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1 Introduction

The realization of gauge theories in various dimensions in terms of D-branes probing Calabi-
Yau (CY) singularities is a powerful approach with multiple applications, including the
gauge gravity correspondence, a geometric perspective on gauge theory dynamics, and model
building, to name a few (see e.g. [1–5]). When the CYs are toric, the gauge theories are
additionally endowed with beautiful combinatorial structures. For example, the 4d gauge
theories on D3-branes probing toric CY 3-folds are captured by brane tilings [6, 7], also known
as dimer models. Brane tilings and their generalizations led to trailblazing developments in
connection with the AdS/CFT correspondence [8–11], cluster algebras [12, 13], integrable
systems [14–17], scattering amplitudes [18, 19] and many other research areas in mathematics
and theoretical physics.
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Brane tilings provide a general solution to the correspondence between 4d gauge theories
and toric CY3’s. They are also powerful enough to concretely deal with infinite families of
CY3’s, among which those with explicitly known metrics are particularly interesting. A
prominent example is given by the Y p,q family of Sasaki-Einstein manifolds, where p ≥ 0
and 0 ≤ q ≤ p, whose metrics were determined in [20].1 Before the discovery of the metrics
for the Y p,q manifolds, the only Sasaki-Einstein 5-manifolds with known metrics were S5

and T 1,1 [21] (and their orbifolds), whose corresponding cones are C3 and the conifold,
respectively. Explicit metrics were later introduced for the La,b,c family, which contain
and generalize the Y p,q’s, and the corresponding brane tilings were found in [11, 22]. The
matching in these theories between non-trivial gauge theory data, such as central charges and
R-charges, and the corresponding geometric computations of volumes represented striking
confirmations of the AdS/CFT correspondence with N = 1 SUSY. Remarkably, subsequent
developments made it possible to determine many of these geometric quantities directly
from the toric data, without requiring knowledge of the metric [23–26]. Brane tilings also
allow for an elegant treatment of infinite families of orbifolds of various geometries [27, 28].

More recently, a similar program has focused on understanding the 2d N = (0, 2) gauge
theories on D1-branes probing toric CY 4-folds [29]. This program culminated with the
introduction of brane brick models, a new class of type IIA brane configurations that are
connected to the D1-branes at the singular CY 4-folds by T-duality [30]. Brane brick models
fully encode the corresponding 2d (0,2) theories. Namely, they specify both the quivers and
the J- and E-terms. For this reason, throughout this paper, we will consider determining
the brane brick model and finding the 2d gauge theory for a given CY4 as synonyms.2 Brane
brick models significantly simplify the map between geometry and the corresponding gauge
theories. We refer the interested reader to [32–34] for further developments. Interestingly, in
some cases, the brane brick models for certain CY 4-folds can be derived from brane tilings
associated to appropriate CY 3-folds. Algorithms for achieving this include dimensional
reduction [29], orbifold reduction [35] and 3d printing [36].

Brane brick models have been explicitly constructed for several toric CY 4-folds (see
e.g. [29, 30, 32, 33] for various examples). More recently, brane brick models were found for
all the 18 smooth Fano 3-folds, whose toric diagrams are given by regular reflexive lattice
polytopes in 3 dimensions [37, 38]. In this work, we concentrate on a particular class of toric
CY 4-folds that consists of cones over two families of Sasaki-Einstein 7-manifolds known as
Y p,k(CP1 × CP1) and Y p,k(CP2) [39], which can be regarded as natural generalizations of
the Y p,q 5-manifolds.

In [40], it was shown that for any positive curvature Kähler-Einstein manifold B2n,
there is an infinite family of corresponding Sasaki-Einstein manifolds of the form Y2n+3(B2n).
When B4 is either CP1 × CP1 or CP2, we have the two families of 7-dimensional Sasaki-
Einstein manifolds known as Y p,k(CP1 × CP1) and Y p,k(CP2), respectively. Our primary
focus in this paper will be on these two families of Sasaki-Einstein 7-manifolds and the

1For brevity, throughout the paper, we will often use the same name to refer to the Sasaki-Einstein base
and the corresponding cone. The distinction should be clear from the context.

2More precisely, the correspondence between toric CY4’s and brane brick models is not one-to-one but
one-to-many, due to the existence of a low energy equivalence between 2d (0,2) gauge theories denoted
triality [31, 32].
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Figure 1. General toric diagrams corresponding to the Y p,k(CP2) and Y p,k(CP1 ×CP1) families of
toric CY 4-folds. The ranges for the parameters p and k are summarized in (2.7).

corresponding toric CY 4-folds. As previously mentioned, from here onwards we will use
the names Y p,k(CP1 × CP1) and Y p,k(CP2) interchangeably for both the Sasaki-Einstein
7-manifolds and for the corresponding CY 4-folds. The two families Y p,k(CP1 × CP1) and
Y p,k(CP2) stand out because their Sasaki-Einstein metrics are known explicitly [39, 40].
The general toric diagrams for the corresponding CY 4-folds are show in figure 1.

In this work, we take these two infinite families of toric CY 4-folds and construct the
2d (0, 2) gauge theories on D1-branes probing them.3 The mesonic moduli space for each of
these theories agrees with the desired CY4, confirming that the proposed gauge theories are
indeed correct.

The following work is structured as follows. In section 2, a brief overview of brane brick
models and the families of Sasaki-Einstein 7-manifolds Y p,k(CP1 × CP1) and Y p,k(CP2)
is given. Then, in sections 3 and 4, we present the general form of the field content and
J- and E-terms for the 2d (0, 2) supersymmetric gauge theories for Y p,k(CP1 × CP1) and
Y p,k(CP2), respectively. We illustrate the constructions with explicit examples for cases
p = 2, 1 where p ≤ k. By calculating the mesonic moduli space, we verify that the proposed
2d (0, 2) gauge theories and the associated brane brick models correspond to the desired
geometries. Moreover, we identify the global symmetries of these theories, which match the
isometry groups for the corresponding Sasaki-Einstein 7-manifolds identified in [39, 40].

2 Background

The following sections give a brief introductory overview of the two infinite families of
Sasaki-Einstein 7-manifolds Y p,k(CP1 ×CP1) and Y p,k(CP2) and the realization of 2d (0, 2)
supersymmetric gauge theories through brane brick models.

3More precisely, we construct one gauge theory for each CY4 in the family. Generically, we expect
multiple dual theories related by triality for each geometry. We focus on phases described by brane brick
models, which are commonly referred to as toric phases [32].
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2.1 Y p,k Sasaki-Einstein 7-manifolds

In [40], it was found that for every 2n-dimensional Kähler-Einstein manifold B2n there is an
infinite family of compact Sasaki-Einstein manifolds Y2n+3 of dimension 2n+3 [39]. For n = 2,
we have 4-dimensional Kähler-Einstein bases B4, either CP1×CP1 or CP2, and two associated
infinite families of Sasaki-Einstein 7-manifolds of the form Y p,k(CP1 ×CP1) and Y p,k(CP2),
respectively. These infinite families of Sasaki-Einstein manifolds can be thought of as Lens
space bundles S3/Zp over the base Kähler-Einstein manifolds CP1 × CP1 and CP2 [39].

The isometry of the Sasaki-Einstein 7-manifolds takes the general form H × U(1)2,
where H is the isometry of the base B4. For Y p,k(CP1×CP1) and Y p,k(CP2), the isometries
are SU(2)× SU(2)×U(1)2 and SU(3)×U(1)2, respectively. These isometries translate into
the global symmetries of the corresponding brane brick models.

The toric CY 4-folds X4 have the following metric

ds2(X4) = dr2 + r2ds2(Y7) , (2.1)

where the local metric ds2(Y7) of the Sasaki-Einstein 7-manifold Y7 is presented explicitly
in [39]. Here, rather than looking at the precise form of the metric, we note that a coordinate
α of the metric can be periodically identified where the periods are related to p, k ∈ Z. The
periodic identification of α is associated to a principal U(1) bundle over a space M6, which
is the total space of an S2 bundle over the base B4. The resulting range of k is fixed to be
of the following form

hp

2 ≤ k ≤ hp , (2.2)

where h ∈ Z is related to Chern numbers of the principal U(1) bundles according to [39].
For our two infinite families, the range of k takes therefore the following forms

Y p,k(CP1 × CP1) : p ≤ k ≤ 2p ,

Y p,k(CP2) : 3p
2 ≤ k ≤ 3p . (2.3)

Under these ranges for k, the toric diagrams for Y p,k(CP1 × CP1) and Y p,k(CP2) were
identified in [39] as the convex hull of the following extremal points

Y p,k(CP1 × CP1) :


w1 w2 w3 w4 w5 w6
0 0 −1 1 0 0
0 0 0 0 −1 1
0 p 0 k 0 k

 ,

Y p,k(CP2) :


w1 w2 w3 w4 w5
0 0 1 0 −1
0 0 0 1 −1
0 p 0 0 k

 , (2.4)

where all points lie on a 4-dimensional plane at distance 1 from the origin.
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The toric diagrams of toric CY 4-folds are equivalent up to GL(3,Z) transformations.
As such, we can find a suitable transformation to redefine the coordinates of the toric
diagrams for Y p,k(CP1 × CP1) and Y p,k(CP2) in (2.4) as follows

Y p,k(CP1 × CP1) : wa ·

 1 0 0
0 1 0
p p −1

→

w1 w2 w3 w4 w5 w6
0 0 −1 1 0 0
0 0 0 0 −1 1
0 −p −p p− k −p p− k

 ,

Y p,k(CP2) : wa ·

 1 0 0
0 1 0
−p −p −1

→

w1 w2 w3 w4 w5
0 0 1 0 −1
0 0 0 1 −1
0 −p −p −p 2p− k

 , (2.5)

where for each point the x(3)-coordinate can be shifted in the positive direction by p to give
respectively,

Y p,k(CP1 × CP1) :


w1 w2 w3 w4 w5 w6
0 0 −1 1 0 0
0 0 0 0 −1 1
p 0 0 2p− k 0 2p− k

 ,

Y p,k(CP2) :


w1 w2 w3 w4 w5
0 0 1 0 −1
0 0 0 1 −1
p 0 0 0 3p− k

 . (2.6)

By swapping the roles of w1 and w2, and by redefining the parameter k as k′ = 2p− k
and k′ = 3p − k for Y p,k(CP1 × CP1) and Y p,k(CP2), respectively, we can redefine the
bounds on k in (2.3) into a more convenient form as follows

Y p,k(CP1 × CP1) : 0 ≤ k ≤ p ,

Y p,k(CP2) : 0 ≤ k ≤ 3
2p . (2.7)

In this work, for both Y p,k(CP1×CP1) and Y p,k(CP2) families, we will include the upper and
lower limits for k, since they correspond to additional distinct toric CY 4-folds. Using these
new bounds on the redefined parameter k, we note that for Y p,k(CP1 × CP1) when k = 0,
the toric CY 4-fold is the abelian orbifold of the form C × C/Zp. In the other limit when
k = p, Y p,k(CP1 × CP1) becomes the abelian orbifold of the form Q1,1,1/Zp as illustrated
in figure 2. We further note that when k = p = 2m with m ∈ Z+, Y p,k(CP1 × CP1)
corresponds to another abelian orbifold of the form Q1,1,1/Z2×Zm as illustrated in figure 2.
Similarly, we note that for Y p,k(CP2), when k = 0, we have the abelian orbifold of the form
C4/Z3 × Zp, and in the limit when p = 2

3k = 2m with m ∈ Z+, the toric CY 4-fold is the
abelian orbifold of the form M3,2/Zm as illustrated in figure 3.
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' Q1,1,1/Z3
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' Q1,1,1/Z4

<latexit sha1_base64="VT9cfoAA1GCSkRB585QoznqaO20="></latexit>
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or Q1,1,1/Z2 ⇥ Z2
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Y 6,6(CP1 ⇥ CP1)
<latexit sha1_base64="2uakMxBJR0QA+rAHtPexBQ//DkM="></latexit>

' Q1,1,1/Z6
<latexit sha1_base64="6szK1HY8b53GLZoOuVg7jWP8WYc="></latexit>

or Q1,1,1/Z2 ⇥ Z3

Figure 2. Y p,k(CP1×CP1) with p = k is equivalent to the abelian orbifolds of the form Q1,1,1/Zp. If
additionally p = k is even, Y p,k(CP1×CP1) is also equivalent to another abelian orbifold of the form
Q1,1,1/Z2 × Zp. The corresponding 2d (0, 2) theories can be obtained from orbifold reduction [35]
of the 4d N = 1 theory corresponding to F0 or an abelian orbifold of F0. The planes shown in
gray correspond to the toric diagram for F0 and the planes shown in green correspond to the toric
diagrams for abelian orbifolds of the form C/Zm, where C is the conifold.
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Y 4,6(CP2)
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' M3,2
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' M3,2/Z2

<latexit sha1_base64="eMjdQ9vb+dCj5k9K9zuZ97R7fqQ="></latexit>

' M3,2/Z3

<latexit sha1_base64="AQe1OSyTPuH4v37+IwtL24u0svA="></latexit>

Y 6,9(CP2)

Figure 3. Y p,k(CP2) with p = 2
3k = 2m and m ∈ Z+ is equivalent to the abelian orbifolds of the

form M3,2/Zm. The corresponding 2d (0, 2) theories can be obtained via orbifold reduction [35]
of the 4d N = 1 theory corresponding to dP0. The highlighted plane indicates the toric diagram
for dP0.
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0 1 2 3 4 5 6 7 8 9
D4 × × × · × · × · · ·
NS5 × × ——— Σ ——— · ·

Table 1. The Type IIA brane configuration for brane brick models.
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Gauge Group

Figure 4. Basic building blocks of 2d (0, 2) quiver diagrams.

2.2 2d (0, 2) theories and brane brick models

Brane brick models are Type IIA brane configurations connected by T-duality to D1-branes
probing toric CY 4-folds. They fully encode the 2d (0, 2) gauge theories on the worldvolume
of the D1-branes and significantly simplify the connection between the probed geometry and
the corresponding field theory [30]. Brane brick models consist of D4-branes wrapping a
3-torus T 3, suspended from an NS5-brane that wraps a holomorphic surface Σ. Here, the holo-
morphic surface Σ is the zero locus of the Newton polynomial of the toric diagram of the cor-
responding toric CY 4-fold. Table 1 summarizes the main ingredients in these configurations.

The gauge symmetry and matter content of the type of 2d (0, 2) gauge theories considered
in this paper can be encoded in terms of generalized quiver diagrams. U(Ni) gauge groups
are represented by nodes, whereas chiral Xij and Fermi Λij fields are represented by oriented
black and unoriented red lines, respectively, as illustrated in figure 4.

Every Fermi field Λij is associated to a pair of holomorphic functions of chiral fields
J [Λij ] and E[Λij ] [29, 31, 41]. In order to form gauge invariant terms in the Lagrangian,
E[Λij ] has the same gauge quantum numbers as Λij while J [Λij ] has the conjugate gauge
quantum numbers. The structure of J- and E-terms in theories associated to brane brick
models are further constrained to have the following binomial form

J [Λij ] = J+[Λij ]− J−[Λij ] , E[Λij ] = E+[Λij ]− E−[Λij ] , (2.8)

with J±[Λij ] and E±[Λij ] holomorphic monomials in chiral fields. This constraint is com-
monly known as the toric condition [29] and ensures that the associated CY 4-folds are toric.

The 2d (0, 2) gauge theories for toric CY 4-folds can be equivalently encoded by periodic
quivers living on T 3, which are connected to brane brick models by graph dualization. In this
periodic quiver, J- and E-terms are mapped to minimal gauge invariant closed loops, which
we denote as plaquettes, which consist of an oriented path of chiral fields and a single Fermi
field, the corresponding Λij . The Fermi field in a plaquette appears without conjugation for
J-terms and conjugated for E-terms. Therefore, as a result of the toric condition, a Fermi
field Λij is associated to four plaquettes in the periodic quiver, where pairs of plaquettes
are identified with the binomials in (2.8). This structure is illustrated in figure 5.
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Figure 5. The four plaquettes associated to J±[Λij ] and E±[Λij ] for a Fermi field Λij in the periodic
quiver dual to a brane brick model.

The J- and E-terms of any 2d (0, 2) gauge theory must satisfy the trace condition [29]∑
a

Tr(E[Λa]J [Λa]) = 0 , (2.9)

where the sum is over the Fermi fields Λa. 2d (0, 2) theories are invariant under the
individual exchanges Λa ↔ Λa, which simultaneously exchanges the roles of Ja ↔ Ea. A
discussion on how brane brick models implement the trace condition can be found in [42].

We focus on the case when the ranks of all gauge groups are equal, such that Ni = N .
In this case, the non-abelian SU(Ni)2 anomaly cancellation condition at each node i [29]
reduces to

nχi − n
F
i = 2 , (2.10)

where nχi is the total number of incoming plus outgoing chiral bifundamental fields at node
i, and nFi is the total number of bifundamental Fermi fields connected to node i. Since
adjoint fields correspond to lines in the quiver that start and end on the same node, each of
them contributes 2 to these numbers.

