magnetic dual, while the even
monopole of the electric theory 9™ maps to the flipping field o on the magnetic side. The
non-trivial part of the ARSW proposal consists in the mapping of the baryonic operators.
The baryon ey, - Q™V¢ of the electric theory maps to the baryon-monopole m;qF_ ~. of the
magnetic dual.? Viceversa, the baryon-monopole of the original theory, DJ?;QNC,Q, gets

mapped to the baryon ex_ . yo-¢" ~Net2. In order to make the comparison more clear, all

2In fact, a non trivial vev of a unit-flux monopole breaks the gauge group to S(O(N. — 2) x O(2)) where
we stress the presence of a residual gauged Zs factor, i.e. the reflection in both O(2) and O(N. — 2). The
odd monopole is not invariant under such residual Zs factor, and it needs to be dressed with another odd
operator (invariant with respect to the continuous part of the residual gauge group); such operator can be
built appropriately contracting the Levi-Civita symbol ey, —2.

30bserve that all the charges actually match since in the magnetic frame, the chiral fields g have charge
—1 under U(1)4 and transforms in the anti-fundamental representation of SU(F').



the charges of the chiral ring generators of the magnetic theory are collected in table 2.6.

SU(F) U(1)a C| M
St symm2 2 + | +
er—i42-q" K2 | antisym® 2 | K—F -2 | — | + (2.6)
o singlet —F + | -
im;q Pk antisym® K - -

A careful reader could have observed at this point that a mismatch in the mapping of
the Zo charges seems to be present: for instance, in the electric frame the baryon is only
charged under C,j, but its proposed magnetic dual, the baryon-monopole, transforms under
both Ciag. and Myag.. The reason of such mismatch is that there is a non-trivial mapping
of the discrete symmetries also:

CelJ < Cmag.u Mel.y < (C . M)mag. . (27)

The analogue ARSW duality for non-special orthogonal groups are obtained by the appro-
priate gauging of the discrete symmetries and taking into account (2.7). Let us start with
the O(N,)+ case. Gauging charge conjugation, all the baryonic operators are projected
out. The map (2.7) implies that in the magnetic theory charge conjugation is also gauged
and the two magnetic symmetries maps to each other. Thus the appropriate Aharony-
like duality for O(N.)4 is completely analogous to (2.4) with O4 gauge groups in both
frame [12, 13, 15].

The O(N,)_ theory is less common in literature: in this case C - M is gauged and thus
both the even monopole 9t and the baryon ex - Q¥ are not gauge invariant anymore.*
The chiral ring still contains the meson Tr(Q?Q’), the baryon monopole and the monopole
usually denoted by ?Jﬁgpin, that is the even monopole with two units of magnetic flux. It
is evident from the mapping (2.7) that if we gauge Cq - M.l on the electric side, in the
magnetic frame we need to gauge Mg , i.€. the magnetic gauge group Spin(F — N+ 2).
In such a theory, all unit-flux monopoles (either baryonic or not) are not gauge invariant
but the chiral ring contains a two-units-flux baryon-monopole (defined analogously to the
usual baryon-monopole), together with the two-units-flux even monopole smgpin, the baryon
and the meson. The mapping of the operators between the two sides of the duality is
straightforward.

Finally, gauging in a Pin(N,.) theory all discrete symmetry are gauged and thus all
monopoles and baryonic operators are projected out. The chiral ring is generated by
the meson and the two-units-flux even monopole. A Pin(N.) gauge theory is dual to a

Pin(F — N. + 2) gauge theory.

2.2 Confining dualities

For F < N, — 2, the electric theory SO(N.) with F' flavors breaks supersymmetry. The
cases ' = N.—1 and F = N.—2 are confining, we discuss their low energy behavior below.

4However, the product MT (ex - Q™) is still in the chiral ring.



221 F=N.—-1
If F = N, — 1, we propose the following S-confining duality

Wess-Zumino w/ a singlet o,
SO(K + 1) w/ K chiral flavors Q an SU(K) symmetric S and a

W =0 A SU(K) anti-fundamental ¢, (28)
W = ¢Sq + o2 det(S)
with mapping
Tr(QQ) S
m+ = o (2.9)
M g q

Using that RNT] = 1 — K R[Q)], R[Qﬁ;QK,l] = 1 — R|Q), it is easy to check that the
global symmetries are consistent with the duality and the mapping.” We also checked
duality (2.8) with the supersymmetric index.

We can derive duality (2.8) starting from (2.4) with N, = F = K 41, so that the r.h.s.
is an SO(2) gauge theory with K +1 flavors, W = o9" + S¥ Tr(g;q;). A mass term for

the last flavor on the Lh.s. is mapped to SK+LE+L

, so on the r.h.s. the theory is Higgsed
SO(2) — SO(1). One of the two components of the original flavors, together with the gauge
singlets S“***1 become massive and can be integrated out. Along the flow a superpotential
term o2 det(S) is consistent with all global symmetries, hence we expect it to be generated

by non-perturbative effects.

222 F=N,-2

We now move to the case F' = N, — 2, which is described in the infrared by a quantum
deformed moduli space [11]. Starting from (2.8) with K’ — K + 1, turning on a mass term
of the form tr(Q°Q") +» SY, on the r.h.s. the superpotential becomes

W =S 4 S9qq; + qoS°qi + S + o (Sdet(S) + X e SH1519Y) (2.10)
where we split S — {S¥, 5*, S} and ¢ — {gi,q0}, 4,7 = 1,..., K. The F-terms of S%
(¢")? + 0%det(S) +1 =0 (2.11)

Since g and/or o?det(S) is taking a non zero vev, S* and ¢; are always massive. Hence
at low energy we have

Wess-Zumino w/
. . 00
SO(K +2)w/ K chiral flavors Q three singlets o, S . , 40, (2.12)
W=0 an SU(K) symmetric S,

W =S%((¢")? + o2det(S) + 1))

with mapping

Tr(QQ) S
m+ = o (2.13)
me_.QK q0

°0On the r.h.s. R[¢Sq] = 2R[Q] + 2(1 — R[Q]) = R[o* det(S)] = 2(1 — KR[Q]) + 2K R[Q] = 2.



2.3 Confining dualities with flipped monopole

Let us begin with F' = N.—1, flipping 9™ < o in (2.8) we obtain the following S-confining
duality:

Wess-Zumino w/ w chirals

= symmetric of SU(K) S¥ | (2.14)
K chirals ¢; , W = ¢; St qj

SO(K + 1)w/ K chiral flavors Q
W=ocmt

Some comments: on the gauge theory side, the chiral ring contains the meson Tr(Q'Q)

and the baryon-monopole S)J?G_K the latter transforming in the anti-fundamental

.OK-1»
representation of flavor group S_IIJ(QK ). For algebraic reasons, it is not possible to build
the baryon while the even monopole 9™ is flipped: thus, we can observe that the discrete
symmetry C-M acts trivially on the chiral ring of the gauge theory frame. On the Wess-
Zumino side, S¥ is the dual of the meson, while ¢; is the dual of the baryon monopole. In the
magnetic frame, we can still introduce a charge-conjugation C, charging ¢ and coinciding
with three-dimensional reflection; we do not have, instead, any magnetic discrete symmetry,
consistently with the fact that l.h.s. C- M has a trivial action on the chiral ring. Gauging
any combination of the discrete symmetries in Lh.s. of (2.14), the duality is not confining
anymore: the magnetic theory would be an O(1); gauge theory.

Duality (2.14) can be useful to deconfine a symmetric field coupled to a flavor, we will
use it in section 5 and in [22].

We can study the case F'= N, — 2 either turning on a mass term for a single flavor
in (2.14), or flipping M* «+ o in (2.12). On the r.h.s. we obtain a quantum deformed
moduli space with the equation (go)?> = —1. So there are two disconnected branches.
Recall that gp maps to the baryon monopole i)ﬁ;Q x on the gauge theory side.

This means that we can do the following: we gauge M or C in the gauge theory side, in
the r.h.s. we then have a Zs gauge theory, which is however Higgsed down to a trivial gauge
group going on one of the two branches ¢y = +i. We then obtain the following duality

O+ (K + 2)'or Spin(K +2) Free SU(K) symmetric
w/ K chiral flavors Q S & TH(QO) (2.15)
W=ocM"

Duality (2.15) can be used to deconfine any symmetric field, even if we do not use it,
neither in this paper nor in [22].