3 Y p,k(CP1 × CP1) models

3.1 Construction of the 2d (0, 2) theories

The 2d (0, 2) gauge theories associated to the Y p,k(CP1 ×CP1) family are parameterized in
terms of p, k ∈ Z, where we can set the range for k to be 0 ≤ k ≤ p following the discussion
in section 2.1.

The total number of gauge groups is 4p, which corresponds to the volume of the toric
diagram of Y p,k(CP1 × CP1). For the gauge group labels on the bifundamental chiral and
Fermi fields we use the following notation,

[m] ≡ ((m− 1) mod 4p) + 1 . (3.1)
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The chiral and Fermi fields form a periodic layered structure with a total number of p
layers. Each layer contains 4 gauge groups, which is the same number of gauge groups as in
the 4d N = 1 theories corresponding to F0 [43], and the periodicity is manifested by the
modularity in the notation in (3.1). This periodic layered structure in the quiver originates
from the fact that the 2d (0, 2) theories were obtained using orbifold reduction [35], 3d
printing [36] and partial resolution via higgsing [29], starting with the 4d N = 1 gauge
theory corresponding to the first phase of F0 [43, 44].

The gauge group indices are shifted by additional indices between each layer of the
quiver,

a = 0, . . . , p− 1 , b = k, . . . , p− 1 , c = 0, . . . , k − 1 . (3.2)
Finally, we also have indices for the two non-abelian factors of the global symmetry
SU(2)2 ×U(1)2,

i, j, k, l = 1, 2 . (3.3)
Under these labels, the Fermi fields take the form

Λi[4a+1][4a+2] , Λ2i
[4b+6][4b+3] , Λ2i

[4b+7][4b+4] , Λ2i
[4b+8][4b+1] ,

Λ1i
[4c+4][4c+7] , Λ2i

[4c+8][4c+3] , (3.4)

and the chiral fields take the form

Xi
[4a+2][4a+3] , X

i
[4a+3][4a+4] , X

i
[4a+4][4a+1] , X

i
[4b+1][4b+6] ,

Q[4c+5][4c+1] , Q[4c+6][4c+2] , Q[4c+7][4c+3] , Q[4c+8][4c+4] ,

Q[4c+5][4c+3] , Q[4c+8][4c+2] , P[4c+1][4c+7] , P[4c+4][4c+6] . (3.5)

Above, the chiral fields of the form Xi
rs originate from the 4d N = 1 theory corresponding

to F0 with 4d chiral fields X irs and superpotential of the form

W = εijεklX i12X k23X
j
34X

l
41 . (3.6)

The chiral fields of the form Xi
rs form layers in the periodic quiver on T 3. Spanned between

these layers are chiral fields of the form Qrs and Prs in (3.5). Combined with the Fermi
fields in (3.4), two adjacent layers form what is known as the quiver block [36] in the periodic
quiver of the 2d (0, 2) theory. The indices a, b, c in (3.4) and (3.5) ensure that p copies of
quiver blocks are stacked together in a consistent way such that equivalent fields and gauge
groups are identified to each other. The p copies of quiver blocks that are stacked together
form the periodic quiver on T 3 for the 2d (0, 2) theories corresponding to Y p,k(CP1 × CP1).

From the periodic quiver, we obtain the J-terms, which take the following general form

J [Λi[4a+1][4a+2]] = εijεklX
k
[4a+2][4a+3]X

j
[4a+3][4a+4]X

l
[4a+4][4a+1] ,

J [Λ2i
[4b+6][4b+3]] = εijεklX

k
[4b+3][4b+4]X

j
[4b+4][4b+1]X

l
[4b+1][4b+6] ,

J [Λ2i
[4b+7][4b+4]] = εijεklX

k
[4b+4][4b+1]X

j
[4b+1][4b+6]X

l
[4b+6][4b+7] ,

J [Λ2i
[4b+8][4b+1]] = εijεklX

k
[4b+1][4b+6]X

j
[4b+6][4b+7]X

l
[4b+7][4b+8] ,

J [Λ1i
[4c+4][4c+7]] = εijεklX

k
[4c+7][4c+8]X

j
[4c+8][4c+5]Q[4c+5][4c+3]X

l
[4c+3][4c+4] ,

J [Λ2i
[4c+8][4c+3]] = εijεklX

k
[4c+3][4c+4]X

j
[4c+4][4c+1]P[4c+1][4c+7]X

l
[4c+7][4c+8] , (3.7)
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with the corresponding E-terms taking the form

E[Λ2i
[4b+6][4b+3]] = Xi

[4b+6][4b+7]Q[4b+7][4b+3] −Q[4b+6][4b+2]X
i
[4b+2][4b+3] ,

E[Λ2i
[4b+7][4b+4]] = Xi

[4b+7][4b+8]Q[4b+8][4b+4] −Q[4b+7][4b+3]X
i
[4b+3][4b+4] ,

E[Λ2i
[4b+8][4b+1]] = Xi

[4b+8][4b+5]Q[4b+5][4b+1] −Q[4b+8][4b+4]X
i
[4b+4][4b+1] ,

E[Λ1i
[4c+4][4c+7]] = Xi

[4c+4][4c+1]P[4c+1][4c+7] − P[4c+4][4c+6]X
i
[4c+6][4c+7] ,

E[Λ2i
[4c+8][4c+3]] = Xi

[4c+8][4c+5]Q[4c+5][4c+3] −Q[4c+8][4c+2]X
i
[4c+2][4c+3] . (3.8)

Additional E-terms plaquettes remain as follows

E+[Λi[4b+1][4b+2]] = Xi
[4b+1][4b+6]Q[b+5][b+1] ,

E−[Λi[4b+5][4b+6]] = −Q[4b+5][4b+1]X
i
[4b+1][4b+6] ,

E+[Λi[4c+1][4c+2]] = P[4c+1][4c+7]X
i
[4c+7][4c+8]Q[4c+8][4c+2] ,

E−[Λi[4c+5][4c+6]] = −Q[4c+5][4c+3]X
i
[4c+3][4c+4]P[4c+4][4c+6] , (3.9)

which combine to proper E-terms of the form E = E+ − E−. The E-terms plaquettes are
shown here separately because quadratic and cubic plaquettes are combined depending on
the value of k in order to form a single E-term.

3.2 Examples

In order to illustrate the construction of the 2d (0, 2) theories corresponding to Y p,k(CP1 ×
CP1), in this section we go through all the cases where p = 2. We note that geometries
with p = 2 and k > 0 correspond to smooth Fano 3-folds that have been studied extensively
in [38]. For completeness, appendix A.1 summarizes also the J- and E-terms for the 2d
(0, 2) theories when p = 1.

3.2.1 Y 2,0(CP1 × CP1)

We begin with the 2d (0, 2) theory for Y 2,0(CP1 × CP1), whose quiver diagram is shown in
figure 6. The J- and E-terms for this theory take the following form

J E

Λi12 : εijεklXk
23X

j
34X

l
41 Xi

16Q62 − Q15X
i
52

Λ2i
27 : εijεklXk

78X
j
85X

l
52 Xi

23Q37 − Q26X
i
67

Λ2i
38 : εijεklXk

85X
j
52X

l
23 Xi

34Q48 − Q37X
i
78

Λ2i
45 : εijεklXk

52X
j
23X

l
34 Xi

41Q15 − Q48X
i
85

Λi56 : εijεklXk
67X

j
78X

l
85 Xi

52Q26 − Q51X
i
16

Λ2i
63 : εijεklXk

34X
j
41X

l
16 Xi

67Q73 − Q62X
i
23

Λ2i
74 : εijεklXk

41X
j
16X

l
67 Xi

78Q84 − Q73X
i
34

Λ2i
81 : εijεklXk

16X
j
67X

l
78 Xi

85Q51 − Q84X
i
41

, (3.10)

where the global symmetry indices are i, j, k, l = 1, 2.
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The P -matrix takes the form

P =



p1 p2 p3 p4 p5 q1 q2 q3 q4 s1 s2 s3 s4 s5 s6 s7 s8 o1 o2 o3 o4 o5 o6 o7 o8
X1

16 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
X1

23 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0
X1

34 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 1
X1

41 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0
X1

52 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 0 0 0 0
X1

67 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 0 0
X1

78 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0
X1

85 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 1
X2

16 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
X2

23 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0
X2

34 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 1
X2

41 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0
X2

52 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 0 0 0 0
X2

67 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 0 0
X2

78 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0
X2

85 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 1
Q15 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 1 1 0 1 0 0 0 1 1 1
Q26 0 0 0 0 1 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1
Q37 0 0 0 0 1 0 0 0 0 1 0 1 1 0 1 0 0 0 1 1 1 0 0 0 1
Q48 0 0 0 0 1 0 0 0 0 1 0 0 1 0 1 1 0 1 0 0 1 1 0 1 0
Q51 0 0 0 0 1 0 0 0 0 0 1 1 1 1 0 0 0 1 0 1 1 1 0 0 0
Q62 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0
Q73 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 1 1 0 0 0 1 1 1 0
Q84 0 0 0 0 1 0 0 0 0 0 1 1 0 1 0 0 1 0 1 1 0 0 1 0 1



. (3.11)

The associated J- and E-term U(1)-charge matrix takes the following form

QJE =



p1 p2 p3 p4 p5 q1 q2 q3 q4 s1 s2 s3 s4 s5 s6 s7 s8 o1 o2 o3 o4 o5 o6 o7 o8
1 0 1 0 0 −1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 0 1 0 0 −1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 0 1 1 1 0 −1 0 0 2 0 0 −1 −1 0 −1 0 0 0 0 0
0 0 0 0 0 −1 1 1 1 1 −1 0 0 3 0 0 −1 −1 0 −1 0 0 0 0 0
0 0 0 0 0 −1 1 0 0 0 −1 0 0 2 0 0 −1 0 0 −1 0 0 0 0 1
0 0 0 0 0 −1 0 0 1 0 −1 0 0 2 0 0 −1 −1 0 0 0 0 0 1 0
0 0 0 0 0 −1 0 0 0 0 −1 0 0 1 0 0 −1 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 1 0 0 0 0 2 1 0 −1 −1 0 −1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 −1 0 1 −1 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 −1 −1 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 0 0 −1 0 1 2 0 0 0 −1 0 −1 0 0 0 0 0
0 0 0 0 0 0 1 0 0 0 −1 1 0 1 0 0 0 0 0 −1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 −1 0 0 1 0 0 0 −1 0 0 0 1 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 −1 0 −1 1 0 0 0 0



, (3.12)

and the corresponding D-term U(1)-charge matrix takes the form

QD =



p1 p2 p3 p4 p5 q1 q2 q3 q4 s1 s2 s3 s4 s5 s6 s7 s8 o1 o2 o3 o4 o5 o6 o7 o8
0 0 0 0 0 0 0 0 0 0 1 0 0 −1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 −1 0 0 0 0 0 0 −1 0 0 0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 −1 0 0 0 0 0 −1 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 −1 0 0 0 0 0 0 0 0
0 0 0 0 0 −1 1 0 0 0 −1 0 0 1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 −1 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 −1 0 0 0 0 0 0 0


. (3.13)
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Figure 6. Quiver for Y 2,0(CP1 × CP1).

<latexit sha1_base64="LdGM/toFWOkyU/CkO7uXZBw33jI=">AAACEnicbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvHiMaB6QLGF20kmGzM4uM72BsOQTvIn+izfx6g/4K56cPA6aWNBQVHXT3RUmUhj0vC8nt7G5tb2T33X39g8OjwrHJw0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo9uZ3xyDNiJWjzhJIIjYQIm+4Ayt9JB0/W6h6JW9Oeg68ZekSJaodQvfnV7M0wgUcsmMaftegkEW2q2gp26pkxpIGB+xAbQtVVY2QTY/dUpLVunRfqxtKaRz1f01kbHImEkU2s6I4dCsejPxP6+dYv8myIRKUgTFF4v6qaQY09nftCc0cJQTSxjXAgWnfMg042jTcTsGcPEAQpRIhpApNhaDeUp0dlAszTSb2rD81WjWSeOy7F+VK/eVYrWyjC1Pzsg5uSA+uSZVckdqpE44GZAn8kJenWfnzXl3PhatOWc5c0r+wPn8AeUInuk=</latexit>p1

<latexit sha1_base64="OratU/pu/FehXRDPcODad//J9is=">AAACEnicbVDLSgNBEJz1GddX1KOXwRDwFHZDUI8BLx4jmgckS5iddJIhs7PLTG8gLPkEb6L/4k28+gP+iicnj4MmFjQUVd10d4WJFAY978vZ2Nza3tnN7bn7B4dHx/mT04aJU82hzmMZ61bIDEihoI4CJbQSDSwKJTTD0e3Mb45BGxGrR5wkEERsoERfcIZWeki65W6+4JW8Oeg68ZekQJaodfPfnV7M0wgUcsmMaftegkEW2q2gp26xkxpIGB+xAbQtVVY2QTY/dUqLVunRfqxtKaRz1f01kbHImEkU2s6I4dCsejPxP6+dYv8myIRKUgTFF4v6qaQY09nftCc0cJQTSxjXAgWnfMg042jTcTsGcPEAQpRIhpApNhaDeUp0dlAszTSb2rD81WjWSaNc8q9KlftKoVpZxpYj5+SCXBKfXJMquSM1UiecDMgTeSGvzrPz5rw7H4vWDWc5c0b+wPn8Aea0nuo=</latexit>p2
<latexit sha1_base64="iSgySra/ehngA7ZD7+gQp251fV8=">AAACEnicbVDLSgNBEJz1GeMr6tHLYAh4Crsa1GPAi8eI5gHJEmYnnWTI7Owy0xsISz7Bm+i/eBOv/oC/4snJJgdNLGgoqrrp7gpiKQy67peztr6xubWd28nv7u0fHBaOjhsmSjSHOo9kpFsBMyCFgjoKlNCKNbAwkNAMRrczvzkGbUSkHnESgx+ygRJ9wRla6SHuXnYLRbfsZqCrxFuQIlmg1i18d3oRT0JQyCUzpu25MfppYLeCnuZLncRAzPiIDaBtqbKy8dPs1CktWaVH+5G2pZBmav7XRMpCYyZhYDtDhkOz7M3E/7x2gv0bPxUqThAUny/qJ5JiRGd/057QwFFOLGFcCxSc8iHTjKNNJ98xgPMHEMJYMoRUsbEYZCnR2UGRNNN0asPylqNZJY2LsndVrtxXitXKIrYcOSVn5Jx45JpUyR2pkTrhZECeyAt5dZ6dN+fd+Zi3rjmLmRPyB87nD+hgnus=</latexit>p3

<latexit sha1_base64="7CODhnUBbCu0pOivuH7/Y1Pt2DU=">AAACEnicbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvHiMaB6QLGF20kmGzM4uM72BsOQTvIn+izfx6g/4K56cPA6aWNBQVHXT3RUmUhj0vC8nt7G5tb2T33X39g8OjwrHJw0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo9uZ3xyDNiJWjzhJIIjYQIm+4Ayt9JB0K91C0St7c9B14i9JkSxR6xa+O72YpxEo5JIZ0/a9BIMstFtBT91SJzWQMD5iA2hbqqxsgmx+6pSWrNKj/VjbUkjnqvtrImORMZMotJ0Rw6FZ9Wbif147xf5NkAmVpAiKLxb1U0kxprO/aU9o4CgnljCuBQpO+ZBpxtGm43YM4OIBhCiRDCFTbCwG85To7KBYmmk2tWH5q9Gsk8Zl2b8qV+4rxWplGVuenJFzckF8ck2q5I7USJ1wMiBP5IW8Os/Om/PufCxac85y5pT8gfP5A+oMnuw=</latexit>p4

<latexit sha1_base64="auaAjkizxrLVudWAGaiQbGmm7Hk=">AAACEnicbVDLTgJBEJzFF+IL9ehlIiHxRHYNPo4kXjxiFCSBDZkdGpgwO7uZ6SUhGz7Bm9F/8Wa8+gP+iicH2IOClXRSqepOd1cQS2HQdb+c3Nr6xuZWfruws7u3f1A8PGqaKNEcGjySkW4FzIAUChooUEIr1sDCQMJjMLqZ+Y9j0EZE6gEnMfghGyjRF5yhle7j7kW3WHIr7hx0lXgZKZEM9W7xu9OLeBKCQi6ZMW3PjdFPA7sV9LRQ7iQGYsZHbABtS5WVjZ/OT53SslV6tB9pWwrpXC38mkhZaMwkDGxnyHBolr2Z+J/XTrB/7adCxQmC4otF/URSjOjsb9oTGjjKiSWMa4GCUz5kmnG06RQ6BnDxAEIYS4aQKjYWg3lKdHZQJM00ndqwvOVoVknzvOJdVqp31VKtmsWWJyfklJwRj1yRGrklddIgnAzIE3khr86z8+a8Ox+L1pyTzRyTP3A+fwDruJ7t</latexit>p5

<latexit sha1_base64="dSTTqB2lyahQnMYridlDneNl1K4=">AAACGnicbVA9SwNBEN3zM55fUUubxSBYhTsJainYWCqYD0hC2NvMxcW93XN3LhCO/Aw70f9iJ7Y2/hUr95IUmvhg4PHeDDPzolQKi0Hw5S0tr6yurZc2/M2t7Z3d8t5+w+rMcKhzLbVpRcyCFArqKFBCKzXAkkhCM3q4KvzmEIwVWt3hKIVuwgZKxIIzdFL7sZeHnb5GWxv3ypWgGkxAF0k4IxUyw02v/O0meZaAQi6Zte0wSLGbR247mLF/3MkspIw/sAG0HVVOtt18cvKYHjulT2NtXCmkE9X/NZGzxNpRErnOhOG9nfcK8T+vnWF80c2FSjMExaeL4kxS1LT4n/aFAY5y5AjjRqDglN8zwzi6lPyOBZw+gJCkkiHkig3FYJIWLQ7S0o7zIqxwPppF0jithmfV2m2tclmbxVYih+SInJCQnJNLck1uSJ1woskTeSGv3rP35r17H9PWJW82c0D+wPv8AZYsonw=</latexit>q1...4

<latexit sha1_base64="q6GGNP0vCYksSf4CRnho8oAhak4=">AAACGnicbVA9SwNBEN2L3+dX1NJmMQSswp0EtRRsLBWMCSRH2NtMkiV7u8funBCO/Aw70f9iJ7Y2/hUr95IUmvhg4PHeDDPz4lQKi0Hw5ZVWVtfWNza3/O2d3b398sHhg9WZ4dDgWmrTipkFKRQ0UKCEVmqAJbGEZjy6LvzmIxgrtLrHcQpRwgZK9AVn6KS27eZhp6fRXk665UpQC6agyySckwqZ47Zb/naTPEtAIZfM2nYYpBjlsdsOZuJXO5mFlPERG0DbUeVkG+XTkye06pQe7WvjSiGdqv6viZwl1o6T2HUmDId20SvE/7x2hv3LKBcqzRAUny3qZ5KipsX/tCcMcJRjRxg3AgWnfMgM4+hS8jsWcPYAQpJKhpAr9igG07RocZCWdpIXYYWL0SyTh7NaeF6r39UrV/V5bJvkmJyQUxKSC3JFbsgtaRBONHkiL+TVe/bevHfvY9Za8uYzR+QPvM8foEyigg==</latexit>s1...8

Figure 7. Toric diagram of Y 2,0(CP1 × CP1).

We observe that the charge matrices are invariant under

p1 ↔ p3 , p2 ↔ p4 . (3.14)

Each of the above Z2-symmetries correspond to an SU(2) factor in the global symmetry of
the 2d (0, 2) gauge theory.

The corresponding toric data is given by

Gt =


p1 p2 p3 p4 p5 q1 q2 q3 q4 s1 s2 s3 s4 s5 s6 s7 s8 o1 o2 o3 o4 o5 o6 o7 o8
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2
1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 2 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

 , (3.15)

where the GLSM fields ok correspond to extra GLSM fields in the nomenclature of [29].
The toric diagram is shown in figure 7 and it agrees with the expectation. We note that
the 2d (0, 2) theory for Y 2,0(CP1 × CP1) can be constructed using orbifold reduction [35],
starting from the 4d N = 1 theory for the first phase of F0.
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Figure 8. Quiver for Y 2,1(CP1 × CP1).

3.2.2 Y 2,1(CP1 × CP1)
The J- and E-terms of the 2d (0, 2) theory corresponding to Y 2,1(CP1 × CP1) are
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78 Xi
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i
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, (3.16)

where the corresponding quiver diagram is shown in figure 8. The global symmetry indices
are i, j, k, l = 1, 2.

The corresponding P -matrix takes the form

P =



p1 p2 p3 p4 p5 p6 s1 s2 s3 s4 s5 s6 s7 s8 s9 o1 o2 o3 o4 o5 o6 o7 o8 o9 o10
X1

23 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 1 1 1 0
X1

34 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
X1

41 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 1 1
X1

52 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 0 0 1 1
X1

67 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 1 1 0 0 1 1
X1

78 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 1 0
X1

85 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 1 1 1 0 1
X2

23 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 1 1 1 0
X2

34 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
X2

41 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 1 1
X2

52 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 0 0 1 1
X2

67 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 1 1 0 0 1 1
X2

78 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 1 0
X2

85 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 1 1 1 0 1
Q15 0 0 0 0 1 0 0 0 0 0 1 1 0 1 1 0 0 0 0 0 1 1 1 0 0
Q26 0 0 0 0 1 0 0 0 1 1 0 0 1 0 1 0 0 1 0 0 0 1 1 0 0
Q37 0 0 0 0 1 0 0 1 0 1 0 0 1 1 1 0 0 0 0 1 0 0 0 0 1
Q48 0 0 0 0 1 0 0 1 0 0 0 1 1 1 1 0 1 0 0 0 0 0 0 1 0
Q53 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0
Q82 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1
P17 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 1 1 1 1 0 0 0
P46 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 1 1 1 0 0 0 1 0 0 0



, (3.17)
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and the corresponding U(1)-charge matrix under the J- and E-terms takes the form

QJE =



p1 p2 p3 p4 p5 p6 s1 s2 s3 s4 s5 s6 s7 s8 s9 o1 o2 o3 o4 o5 o6 o7 o8 o9 o10
3 1 3 1 0 0 3 0 −1 0 −1 0 0 0 1 −1 0 0 −1 0 0 0 0 −1 −1
2 1 2 1 1 0 1 0 −1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1
2 1 2 1 0 0 2 0 0 0 −1 0 0 1 0 0 0 0 −1 0 0 0 0 −1 −1
2 1 2 1 0 0 2 0 −1 0 0 0 1 0 0 −1 0 0 0 0 0 0 0 −1 −1
1 1 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1
1 0 1 0 0 1 1 0 0 0 0 0 0 0 0 −1 0 0 −1 0 0 0 0 0 0
1 0 1 0 0 0 2 0 −1 0 −1 0 0 0 0 −1 0 0 −1 0 0 1 0 0 0
1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 −1 1 0 0 0 0 −1
1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 −1 1 0 0 0 0 0 0 −1 0
1 0 1 0 0 0 1 0 0 0 −1 1 0 0 0 0 0 0 0 0 0 0 0 −1 0
1 0 1 0 0 0 1 0 −1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1
0 0 0 0 0 0 1 0 0 0 −1 0 0 0 0 0 0 0 −1 0 1 0 0 0 0
0 0 0 0 0 0 1 0 −1 0 0 0 0 0 0 −1 0 1 0 0 0 0 0 0 0
0 −1 0 −1 0 0 1 0 −1 0 −1 0 0 0 0 0 0 0 0 0 0 0 1 0 0



. (3.18)

The charge matrix for the D-terms takes the form

QD =



p1 p2 p3 p4 p5 p6 s1 s2 s3 s4 s5 s6 s7 s8 s9 o1 o2 o3 o4 o5 o6 o7 o8 o9 o10
1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 −1
1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0
1 0 1 0 0 0 1 0 −1 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 −1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
−1 0 −1 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
−1 −1 −1 −1 0 0 −1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0


. (3.19)

We note that the charge matrices are invariant under the following swap of GLSM fields,

p1 ↔ p3 , p2 ↔ p4 . (3.20)

This further illustrates that the global symmetry is SU(2)× SU(2)× U(1)2, which matches
with the isometry group on Y 2,1(CP1 × CP1).

The toric data for the brane brick model is given by

Gt =


p1 p2 p3 p4 p5 p6 s1 s2 s3 s4 s5 s6 s7 s8 s9 o1 o2 o3 o4 o5 o6 o7 o8 o9 o10
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 3 3 3
1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 1 1 2 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2

 , (3.21)

where we identify the ok as extra GLSM fields [29]. The corresponding toric diagram is
shown in figure 9 and it agrees with the expectation. We note that Y 2,1(CP1 × CP1) is one
of the Fano 3-folds studied in [38]. In fact, to be precise, it corresponds to Model 9 in [38].
Given the fact that the 2d (0, 2) theory identified here is different from the one given for
the same geometry in [38], we expect both theories to be related by a (sequence of) triality
transformation(s) [32].
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Figure 9. Toric diagram of Y 2,1(CP1 × CP1).

3.2.3 Y 2,2(CP1 × CP1)
The quiver diagram for the 2d (0, 2) theory corresponding to Y 2,2(CP1 × CP1) is shown in
figure 10. The J- and E-terms for the theory take the following form
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, (3.22)

where the global symmetry indices are i, j, k, l = 1, 2.
From the J- and E-terms, we can construct the P -matrix which takes the following

form

P =



p1 p2 p3 p4 p5 p6 s1 s2 s3 s4 s5 s6 s7 s8 s9 s10
X1

23 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0
X1

34 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0
X1

41 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0
X1

67 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0
X1

78 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0
X1

85 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0
X2

23 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0
X2

34 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0
X2

41 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0
X2

67 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0
X2

78 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0
X2

85 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0
Q17 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1
Q46 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1
Q53 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0
Q82 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0
P17 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1
P46 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1
P53 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0
P82 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0



. (3.23)
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<latexit sha1_base64="21R97yqtz0jRd0Atz/Tgq/ylxu8="></latexit>

2

<latexit sha1_base64="V3j0OlHsWHatqaXWHFQNdtgAvgY="></latexit>

4

<latexit sha1_base64="21R97yqtz0jRd0Atz/Tgq/ylxu8="></latexit>

2

<latexit sha1_base64="V3j0OlHsWHatqaXWHFQNdtgAvgY="></latexit>

4

<latexit sha1_base64="tw6BxwQ+DRvBZ1jDZKfB6fiyU70=">AAACEHicdVDLSgNBEJyNrxhfUY9eBkMgp7DZxCTeAl48KhgVkiCzk04cnJ1dZnoDYdkv8Cb6L97Eq3/gr3hyNomgogUNRVU33V1+JIVB1313ckvLK6tr+fXCxubW9k5xd+/ShLHm0OWhDPW1zwxIoaCLAiVcRxpY4Eu48u9OMv9qAtqIUF3gNIJBwMZKjARnaKVz76ZYcqvH7aZ35FG36rotr97MiNdqeHVas0qGElng7Kb40R+GPA5AIZfMmF7NjXCQ+HYn6LRQ7scGIsbv2Bh6liorm0EyOzSlZasM6SjUthTSmVr4NpGwwJhp4NvOgOGt+e1l4l9eL8ZRe5AIFcUIis8XjWJJMaTZ13QoNHCUU0sY1wIFp/yWacbRZlPoG8D5AwhBJBlCothEjGcZ0eygUJo0SW1YX4nQ/8mlV601q43zRqlTWcSWJwfkkFRIjbRIh5ySM9IlnAC5J4/kyXlwnp0X53XemnMWM/vkB5y3T6slnj8=</latexit>

2
<latexit sha1_base64="tw6BxwQ+DRvBZ1jDZKfB6fiyU70=">AAACEHicdVDLSgNBEJyNrxhfUY9eBkMgp7DZxCTeAl48KhgVkiCzk04cnJ1dZnoDYdkv8Cb6L97Eq3/gr3hyNomgogUNRVU33V1+JIVB1313ckvLK6tr+fXCxubW9k5xd+/ShLHm0OWhDPW1zwxIoaCLAiVcRxpY4Eu48u9OMv9qAtqIUF3gNIJBwMZKjARnaKVz76ZYcqvH7aZ35FG36rotr97MiNdqeHVas0qGElng7Kb40R+GPA5AIZfMmF7NjXCQ+HYn6LRQ7scGIsbv2Bh6liorm0EyOzSlZasM6SjUthTSmVr4NpGwwJhp4NvOgOGt+e1l4l9eL8ZRe5AIFcUIis8XjWJJMaTZ13QoNHCUU0sY1wIFp/yWacbRZlPoG8D5AwhBJBlCothEjGcZ0eygUJo0SW1YX4nQ/8mlV601q43zRqlTWcSWJwfkkFRIjbRIh5ySM9IlnAC5J4/kyXlwnp0X53XemnMWM/vkB5y3T6slnj8=</latexit>

2

<latexit sha1_base64="tw6BxwQ+DRvBZ1jDZKfB6fiyU70=">AAACEHicdVDLSgNBEJyNrxhfUY9eBkMgp7DZxCTeAl48KhgVkiCzk04cnJ1dZnoDYdkv8Cb6L97Eq3/gr3hyNomgogUNRVU33V1+JIVB1313ckvLK6tr+fXCxubW9k5xd+/ShLHm0OWhDPW1zwxIoaCLAiVcRxpY4Eu48u9OMv9qAtqIUF3gNIJBwMZKjARnaKVz76ZYcqvH7aZ35FG36rotr97MiNdqeHVas0qGElng7Kb40R+GPA5AIZfMmF7NjXCQ+HYn6LRQ7scGIsbv2Bh6liorm0EyOzSlZasM6SjUthTSmVr4NpGwwJhp4NvOgOGt+e1l4l9eL8ZRe5AIFcUIis8XjWJJMaTZ13QoNHCUU0sY1wIFp/yWacbRZlPoG8D5AwhBJBlCothEjGcZ0eygUJo0SW1YX4nQ/8mlV601q43zRqlTWcSWJwfkkFRIjbRIh5ySM9IlnAC5J4/kyXlwnp0X53XemnMWM/vkB5y3T6slnj8=</latexit>

2

<latexit sha1_base64="tw6BxwQ+DRvBZ1jDZKfB6fiyU70=">AAACEHicdVDLSgNBEJyNrxhfUY9eBkMgp7DZxCTeAl48KhgVkiCzk04cnJ1dZnoDYdkv8Cb6L97Eq3/gr3hyNomgogUNRVU33V1+JIVB1313ckvLK6tr+fXCxubW9k5xd+/ShLHm0OWhDPW1zwxIoaCLAiVcRxpY4Eu48u9OMv9qAtqIUF3gNIJBwMZKjARnaKVz76ZYcqvH7aZ35FG36rotr97MiNdqeHVas0qGElng7Kb40R+GPA5AIZfMmF7NjXCQ+HYn6LRQ7scGIsbv2Bh6liorm0EyOzSlZasM6SjUthTSmVr4NpGwwJhp4NvOgOGt+e1l4l9eL8ZRe5AIFcUIis8XjWJJMaTZ13QoNHCUU0sY1wIFp/yWacbRZlPoG8D5AwhBJBlCothEjGcZ0eygUJo0SW1YX4nQ/8mlV601q43zRqlTWcSWJwfkkFRIjbRIh5ySM9IlnAC5J4/kyXlwnp0X53XemnMWM/vkB5y3T6slnj8=</latexit>

2

<latexit sha1_base64="tw6BxwQ+DRvBZ1jDZKfB6fiyU70=">AAACEHicdVDLSgNBEJyNrxhfUY9eBkMgp7DZxCTeAl48KhgVkiCzk04cnJ1dZnoDYdkv8Cb6L97Eq3/gr3hyNomgogUNRVU33V1+JIVB1313ckvLK6tr+fXCxubW9k5xd+/ShLHm0OWhDPW1zwxIoaCLAiVcRxpY4Eu48u9OMv9qAtqIUF3gNIJBwMZKjARnaKVz76ZYcqvH7aZ35FG36rotr97MiNdqeHVas0qGElng7Kb40R+GPA5AIZfMmF7NjXCQ+HYn6LRQ7scGIsbv2Bh6liorm0EyOzSlZasM6SjUthTSmVr4NpGwwJhp4NvOgOGt+e1l4l9eL8ZRe5AIFcUIis8XjWJJMaTZ13QoNHCUU0sY1wIFp/yWacbRZlPoG8D5AwhBJBlCothEjGcZ0eygUJo0SW1YX4nQ/8mlV601q43zRqlTWcSWJwfkkFRIjbRIh5ySM9IlnAC5J4/kyXlwnp0X53XemnMWM/vkB5y3T6slnj8=</latexit>