3 Dualities and confinement for orthogonal gauge theories with
monopole superpotential
3.1 Dualities

The following monopole duality for SO gauge groups is valid for FF > N, + 2 [11, 16]:

SO(F — N.;)w/ F chiral flavors q
— and w singlets S¥ | (3.1)
W =M+ + SV Tr(qiq;)

SO(N.)w/ F chiral flavors Q
W=



with mapping

{ Tj(gﬁ) } — { B qENC } (3.2)

On both sides, the linear monopole superpotential breaks the magnetic symmetry M while
charge conjugation is preserved. The linear monopole superpotential also breaks the U(1)
axial symmetry and the R-charge of the chiral fields is fixed to be

N, F—-N,

RIQ=1-=F, Rlg)=1-——=. (33)

The chiral ring is generated by the meson and the baryon only.

Eq. (3.1) is related to (2.4): starting from (2.4) with two additional flavors, when we
turn on M < o, on the r.h.s. the monopole takes a vev, forced by the F-terms of . Such
a vev implies a Higgsing SO(F + 2 — N.) — SO(F — N.). Along the RG flow the linear
monopole term O™, preserving all global symmetries, is generated.

If FF < N, a runaway superpotential is generated and supersymmetry is broken. The
cases F' = N, + 1 and F' = N, are instead confining, and we analyze them below.

3.2 Confining dualities
In the case F' = N, + 1 we propose the following S-confining duality:

Wess-Zumino w/
SO(K —1)w/ K chiral flavors Q SU(K) symmetric S¥,
= : (3.4)
W =" SU(K) antifundamental ¢; ,

W = ¢;S¥ q; + det(S)

{Zréﬁg)l} = {j} (3.5)

As a check of duality (3.4), we notice that the marginality of the superpotential implies, on
the Lh.s., R[Q] = %, on the r.h.s. R[S] = %,R[qi] = %, consistently with the mapping
stated above. Moreover, we notice that in the special case K = 3, duality (3.4) coincides

with mapping

with a known duality for U(1) gauge group.® The duality (3.4) can be tested using the
superconformal index. For electric theory in (3.4) the supersymmetric index reads:

2mz

1 dz
Iel., (3.4) (ZE, ﬂ) = Z W / de?:(K) (Z)Zmat (SU, Zfund, ﬂfund) ) (37)

®In the special case K = 3, the Lh.s. is equal to U(1) with (3,3) flavors and W = 9" + 9™, which is
known to satisfy the following confining duality [23]:

Wess-Zumino w/ a 3 X 3
— matrix of chirals pu, (3.6)
W = det3><3(,u) .

U(1)w/ (3,3) flavors Q,Q
W=+

The global symmetry is SU(3) x SU(3), under which the matrix p transforms as a bifundamental. Under
the diagonal subgroup SU(3), u splits into a symmetric S and antisymmetric A, defining ¢* = EijkAjk,
det(p) = SY Tr(qiq;) + det(S), in agreement with (3.4).



where the functions appearing in the previous expressions are reviewed in appendix A.
We denoted by m,z the units of GNO magnetic fluxes and the fugacities of the gauge
group respectively. p denotes instead the fugacities of the SU(K') flavor group and z is the
R-charge fugacity. In the matter contributions, we explicitly stressed how the fugacities
organize. Observe that in (3.4), the magnetic symmetry of the orthogonal gauge group
is explicitly broken by the linear monopole in the superpotential; moreover, for K even,
the most interesting case for us in the following, the charge conjugation can actually be
identified with an element of the flavor group, as reviewed below (2.2). For this reason, it
not necessary to taken into account fugacities neither for Z3* (that is broken) nor for Z§
that is not a true symmetry of the theory. The index (3.7) can be evaluated expanding the
integrand as a power series in the R-charge fugacity x. Evaluating it for various choices of
K and flavors R-charge, one always get:

1_1

2 1
T, (3.4) = L+ Xsym2 ()TE + Xganqg(H)T K + ... (3.8)

Here xr(w) stands for the character of the representation R of the flavor symmetry group
SU(K). One can easily check that this expansion matches the one for the magnetic theory
of (3.4).

Duality (3.4) can be obtained deforming duality (3.1) with N. = K — 1, F = K + 1,
turning on a mass term for a single flavor. On the r.h.s. the gauge group SO(2) is Higgsed
and the superpotential term det(S) is generated. Alternatively, we can obtain duality (3.4)
from (2.4) with N. = K + 1, F' = K, so that the r.h.s. is SO(2) with K flavors, W =
oM™ +SY Tr(g;q;). Turning on MT <+ o, on the r.h.s. the F-terms of o force the monopole
to take a non zero vev, so the gauge group SO(2) is Higgsed.

We now move to the case of SO(N,) with N, flavors. If we simply add a mass term
to (3.4) we obtain a duality with a quantum deformed moduli space on the r.h.s. Since in
this paper we are interested in confining dualities useful to deconfine symmetric matter,
we flip operators in the gauge theory side so that the quantum deformed moduli space is
replaced by a free theory. As a first step, let us flip (3.4) (with K — K + 2) as

WZ model with
Sij, Si()’ SOO’ GO K+ (from S)

— qK+1,9i, 90 (from q)

W= q;S%q; +5%¢3 + 55 goqpen+
+Si0qiq0 + (SOK-H)Z det(sij)

W=M"+uTr(QQry) + aTr(Qrn Qi)

(3.9)
where i, = 1,2,..., K. Now we deform this duality with 6WW = Tr(QoQo) < S°°. The
F-terms of S, qg = —1, imply that gy (which maps into a baryon monopole) takes a

vev. The vev of qo in turn makes the fields S° 5 ggiq, 5%, ¢; massive. Only the SU(K)-
symmetric chiral field S% remains massless. There are two disconnected branches, so the

~10 -



r.h.s. becomes the direct sum of two copies of free SU(K)-symmetric chiral fields (in the
sense that the Hilbert space is the direct sum of the Hilbert space of one copy of free
SU(K)-symmetric chiral field).

In order to obtain a well defined theory on the r.h.s. we gauge both sides of the duality
the Zs global symmetry under which e-(Q¥ Q1) ¢ qo is charged. This means that on
the r.h.s. the two branches are gauge equivalent, so the Zs is Higgsed and we are left with a
single copy of a free theory. On the L.h.s. the Zs global symmetry is charge conjugation C,
so the gauge group SO(K + 1) becomes O (K + 1). We thus obtain the following duality:

Free SU(K)-symmetric
chirals S < Tr(QQ)

W =M +uTr(Quv) + a Tr(vv) (3.10)
This duality will be of crucial relevance in the sequential deconfining of ortho-symplectic
theories with adjoint in [22]. On the gauge theory side, the linear monopole superpotential
explicitly breaks the magnetic discrete symmetry M and an Abelian symmetry, so that
the global symmetry is SU(K) x U(1)g, where the axial U(1)g charges +1 the flavors Q.
The superpotential fixes the R-charges of the other fields:

R[v] = —KRg, Rlu=2+(K—1)Rg, Rla]=2+2KRy. (3.11)

Let us observe that the field v has an R-charge below %, but this is not actually a problem,
since Tr(vv) is flipped, so it is zero in the chiral ring, and there is no chiral ring operator
below the unitarity bound. The singlets u are needed in order to flip the meson Tr(vQ)
that otherwise would be part of the chiral ring, spoiling the duality. The unique generator
is actually the meson Tr(Q'Q7), mapping to free symmetric chiral fields S¥ on the Wess-
Zumino side. A crucial test for the duality (3.10) is provided by the computation of the
supersymmetric index. This can be performed in the same fashion as for the duality (3.4):

Z'—el., (3.10) — 1+ ¢2Xsym2 (“) z?le + ¢4 (Xsym4 + Xb0X2><2) atfia +... (3‘12)

where boxzaxz is the (0,2,0,...,0) representation of SU(K), a 2 x 2 box in terms of Young
tableaux. ¢ denotes the fugacity of the U(1)q axial symmetry. The index (3.12) coincides
with the index of K (K +1)/2 free chirals of R-charge 2R and transforming in the rank-2
symmetric representation of SU(K). It may worth stressing that in computing the index,
it is not necessary to introduce any additional fugacity for M that is broken by the linear
monopole superpotential; moreover it is interesting to observe that the way the gauging
of C is taken into account in the supersymmetric index is the following: first, as reviewed
for instance in [40, 41], it is possible to include a fugacity o for the charge conjugation,
labelling the even and odd parity operators. The gauging is then performed summing the
index over the even sector, 0 = +1, and the odd sector, ¢ = —1, so that no fugacity remain
visible in the index after the index, consistently with the fact that no discrete symmetries
are left.