2

<latexit sha1_base64="tw6BxwQ+DRvBZ1jDZKfB6fiyU70=">AAACEHicdVDLSgNBEJyNrxhfUY9eBkMgp7DZxCTeAl48KhgVkiCzk04cnJ1dZnoDYdkv8Cb6L97Eq3/gr3hyNomgogUNRVU33V1+JIVB1313ckvLK6tr+fXCxubW9k5xd+/ShLHm0OWhDPW1zwxIoaCLAiVcRxpY4Eu48u9OMv9qAtqIUF3gNIJBwMZKjARnaKVz76ZYcqvH7aZ35FG36rotr97MiNdqeHVas0qGElng7Kb40R+GPA5AIZfMmF7NjXCQ+HYn6LRQ7scGIsbv2Bh6liorm0EyOzSlZasM6SjUthTSmVr4NpGwwJhp4NvOgOGt+e1l4l9eL8ZRe5AIFcUIis8XjWJJMaTZ13QoNHCUU0sY1wIFp/yWacbRZlPoG8D5AwhBJBlCothEjGcZ0eygUJo0SW1YX4nQ/8mlV601q43zRqlTWcSWJwfkkFRIjbRIh5ySM9IlnAC5J4/kyXlwnp0X53XemnMWM/vkB5y3T6slnj8=</latexit>

2

<latexit sha1_base64="tw6BxwQ+DRvBZ1jDZKfB6fiyU70=">AAACEHicdVDLSgNBEJyNrxhfUY9eBkMgp7DZxCTeAl48KhgVkiCzk04cnJ1dZnoDYdkv8Cb6L97Eq3/gr3hyNomgogUNRVU33V1+JIVB1313ckvLK6tr+fXCxubW9k5xd+/ShLHm0OWhDPW1zwxIoaCLAiVcRxpY4Eu48u9OMv9qAtqIUF3gNIJBwMZKjARnaKVz76ZYcqvH7aZ35FG36rotr97MiNdqeHVas0qGElng7Kb40R+GPA5AIZfMmF7NjXCQ+HYn6LRQ7scGIsbv2Bh6liorm0EyOzSlZasM6SjUthTSmVr4NpGwwJhp4NvOgOGt+e1l4l9eL8ZRe5AIFcUIis8XjWJJMaTZ13QoNHCUU0sY1wIFp/yWacbRZlPoG8D5AwhBJBlCothEjGcZ0eygUJo0SW1YX4nQ/8mlV601q43zRqlTWcSWJwfkkFRIjbRIh5ySM9IlnAC5J4/kyXlwnp0X53XemnMWM/vkB5y3T6slnj8=</latexit>

2

<latexit sha1_base64="tw6BxwQ+DRvBZ1jDZKfB6fiyU70=">AAACEHicdVDLSgNBEJyNrxhfUY9eBkMgp7DZxCTeAl48KhgVkiCzk04cnJ1dZnoDYdkv8Cb6L97Eq3/gr3hyNomgogUNRVU33V1+JIVB1313ckvLK6tr+fXCxubW9k5xd+/ShLHm0OWhDPW1zwxIoaCLAiVcRxpY4Eu48u9OMv9qAtqIUF3gNIJBwMZKjARnaKVz76ZYcqvH7aZ35FG36rotr97MiNdqeHVas0qGElng7Kb40R+GPA5AIZfMmF7NjXCQ+HYn6LRQ7scGIsbv2Bh6liorm0EyOzSlZasM6SjUthTSmVr4NpGwwJhp4NvOgOGt+e1l4l9eL8ZRe5AIFcUIis8XjWJJMaTZ13QoNHCUU0sY1wIFp/yWacbRZlPoG8D5AwhBJBlCothEjGcZ0eygUJo0SW1YX4nQ/8mlV601q43zRqlTWcSWJwfkkFRIjbRIh5ySM9IlnAC5J4/kyXlwnp0X53XemnMWM/vkB5y3T6slnj8=</latexit>

2

<latexit sha1_base64="tw6BxwQ+DRvBZ1jDZKfB6fiyU70=">AAACEHicdVDLSgNBEJyNrxhfUY9eBkMgp7DZxCTeAl48KhgVkiCzk04cnJ1dZnoDYdkv8Cb6L97Eq3/gr3hyNomgogUNRVU33V1+JIVB1313ckvLK6tr+fXCxubW9k5xd+/ShLHm0OWhDPW1zwxIoaCLAiVcRxpY4Eu48u9OMv9qAtqIUF3gNIJBwMZKjARnaKVz76ZYcqvH7aZ35FG36rotr97MiNdqeHVas0qGElng7Kb40R+GPA5AIZfMmF7NjXCQ+HYn6LRQ7scGIsbv2Bh6liorm0EyOzSlZasM6SjUthTSmVr4NpGwwJhp4NvOgOGt+e1l4l9eL8ZRe5AIFcUIis8XjWJJMaTZ13QoNHCUU0sY1wIFp/yWacbRZlPoG8D5AwhBJBlCothEjGcZ0eygUJo0SW1YX4nQ/8mlV601q43zRqlTWcSWJwfkkFRIjbRIh5ySM9IlnAC5J4/kyXlwnp0X53XemnMWM/vkB5y3T6slnj8=</latexit>

2

<latexit sha1_base64="tw6BxwQ+DRvBZ1jDZKfB6fiyU70=">AAACEHicdVDLSgNBEJyNrxhfUY9eBkMgp7DZxCTeAl48KhgVkiCzk04cnJ1dZnoDYdkv8Cb6L97Eq3/gr3hyNomgogUNRVU33V1+JIVB1313ckvLK6tr+fXCxubW9k5xd+/ShLHm0OWhDPW1zwxIoaCLAiVcRxpY4Eu48u9OMv9qAtqIUF3gNIJBwMZKjARnaKVz76ZYcqvH7aZ35FG36rotr97MiNdqeHVas0qGElng7Kb40R+GPA5AIZfMmF7NjXCQ+HYn6LRQ7scGIsbv2Bh6liorm0EyOzSlZasM6SjUthTSmVr4NpGwwJhp4NvOgOGt+e1l4l9eL8ZRe5AIFcUIis8XjWJJMaTZ13QoNHCUU0sY1wIFp/yWacbRZlPoG8D5AwhBJBlCothEjGcZ0eygUJo0SW1YX4nQ/8mlV601q43zRqlTWcSWJwfkkFRIjbRIh5ySM9IlnAC5J4/kyXlwnp0X53XemnMWM/vkB5y3T6slnj8=</latexit>
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Figure 10. Quiver for Y 2,2(CP1 × CP1).

The corresponding U(1)-charge matrix for the J- and E-terms is given by

QJE =



p1 p2 p3 p4 p5 p6 s1 s2 s3 s4 s5 s6 s7 s8 s9 s10
1 0 1 0 0 0 0 −1 0 −1 0 0 0 0 0 0
0 1 0 1 0 0 −1 0 −1 0 0 0 0 0 0 0
0 0 0 0 1 1 0 1 0 1 −1 −1 0 −1 −1 0
0 0 0 0 0 0 0 1 0 0 0 0 0 −1 −1 1
0 0 0 0 0 0 0 0 0 1 −1 −1 1 0 0 0


, (3.24)

and the charge matrix for the D-terms is given by

QD =



p1 p2 p3 p4 p5 p6 s1 s2 s3 s4 s5 s6 s7 s8 s9 s10
0 0 0 0 0 0 1 0 0 0 0 0 0 0 −1 0
0 0 0 0 0 0 0 1 0 0 0 0 0 −1 0 0
0 0 0 0 0 0 0 0 1 0 0 −1 0 0 0 0
0 0 0 0 0 0 0 0 0 1 −1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 −1 0 1 0 0 0 0
0 0 0 0 0 0 0 0 −1 0 0 0 0 1 0 0
0 0 0 0 0 0 −1 0 0 0 1 0 0 0 0 0


. (3.25)

We note that the charge matrices are invariant under

p1 ↔ p3 , p2 ↔ p4 . (3.26)

This symmetry further indicates that the global symmetry takes the form SU(2)× SU(2)×
U(1)2.

The toric data of the 2d (0, 2) theory is given by

Gt =


p1 p2 p3 p4 p5 p6 s1 s2 s3 s4 s5 s6 s7 s8 s9 s10
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 2 2 2 0 1 1 1 1 1 1 1 1 1 1

 . (3.27)

The resulting toric diagram is shown in figure 11 and it agrees with the expectation. We
note that Y 2,2(CP1×CP1) corresponds to Q1,1,1/Z2. A full classification of the toric phases
for this geometry was presented in [36]. The model constructed above indeed corresponds
to phase A in this classification. This theory also appeared in [32].
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<latexit sha1_base64="LdGM/toFWOkyU/CkO7uXZBw33jI=">AAACEnicbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvHiMaB6QLGF20kmGzM4uM72BsOQTvIn+izfx6g/4K56cPA6aWNBQVHXT3RUmUhj0vC8nt7G5tb2T33X39g8OjwrHJw0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo9uZ3xyDNiJWjzhJIIjYQIm+4Ayt9JB0/W6h6JW9Oeg68ZekSJaodQvfnV7M0wgUcsmMaftegkEW2q2gp26pkxpIGB+xAbQtVVY2QTY/dUpLVunRfqxtKaRz1f01kbHImEkU2s6I4dCsejPxP6+dYv8myIRKUgTFF4v6qaQY09nftCc0cJQTSxjXAgWnfMg042jTcTsGcPEAQpRIhpApNhaDeUp0dlAszTSb2rD81WjWSeOy7F+VK/eVYrWyjC1Pzsg5uSA+uSZVckdqpE44GZAn8kJenWfnzXl3PhatOWc5c0r+wPn8AeUInuk=</latexit>p1

<latexit sha1_base64="OratU/pu/FehXRDPcODad//J9is=">AAACEnicbVDLSgNBEJz1GddX1KOXwRDwFHZDUI8BLx4jmgckS5iddJIhs7PLTG8gLPkEb6L/4k28+gP+iicnj4MmFjQUVd10d4WJFAY978vZ2Nza3tnN7bn7B4dHx/mT04aJU82hzmMZ61bIDEihoI4CJbQSDSwKJTTD0e3Mb45BGxGrR5wkEERsoERfcIZWeki65W6+4JW8Oeg68ZekQJaodfPfnV7M0wgUcsmMaftegkEW2q2gp26xkxpIGB+xAbQtVVY2QTY/dUqLVunRfqxtKaRz1f01kbHImEkU2s6I4dCsejPxP6+dYv8myIRKUgTFF4v6qaQY09nftCc0cJQTSxjXAgWnfMg042jTcTsGcPEAQpRIhpApNhaDeUp0dlAszTSb2rD81WjWSaNc8q9KlftKoVpZxpYj5+SCXBKfXJMquSM1UiecDMgTeSGvzrPz5rw7H4vWDWc5c0b+wPn8Aea0nuo=</latexit>p2

<latexit sha1_base64="iSgySra/ehngA7ZD7+gQp251fV8=">AAACEnicbVDLSgNBEJz1GeMr6tHLYAh4Crsa1GPAi8eI5gHJEmYnnWTI7Owy0xsISz7Bm+i/eBOv/oC/4snJJgdNLGgoqrrp7gpiKQy67peztr6xubWd28nv7u0fHBaOjhsmSjSHOo9kpFsBMyCFgjoKlNCKNbAwkNAMRrczvzkGbUSkHnESgx+ygRJ9wRla6SHuXnYLRbfsZqCrxFuQIlmg1i18d3oRT0JQyCUzpu25MfppYLeCnuZLncRAzPiIDaBtqbKy8dPs1CktWaVH+5G2pZBmav7XRMpCYyZhYDtDhkOz7M3E/7x2gv0bPxUqThAUny/qJ5JiRGd/057QwFFOLGFcCxSc8iHTjKNNJ98xgPMHEMJYMoRUsbEYZCnR2UGRNNN0asPylqNZJY2LsndVrtxXitXKIrYcOSVn5Jx45JpUyR2pkTrhZECeyAt5dZ6dN+fd+Zi3rjmLmRPyB87nD+hgnus=</latexit>p3

<latexit sha1_base64="7CODhnUBbCu0pOivuH7/Y1Pt2DU=">AAACEnicbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvHiMaB6QLGF20kmGzM4uM72BsOQTvIn+izfx6g/4K56cPA6aWNBQVHXT3RUmUhj0vC8nt7G5tb2T33X39g8OjwrHJw0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo9uZ3xyDNiJWjzhJIIjYQIm+4Ayt9JB0K91C0St7c9B14i9JkSxR6xa+O72YpxEo5JIZ0/a9BIMstFtBT91SJzWQMD5iA2hbqqxsgmx+6pSWrNKj/VjbUkjnqvtrImORMZMotJ0Rw6FZ9Wbif147xf5NkAmVpAiKLxb1U0kxprO/aU9o4CgnljCuBQpO+ZBpxtGm43YM4OIBhCiRDCFTbCwG85To7KBYmmk2tWH5q9Gsk8Zl2b8qV+4rxWplGVuenJFzckF8ck2q5I7USJ1wMiBP5IW8Os/Om/PufCxac85y5pT8gfP5A+oMnuw=</latexit>p4

<latexit sha1_base64="auaAjkizxrLVudWAGaiQbGmm7Hk=">AAACEnicbVDLTgJBEJzFF+IL9ehlIiHxRHYNPo4kXjxiFCSBDZkdGpgwO7uZ6SUhGz7Bm9F/8Wa8+gP+iicH2IOClXRSqepOd1cQS2HQdb+c3Nr6xuZWfruws7u3f1A8PGqaKNEcGjySkW4FzIAUChooUEIr1sDCQMJjMLqZ+Y9j0EZE6gEnMfghGyjRF5yhle7j7kW3WHIr7hx0lXgZKZEM9W7xu9OLeBKCQi6ZMW3PjdFPA7sV9LRQ7iQGYsZHbABtS5WVjZ/OT53SslV6tB9pWwrpXC38mkhZaMwkDGxnyHBolr2Z+J/XTrB/7adCxQmC4otF/URSjOjsb9oTGjjKiSWMa4GCUz5kmnG06RQ6BnDxAEIYS4aQKjYWg3lKdHZQJM00ndqwvOVoVknzvOJdVqp31VKtmsWWJyfklJwRj1yRGrklddIgnAzIE3khr86z8+a8Ox+L1pyTzRyTP3A+fwDruJ7t</latexit>p5

<latexit sha1_base64="5uYmvtIv9jaDOJsGwNVHRsUB2XY=">AAACEnicbVDLTgJBEJzFF+IL9ehlIiHxRHYNQY8kXjxiFDABQmaHZpkwO7uZ6SUhGz7Bm9F/8Wa8+gP+iidngYOClXRSqepOd5cfS2HQdb+c3Mbm1vZOfrewt39weFQ8PmmZKNEcmjySkX70mQEpFDRRoITHWAMLfQltf3yT+e0JaCMi9YDTGHohC5QYCs7QSvdxv9YvltyKOwddJ96SlMgSjX7xuzuIeBKCQi6ZMR3PjbGX+nYr6Fmh3E0MxIyPWQAdS5WVTS+dnzqjZasM6DDSthTSuVr4NZGy0Jhp6NvOkOHIrHqZ+J/XSXB43UuFihMExReLhomkGNHsbzoQGjjKqSWMa4GCUz5imnG06RS6BnDxAEIYS4aQKjYRwTwlmh0USTNLZzYsbzWaddK6rHi1SvWuWqpXl7HlyRk5JxfEI1ekTm5JgzQJJwF5Ii/k1Xl23px352PRmnOWM6fkD5zPH+1knu4=</latexit>p6
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Figure 11. Toric diagram of Y 2,2(CP1 × CP1).

4 Y p,k(CP2) models

4.1 Construction of the 2d (0, 2) theories

The 2d (0, 2) gauge theories corresponding to the family of Y p,k(CP2) manifolds are param-
eterized in terms of p, k ∈ Z, where 0 ≤ k ≤ 3

2p.
The total number of gauge groups in the 2d (0, 2) theories is 3p, which corresponds to

the volume of the toric diagram of Y p,k(CP2). The notation used on the gauge group labels
for the chiral and Fermi fields is defined as follows

[m] ≡ ((m− 1) mod 3p) + 1 . (4.1)

The chiral and Fermi fields form a periodic layered structure with a total number of p
layers. Each layer in the structure contains 3 gauge groups, which is the same number of
gauge groups as in the 4d N = 1 theory corresponding to dP0 [43]. In fact, this structure
follows from the particular way in which we constructed the gauge theoories. We made use
of orbifold reduction [35], 3d printing [36] and partial resolution via higgsing [29], starting
with the 4d N = 1 quiver gauge theory corresponding to dP0.