- 11 -



4 A hand-book of 3d N' = 2 (de)confining ortho-symplectic dualities

In this short section we summarize the dualities that are useful to confine fields transform-
ing in the symmetric and antisymmetric representation and/or to confine symplectic or
orthogonal gauge groups. We will use these dualities in section 5.

For antisymmetric fields / symplectic gauge groups, the following two dualities are

useful:
Q
Sp(N — 1)
_ g Free SU(2N)-antisymmetric
W=7 (4.1)
(this is a variation of Aharony duality.)”
A Free SU(2N +1)-antisymmetric
W =M+ uTr(Qv) (4.3)

(this is a variation of 4d Intriligator-Pouliot S-confining duality, reduced to 3d.)
For symmetric fields / orthogonal gauge groups, the following two dualities, found in
the previous sections, are useful:

g Free SU(N)-symmetric

W =M +uTr(Quv) + a Tr(vv)

(4.4)
SO(N+1) Wess-Zumino w/ SU(N)-symmetric S%
= and SU(N)-antifundamental g¢;,
W =~yIM* g
W = g; S g
%o (4.5)
"Let us start from the original duality proposed in [2]:
. Wess-Zumino w/ 2N X 2N antisymmetric
Sp(N = 1)w/ 2N chiral flavors & matrix of chiral fields A, and a singlet o (4.2)

w=0 W = o Pfafi(A)

In this duality the monopole is mapped to o (9 <+ ), so if we flip the monopole in the Lh.s. with a gauge
singlet v, on the r.h.s. we obtain a superpotential term o7, so ¢ and v become massive, integrating them
out the superpotential becomes zero and we obtain the duality (4.1).
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5 S-confining dualities for SO/Sp with adjoint

In this section we apply the deconfining dualities proposed in sections 2 and 3, summarized
in section 4, in order to find examples of S-confining 3d N = 2 theories.

We show that Sp(/V) with adjoint ® and two fundamentals p, g, with cubic superpo-
tential W = ®pp, is S-confining:

Wess-Zumino w/ 4N chirals

m; < Myy, j=0,...,2N — 1
pi < Tr(®**Hgq),i=0,...,N -1,

op < Tr(®%*), k=1,...,N,

Sp(N) w/ adjoint ®
and 2 fundamentals g, p =
W = Opp

(5.1)

Similarly, we show that SO(K) with adjoint ® and one fundamental ¢, with vanishing
superpotential, is S-confining, either if K = 2N:

Wess-Zumino w/ 4N chirals
mj ¢+ Mgy, j =0,...,2N — 2

SO(2N djoint @ :
(2N) w/ adjoin pi <> Te(t®%t),i=0,...,N -1

d 1 fund talt = 5.2
and L andateita o Te(®%%), k=1,...,N — 1 (52)
W=0 _
m_ < Baryon-monopole qu)N_l
B «+> Baryon Pf®.
or K =2N + 1, in which case:
Wess-Zumino w/ 4N + 2 chirals
o Mg, j=0,...,2N — 1
SO(2N + 1) w/ adjoint ® m; T (tZJQ’% . 70 ’ N_1
L r ,i1=0,...,N —
and 1 f;l;ld_al(f)nentalt — Zak o TH@™), k1. N (5.3)

m_ < Baryon-monopole Dﬁt_q) N1
B « Baryon e-(t V).

The superpotential on the r.h.s. of (5.1), (5.2) and (5.3) is a complicated polynomial
in the massless fields. The superpotential simplifies if we flip the powers of the adjoint
Tr(®%*) and, in the SO case, the baryon and the baryon-monopole. In this way the most
general superpotential consistent with the U(1) x U(1) x U(1) g global symmetry® is a cubic
polynomial which we write explicitly in egs. (5.19), (5.23) and (5.27). In this way the duality
is also unitary: all the gauge invariant operators are above the unitarity bound R > %

From these S-confining dualities, it is easy to prove that the 3d reduction of the 4d
N =1 Lagrangian for (A, Aoy) Argyres-Douglas theory is dual to free hypers, as proposed
in [21], see next section. Moreover from (5.1), turning on real masses for the flavors, one
can immediately obtain the duality appetizers.

All the dualities derived in this section applying the confining ones of section 2, can
be further checked using the supersymmetric index, in the same way as we did for the
duality (3.4).

8In the electric theories, the two non-R U(1) factors act on ® and ¢ respectively.
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5.1 Sp(N) with adjoint and 2 fundamentals

We now prove the above S-confining dualities using a sequential deconfinement strategy,
as in [8-10, 24]. We start with the theory on the Lh.s. of (5.1) in quiver notation:

P
" p
[ W = Tr(pap)

q

(5.4)

The continuous global symmetry is U(1)p x U(1)4 x U(1)g. We denote the R-charge of the
adjoint field ® by rg and the R-charge of the chiral g by r,; it is useful to remember that:

Rlp)=1-"2, RO = 1-r,— (2N —1/2)re. (5.5)

One could think of deconfining the symplectic adjoint field using the duality (3.10).
However, given the particular form of the superpotential in (5.4), with the cubic superpo-
tential ®pp, it is more convenient to deconfine using the duality (2.14). The resulting dual
theory is thus a two-node quiver:

Tor By o (5.6)
b W =yMmte
q
Observe that:
Rb) =", R[M*") = 1-Nry = Rp] = 1+ Nre. (57)

Now we can dualize the symplectic node in the quiver with duality (4.2). Seiberg-like
dualities in 3d N = 2 quivers, with particular emphasis on monopole operators, were
studied in [25], see also [26]. The symplectic node confines, so we get an SO(2N + 1)
theory and flow to the following dual frame:

T2 By
ﬁ W =M, + 0t eans1 (AN)
(5.8)
The superpotential of the theory 75 deserves some comments. Since the symplectic node

confined, the linear monopole superpotential is lifted.” However, we still see the flipping
field v in the superpotential, flipping the baryon monopole 9, y_,,. Such superpotential

9Had the symplectic group not confined, the superpotential would contain flipped monopoles with one
unit of magnetic flux for the symplectic node turned on.
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term is dynamically generated; indeed 7 has the appropriate R-charge (and more in general,
quantum numbers) to flip the baryon monopole:

RN no1)) = R+ (N—-1)re+7s = 1-Nre = R[N+R_,v..]=2. (5.9)

The superpotential term flipping the baryon instead is a direct consequence of the confine-
ment of the symplectic node. In fact, as stressed in the footnote 7, when the symplectic

node confines, this generates a Pfaffian term and indeed one can rewrite:

A —t
ANt) = Pfaff . 1
ean+1(A7E) a <+t 0 ) (5.10)

Now we proceed to deconfine the adjoint field in 75 using the deconfinement duality with

linear monopole superpotential (4.3):

75/ . CN_l Bw (511)

W = M*° + o4 Tr(ut) + ymo";Nﬁt + Tr(veu)

€

In 75, the baryon monopole has the same definition as before, supplemented by the pre-
scription A — (cc) while the baryon has been replaced by Tr(ut). The R-charges of the
auxiliary fields v and v are:

Rlv]=2— (2N + 1)%@ . R[u] = Nre. (5.12)

We can now dualize the orthogonal node: also in this case, the node confines and we are
left with a symplectic gauge theory. We use duality (2.8) flipped by v, o and 7:

Wess-Zumino w/

SO(2N +1)w/ {8, 8, o, G} < {cc,uu,tt,ct}
(2N — 2). + 1, + 1; chiral flavors <~ {p,man—1,mo} <> {M_ oy, SJI;CQN_Zu,E)JT+}
W = v Tr(uc) + o4 Tr(ut) + VM on-2y W = SP* + pom3y_q + pgman_1+
mg (det(S)uo + S**qq)
(5.13)
where we expanded the cubic and determinant terms in the r.h.s. of (2.8) as:
S 0 q D
q(S)qg = (]7 0 mQNfl) 0 580 0 = 5152 + MomgN_l +pgmon—1  (5.14)
q 0 po/ \man—1
S 0 q
det(S) = det [0 8 0 | = Bean_sean—2(S* " 2po + S?V73G9) (5.15)
q 0 po
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Applying duality (5.13) to Ty, four gauge singlets appear:

o A singlet 3, dual of Tr(uu). Observe that R[3] = 2Nrg.  maps to Tr(®2Y) in the
original theory 7.

o A singlet pg, dual of Tr(¢t). It has R-charge R[] = 2rq+re and it maps to Tr(®qq)
in7;.

e A singlet moy_1 dual of the baryon monopole SUI:&;N,ZH. It maps to the dressed
monopole Mganv-—1 in 7.

« A singlet mg dual of the monopoles 9% *. It maps to the fundamental monopole 9
in 77.

The linear monopole term in the superpotential is lifted, and we are left with

i

L

Ts: C

=

+ 4 singlets
{10, mo, mony_1, B}

R

W = Tr(pSP) + pomiy_; + Tr(pg)may_1 + m3 B(det(S)po + €SN 3Gq) (5.16)

Notice that T3 is equal to 71, modulo replacing N — N — 1 and modulo superpotential
terms which are of flipping type. This means that we can perform the same procedure that
took us from 77 to 73 N — 1 times, and one is left with a theory with trivial gauge group
and 4N singlets, that is a Wess-Zumino model, as promised.

S-confinement of the flipped Sp(IN) with adjoint and 2 fundamentals. We can
repeat the above procedure starting from 77 with the N traces of the adjoint Tr(®%") flipped

by p;.

P
My
T flipped Cn W = Tr(p®p) + S0, ps Tr(927)
q

(5.17)

The superpotential term Z]}le ps Tr(®%/) maps to Zf}f:l psTr(A?7) in T2 flipped, tO
S0 prTr((ce)?) in Tor ipped and to pn B + S0 py Tr(S?/) in 75 ippea. So when we
arrive to 73, and produce the singlet 3, 8 pairs up with py, the flipper of Tr(®2V): both
singlets become massive and disappear. As a consequence of this, the superpotential in 73
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simplifies to:

+ 3 singlets
{po, mo, mon_1}

S
= p
7?i,flipped : CN—l
q

W = Tr(pSp) + pom3y_; + X575 ps Tr(®2) + Tr(pg)man 1

(5.18)
Iterating the procedure N times we get the duality with the cubic Wess-Zumino'®
Wess-Zumi 3N chiral
Sp(N)w/ adjoint @ Wess Zuino w/ 3N cials
and 2 fundamentals ¢, p — J ®3s ] = Yoo (5.19)

pi < Tr(®**1qq),i=0,...,N —1,

W = ®pp + S0, py Tr(@2
PP+ L= 3 THE™) W =32, 5k MM [k0ig j+2k—AN+2

Using (5.5), we see that the superpotential on the r.h.s. is the most general consistent with
the U(1)p x U(1)q x U(1)g global symmetry.

Notice that we didn’t include the mapping of the operator Tr(pg). The reason is that
Tr(pq) is actually a composite operator: Tr(pq) ~ fil Tr(g®%1q) x Myan—2:. M

5.2 SO(2N) with adjoint and 1 fundamental

Starting from

D
Ti: Dy
“t W=0
(5.20)
we deconfine the adjoint to:
Tir On-1y ——— Dx W = e (5.21)

The map of the operators is not straightforward in this case but there is a non-trivial
mixing. Let us make an example: the flipping field v maps to the baryon PfA in 77 and

1075 be precise, this argument is not enough to prove that the final superpotential is exactly the one on
the r.hus. of (5.19). See [24] for a full proof of the form of the cubic Wess-Zumino superpotential in the case
of 4d N'=1 Sp(N) with antisymmetric and 6 fundamentals.

" Notice that this chiral ring relation is consistent with the global symmetries, as can be seen from (5.5):
the Lh.s. has R =1— 2% 474, and the r.h.s. has R = 2ry + (2i — 1)ro + 1 —7¢ — (2N —1/2)re + (2N — 2i)7s,
which are equal.
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the monopole M%* in 75 is dual to the baryon monopole in the original theory. We use
duality (2.8) to confine the SO(2/N) node and get

S
D 5
T2 : Cn-1
_ + 4 singlets
q
{’}/7[10,1'(12]\[,2,111,}

W = Te(p Sp) + pom3y_o + Tr(pg)man o+
(m_)?(podet(S) + eeS™2qq) +(...) (5.22)

The four singlets {~, po, man_2, m_} map to {eAN,Tr(tt),i)ﬁjm,z,m;l,\,,l} in 71. The
flipping field ~ appears in the superpotential multiplying all possible cubic polynomials
involving two dressed monopoles and a meson such that the sum of all R-charges adds
up to 2. Since the precise form of such superpotential is not useful in the following, we
do not write it explicitly. Using the result of section 5.1, we can replace the Sp(N — 1)
with a Wess-Zumino model with 4(/NV — 1) fields, and obtain a Wess-Zumino model with
44+ 4(N — 1) = 4N fields (N — 1 powers of the adjoint, 2N — 1 dressed monopoles, N
dressed mesons, a baryon and a baryon-monopole).

Flipping the traces of the powers of the adjoint, the baryon-monopole and the baryon,
we get a unitary S-confining duality with a Wess-Zumino model with a cubic superpotential:

SO(2N) with adjoint A Wess-Zumino with 3N — 1 chiral fields
and 1 flavor ¢, m; < ME j=0,...,2N -2
_ = ATl T 5.23
W =320 py Te(AY)+ pi < Tr(tA%t),i=0,...,N —1, (5.23)
VM o an-1 T oenAY W =37, ik MM ki g4 2k— AN 44 -

It is easy to check that the superpotential on the r.h.s. preserves the U(1); x U(1)4 x U(1)r
global symmetry using the formula for the R-charges of the monopole in 7;:

RMT =17 — (2N —2)ra. (5.24)

5.3 SO(2N + 1) with adjoint and 1 fundamental

For completeness, we discuss this case explicitly, but all the ingredients already appeared
in the discussion for Sp(IN) with adjoint and 2 fundamentals of section 5.1.

Starting from

Ti:

A
)

By

ﬁ W=0

(5.25)
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we deconfine the adjoint to:

B (5.26)

T Cn-1 W = IM*° + Tr(veuw)

We use duality (2.8) to confine the SO(2N + 1) node, and lift the linear monopole su-
perpotential. Modulo flips, we obtain Sp(/N — 1) with adjoint ® and 2 fundamentals p, q,
W = ®pp. The flippers are 6 singlets mapping to

{Tr(uw), Tr(tt), Tr(ut), M on o, M x5, MOTY
in 71.. These 6 singlets map to
{Tr(A%N), Tr(tt), e AN, Mo, My, TS

in 7;. Using the result of section 5.1, we can replace the Sp(N — 1) with a Wess-Zumino
model with 4(N —1) fields, and we obtain a Wess-Zumino model with 6+4(N —1) = 4N +2
fields (N powers of the adjoint, 2/N dressed monopoles, N dressed mesons, a baryon and a
baryon-monopole).

Flipping the traces of the powers of the adjoint, the baryon-monopole and the baryon,
we get a unitary S-confining duality with the same Wess-Zumino model dual to Sp(N) with
adjoint and 2 fundamentals, with a cubic superpotential:

SO(2N + 1) with adjoint A Wess-Zumino with 3N chiral fields
and 1 flavor ¢, mj < MY, i=0,...,2N -1
= A AR 5.27
W =30, ps Tr(A?)+ wi < Tr(tA%t),i=0,...,N — 1, (5.27)
Y m;NilANflt +o €2N+1ANt W = Zi,j,k mimjuk5i+j+2k_4]v+2 .