Between layers, the gauge group labels are shifted by additional indices given by a, b, c
and d. When the parameter k for the Y p,k(CP2) models is in the range 0 ≤ k ≤ p, only
Fermi and chiral fields depending on a, b and c contribute to the 2d (0, 2) theory, with the
values of the indices being

a = 0, . . . , p− 1 , b = k, . . . , p− 1 , c = 0, . . . , k − 1 . (4.2)

When the model parameter k is in the range p < k ≤ 3
2p, only the Fermi and chiral fields

depending on indices a, c and d contribute to the theory, with the values of the indices
being

a = 0, . . . , 2p− k , c = k − p, . . . , 2p− k , d = 0, . . . , k − p− 1 . (4.3)

Finally, we also have indices for the SU(3)×U(1)2 global symmetry of the 2d (0, 2) theories
corresponding to Y p,k(CP2). The indices for the non-abelian part of the global symmetry are

i, j, k = 1, 2, 3 . (4.4)
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Under these indices, the Fermi fields of the 2d (0, 2) theories are as follows

Λi[3a+1][3a+2] , Λ2i
[3b+6][3b+1] , Λ2i

[3b+5][3b+3] , Λ2i
[3c+6][3c+3] , Λ1i

[3d+3][3d+6] . (4.5)

The chiral fields of the 2d (0, 2) theories take the following form

Xi
[3a+2][3a+3] , X

i
[3a+3][3a+1] , X

i
[3b+1][3b+5] ,

Q[3b+4][3b+1] , Q[3b+6][3b+3] , Q[3b+5][3b+2] ,

Q[3c+4][3c+3] , Q[3c+6][3c+2] , P[3c+1][3c+5] ,

Q[3d+4][3d+2] , P[3d+1][3d+6] , P[3d+3][3d+5] . (4.6)

Here, we note that the chiral fields of the form Xi
rs originate from the 4d N = 1 theory

corresponding to dP0 with 4d chiral fields X irs and superpotential of the form

W = εijkX i12X
j
23X

k
31 . (4.7)

These chiral fields Xi
rs form layers in the periodic quiver on T 3 of the 2d (0, 2) theory

corresponding to Y p,k(CP2). Between these layers in the periodic quiver, we have chiral
fields of the form Qrs and Prs in (4.6). Combined with the Fermi fields in (4.5), two
adjacent layers form what is known as the quiver block [36] in the periodic quiver of the 2d
(0, 2) theory. The indices a, b, c, d in (4.5) and (4.6) ensure that p copies of quiver blocks
are stacked together in a consistent way such that equivalent fields and gauge groups are
identified to each other. The p copies of quiver blocks that are stacked together form the
periodic quiver on T 3 for the 2d (0, 2) theories corresponding to Y p,k(CP2).

From the periodic quiver, we obtain the corresponding J-terms

J [Λi[3a+1][3a+2]] = εijkX
j
[3a+2][3a+3]X

k
[3a+3][3a+1] ,

J [Λ2i
[3b+6][3b+1]] = εijkX

j
[3b+1][3b+5]X

k
[3b+5][3b+6] ,

J [Λ2i
[3b+5][3b+3]] = εijkX

j
[3b+3][3b+1]X

k
[3b+1][3b+5] ,

J [Λ2i
[3c+6][3c+3]] = εijkX

j
[3c+3][3c+1]P[3c+1][3c+5]X

k
[3c+5][3c+6] ,

J [Λ1i
[3d+3][3d+6]] = εijkX

j
[3d+6][3d+4]Q[3d+4][3d+2]X

k
[3d+2][3d+3] , (4.8)

and the associated E-terms of the following form

E[Λ2i
[3b+6][3b+1]] = Xi

[3b+6][3b+4]Q[3b+4][3b+1] −Q[3b+6][3b+3]X
i
[3b+3][3b+1] ,

E[Λ2i
[3b+5][3b+3]] = Xi

[3b+5][3b+6]Q[3b+6][3b+3] −Q[3b+5][3b+2]X
i
[3b+2][3b+3] ,

E[Λ2i
[3c+6][3c+3]] = Xi

[3c+6][3c+4]Q[3c+4][3c+3] −Q[3c+6][3c+2]X
i
[3c+2][3c+3] ,

E[Λ1i
[3d+3][3d+6]] = Xi

[3d+3][3d+1]P[3d+1][3d+6] − P[3d+3][3d+5]X
i
[3d+5][3d+6] . (4.9)
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Additionally, we have E-term plaquettes,

E+[Λi[3b+1][3b+2]] = Xi
[3b+1][3b+5]Q[3b+5][3b+2] ,

E−[Λi[3b+4][3b+5]] = −Q[3b+4][3b+1]X
i
[3b+1][3b+5] ,

E+[Λi[3c+1],[3c+2]] = P[3c+1][3c+5]X
i
[3c+5][3c+6]Q[3c+6][3c+2] ,

E−[Λi[3c+4][3c+5]] = −Q[3c+4][3c+3]X
i
[3c+3][3c+1]P[3c+1][3c+5] ,

E+[Λi[3d+1][3d+2]] = P[3d+1][3d+6]X
i
[3d+6][3d+4]Q[3d+4][3d+2] ,

E−[Λi[3d+4][3d+5]] = −Q[3d+4][3d+2]X
i
[3d+2][3d+3]P[3d+3][3d+5] , (4.10)

which combine to proper E-terms of the form E = E+ − E−. The E-terms plaquettes are
shown here separately because quadratic and cubic plaquettes are combined depending on
the value of k in order to form a single E-term.

4.2 Examples

In this section, we summarize the construction of 2d (0, 2) theories corresponding to
Y p,k(CP2) where p = 3. In total there are 5 toric diagrams with p = 3 whose toric diagrams
have precisely 2 internal points. In appendix A.2 and A.3, the J- and E-terms corresponding
to 2d (0, 2) theories with p = 1 and p = 2 are summarized for completeness.

4.2.1 Y 3,0(CP2)

The J- and E-terms of the 2d (0, 2) theory for Y 3,0(CP2) take the form

J E

Λi12 : εijkXj
23X

k
31 Xi

15Q52 − Q17X
i
72

Λ2i
29 : εijkXj

97X
k
72 Xi

23Q39 − Q28X
i
89

Λ2i
37 : εijkXj

72X
k
23 Xi

31Q17 − Q39X
i
97

Λi45 : εijkXj
56X

k
64 Xi

48Q85 − Q41X
i
15

Λ2i
53 : εijkXj

31X
k
15 Xi

56Q63 − Q52X
i
23

Λ2i
61 : εijkXj

15X
k
56 Xi

64Q41 − Q63X
i
31

Λi78 : εijkXj
89X

k
97 Xi

72Q28 − Q74X
i
48

Λ2i
86 : εijkXj

64X
k
48 Xi

89Q96 − Q85X
i
56

Λ2i
94 : εijkXj

48X
k
89 Xi

97Q74 − Q96X
i
64

, (4.11)

where the global symmetry indices are i, j, k = 1, 2, 3. The corresponding quiver diagram is
shown in figure 12.
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Figure 12. Quiver for Y 3,0(CP2).

From the J- and E-terms, we can construct the P -matrix, which takes the form

P =



p1 p2 p3 p4 q1 q2 q3 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 u13 u14 u15 u16 u17 u18 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2 o3 o4 o5 o6 o7 o8 o9

X1
15 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 1 1 1

X1
23 1 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 1

X1
31 1 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0

X1
48 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 1 1

X1
56 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 1 0 1 0

X1
64 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 0 1 0 1

X1
72 1 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0

X1
89 1 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 1 0 1 1 1 0 1 0 0

X1
97 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 1 1 1

X2
15 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 1 1 1

X2
23 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 1

X2
31 0 1 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0

X2
48 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 1 1

X2
56 0 1 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 1 0 1 0

X2
64 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 0 1 0 1

X2
72 0 1 0 0 0 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0

X2
89 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 1 0 1 1 1 0 1 0 0

X2
97 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 1 1 1

X3
15 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 1 1 1

X3
23 0 0 1 0 0 1 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 1

X3
31 0 0 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0

X3
48 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 1 1

X3
56 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 1 0 1 0

X3
64 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 0 1 0 1

X3
72 0 0 1 0 0 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0

X3
89 0 0 1 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 1 0 1 1 1 0 1 0 0

X3
97 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 1 1 1

Q17 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1
Q28 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 1 0 1 1 0 0 1 1 1 1 0 0 0 0 0 1 0 1 1
Q39 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 1 1 1 0 0 1 0 1 1 1 1 1 0 0 1 1 1 0 0 0 0
Q41 0 0 0 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 1 0 0 0 0 0 0 1 1 1 1 1 0 0 0 1 0 1 0 0 1 1 0 0 0
Q52 0 0 0 1 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 1 1 0 1 0 1 0 0 1 1 0 1 1 1 0 1 0 1 1 0 0 0 0
Q63 0 0 0 1 0 0 0 0 0 1 0 1 1 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 1 0 0 1 1 1 0 0 0 0 0 1 0 1
Q74 0 0 0 1 0 0 0 1 1 1 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 1 1 1 0 0 1 1 1 0 1 0 1 1 0 0 0 0 0
Q85 0 0 0 1 0 0 0 1 0 0 1 1 0 1 0 0 0 0 0 1 0 0 1 0 0 1 1 1 1 1 1 0 0 0 1 0 1 0 0 0 1 0 0
Q96 0 0 0 1 0 0 0 1 1 0 1 0 0 0 1 0 0 0 0 1 1 0 0 0 0 1 1 1 1 0 1 1 0 0 0 1 0 0 0 1 0 1 0



.

(4.12)
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We can also construct the U(1)-charge matrix under the J- and E-terms,

QJE =



p1 p2 p3 p4 q1 q2 q3 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 u13 u14 u15 u16 u17 u18 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2 o3 o4 o5 o6 o7 o8 o9
1 1 1 0 −1 −1 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 2 2 0 3 −1 0 −1 0 0 0 −1 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 −1 0 0 0 0 0 0
0 0 0 0 2 2 −1 4 −1 0 −1 0 0 0 −1 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 −1 0 −1 0 0 0 0 0 0
0 0 0 0 2 1 0 3 −1 0 −1 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 −1 0 −1 0 0 0 0 0 0
0 0 0 0 1 2 0 3 −1 0 0 0 0 0 −1 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 −1 0 −1 0 0 0 0 0 0
0 0 0 0 1 1 0 2 −1 0 0 0 0 0 −1 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 −1 0 0 0 0 0 0
0 0 0 0 1 1 0 2 −1 0 −1 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 −1 0 0 0 0 0 0 0 0
0 0 0 0 1 1 0 1 0 0 0 0 0 0 −1 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 −1 0 0 0 0 0 0
0 0 0 0 1 1 0 1 0 0 −1 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0
0 0 0 0 1 1 0 1 0 0 −1 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0
0 0 0 0 1 1 0 1 −1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0
0 0 0 0 1 1 −1 2 0 0 0 0 0 0 −1 0 0 0 0 −1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0
0 0 0 0 1 1 −1 2 0 0 −1 0 0 0 −1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0
0 0 0 0 1 1 −1 2 0 0 −1 0 0 0 −1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0
0 0 0 0 1 1 −1 2 −1 0 −1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 2 −1 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0
0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0
0 0 0 0 1 0 0 1 0 0 −1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 1 0 0 −1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0
0 0 0 0 1 0 −1 2 −1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 1 0 0 0 0
0 0 0 0 0 1 0 2 −1 0 0 0 0 0 0 0 0 0 0 −1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 1 0 0 0 0 0 0 −1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 1 0 0 0 0 0 0 −1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0
0 0 0 0 0 1 0 1 −1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0
0 0 0 0 0 1 −1 2 0 0 0 0 0 0 −1 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 1 0 0 0 0 0
0 0 0 0 0 0 0 1 −1 0 0 0 0 0 0 0 0 0 0 −1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 −1 1 0 0 0 0 0 0 −1 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 −1 1 0 0 −1 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 −1 1 −1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0



,

(4.13)
and also the charge matrix for the D-terms,

QD =



p1 p2 p3 p4 q1 q2 q3 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 u13 u14 u15 u16 u17 u18 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2 o3 o4 o5 o6 o7 o8 o9
0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0
0 0 0 0 0 1 −1 1 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 −1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 −1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 −1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 −1 0 1 −1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


.

(4.14)
It can be seen that the charge matrices are invariant under permutations of the extremal
GLSM fields (p1, p2, p3). This is the result of the SU(3) non-abelian factor in the global
symmetry SU(3)×U(1)2 of the 2d (0, 2) theory.

The toric data is summarized by

Gt =


p1 p2 p3 p4 q1 q2 q3 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 u13 u14 u15 u16 u17 u18 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2 o3 o4 o5 o6 o7 o8 o9
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2
1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 3 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1

 ,

(4.15)
where ok correspond to extra GLSM fields [29]. The corresponding toric diagram is shown
in figure 13. We note that the 2d (0, 2) theories for Y 3,0(CP2) can be obtained by orbifold
reduction [35] of the 4d N = 1 theory for dP0.
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<latexit sha1_base64="LdGM/toFWOkyU/CkO7uXZBw33jI=">AAACEnicbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvHiMaB6QLGF20kmGzM4uM72BsOQTvIn+izfx6g/4K56cPA6aWNBQVHXT3RUmUhj0vC8nt7G5tb2T33X39g8OjwrHJw0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo9uZ3xyDNiJWjzhJIIjYQIm+4Ayt9JB0/W6h6JW9Oeg68ZekSJaodQvfnV7M0wgUcsmMaftegkEW2q2gp26pkxpIGB+xAbQtVVY2QTY/dUpLVunRfqxtKaRz1f01kbHImEkU2s6I4dCsejPxP6+dYv8myIRKUgTFF4v6qaQY09nftCc0cJQTSxjXAgWnfMg042jTcTsGcPEAQpRIhpApNhaDeUp0dlAszTSb2rD81WjWSeOy7F+VK/eVYrWyjC1Pzsg5uSA+uSZVckdqpE44GZAn8kJenWfnzXl3PhatOWc5c0r+wPn8AeUInuk=</latexit>p1

<latexit sha1_base64="OratU/pu/FehXRDPcODad//J9is=">AAACEnicbVDLSgNBEJz1GddX1KOXwRDwFHZDUI8BLx4jmgckS5iddJIhs7PLTG8gLPkEb6L/4k28+gP+iicnj4MmFjQUVd10d4WJFAY978vZ2Nza3tnN7bn7B4dHx/mT04aJU82hzmMZ61bIDEihoI4CJbQSDSwKJTTD0e3Mb45BGxGrR5wkEERsoERfcIZWeki65W6+4JW8Oeg68ZekQJaodfPfnV7M0wgUcsmMaftegkEW2q2gp26xkxpIGB+xAbQtVVY2QTY/dUqLVunRfqxtKaRz1f01kbHImEkU2s6I4dCsejPxP6+dYv8myIRKUgTFF4v6qaQY09nftCc0cJQTSxjXAgWnfMg042jTcTsGcPEAQpRIhpApNhaDeUp0dlAszTSb2rD81WjWSaNc8q9KlftKoVpZxpYj5+SCXBKfXJMquSM1UiecDMgTeSGvzrPz5rw7H4vWDWc5c0b+wPn8Aea0nuo=</latexit>p2

<latexit sha1_base64="iSgySra/ehngA7ZD7+gQp251fV8=">AAACEnicbVDLSgNBEJz1GeMr6tHLYAh4Crsa1GPAi8eI5gHJEmYnnWTI7Owy0xsISz7Bm+i/eBOv/oC/4snJJgdNLGgoqrrp7gpiKQy67peztr6xubWd28nv7u0fHBaOjhsmSjSHOo9kpFsBMyCFgjoKlNCKNbAwkNAMRrczvzkGbUSkHnESgx+ygRJ9wRla6SHuXnYLRbfsZqCrxFuQIlmg1i18d3oRT0JQyCUzpu25MfppYLeCnuZLncRAzPiIDaBtqbKy8dPs1CktWaVH+5G2pZBmav7XRMpCYyZhYDtDhkOz7M3E/7x2gv0bPxUqThAUny/qJ5JiRGd/057QwFFOLGFcCxSc8iHTjKNNJ98xgPMHEMJYMoRUsbEYZCnR2UGRNNN0asPylqNZJY2LsndVrtxXitXKIrYcOSVn5Jx45JpUyR2pkTrhZECeyAt5dZ6dN+fd+Zi3rjmLmRPyB87nD+hgnus=</latexit>p3

<latexit sha1_base64="7CODhnUBbCu0pOivuH7/Y1Pt2DU=">AAACEnicbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvHiMaB6QLGF20kmGzM4uM72BsOQTvIn+izfx6g/4K56cPA6aWNBQVHXT3RUmUhj0vC8nt7G5tb2T33X39g8OjwrHJw0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo9uZ3xyDNiJWjzhJIIjYQIm+4Ayt9JB0K91C0St7c9B14i9JkSxR6xa+O72YpxEo5JIZ0/a9BIMstFtBT91SJzWQMD5iA2hbqqxsgmx+6pSWrNKj/VjbUkjnqvtrImORMZMotJ0Rw6FZ9Wbif147xf5NkAmVpAiKLxb1U0kxprO/aU9o4CgnljCuBQpO+ZBpxtGm43YM4OIBhCiRDCFTbCwG85To7KBYmmk2tWH5q9Gsk8Zl2b8qV+4rxWplGVuenJFzckF8ck2q5I7USJ1wMiBP5IW8Os/Om/PufCxac85y5pT8gfP5A+oMnuw=</latexit>p4

<latexit sha1_base64="Y7I2sPwIz9FszWWnVohhiw8UIPM=">AAACG3icbVC7SgNBFJ31GeMramkzGAJWYVeDWgZsLCOYByQhzE5ukiGzs+vM3UBY8ht2ov9iJ7YW/oqVs5sUmnhg4HDOPdw7x4+kMOi6X87a+sbm1nZuJ7+7t39wWDg6bpgw1hzqPJShbvnMgBQK6ihQQivSwAJfQtMf36Z+cwLaiFA94DSCbsCGSgwEZ2ilzmMv8Tr9EA29nPUKRbfsZqCrxFuQIlmg1it82yiPA1DIJTOm7bkRdhPfrgc9y5c6sYGI8TEbQttSZWXTTbKbZ7RklT4dhNo+hTRT878SCQuMmQa+nQwYjsyyl4r/ee0YBzfdRKgoRlB8vmgQS4ohTQugfaGBo5xawrgWKDjlI6YZR1tTvmMA5x9ACCLJEBLFJmKY1UXTg0JpZklalrdczSppXJS9q3LlvlKsVha15cgpOSPnxCPXpEruSI3UCScReSIv5NV5dt6cd+djPrrmLDIn5A+czx/y8aKl</latexit>q1...3

<latexit sha1_base64="kgQICmPPRCHTBFzglqwBzGUc2/Y=">AAACHHicbVDLSgMxFM34rPVVdekmWAquyowU7bLgxmUF+4B2KJn0tg3NZMbkTqEM/Q53ov/iTtwK/oorM20X2nogcDjnHu7NCWIpDLrul7OxubW9s5vby+8fHB4dF05OmyZKNIcGj2Sk2wEzIIWCBgqU0I41sDCQ0ArGt5nfmoA2IlIPOI3BD9lQiYHgDK3kJ73U6/YjNNSrznqFolt256DrxFuSIlmi3it82yxPQlDIJTOm47kx+mlg94Oe5UvdxEDM+JgNoWOpsrLx0/nRM1qySp8OIm2fQjpX878SKQuNmYaBnQwZjsyql4n/eZ0EB1U/FSpOEBRfLBokkmJEswZoX2jgKKeWMK4FCk75iGnG0faU7xrAxQcQwlgyhFSxiRjO+6LZQZE0szQry1utZp00r8redblyXynWKsvacuScXJBL4pEbUiN3pE4ahJNH8kReyKvz7Lw5787HYnTDWWbOyB84nz99Y6Lp</latexit>u1...18

<latexit sha1_base64="gsI4/tCO4JCCb5Y/MgTkuA4l1Is=">AAACG3icbVC7SgNBFJ2NrxhfUUubwRCwCrsSfHQBG8sI5gFJCLOTm2TI7OwyczcQlvyGnei/2Imthb9i5WyyhSYeGDiccw/3zvEjKQy67peT29jc2t7J7xb29g8Oj4rHJ00TxppDg4cy1G2fGZBCQQMFSmhHGljgS2j5k7vUb01BGxGqR5xF0AvYSImh4Ayt1J32E687CNHQ23m/WHIr7gJ0nXgZKZEM9X7x20Z5HIBCLpkxHc+NsJf4dj3oeaHcjQ1EjE/YCDqWKiubXrK4eU7LVhnQYajtU0gXauFXImGBMbPAt5MBw7FZ9VLxP68T4/CmlwgVxQiKLxcNY0kxpGkBdCA0cJQzSxjXAgWnfMw042hrKnQN4PIDCEEkGUKi2FSMFnXR9KBQmnmSluWtVrNOmpcV76pSfaiWatWstjw5I+fkgnjkmtTIPamTBuEkIk/khbw6z86b8+58LEdzTpY5JX/gfP4ABaGisA==</latexit>v1...9

Figure 13. Toric diagram of Y 3,0(CP2).
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Figure 14. Quiver for Y 3,1(CP2).

4.2.2 Y 3,1(CP2)

The quiver for the 2d (0, 2) theory corresponding to Y 3,1(CP2) is shown in figure 14. The
corresponding J- and E-terms take the following form
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, (4.16)

where the global symmetry indices are i, j, k = 1, 2, 3.
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The J- and E-terms can be used to obtain the P -matrix for the theory, which takes
the following form

P =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 u13 u14 u15 u16 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2 o3 o4 o5 o6 o7 o8 o9 o10 o11
X1

23 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 1 1 1 1 1
X1

31 1 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 1 0 1 1 0 0 0 0
X1

48 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 1 1 1 0 0 0 1
X1

56 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 1 1 0 1 0 0 0
X1

64 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 1 1 1 1 1
X1

72 1 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 0 1 0 0
X1

89 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 1 0 1 1 1 0
X1

97 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 0 0 1 1 0 1 1
X2

23 0 1 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 1 1 1 1 1
X2

31 0 1 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 1 0 1 1 0 0 0 0
X2

48 0 1 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 1 1 1 0 0 0 1
X2

56 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 1 1 0 1 0 0 0
X2

64 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 1 1 1 1 1
X2

72 0 1 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 0 1 0 0
X2

89 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 1 0 1 1 1 0
X2

97 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 0 0 1 1 0 1 1
X3

23 0 0 1 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 1 1 1 1 1
X3

31 0 0 1 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 1 0 1 1 0 0 0 0
X3

48 0 0 1 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 1 1 1 0 0 0 1
X3

56 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 1 1 0 1 0 0 0
X3

64 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 1 1 1 1 1
X3

72 0 0 1 0 1 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 0 1 0 0
X3

89 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 1 0 1 1 1 0
X3

97 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 0 0 1 1 0 1 1
Q17 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 1 0 1 1
Q28 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 1 1 0 0 1 1 1 1 0 0 0 0 0 0 1 0 0 0 1
Q39 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 1 1 0 0 1 0 1 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0
Q43 0 0 0 1 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0
Q62 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0
Q74 0 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 1 1 0 0 1 1 0 1 0 0 1 0 0 0 0 0 1 0 0
Q85 0 0 0 1 0 1 0 0 1 0 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 1 0 0 0 1 0 1 0 0 0 0 0 0 1 1 0
Q96 0 0 0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 1 1 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0
P15 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1



.

(4.17)
The U(1)-charges under the J- and E-terms are summarized in

QJE =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 u13 u14 u15 u16 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2 o3 o4 o5 o6 o7 o8 o9 o10 o11
5 5 5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1 −1 −1 −1 −1 −1 −1 0 0 0
4 4 4 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 −1 −1 −1 0 0 −1 −1 −1 0 0 0
3 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 −1 −1 −1 −1 −1 0 0 0 0 0 0
3 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 −1 −1 −1 0 −1 0 −1 0 0 0 0
3 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 −1 −1 −1 0 0 −1 −1 0 0 0 0
3 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 −1 −1 0 −1 −1 0 0 −1 0 0 0
3 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 −1 0 −1 −1 −1 0 −1 0 0 0
3 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 −1 0 −1 0 0 −1 −1 −1 0 0 0
3 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 −1 −1 0 −1 −1 −1 0 0 0
3 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 −1 −1 −1 −1 −1 0 0 0
2 2 2 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1 −1 0 0 0 0 0 0 0 0
2 2 2 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 −1 −1 0 0 0 0 0 −1 0 0 0
2 2 2 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 −1 0 −1 0 0 0
2 2 2 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1 −1 0 0 0
1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1 0 0 0 0 0 0 0 0 0
1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 −1 0 0 0 0 0 0 0 0
1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1 0 0 0 0 0 0 0
1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 −1 0 0 0 0 0 0
1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1 0 0 0 0 0 0
1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 −1 0 0 0 0 0
1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 −1 0 0 0 0
1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 −1 0 0 0 0
1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1 0 0 0 0
1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 −1 0 0 0
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 −1 0 0 0
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 −1 0 0 0
1 1 1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1 0 0 1
1 1 1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 −1 0 1 0
1 1 1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1 0 0 0 0 0 1 0 0



,

(4.18)
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<latexit sha1_base64="LdGM/toFWOkyU/CkO7uXZBw33jI=">AAACEnicbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvHiMaB6QLGF20kmGzM4uM72BsOQTvIn+izfx6g/4K56cPA6aWNBQVHXT3RUmUhj0vC8nt7G5tb2T33X39g8OjwrHJw0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo9uZ3xyDNiJWjzhJIIjYQIm+4Ayt9JB0/W6h6JW9Oeg68ZekSJaodQvfnV7M0wgUcsmMaftegkEW2q2gp26pkxpIGB+xAbQtVVY2QTY/dUpLVunRfqxtKaRz1f01kbHImEkU2s6I4dCsejPxP6+dYv8myIRKUgTFF4v6qaQY09nftCc0cJQTSxjXAgWnfMg042jTcTsGcPEAQpRIhpApNhaDeUp0dlAszTSb2rD81WjWSeOy7F+VK/eVYrWyjC1Pzsg5uSA+uSZVckdqpE44GZAn8kJenWfnzXl3PhatOWc5c0r+wPn8AeUInuk=</latexit>p1

<latexit sha1_base64="OratU/pu/FehXRDPcODad//J9is=">AAACEnicbVDLSgNBEJz1GddX1KOXwRDwFHZDUI8BLx4jmgckS5iddJIhs7PLTG8gLPkEb6L/4k28+gP+iicnj4MmFjQUVd10d4WJFAY978vZ2Nza3tnN7bn7B4dHx/mT04aJU82hzmMZ61bIDEihoI4CJbQSDSwKJTTD0e3Mb45BGxGrR5wkEERsoERfcIZWeki65W6+4JW8Oeg68ZekQJaodfPfnV7M0wgUcsmMaftegkEW2q2gp26xkxpIGB+xAbQtVVY2QTY/dUqLVunRfqxtKaRz1f01kbHImEkU2s6I4dCsejPxP6+dYv8myIRKUgTFF4v6qaQY09nftCc0cJQTSxjXAgWnfMg042jTcTsGcPEAQpRIhpApNhaDeUp0dlAszTSb2rD81WjWSaNc8q9KlftKoVpZxpYj5+SCXBKfXJMquSM1UiecDMgTeSGvzrPz5rw7H4vWDWc5c0b+wPn8Aea0nuo=</latexit>p2
<latexit sha1_base64="iSgySra/ehngA7ZD7+gQp251fV8=">AAACEnicbVDLSgNBEJz1GeMr6tHLYAh4Crsa1GPAi8eI5gHJEmYnnWTI7Owy0xsISz7Bm+i/eBOv/oC/4snJJgdNLGgoqrrp7gpiKQy67peztr6xubWd28nv7u0fHBaOjhsmSjSHOo9kpFsBMyCFgjoKlNCKNbAwkNAMRrczvzkGbUSkHnESgx+ygRJ9wRla6SHuXnYLRbfsZqCrxFuQIlmg1i18d3oRT0JQyCUzpu25MfppYLeCnuZLncRAzPiIDaBtqbKy8dPs1CktWaVH+5G2pZBmav7XRMpCYyZhYDtDhkOz7M3E/7x2gv0bPxUqThAUny/qJ5JiRGd/057QwFFOLGFcCxSc8iHTjKNNJ98xgPMHEMJYMoRUsbEYZCnR2UGRNNN0asPylqNZJY2LsndVrtxXitXKIrYcOSVn5Jx45JpUyR2pkTrhZECeyAt5dZ6dN+fd+Zi3rjmLmRPyB87nD+hgnus=</latexit>p3

<latexit sha1_base64="7CODhnUBbCu0pOivuH7/Y1Pt2DU=">AAACEnicbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvHiMaB6QLGF20kmGzM4uM72BsOQTvIn+izfx6g/4K56cPA6aWNBQVHXT3RUmUhj0vC8nt7G5tb2T33X39g8OjwrHJw0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo9uZ3xyDNiJWjzhJIIjYQIm+4Ayt9JB0K91C0St7c9B14i9JkSxR6xa+O72YpxEo5JIZ0/a9BIMstFtBT91SJzWQMD5iA2hbqqxsgmx+6pSWrNKj/VjbUkjnqvtrImORMZMotJ0Rw6FZ9Wbif147xf5NkAmVpAiKLxb1U0kxprO/aU9o4CgnljCuBQpO+ZBpxtGm43YM4OIBhCiRDCFTbCwG85To7KBYmmk2tWH5q9Gsk8Zl2b8qV+4rxWplGVuenJFzckF8ck2q5I7USJ1wMiBP5IW8Os/Om/PufCxac85y5pT8gfP5A+oMnuw=</latexit>p4

<latexit sha1_base64="auaAjkizxrLVudWAGaiQbGmm7Hk=">AAACEnicbVDLTgJBEJzFF+IL9ehlIiHxRHYNPo4kXjxiFCSBDZkdGpgwO7uZ6SUhGz7Bm9F/8Wa8+gP+iicH2IOClXRSqepOd1cQS2HQdb+c3Nr6xuZWfruws7u3f1A8PGqaKNEcGjySkW4FzIAUChooUEIr1sDCQMJjMLqZ+Y9j0EZE6gEnMfghGyjRF5yhle7j7kW3WHIr7hx0lXgZKZEM9W7xu9OLeBKCQi6ZMW3PjdFPA7sV9LRQ7iQGYsZHbABtS5WVjZ/OT53SslV6tB9pWwrpXC38mkhZaMwkDGxnyHBolr2Z+J/XTrB/7adCxQmC4otF/URSjOjsb9oTGjjKiSWMa4GCUz5kmnG06RQ6BnDxAEIYS4aQKjYWg3lKdHZQJM00ndqwvOVoVknzvOJdVqp31VKtmsWWJyfklJwRj1yRGrklddIgnAzIE3khr86z8+a8Ox+L1pyTzRyTP3A+fwDruJ7t</latexit>p5

<latexit sha1_base64="/rvEgeetSvGpwz1tGH1ClwjVQus=">AAACHHicbVDLSgMxFM34rPVVdekmWAquyoyU6rLgxmUF+4B2KJn0tg3NZMbkTqEM/Q53ov/iTtwK/oorM20X2nogcDjnHu7NCWIpDLrul7OxubW9s5vby+8fHB4dF05OmyZKNIcGj2Sk2wEzIIWCBgqU0I41sDCQ0ArGt5nfmoA2IlIPOI3BD9lQiYHgDK3kJ73U6/YjNNSrznqFolt256DrxFuSIlmi3it82yxPQlDIJTOm47kx+mlg94Oe5UvdxEDM+JgNoWOpsrLx0/nRM1qySp8OIm2fQjpX878SKQuNmYaBnQwZjsyql4n/eZ0EBzd+KlScICi+WDRIJMWIZg3QvtDAUU4tYVwLFJzyEdOMo+0p3zWAiw8ghLFkCKliEzGc90WzgyJpZmlWlrdazTppXpW9arlyXynWKsvacuScXJBL4pFrUiN3pE4ahJNH8kReyKvz7Lw5787HYnTDWWbOyB84nz96CaLn</latexit>u1...16

<latexit sha1_base64="gsI4/tCO4JCCb5Y/MgTkuA4l1Is=">AAACG3icbVC7SgNBFJ2NrxhfUUubwRCwCrsSfHQBG8sI5gFJCLOTm2TI7OwyczcQlvyGnei/2Imthb9i5WyyhSYeGDiccw/3zvEjKQy67peT29jc2t7J7xb29g8Oj4rHJ00TxppDg4cy1G2fGZBCQQMFSmhHGljgS2j5k7vUb01BGxGqR5xF0AvYSImh4Ayt1J32E687CNHQ23m/WHIr7gJ0nXgZKZEM9X7x20Z5HIBCLpkxHc+NsJf4dj3oeaHcjQ1EjE/YCDqWKiubXrK4eU7LVhnQYajtU0gXauFXImGBMbPAt5MBw7FZ9VLxP68T4/CmlwgVxQiKLxcNY0kxpGkBdCA0cJQzSxjXAgWnfMw042hrKnQN4PIDCEEkGUKi2FSMFnXR9KBQmnmSluWtVrNOmpcV76pSfaiWatWstjw5I+fkgnjkmtTIPamTBuEkIk/khbw6z86b8+58LEdzTpY5JX/gfP4ABaGisA==</latexit>v1...9

Figure 15. Toric diagram of Y 3,1(CP2).

and the U(1)-charges for the D-terms are summarized in

QD =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 u13 u14 u15 u16 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2 o3 o4 o5 o6 o7 o8 o9 o10 o11

1 1 1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 −1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 −1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 −1 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 1 0 0 0 0 0 0 0



.

(4.19)
The charge matrices are invariant under permutations of the extremal GLSM fields
(p1, p2, p3). This indicates that the global symmetry of the 2d (0, 2) theories is enhanced to
SU(3)×U(1)2.