It is easy to check that the superpotential on the r.h.s. preserves the U(1); x U(1)4 x U(1)r
global symmetry using the formula for the R-charges of the monopole in 77:

RN =1—r— (2N —1)ry. (5.28)

6 3d mirror of A;n Argyres-Douglas from 4d Lagrangians

4d N = 1 Lagrangians flowing in the IR to N' = 2 (A1, Aan) Argyres-Douglas theories have
been discovered in [27] (see [28-30] for generalizations). In four dimensions, the N' = 2
Argyres-Douglas theory is reached in the IR, at the end of an RG flow described by an
N =1 lagrangian:

4d Sp(N) with adjoint ®
and 2 flavors p, q,
W = Te(p®p) + 721 ps Tr(@*)+
+ ZJJV:I 77 Tr(q®%*~1q)

= (A1, Agn) Argyres-Douglas (6.1)
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Ref. [21] argued that, reducing the theory to 3d, the superpotential of the lagrangian
theory does not change. This behaviour is similar to the case of (A1, Aan41) Argyres-
Douglas, discussed in [31], but notice that for (A1, Day) and (A1, Dan41) the 3d superpo-
tential is different from the 4d superpotential [30, 32].

Ref. [21] also proposed that the 3d mirror of (A1, Aan) Argyres-Douglas is a theory of N
free massless hypermultiplets. Such a statement implies the duality between 4-supercharges
lagrangian and a theory of free chirals:

Sp(V) with adjoint ®
and 2 flavors p, ¢, 2N free chiral fields
W = Tr(p®p) + 30, pg Tr(®>7)+ A ~ Sp(N)-monopoles
+ 30 7 Te(q@27 1)
Ref. [21] checked this duality with the S partition function. See [33] for additional checks
of the 3d mirror duality. With the techniques developed in this paper, we are now in a

(6.2)

position to derive duality (6.2). Duality (6.2) is an immediate consequence of duality (5.19).
From (5.19):

Wess-Zumino w/ 3N chirals

Sp(N) w/ adjoint ®
p(N)w/ adjoin m; < Mgy, j =0,...,2N — 1

d 2 fund tal = . 6.3
an un ajrvnenasq, p2J MiHTr(¢)2’L+1qq)’ i=0,...,N—1, ( )
W = ®pp + > 5 pg Tr(®*7)
W =325k Wity g0t j 2k — AN +2
we flip the L.h.s. mesons and their r.h.s. images
Tr(®*qq) < p; . (6.4)

On the r.h.s. we are left with a theory of 2N chiral fields m; <+ Mg;, j = 0,...,2N — 1.
Such a theory is free because no non-trivial polynomial superpotential invariant under
U(1)e x U(1), x U(1)R exists. Hence, we obtain the 3d mirror duality (6.2) from the S-
confining duality (5.19). Notice that in (6.2) the global SU(2N) symmetry rotating the 2N
chiral fields (or N hypers) is emergent in the IR, it is not visible in the UV, not even the
Cartan generators are visible. This phenomenon is the same as for the theory SU(NV) with
adjoint and 1 flavor with appropriate flipping superpotential, which is dual to N =4 U(1)
with NV flavors [31] and hence has SU(NNV) global symmetry in the IR, which is not visible in
the UV and is destroyed if we start in the UV from a different flipping type superpotential.

7 Generalized duality appetizers for SO or Sp with adjoint

Some time ago, [18] noticed that N' = 2 SU(2); with an adjoint and vanishing superpoten-
tial is dual to a theory of a free chiral field, and called this duality duality appetizer. Ref. [19]
soon generalized the duality to a class of dualities, relating an N = 2 theory with a simple
gauge group, appropriate Chern-Simons level, a rank-2 field and vanishing superpotential
to theories of free chiral fields. In the case of SO(2/N); with adjoint, we can prove such du-
ality appetizers as a simple consequence of the S-confining dualities obtained in section 5.'?

12The duality appetizers for U(N) with adjoint and for Sp(IV) with antisymmetric can be obtained in a
similar way from S-confining dualities, see [20, 21].
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A similar strategy allows us to prove an appetizer duality for SO(2N + 1); with adjoint,
and the duality appetizer proposed in [21] for Sp(N): with adjoint and fundamental.
2

Sp(N)% with adjoint and fundamental. We start from (5.1) and turn on a real mass
for the flavor g. The operators Mg; and Tr(tq®%*1q) are charged under the corresponding
U(1) symmetry, the operators Tr(®2¥) are uncharged.

On the Lh.s., in the IR we are left with Sp(N)% with adjoint and fundamental p. On

the r.h.s., in the IR, we are left with a theory with the singlets oy <+ Tr(®?¥). No non-
trivial polynomial superpotential invariant under U(1)g x U(1)p exists, so the dual must

be free:
Sp(N djoint &
p(d i% Vz’i/ a Joml . N free chirals (7.1)
and fundamental p op < Tr(®%), k=1,...,N. '
W = Tr(p®p)

This duality was conjectured in [21].

SO(2N); with adjoint. We start from (5.2) and turn on a real mass for the flavor
t. The operators Mg;, Tr(td%t) and I n_1 are charged under the corresponding U(1)
symmetry, the operators Tr(®2*) and Pf(®) are uncharged.

On the Lh.s., in the IR we are left with SO(2/N); with an adjoint ® and YW = 0. On the
r.h.s., in the IR, we are left with a theory with the singlets oy, <+ Tr(®2¥) and B <+ Pf(®).
No non-trivial polynomial superpotential invariant under U(1)g x U(1)p exists, so the dual
must be free:

N free chirals
= op & (@), k=1,...,N -1 (7.2)
B < Baryon Pf®.

SO(2N); w/ adjoint @
W=0

This duality was conjectured in [19].

SO(2N + 1); with adjoint. We start from (5.3) and turn on a real mass for the flavor
t. The operators My, Tr(td?t), M, ,~—1 and the baryon e - t®Y are charged under the
corresponding U(1) symmetry, the operators Tr(®2*) are uncharged. At the end of the
RG flow, the baryon-monopole 91~ transforms non-trivially under charge conjugation and
transforms non-trivially as a vector under the SO(2N + 1) gauge group, because of the
non-vanishing Chern-Simons level. The dressed monopole MMy is however still gauge
invariant and belongs to the chiral ring. A way to check the presence of this particular
gauge-invariant baryon monopole is through the use of the supersymmetric index:

ISO(2N+1)1W/¢ =1 + ¢2 .ZL’QR(P +w¢_1 l,l—NRtb + ... , (73)

where ¢ is the fugacity for the U(1) global symmetry rotating the adjoint field and w is
the fugacity for the magnetic symmetry. The charge conjugation symmetry has not been
refined in the index since it is not relevant in our discussion. The first non-trivial term
in (7.3) corresponds to the operator Tr®? while the second corresponds to a monopole,
given the non-trivial charge under M. The R-charge is consistent with the hypothesis that
the operator appearing in the index is My as claimed.

- 21 —



We flip this particular operator adding an extra flipping field p.

On the Lh.s., in the IR we are left with SO(2/N 4 1); with an adjoint ® and W = 0.
On the r.h.s., in the IR, we are left with a theory with the singlets o), <+ Tr(®2¥). No
non-trivial polynomial superpotential invariant under U(1)s x U(1)g exists, so the dual

must be free:

SO(2N + 1); w/ adjoint ® N free chirals
<~

7.4
W = p My op < Tr(®%%), k=1,...,N. (74)

Because of the non-trivial superpotential on Lh.s, in the case of SO(2N + 1); one does not

obtain a proper appetizer.
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A 3d supersymmetric index

All the dualities proposed in the main text have been checked computing the supersymmet-
ric index, which is an RG-invariant quantity that can be computed for different 3d N = 2
quiver theories and that must match across a duality. Its formal definition involves a trace
over the Hilbert space of the theory on % x R [34-39], (we use the definitions of [11, 17]):

I(x, p) = Tr |(—=1)zA+ 11w, (A.1)

where the various quantities in the formula represents

« A: is the energy whose scale is set by the radius of S2,
o Js: is the Cartan generator for the SO(3) isometry of the S,
e L, q;: respectively the fugacities and charges of the global non- R symmetries.

e R will denote the R-charge in the following.