The charge matrices are used to obtain the toric data for the 2d (0, 2) theories, which
is summarized in

Gt =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 u13 u14 u15 u16 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2 o3 o4 o5 o6 o7 o8 o9 o10 o11

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2
1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 1 3 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1


,

(4.20)
where ok correspond to extra GLSM fields [29]. The corresponding toric diagram is shown
in figure 15.
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4.2.3 Y 3,2(CP2)

The 2d (0, 2) theories for Y 3,2(CP2) have the following J- and E-terms

J E

Λi12 : εijkX
j
23X

k
31 P15X

i
56Q62 − Q17X

i
72

Λ2i
29 : εijkX

j
97X

k
72 Xi

23Q39 − Q28X
i
89

Λ2i
37 : εijkX

j
72X

k
23 Xi

31Q17 − Q39X
i
97

Λi45 : εijkX
j
56X

k
64 P48X

i
89Q95 − Q43X

i
31P15

Λ2i
63 : εijkXj

31P15X
k
56 Xi

64Q43 − Q62X
i
23

Λi78 : εijkX
j
89X

k
97 Xi

72Q28 − Q76X
i
64P48

Λ2i
96 : εijkXj

64P48X
k
89 Xi

97Q76 − Q95X
i
56

, (4.21)

with the corresponding quiver diagram shown in figure 16. The global symmetry indices
are i, j, k = 1, 2, 3.

The P -matrix can be obtained as follows

P =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 u13 u14 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2

X1
23 1 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1

X1
31 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0

X1
56 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

X1
64 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1

X1
72 1 0 0 0 1 0 1 1 0 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1

X1
89 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1

X1
97 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0

X2
23 0 1 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1

X2
31 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0

X2
56 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

X2
64 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1

X2
72 0 1 0 0 1 0 1 1 0 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1

X2
89 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1

X2
97 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0

X3
23 0 0 1 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1

X3
31 0 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0

X3
56 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

X3
64 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1

X3
72 0 0 1 0 1 0 1 1 0 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1

X3
89 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1

X3
97 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0

Q17 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 0 0 0 1 1 1 1 1 1 0 0
Q28 0 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 0 0 1 0 1 1 0 0 1 1 1 1 0 0
Q39 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 1 0 1 1 1 1 1 0 0
Q43 0 0 0 1 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 1 1 0 1 1 0 0 1 0 0 0
Q62 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 1 1 0 0 0
Q76 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 1 0 0 1 0 0
Q95 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1 1 0 0 0 0 1 0 0
P15 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 1 0 1
P48 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0



.

(4.22)
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<latexit sha1_base64="gZsAxU1JRjZeywR5+9lViHPbxh4="></latexit>

3
<latexit sha1_base64="gZsAxU1JRjZeywR5+9lViHPbxh4="></latexit>

3

<latexit sha1_base64="gZsAxU1JRjZeywR5+9lViHPbxh4="></latexit>

3

<latexit sha1_base64="gZsAxU1JRjZeywR5+9lViHPbxh4="></latexit>

3

<latexit sha1_base64="gZsAxU1JRjZeywR5+9lViHPbxh4="></latexit>

3

<latexit sha1_base64="gZsAxU1JRjZeywR5+9lViHPbxh4="></latexit>

3

<latexit sha1_base64="gZsAxU1JRjZeywR5+9lViHPbxh4="></latexit>

3

<latexit sha1_base64="0uCjktYV5h7DQl8GREgaLFqj2Vg=">AAACEHicdVDLSgNBEJz1GeMr6tHLYBByCptNTPQmePGYgIlCEmR20kkGZ2eXmd5AWPYLvIn+izfx6h/4K56cTSKoaEFDUdVNd5cfSWHQdd+dpeWV1bX13EZ+c2t7Z7ewt98xYaw5tHkoQ33jMwNSKGijQAk3kQYW+BKu/buLzL+egDYiVFc4jaAfsJESQ8EZWqlVvS0U3fLZad078ahbdt2GV61nxGvUvCqtWCVDkSzQvC189AYhjwNQyCUzpltxI+wnvt0JOs0f92IDEeN3bARdS5WVTT+ZHZrSY6sM6DDUthTSmZr/NpGwwJhp4NvOgOHY/PYy8S+vG+PwtJ8IFcUIis8XDWNJMaTZ13QgNHCUU0sY1wIFp3zMNONos8n3DOD8AYQgkgwhUWwiRrOMaHZQKE2apDasr0To/6TjlSv1cq1VK56XFrHlyCE5IiVSIQ1yTi5Jk7QJJ0DuySN5ch6cZ+fFeZ23LjmLmQPyA87bJ6zRnkA=</latexit>

3

<latexit sha1_base64="0uCjktYV5h7DQl8GREgaLFqj2Vg=">AAACEHicdVDLSgNBEJz1GeMr6tHLYBByCptNTPQmePGYgIlCEmR20kkGZ2eXmd5AWPYLvIn+izfx6h/4K56cTSKoaEFDUdVNd5cfSWHQdd+dpeWV1bX13EZ+c2t7Z7ewt98xYaw5tHkoQ33jMwNSKGijQAk3kQYW+BKu/buLzL+egDYiVFc4jaAfsJESQ8EZWqlVvS0U3fLZad078ahbdt2GV61nxGvUvCqtWCVDkSzQvC189AYhjwNQyCUzpltxI+wnvt0JOs0f92IDEeN3bARdS5WVTT+ZHZrSY6sM6DDUthTSmZr/NpGwwJhp4NvOgOHY/PYy8S+vG+PwtJ8IFcUIis8XDWNJMaTZ13QgNHCUU0sY1wIFp3zMNONos8n3DOD8AYQgkgwhUWwiRrOMaHZQKE2apDasr0To/6TjlSv1cq1VK56XFrHlyCE5IiVSIQ1yTi5Jk7QJJ0DuySN5ch6cZ+fFeZ23LjmLmQPyA87bJ6zRnkA=</latexit>

3

<latexit sha1_base64="0uCjktYV5h7DQl8GREgaLFqj2Vg=">AAACEHicdVDLSgNBEJz1GeMr6tHLYBByCptNTPQmePGYgIlCEmR20kkGZ2eXmd5AWPYLvIn+izfx6h/4K56cTSKoaEFDUdVNd5cfSWHQdd+dpeWV1bX13EZ+c2t7Z7ewt98xYaw5tHkoQ33jMwNSKGijQAk3kQYW+BKu/buLzL+egDYiVFc4jaAfsJESQ8EZWqlVvS0U3fLZad078ahbdt2GV61nxGvUvCqtWCVDkSzQvC189AYhjwNQyCUzpltxI+wnvt0JOs0f92IDEeN3bARdS5WVTT+ZHZrSY6sM6DDUthTSmZr/NpGwwJhp4NvOgOHY/PYy8S+vG+PwtJ8IFcUIis8XDWNJMaTZ13QgNHCUU0sY1wIFp3zMNONos8n3DOD8AYQgkgwhUWwiRrOMaHZQKE2apDasr0To/6TjlSv1cq1VK56XFrHlyCE5IiVSIQ1yTi5Jk7QJJ0DuySN5ch6cZ+fFeZ23LjmLmQPyA87bJ6zRnkA=</latexit>

3

<latexit sha1_base64="0uCjktYV5h7DQl8GREgaLFqj2Vg=">AAACEHicdVDLSgNBEJz1GeMr6tHLYBByCptNTPQmePGYgIlCEmR20kkGZ2eXmd5AWPYLvIn+izfx6h/4K56cTSKoaEFDUdVNd5cfSWHQdd+dpeWV1bX13EZ+c2t7Z7ewt98xYaw5tHkoQ33jMwNSKGijQAk3kQYW+BKu/buLzL+egDYiVFc4jaAfsJESQ8EZWqlVvS0U3fLZad078ahbdt2GV61nxGvUvCqtWCVDkSzQvC189AYhjwNQyCUzpltxI+wnvt0JOs0f92IDEeN3bARdS5WVTT+ZHZrSY6sM6DDUthTSmZr/NpGwwJhp4NvOgOHY/PYy8S+vG+PwtJ8IFcUIis8XDWNJMaTZ13QgNHCUU0sY1wIFp3zMNONos8n3DOD8AYQgkgwhUWwiRrOMaHZQKE2apDasr0To/6TjlSv1cq1VK56XFrHlyCE5IiVSIQ1yTi5Jk7QJJ0DuySN5ch6cZ+fFeZ23LjmLmQPyA87bJ6zRnkA=</latexit>

3

<latexit sha1_base64="0uCjktYV5h7DQl8GREgaLFqj2Vg=">AAACEHicdVDLSgNBEJz1GeMr6tHLYBByCptNTPQmePGYgIlCEmR20kkGZ2eXmd5AWPYLvIn+izfx6h/4K56cTSKoaEFDUdVNd5cfSWHQdd+dpeWV1bX13EZ+c2t7Z7ewt98xYaw5tHkoQ33jMwNSKGijQAk3kQYW+BKu/buLzL+egDYiVFc4jaAfsJESQ8EZWqlVvS0U3fLZad078ahbdt2GV61nxGvUvCqtWCVDkSzQvC189AYhjwNQyCUzpltxI+wnvt0JOs0f92IDEeN3bARdS5WVTT+ZHZrSY6sM6DDUthTSmZr/NpGwwJhp4NvOgOHY/PYy8S+vG+PwtJ8IFcUIis8XDWNJMaTZ13QgNHCUU0sY1wIFp3zMNONos8n3DOD8AYQgkgwhUWwiRrOMaHZQKE2apDasr0To/6TjlSv1cq1VK56XFrHlyCE5IiVSIQ1yTi5Jk7QJJ0DuySN5ch6cZ+fFeZ23LjmLmQPyA87bJ6zRnkA=</latexit>

3

<latexit sha1_base64="0uCjktYV5h7DQl8GREgaLFqj2Vg=">AAACEHicdVDLSgNBEJz1GeMr6tHLYBByCptNTPQmePGYgIlCEmR20kkGZ2eXmd5AWPYLvIn+izfx6h/4K56cTSKoaEFDUdVNd5cfSWHQdd+dpeWV1bX13EZ+c2t7Z7ewt98xYaw5tHkoQ33jMwNSKGijQAk3kQYW+BKu/buLzL+egDYiVFc4jaAfsJESQ8EZWqlVvS0U3fLZad078ahbdt2GV61nxGvUvCqtWCVDkSzQvC189AYhjwNQyCUzpltxI+wnvt0JOs0f92IDEeN3bARdS5WVTT+ZHZrSY6sM6DDUthTSmZr/NpGwwJhp4NvOgOHY/PYy8S+vG+PwtJ8IFcUIis8XDWNJMaTZ13QgNHCUU0sY1wIFp3zMNONos8n3DOD8AYQgkgwhUWwiRrOMaHZQKE2apDasr0To/6TjlSv1cq1VK56XFrHlyCE5IiVSIQ1yTi5Jk7QJJ0DuySN5ch6cZ+fFeZ23LjmLmQPyA87bJ6zRnkA=</latexit>

3

<latexit sha1_base64="0uCjktYV5h7DQl8GREgaLFqj2Vg=">AAACEHicdVDLSgNBEJz1GeMr6tHLYBByCptNTPQmePGYgIlCEmR20kkGZ2eXmd5AWPYLvIn+izfx6h/4K56cTSKoaEFDUdVNd5cfSWHQdd+dpeWV1bX13EZ+c2t7Z7ewt98xYaw5tHkoQ33jMwNSKGijQAk3kQYW+BKu/buLzL+egDYiVFc4jaAfsJESQ8EZWqlVvS0U3fLZad078ahbdt2GV61nxGvUvCqtWCVDkSzQvC189AYhjwNQyCUzpltxI+wnvt0JOs0f92IDEeN3bARdS5WVTT+ZHZrSY6sM6DDUthTSmZr/NpGwwJhp4NvOgOHY/PYy8S+vG+PwtJ8IFcUIis8XDWNJMaTZ13QgNHCUU0sY1wIFp3zMNONos8n3DOD8AYQgkgwhUWwiRrOMaHZQKE2apDasr0To/6TjlSv1cq1VK56XFrHlyCE5IiVSIQ1yTi5Jk7QJJ0DuySN5ch6cZ+fFeZ23LjmLmQPyA87bJ6zRnkA=</latexit>
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Figure 16. Quiver for Y 3,2(CP2).

The corresponding U(1)-charges under the J- and E-terms take the form

QJE =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 u13 u14 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2
2 2 2 1 0 −1 −1 −1 −1 −1 −1 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 2 2 0 0 0 0 0 0 −1 −1 −1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 −1 −1
2 2 2 0 0 0 0 −1 −1 −1 −1 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 −1 0
2 2 2 0 0 −1 −1 0 0 −1 −1 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 −1
1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1
1 1 1 0 0 0 0 0 0 −1 0 −1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 −1
1 1 1 0 0 0 0 0 0 −1 −1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0
1 1 1 0 0 0 0 0 −1 0 −1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0
1 1 1 0 0 0 0 −1 0 −1 −1 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
1 1 1 0 0 0 0 −1 −1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0
1 1 1 0 0 0 0 −1 −1 −1 0 −1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
1 1 1 0 0 0 −1 0 0 −1 −1 −1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
1 1 1 0 0 −1 0 0 0 0 0 −1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 −1
1 1 1 0 0 −1 0 −1 −1 0 0 −1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 1 1 0 0 −1 −1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 −1
1 1 1 0 0 −1 −1 0 0 −1 −1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
1 1 1 0 0 −1 −1 0 −1 0 −1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
1 1 1 0 0 −1 −1 −1 −1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0



.

(4.23)
Furthermore, the U(1)-charges for the D-terms are summarized in

QD =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 u13 u14 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2
1 1 1 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0
1 1 1 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1
0 0 0 0 0 1 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 −1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 −1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 −1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
−1 −1 −1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0


.

(4.24)
We note that the U(1)-charges under the J- and E-terms and the D-terms remain invariant
under any permutation of (p1, p2, p3). This further illustrates that the global symmetry of
the 2d (0, 2) theories is SU(3)×U(1)2.
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<latexit sha1_base64="LdGM/toFWOkyU/CkO7uXZBw33jI=">AAACEnicbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvHiMaB6QLGF20kmGzM4uM72BsOQTvIn+izfx6g/4K56cPA6aWNBQVHXT3RUmUhj0vC8nt7G5tb2T33X39g8OjwrHJw0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo9uZ3xyDNiJWjzhJIIjYQIm+4Ayt9JB0/W6h6JW9Oeg68ZekSJaodQvfnV7M0wgUcsmMaftegkEW2q2gp26pkxpIGB+xAbQtVVY2QTY/dUpLVunRfqxtKaRz1f01kbHImEkU2s6I4dCsejPxP6+dYv8myIRKUgTFF4v6qaQY09nftCc0cJQTSxjXAgWnfMg042jTcTsGcPEAQpRIhpApNhaDeUp0dlAszTSb2rD81WjWSeOy7F+VK/eVYrWyjC1Pzsg5uSA+uSZVckdqpE44GZAn8kJenWfnzXl3PhatOWc5c0r+wPn8AeUInuk=</latexit>p1

<latexit sha1_base64="OratU/pu/FehXRDPcODad//J9is=">AAACEnicbVDLSgNBEJz1GddX1KOXwRDwFHZDUI8BLx4jmgckS5iddJIhs7PLTG8gLPkEb6L/4k28+gP+iicnj4MmFjQUVd10d4WJFAY978vZ2Nza3tnN7bn7B4dHx/mT04aJU82hzmMZ61bIDEihoI4CJbQSDSwKJTTD0e3Mb45BGxGrR5wkEERsoERfcIZWeki65W6+4JW8Oeg68ZekQJaodfPfnV7M0wgUcsmMaftegkEW2q2gp26xkxpIGB+xAbQtVVY2QTY/dUqLVunRfqxtKaRz1f01kbHImEkU2s6I4dCsejPxP6+dYv8myIRKUgTFF4v6qaQY09nftCc0cJQTSxjXAgWnfMg042jTcTsGcPEAQpRIhpApNhaDeUp0dlAszTSb2rD81WjWSaNc8q9KlftKoVpZxpYj5+SCXBKfXJMquSM1UiecDMgTeSGvzrPz5rw7H4vWDWc5c0b+wPn8Aea0nuo=</latexit>p2

<latexit sha1_base64="iSgySra/ehngA7ZD7+gQp251fV8=">AAACEnicbVDLSgNBEJz1GeMr6tHLYAh4Crsa1GPAi8eI5gHJEmYnnWTI7Owy0xsISz7Bm+i/eBOv/oC/4snJJgdNLGgoqrrp7gpiKQy67peztr6xubWd28nv7u0fHBaOjhsmSjSHOo9kpFsBMyCFgjoKlNCKNbAwkNAMRrczvzkGbUSkHnESgx+ygRJ9wRla6SHuXnYLRbfsZqCrxFuQIlmg1i18d3oRT0JQyCUzpu25MfppYLeCnuZLncRAzPiIDaBtqbKy8dPs1CktWaVH+5G2pZBmav7XRMpCYyZhYDtDhkOz7M3E/7x2gv0bPxUqThAUny/qJ5JiRGd/057QwFFOLGFcCxSc8iHTjKNNJ98xgPMHEMJYMoRUsbEYZCnR2UGRNNN0asPylqNZJY2LsndVrtxXitXKIrYcOSVn5Jx45JpUyR2pkTrhZECeyAt5dZ6dN+fd+Zi3rjmLmRPyB87nD+hgnus=</latexit>p3