The only non trivial contributions to the index comes from states that are annihilated by
two supercharges and satisfy the relation

A=R+Js. (A.2)

It is not so easy to employ the definition (A.1) to perform an explicit computation of the
index; here the localization techniques come at rescue. Indeed, the index can be computed
as the partition function on S? x S! given by the following expression

1 dz
I(x) - gn: m mzcl Zvec Zmat, (Ag)
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where the integral is taken over the Cartan torus of the gauge group whose fugacities are z,
|[Win| is the dimension of the Weyl group that is left unbroken by the monopole background
specified by the GNO magnetic fluxes m. Localization implies that the only non trivial
contribution to (A.3) from non-exact term in the classical action and from 1-loop terms.
The various terms Zg|, Zyec, Zmat have the following expressions

e Zq: the classical terms includes only CS couplings and, more generally, BF terms.
Take a gauge group whose rank is rk(G. Denoting the fugacity for the topological
with w and the associated flux as n, and given a level k£ CS term we have

kG
Zo = H wmizfmi+n (A4)
i=1
The topological symmetry is only present for U(N) gauge groups and for SO(N)
gauge groups. In the first former case, the topological symmetry is U(1), while in
the latter case the topological symmetry is a discrete Zg group (implying that the
condition w? = 1 must be enforced).!3

o Zyec: the contribution for an N = 2 vector multiplet reads

28.(2) = ][ 2252 (1 (Zpyetm)gaglatmly (A.5)
acyg

where we denoted by « the weights of the adjoint representation of the gauge group G.

o Zmat: the contribution of an NV = 2 chiral multiplet with R-charge r transforming in
the representations R and R under the gauge and flavour group, whose weights we
denote as p, pp, is

_ 1y _lem)tep(n)]|
Zchi(zRalJ"RF): H H (Zp:uprT 1) 2F X
PER prERF
((=1)Pm)+pr() z=py=pr g2=rtlp(m)+pr ()], 4:2) (A6)

((—=1)p(m)+pr(n) z=py=pr gr+lp(m)+er )], £2)

Explicit expressions for Z.n; and Zyee for both ortho-symplectic groups and unitary
ones can be found in the appendices of [40, 41]. In particular, we want to notice that it is
possible to consistently introduce a fugacity o for the charge conjugation symmetry Z5.

B Monopoles and dualities for orthogonal gauge groups

In this section we will review the current knowledge about the monopole operators in
theories involving orthogonal gauge groups and the related Seiberg-like dualities proposed
in [11, 13].
Let us start considering an SO(NN) theory with F' flavors ). The global symmetry
group of this model is:
Gy = (U(F) x Z§ x 731 ) s, (B.1)

31n the case of SO(2), the topological symmetry is still U(1), being SO(2) = U(1).
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where the Abelian factor in U(F) is the U(1)g axial symmetry acting on the chiral fields; the
discrete Z§ factor is the charge conjugation symmetry, whose non-trivial element consists
of the orthogonal transformation (in O(NN)) with determinant equal to —1, i.e. a reflection;
the magnetic discrete symmetry Z3?, instead, acts on the Coulomb branch coordinates
charging —1 the fundamental monopole operators.'® As usual, on the Coulomb branch the
gauge group is broken to the Cartan U(1)"™V with ry = | N/2|. Semi-classically, the basic
monopole operators can be written as:
[0 .

Ve~ i) (B2)
where we denoted with «o; and ¢; the dual photon and adjoint scalar respectively for
the i*" Abelian vector multiplet in U(1)"™~. Charge conjugation acts non-trivially on the
two monopoles Vi swapping them, so that it is useful to define the even and odd Zg

combinations

mE =V, £V . (B.3)

Observe that both the monopoles breaks the gauge group down to S (O(N — 2) x O(2)),
including the transformation with —1 determinant in both the O(/N — 2) and the O(2)
factors. In particular, in order for the monopole to be gauge invariant, it must be invariant
under charge conjugation in the O(2) factor; following the previous discussion, only 9™
has this property, while 91~ is not gauge invariant on its own.

However, we can still build a gauge invariant object dressing the monopole with an
operator that is odd with respect to the charge conjugation in SO(N — 2):

(M )gn-2 = M g4, iy Q" -+ QN2 (B.4)

where the chiral fields are contracted using the Levi-Civita symbol of the residual SO(N —2)
factor, e. This monopole operator is usually called baryon monopole: let us observe that it
only exists for F > N — 2, it has non-trivial charge under both Z§ and Z$"' and transforms
in the rank-(NN — 2) antisymmetric representation of SU(F).

Another type of operator is relevant for us, having non-trivial magnetic fluxes with
respect to two different Abelian factors in U(1)". Semi-classically, it can be written as:

o] —

M ~ exp <922 i — ¢2)) . (B.5)

where the two lined up bullets denote the fact that two different fluxes are turned on. Such
monopole breaks the SO(N) gauge group down to S(O(N — 4) x O(4)),'® and it is not
gauge invariant unless dressed with a conjugation-odd operator in SO(N — 4). This can

be done defining the gauge invariant operator 59325 ~_1,'0 existing only for F > N — 4. In

1 The two discrete factors ZS’M and the element ™ of U(1)q are not really independent but they actually
satisfy the relation ey - C™ - M =1 [11]; this is the reason why a common Z; factor is mod out in (B.1).

15 Actually, the SO(4) factors is further broken to U(2).

16The N — 4 chiral fields dressing the monopoles are contracted with the Levi-Civita symbol of the
SO(N — 4) residual group.
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theories with only one gauge group factor, 9™ is not really a chiral operator; however, it
plays a crucial role in dualities between orthogonal quiver theories discussed in this paper.

In the theory under consideration, the last operator that deserve to be mentioned is
the usual baryon:

B = e inQ" QW (B.6)
In the main text, different baryon-like operators can appear; in that case, we will denote
them by an ¢ followed by the fields contracted with the Levi-Civita symbol: for instance,
the baryon in (B.6) could be also denoted by eQ¥.

Once we have understood which kind of operators can be part of the chiral ring in 3d
SQCD with orthogonal groups, we can easily discuss the Seiberg-like duality proposed by
Aharony, Razamat, Seiberg and Willett (ARSW) in [11]. The theory dual of T4, SO(NN)
SQCD with F flavors Q, W, = 0, is Tp, SO(F' — N + 2) gauge theory with F' flavors
q, F(F + 1)/2 singlets M;; transforming in the symmetric representation of SU(F') and

superpotential:
Wr, = oM + M;;Tr(¢'q?). (B.7)
The map of the chiral ring generators is the following:
Ta Ts
Tr(Q:iQ;) M;;
m+ o (B.8)
(m—)QN72 6qN—F—l-Q
SQN (m_)qzva

Observe that baryons and baryon-monopoles are mapped to each other.

B.1 O(N)i, Pin(N) and Spin(N)

Different gaugings of charge conjugation and the magnetic Z31 discrete symmetry leads to
different gauge groups, enjoying the same algebra as SO(N) but differing in their global
properties; in particular, the spectrum of chiral operators will be different.

+ The gauge group O(N), is obtained gauging ZS, i.e. the orthogonal reflection. Such
O(N) group is the most common in literature: the gauging of charge conjugation
makes the baryon and the baryon-monopole not gauge invariant and they are not
part of the chiral ring anymore.

« If we gauge the diagonal combination (Z§ x Z41)/Zs, the less common O(N)_ group
is obtained; in this theory, only operators which are even (odd) under both charge
conjugation and ZQA symmetry are gauge invariant: for this reason the monopole
9T and the baryon B are both projected out, while the baryon-monopole (im_)QNq
survives. However, the monopole usually denoted as smgpm, having twice the minimal
flux, survives.

« Spin(N) theories are built gauging Z3*. The (baryon-)monopole is projected out but

_l’_

the monopoles with double fluxes, zmspin and (gﬁs_pin)QNfg are still chiral operators

on the Coulomb branch.
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o Finally, Pin(N) theories'” are obtained gauging both the discrete global symmetries;

+

the Coulomb branch is parametrized by zmspm while all baryonic-like operators (in-

cluding monopoles) are projected out.

All such theories enjoy Seiberg-Like duality similar to the ARSW duality [11, 13].
O(N)4 SQCD with F flavors is dual to O(F—N+2)+ SQCD with F' flavors, N(N+1)/2 M;;
singlets duals of the meson TrQ;Q;, the singlet o dual of M™ and the usual superpotential
W = oI 4 Tr(¢*M;;¢°); an analogous duality holds for Pin(N) SQCD. Finally, O(N)_
SQCD is dual to Spin(F — N + 2) SQCD (with singlets and appropriate superpotential):
further details about the chiral ring mapping can be found in [11].

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.

References

[1] O. Aharony, A. Hanany, K.A. Intriligator, N. Seiberg and M.J. Strassler, Aspects of N = 2
supersymmetric gauge theories in three-dimensions, Nucl. Phys. B 499 (1997) 67
[hep-th/9703110] [INSPIRE].

[2] O. Aharony, IR duality in d =3 N = 2 supersymmetric USp(2N(c)) and U(N(c)) gauge
theories, Phys. Lett. B 404 (1997) 71 [hep-th/9703215] [INSPIRE].

[3] M. Berkooz, The Dual of supersymmetric SU(2k) with an antisymmetric tensor and
composite dualities, Nucl. Phys. B 452 (1995) 513 [hep-th/9505067] [INSPIRE].

[4] P. Pouliot, Duality in SUSY SU(N) with an antisymmetric tensor, Phys. Lett. B 367 (1996)
151 [hep-th/9510148] [INSPIRE].

[5] M.A. Luty, M. Schmaltz and J. Terning, A Sequence of duals for Sp(2N) supersymmetric
gauge theories with adjoint matter, Phys. Rev. D 54 (1996) 7815 [hep-th/9603034]
[INSPIRE].

[6] J. Terning, Duals for SU(N) SUSY gauge theories with an antisymmetric tensor: Five easy
flavors, Phys. Lett. B 422 (1998) 149 [hep-th/9712167] [INSPIRE].

[7] K. Nii, 3d Deconfinement, Product gauge group, Seiberg-Witten and New 3d dualities, JHEP
08 (2016) 123 [arXiv:1603.08550] [INSPIRE].

. Pasquetti and M. Sacchi, From ualities to ree field correlators and back,
8] S.P i and M. Sacchi, From 3d dualities to 2d Id lat d back, JHEP 11
(2019) 081 [arXiv:1903.10817] [INSPIRE].

[9] S. Pasquetti and M. Sacchi, 3d dualities from 2d free field correlators: recombination and
rank stabilization, JHEP 01 (2020) 061 [arXiv:1905.05807] INSPIRE].

[10] S. Benvenuti, I. Garozzo and G. Lo Monaco, Sequential deconfinement in 3d N = 2 gauge
theories, JHEP 07 (2021) 191 [arXiv:2012.09773] [INSPIRE].

[11] O. Aharony, S.S. Razamat, N. Seiberg and B. Willett, 3d dualities from 4d dualities for
orthogonal groups, JHEP 08 (2013) 099 [arXiv:1307.0511] [INSPIRE].

1"To be precise, there exists two versions of Pin(N): Pin® (), as discussed in [42].

— 96 —


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0550-3213(97)00323-4
https://arxiv.org/abs/hep-th/9703110
https://inspirehep.net/literature/441215
https://doi.org/10.1016/S0370-2693(97)00530-3
https://arxiv.org/abs/hep-th/9703215
https://inspirehep.net/literature/441669
https://doi.org/10.1016/0550-3213(95)00400-M
https://arxiv.org/abs/hep-th/9505067
https://inspirehep.net/literature/395015
https://doi.org/10.1016/0370-2693(95)01427-6
https://doi.org/10.1016/0370-2693(95)01427-6
https://arxiv.org/abs/hep-th/9510148
https://inspirehep.net/literature/401010
https://doi.org/10.1103/PhysRevD.54.7815
https://arxiv.org/abs/hep-th/9603034
https://inspirehep.net/literature/416523
https://doi.org/10.1016/S0370-2693(98)00074-4
https://arxiv.org/abs/hep-th/9712167
https://inspirehep.net/literature/452470
https://doi.org/10.1007/JHEP08(2016)123
https://doi.org/10.1007/JHEP08(2016)123
https://arxiv.org/abs/1603.08550
https://inspirehep.net/literature/1436384
https://doi.org/10.1007/JHEP11(2019)081
https://doi.org/10.1007/JHEP11(2019)081
https://arxiv.org/abs/1903.10817
https://inspirehep.net/literature/1726792
https://doi.org/10.1007/JHEP01(2020)061
https://arxiv.org/abs/1905.05807
https://inspirehep.net/literature/1735138
https://doi.org/10.1007/JHEP07(2021)191
https://arxiv.org/abs/2012.09773
https://inspirehep.net/literature/1837132
https://doi.org/10.1007/JHEP08(2013)099
https://arxiv.org/abs/1307.0511
https://inspirehep.net/literature/1241458

[12]

[13]

[14]

[15]

[16]

[17]

C. Hwang, K.-J. Park and J. Park, Evidence for Aharony duality for orthogonal gauge
groups, JHEP 11 (2011) 011 [arXiv:1109.2828] [INSPIRE].

O. Aharony and I. Shamir, On O(N.)d =3 N = 2 supersymmetric QCD Theories, JHEP 12
(2011) 043 [arXiv:1109.5081] [INSPIRE].

A. Kapustin, Seiberg-like duality in three dimensions for orthogonal gauge groups,
arXiv:1104.0466 [INSPIRE).

F. Benini, C. Closset and S. Cremonesi, Comments on 3d Seiberg-like dualities, JHEP 10
(2011) 075 [arXiv:1108.5373] INSPIRE].

A. Amariti, I. Garozzo and N. Mekareeya, New 3d N = 2 dualities from quadratic
monopoles, JHEP 11 (2018) 135 [arXiv:1806.01356] [INSPIRE].

O. Aharony, S.S. Razamat, N. Seiberg and B. Willett, 3d dualities from 4d dualities, JHEP
07 (2013) 149 [arXiv:1305.3924] [InSPIRE].

D. Jafferis and X. Yin, A Duality Appetizer, arXiv:1103.5700 [INSPIRE].

A. Kapustin, H. Kim and J. Park, Dualities for 3d Theories with Tensor Matter, JHEP 12
(2011) 087 [arXiv:1110.2547] [INSPIRE].

A. Amariti and C. Klare, Chern-Simons and RG Flows: Contact with Dualities, JHEP 08
(2014) 144 [arXiv:1405.2312] [INSPIRE].

S. Benvenuti, A tale of exceptional 3d dualities, JHEP 03 (2019) 125 [arXiv:1809.03925]
[INSPIRE].

S. Benvenuti and G. Lo Monaco, Sawing an adjoint: sequential deconfinement in
ortho-symplectic gauge theories, to appear.

S. Benvenuti and S. Pasquetti, 3d N = 2 mirror symmetry, pg-webs and monopole
superpotentials, JHEP 08 (2016) 136 [arXiv:1605.02675] [INSPIRE].

S. Bajeot and S. Benvenuti, S-confinements from deconfinements, JHEP 11 (2022) 071
[arXiv:2201.11049] [INSPIRE].

S. Benvenuti, I. Garozzo and G. Lo Monaco, Monopoles and dualities in 3d N = 2 quivers,
JHEP 10 (2021) 191 [arXiv:2012.08556] NSPIRE].

T. Okazaki and D.J. Smith, Web of Seiberg-like dualities for 3D N = 2 quivers, Phys. Rev. D
105 (2022) 086023 [arXiv:2112.07347] [INSPIRE].

K. Maruyoshi and J. Song, N' = 1 deformations and RG flows of N =2 SCFTs, JHEP 02
(2017) 075 [arXiv:1607.04281] [INnSPIRE].

P. Agarwal, K. Maruyoshi and J. Song, N' = 1 deformations and RG flows of N =2 SCFTs,
part II: non-principal deformations, JHEP 12 (2016) 103 [arXiv:1610.05311] [Addendum
ibid. 04 (2017) 113] [INSPIRE].

P. Agarwal, A. Sciarappa and J. Song, N =1 Lagrangians for generalized Argyres-Douglas
theories, JHEP 10 (2017) 211 [arXiv:1707.04751] [INSPIRE].

S. Benvenuti and S. Giacomelli, Lagrangians for generalized Argyres-Douglas theories, JHEP
10 (2017) 106 [arXiv:1707.05113] INSPIRE].

S. Benvenuti and S. Giacomelli, Abelianization and sequential confinement in 2 + 1
dimensions, JHEP 10 (2017) 173 [arXiv:1706.04949] [INSPIRE].

— 97 -


https://doi.org/10.1007/JHEP11(2011)011
https://arxiv.org/abs/1109.2828
https://inspirehep.net/literature/927227
https://doi.org/10.1007/JHEP12(2011)043
https://doi.org/10.1007/JHEP12(2011)043
https://arxiv.org/abs/1109.5081
https://inspirehep.net/literature/928316
https://arxiv.org/abs/1104.0466
https://inspirehep.net/literature/894830
https://doi.org/10.1007/JHEP10(2011)075
https://doi.org/10.1007/JHEP10(2011)075
https://arxiv.org/abs/1108.5373
https://inspirehep.net/literature/925469
https://doi.org/10.1007/JHEP11(2018)135
https://arxiv.org/abs/1806.01356
https://inspirehep.net/literature/1676462
https://doi.org/10.1007/JHEP07(2013)149
https://doi.org/10.1007/JHEP07(2013)149
https://arxiv.org/abs/1305.3924
https://inspirehep.net/literature/1233885
https://arxiv.org/abs/1103.5700
https://inspirehep.net/literature/894311
https://doi.org/10.1007/JHEP12(2011)087
https://doi.org/10.1007/JHEP12(2011)087
https://arxiv.org/abs/1110.2547
https://inspirehep.net/literature/939585
https://doi.org/10.1007/JHEP08(2014)144
https://doi.org/10.1007/JHEP08(2014)144
https://arxiv.org/abs/1405.2312
https://inspirehep.net/literature/1295513
https://doi.org/10.1007/JHEP03(2019)125
https://arxiv.org/abs/1809.03925
https://inspirehep.net/literature/1693562
https://doi.org/10.1007/JHEP08(2016)136
https://arxiv.org/abs/1605.02675
https://inspirehep.net/literature/1456836
https://doi.org/10.1007/JHEP11(2022)071
https://arxiv.org/abs/2201.11049
https://inspirehep.net/literature/2018004
https://doi.org/10.1007/JHEP10(2021)191
https://arxiv.org/abs/2012.08556
https://inspirehep.net/literature/1836863
https://doi.org/10.1103/PhysRevD.105.086023
https://doi.org/10.1103/PhysRevD.105.086023
https://arxiv.org/abs/2112.07347
https://inspirehep.net/literature/1990011
https://doi.org/10.1007/JHEP02(2017)075
https://doi.org/10.1007/JHEP02(2017)075
https://arxiv.org/abs/1607.04281
https://inspirehep.net/literature/1476371
https://doi.org/10.1007/JHEP12(2016)103
https://arxiv.org/abs/1610.05311
https://inspirehep.net/literature/1492559
https://doi.org/10.1007/JHEP10(2017)211
https://arxiv.org/abs/1707.04751
https://inspirehep.net/literature/1610331
https://doi.org/10.1007/JHEP10(2017)106
https://doi.org/10.1007/JHEP10(2017)106
https://arxiv.org/abs/1707.05113
https://inspirehep.net/literature/1610337
https://doi.org/10.1007/JHEP10(2017)173
https://arxiv.org/abs/1706.04949
https://inspirehep.net/literature/1605427

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

P. Agarwal, On dimensional reduction of 4d N = 1 Lagrangians for Argyres-Douglas theories,
JHEP 03 (2019) 011 [arXiv:1809.10534] [INSPIRE].

M. Dedushenko and Y. Wang, 4d/2d — 3d/1d: A song of protected operator algebras,
arXiv:1912.01006 [INSPIRE].

J. Bhattacharya, S. Bhattacharyya, S. Minwalla and S. Raju, Indices for Superconformal
Field Theories in 3,5 and 6 Dimensions, JHEP 02 (2008) 064 [arXiv:0801.1435] [INSPIRE].

J. Bhattacharya and S. Minwalla, Superconformal Indices for N = 6 Chern Simons Theories,
JHEP 01 (2009) 014 [arXiv:0806.3251] [INSPIRE].

S. Kim, The Complete superconformal index for N = 6 Chern-Simons theory, Nucl. Phys. B
821 (2009) 241 [arXiv:0903.4172] [Erratum ibid. 864 (2012) 884] [NSPIRE].

Y. Imamura and S. Yokoyama, Index for three dimensional superconformal field theories with
general R-charge assignments, JHEP 04 (2011) 007 [arXiv:1101.0557] [INnSPIRE].

A. Kapustin and B. Willett, Generalized Superconformal Index for Three Dimensional Field
Theories, arXiv:1106.2484 [INSPIRE].

T. Dimofte, D. Gaiotto and S. Gukov, 3-Manifolds and 3d Indices, Adv. Theor. Math. Phys.
17 (2013) 975 [arXiv:1112.5179] [INSPIRE].

E. Beratto, N. Mekareeya and M. Sacchi, Zero-form and one-form symmetries of the ABJ
and related theories, JHEP 04 (2022) 126 [arXiv:2112.09531] [INSPIRE].

N. Mekareeya and M. Sacchi, Mized anomalies, two-groups, non-invertible symmetries, and
3d superconformal indices, JHEP 01 (2023) 115 [arXiv:2210.02466] [INSPIRE].

C. Cordova, P.-S. Hsin and N. Seiberg, Global Symmetries, Counterterms, and Duality in
Chern-Simons Matter Theories with Orthogonal Gauge Groups, SciPost Phys. 4 (2018) 021
[arXiv:1711.10008] INSPIRE].

~ 98 —


https://doi.org/10.1007/JHEP03(2019)011
https://arxiv.org/abs/1809.10534
https://inspirehep.net/literature/1695870
https://arxiv.org/abs/1912.01006
https://inspirehep.net/literature/1768210
https://doi.org/10.1088/1126-6708/2008/02/064
https://arxiv.org/abs/0801.1435
https://inspirehep.net/literature/777113
https://doi.org/10.1088/1126-6708/2009/01/014
https://arxiv.org/abs/0806.3251
https://inspirehep.net/literature/788740
https://doi.org/10.1016/j.nuclphysb.2009.06.025
https://doi.org/10.1016/j.nuclphysb.2009.06.025
https://arxiv.org/abs/0903.4172
https://inspirehep.net/literature/816214
https://doi.org/10.1007/JHEP04(2011)007
https://arxiv.org/abs/1101.0557
https://inspirehep.net/literature/883190
https://arxiv.org/abs/1106.2484
https://inspirehep.net/literature/913411
https://doi.org/10.4310/ATMP.2013.v17.n5.a3
https://doi.org/10.4310/ATMP.2013.v17.n5.a3
https://arxiv.org/abs/1112.5179
https://inspirehep.net/literature/1082753
https://doi.org/10.1007/JHEP04(2022)126
https://arxiv.org/abs/2112.09531
https://inspirehep.net/literature/1993017
https://doi.org/10.1007/JHEP01(2023)115
https://arxiv.org/abs/2210.02466
https://inspirehep.net/literature/2161872
https://doi.org/10.21468/SciPostPhys.4.4.021
https://arxiv.org/abs/1711.10008
https://inspirehep.net/literature/1639302

	Introduction and summary
	Dualities and confinements for orthogonal gauge theories
	Dualities
	Confining dualities
	F=Nc-1
	F=Nc-2

	Confining dualities with flipped monopole

	Dualities and confinement for orthogonal gauge theories with   monopole superpotential
	Dualities
	Confining dualities

	A hand-book of 3d N=2 (de)confining ortho-symplectic dualities
	S-confining dualities for SO/Sp with adjoint
	Sp(N) with adjoint and 2 fundamentals
	SO(2N) with adjoint and 1 fundamental
	SO(2N+1) with adjoint and 1 fundamental

	3d mirror of A2N Argyres-Douglas from 4d Lagrangians
	Generalized duality appetizers for SO or Sp with adjoint
	3d supersymmetric index
	Monopoles and dualities for orthogonal gauge groups
	O(N)+-, Pin(N) and Spin(N)