<latexit sha1_base64="7CODhnUBbCu0pOivuH7/Y1Pt2DU=">AAACEnicbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvHiMaB6QLGF20kmGzM4uM72BsOQTvIn+izfx6g/4K56cPA6aWNBQVHXT3RUmUhj0vC8nt7G5tb2T33X39g8OjwrHJw0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo9uZ3xyDNiJWjzhJIIjYQIm+4Ayt9JB0K91C0St7c9B14i9JkSxR6xa+O72YpxEo5JIZ0/a9BIMstFtBT91SJzWQMD5iA2hbqqxsgmx+6pSWrNKj/VjbUkjnqvtrImORMZMotJ0Rw6FZ9Wbif147xf5NkAmVpAiKLxb1U0kxprO/aU9o4CgnljCuBQpO+ZBpxtGm43YM4OIBhCiRDCFTbCwG85To7KBYmmk2tWH5q9Gsk8Zl2b8qV+4rxWplGVuenJFzckF8ck2q5I7USJ1wMiBP5IW8Os/Om/PufCxac85y5pT8gfP5A+oMnuw=</latexit>p4

<latexit sha1_base64="auaAjkizxrLVudWAGaiQbGmm7Hk=">AAACEnicbVDLTgJBEJzFF+IL9ehlIiHxRHYNPo4kXjxiFCSBDZkdGpgwO7uZ6SUhGz7Bm9F/8Wa8+gP+iicH2IOClXRSqepOd1cQS2HQdb+c3Nr6xuZWfruws7u3f1A8PGqaKNEcGjySkW4FzIAUChooUEIr1sDCQMJjMLqZ+Y9j0EZE6gEnMfghGyjRF5yhle7j7kW3WHIr7hx0lXgZKZEM9W7xu9OLeBKCQi6ZMW3PjdFPA7sV9LRQ7iQGYsZHbABtS5WVjZ/OT53SslV6tB9pWwrpXC38mkhZaMwkDGxnyHBolr2Z+J/XTrB/7adCxQmC4otF/URSjOjsb9oTGjjKiSWMa4GCUz5kmnG06RQ6BnDxAEIYS4aQKjYWg3lKdHZQJM00ndqwvOVoVknzvOJdVqp31VKtmsWWJyfklJwRj1yRGrklddIgnAzIE3khr86z8+a8Ox+L1pyTzRyTP3A+fwDruJ7t</latexit>p5

<latexit sha1_base64="gpxC+fFGEmVb9vp13cuFJfptviA=">AAACHHicbVDLSgMxFM3UV62vqks3wVJwVWakqMuCG5cV7APaoWTS2zY0kxmTO4Uy9Dvcif6LO3Er+CuuzLRdaOuBwOGce7g3J4ilMOi6X05uY3Nreye/W9jbPzg8Kh6fNE2UaA4NHslItwNmQAoFDRQooR1rYGEgoRWMbzO/NQFtRKQecBqDH7KhEgPBGVrJT3qp1+1HaKhXnfWKJbfizkHXibckJbJEvVf8tlmehKCQS2ZMx3Nj9NPA7gc9K5S7iYGY8TEbQsdSZWXjp/OjZ7RslT4dRNo+hXSuFn4lUhYaMw0DOxkyHJlVLxP/8zoJDm78VKg4QVB8sWiQSIoRzRqgfaGBo5xawrgWKDjlI6YZR9tToWsAFx9ACGPJEFLFJmI474tmB0XSzNKsLG+1mnXSvKx4V5XqfbVUqy5ry5Mzck4uiEeuSY3ckTppEE4eyRN5Ia/Os/PmvDsfi9Gcs8yckj9wPn8Adq+i5Q==</latexit>u1...14

<latexit sha1_base64="gsI4/tCO4JCCb5Y/MgTkuA4l1Is=">AAACG3icbVC7SgNBFJ2NrxhfUUubwRCwCrsSfHQBG8sI5gFJCLOTm2TI7OwyczcQlvyGnei/2Imthb9i5WyyhSYeGDiccw/3zvEjKQy67peT29jc2t7J7xb29g8Oj4rHJ00TxppDg4cy1G2fGZBCQQMFSmhHGljgS2j5k7vUb01BGxGqR5xF0AvYSImh4Ayt1J32E687CNHQ23m/WHIr7gJ0nXgZKZEM9X7x20Z5HIBCLpkxHc+NsJf4dj3oeaHcjQ1EjE/YCDqWKiubXrK4eU7LVhnQYajtU0gXauFXImGBMbPAt5MBw7FZ9VLxP68T4/CmlwgVxQiKLxcNY0kxpGkBdCA0cJQzSxjXAgWnfMw042hrKnQN4PIDCEEkGUKi2FSMFnXR9KBQmnmSluWtVrNOmpcV76pSfaiWatWstjw5I+fkgnjkmtTIPamTBuEkIk/khbw6z86b8+58LEdzTpY5JX/gfP4ABaGisA==</latexit>v1...9

Figure 17. Toric diagram of Y 3,2(CP2).

The corresponding toric data is given by

Gt =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 u13 u14 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2
1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 2 3 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 1 1


,

(4.25)
where o1, o2 correspond to extra GLSM fields [29]. The toric diagram is shown in figure 17
and it agrees with the expectation.

4.2.4 Y 3,3(CP2)

The J- and E-terms of the 2d (0, 2) theories for Y 3,3(CP2) take the following form

J E

Λi12 : εijkX
j
23X

k
31 P15X

i
56Q62 − Q19X

i
97P72

Λ2i
39 : εijkXj

97P72X
k
23 Xi

31Q19 − Q38X
i
89

Λi45 : εijkX
j
56X

k
64 P48X

i
89Q95 − Q43X

i
31P15

Λ2i
63 : εijkXj

31P15X
k
56 Xi

64Q43 − Q62X
i
23

Λi78 : εijkX
j
89X

k
97 P72X

i
23Q38 − Q76X

i
64P48

Λ2i
96 : εijkXj

64P48X
k
89 Xi

97Q76 − Q95X
i
56

, (4.26)

where the global symmetry indices are i, j, k = 1, 2, 3. The corresponding quiver diagram is
shown in figure 18.

– 27 –



J
H
E
P
0
3
(
2
0
2
3
)
0
5
0

1

2

3

5

4

6

7

8

9

<latexit sha1_base64="0uCjktYV5h7DQl8GREgaLFqj2Vg=">AAACEHicdVDLSgNBEJz1GeMr6tHLYBByCptNTPQmePGYgIlCEmR20kkGZ2eXmd5AWPYLvIn+izfx6h/4K56cTSKoaEFDUdVNd5cfSWHQdd+dpeWV1bX13EZ+c2t7Z7ewt98xYaw5tHkoQ33jMwNSKGijQAk3kQYW+BKu/buLzL+egDYiVFc4jaAfsJESQ8EZWqlVvS0U3fLZad078ahbdt2GV61nxGvUvCqtWCVDkSzQvC189AYhjwNQyCUzpltxI+wnvt0JOs0f92IDEeN3bARdS5WVTT+ZHZrSY6sM6DDUthTSmZr/NpGwwJhp4NvOgOHY/PYy8S+vG+PwtJ8IFcUIis8XDWNJMaTZ13QgNHCUU0sY1wIFp3zMNONos8n3DOD8AYQgkgwhUWwiRrOMaHZQKE2apDasr0To/6TjlSv1cq1VK56XFrHlyCE5IiVSIQ1yTi5Jk7QJJ0DuySN5ch6cZ+fFeZ23LjmLmQPyA87bJ6zRnkA=</latexit>

3

<latexit sha1_base64="0uCjktYV5h7DQl8GREgaLFqj2Vg=">AAACEHicdVDLSgNBEJz1GeMr6tHLYBByCptNTPQmePGYgIlCEmR20kkGZ2eXmd5AWPYLvIn+izfx6h/4K56cTSKoaEFDUdVNd5cfSWHQdd+dpeWV1bX13EZ+c2t7Z7ewt98xYaw5tHkoQ33jMwNSKGijQAk3kQYW+BKu/buLzL+egDYiVFc4jaAfsJESQ8EZWqlVvS0U3fLZad078ahbdt2GV61nxGvUvCqtWCVDkSzQvC189AYhjwNQyCUzpltxI+wnvt0JOs0f92IDEeN3bARdS5WVTT+ZHZrSY6sM6DDUthTSmZr/NpGwwJhp4NvOgOHY/PYy8S+vG+PwtJ8IFcUIis8XDWNJMaTZ13QgNHCUU0sY1wIFp3zMNONos8n3DOD8AYQgkgwhUWwiRrOMaHZQKE2apDasr0To/6TjlSv1cq1VK56XFrHlyCE5IiVSIQ1yTi5Jk7QJJ0DuySN5ch6cZ+fFeZ23LjmLmQPyA87bJ6zRnkA=</latexit>

3

<latexit sha1_base64="0uCjktYV5h7DQl8GREgaLFqj2Vg=">AAACEHicdVDLSgNBEJz1GeMr6tHLYBByCptNTPQmePGYgIlCEmR20kkGZ2eXmd5AWPYLvIn+izfx6h/4K56cTSKoaEFDUdVNd5cfSWHQdd+dpeWV1bX13EZ+c2t7Z7ewt98xYaw5tHkoQ33jMwNSKGijQAk3kQYW+BKu/buLzL+egDYiVFc4jaAfsJESQ8EZWqlVvS0U3fLZad078ahbdt2GV61nxGvUvCqtWCVDkSzQvC189AYhjwNQyCUzpltxI+wnvt0JOs0f92IDEeN3bARdS5WVTT+ZHZrSY6sM6DDUthTSmZr/NpGwwJhp4NvOgOHY/PYy8S+vG+PwtJ8IFcUIis8XDWNJMaTZ13QgNHCUU0sY1wIFp3zMNONos8n3DOD8AYQgkgwhUWwiRrOMaHZQKE2apDasr0To/6TjlSv1cq1VK56XFrHlyCE5IiVSIQ1yTi5Jk7QJJ0DuySN5ch6cZ+fFeZ23LjmLmQPyA87bJ6zRnkA=</latexit>

3

<latexit sha1_base64="0uCjktYV5h7DQl8GREgaLFqj2Vg=">AAACEHicdVDLSgNBEJz1GeMr6tHLYBByCptNTPQmePGYgIlCEmR20kkGZ2eXmd5AWPYLvIn+izfx6h/4K56cTSKoaEFDUdVNd5cfSWHQdd+dpeWV1bX13EZ+c2t7Z7ewt98xYaw5tHkoQ33jMwNSKGijQAk3kQYW+BKu/buLzL+egDYiVFc4jaAfsJESQ8EZWqlVvS0U3fLZad078ahbdt2GV61nxGvUvCqtWCVDkSzQvC189AYhjwNQyCUzpltxI+wnvt0JOs0f92IDEeN3bARdS5WVTT+ZHZrSY6sM6DDUthTSmZr/NpGwwJhp4NvOgOHY/PYy8S+vG+PwtJ8IFcUIis8XDWNJMaTZ13QgNHCUU0sY1wIFp3zMNONos8n3DOD8AYQgkgwhUWwiRrOMaHZQKE2apDasr0To/6TjlSv1cq1VK56XFrHlyCE5IiVSIQ1yTi5Jk7QJJ0DuySN5ch6cZ+fFeZ23LjmLmQPyA87bJ6zRnkA=</latexit>

3

<latexit sha1_base64="0uCjktYV5h7DQl8GREgaLFqj2Vg=">AAACEHicdVDLSgNBEJz1GeMr6tHLYBByCptNTPQmePGYgIlCEmR20kkGZ2eXmd5AWPYLvIn+izfx6h/4K56cTSKoaEFDUdVNd5cfSWHQdd+dpeWV1bX13EZ+c2t7Z7ewt98xYaw5tHkoQ33jMwNSKGijQAk3kQYW+BKu/buLzL+egDYiVFc4jaAfsJESQ8EZWqlVvS0U3fLZad078ahbdt2GV61nxGvUvCqtWCVDkSzQvC189AYhjwNQyCUzpltxI+wnvt0JOs0f92IDEeN3bARdS5WVTT+ZHZrSY6sM6DDUthTSmZr/NpGwwJhp4NvOgOHY/PYy8S+vG+PwtJ8IFcUIis8XDWNJMaTZ13QgNHCUU0sY1wIFp3zMNONos8n3DOD8AYQgkgwhUWwiRrOMaHZQKE2apDasr0To/6TjlSv1cq1VK56XFrHlyCE5IiVSIQ1yTi5Jk7QJJ0DuySN5ch6cZ+fFeZ23LjmLmQPyA87bJ6zRnkA=</latexit>

3

<latexit sha1_base64="0uCjktYV5h7DQl8GREgaLFqj2Vg=">AAACEHicdVDLSgNBEJz1GeMr6tHLYBByCptNTPQmePGYgIlCEmR20kkGZ2eXmd5AWPYLvIn+izfx6h/4K56cTSKoaEFDUdVNd5cfSWHQdd+dpeWV1bX13EZ+c2t7Z7ewt98xYaw5tHkoQ33jMwNSKGijQAk3kQYW+BKu/buLzL+egDYiVFc4jaAfsJESQ8EZWqlVvS0U3fLZad078ahbdt2GV61nxGvUvCqtWCVDkSzQvC189AYhjwNQyCUzpltxI+wnvt0JOs0f92IDEeN3bARdS5WVTT+ZHZrSY6sM6DDUthTSmZr/NpGwwJhp4NvOgOHY/PYy8S+vG+PwtJ8IFcUIis8XDWNJMaTZ13QgNHCUU0sY1wIFp3zMNONos8n3DOD8AYQgkgwhUWwiRrOMaHZQKE2apDasr0To/6TjlSv1cq1VK56XFrHlyCE5IiVSIQ1yTi5Jk7QJJ0DuySN5ch6cZ+fFeZ23LjmLmQPyA87bJ6zRnkA=</latexit>

3

<latexit sha1_base64="gZsAxU1JRjZeywR5+9lViHPbxh4="></latexit>

3

<latexit sha1_base64="gZsAxU1JRjZeywR5+9lViHPbxh4="></latexit>

3

<latexit sha1_base64="gZsAxU1JRjZeywR5+9lViHPbxh4="></latexit>

3

<latexit sha1_base64="gZsAxU1JRjZeywR5+9lViHPbxh4="></latexit>

3

<latexit sha1_base64="gZsAxU1JRjZeywR5+9lViHPbxh4="></latexit>

3

<latexit sha1_base64="gZsAxU1JRjZeywR5+9lViHPbxh4="></latexit>

3

Figure 18. Quiver for Y 3,3(CP2).

The corresponding P -matrix takes the form

P =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2

X1
23 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1

X1
31 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0

X1
56 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1

X1
64 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

X1
89 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1

X1
97 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0

X2
23 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1

X2
31 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0

X2
56 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1

X2
64 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

X2
89 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1

X2
97 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0

X3
23 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1

X3
31 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0

X3
56 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1

X3
64 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

X3
89 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1

X3
97 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0

Q19 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 1 1 0 1 1 0 1
Q38 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 1 1 0 1 1 1 0
Q43 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 1 0 1 0 0 1 1 0 0 1
Q62 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 1 0 1 1 1 0 1 0
Q76 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1
Q95 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 1 1 1 0 0 0 1 0 1 1 0
P15 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0
P48 0 0 0 0 1 0 0 0 1 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0
P72 0 0 0 0 1 0 0 0 0 0 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0



. (4.27)
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The U(1)-charges under J- and E-terms are summarized in

QJE =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2

1 1 1 0 0 −1 −1 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1 −1 −1 0 0 0 0 0 0 0 −1
0 0 0 0 1 0 0 1 −1 0 −1 0 0 −1 0 0 0 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 0 0 0 0 0 −1 0 0 0 1 0 −1 0 0 0 0 0 1 0 −1
0 0 0 0 0 0 1 1 −1 0 0 0 0 0 0 0 0 2 −1 −1 0 0 0 0 1 0 0 −1
0 0 0 0 0 0 1 1 −1 0 0 0 0 −1 0 0 1 2 0 −1 0 0 0 0 0 0 0 −1
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 −1 0 1 0 0 0 0 0 −1
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 −1 0 1 0 0 0 0 0 0 −1
0 0 0 0 0 0 0 1 0 0 0 0 0 −1 1 0 0 1 0 0 0 0 0 0 0 0 0 −1
0 0 0 0 0 0 0 1 0 0 −1 0 0 0 0 0 0 0 −1 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 1 0 0 −1 0 0 −1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 −1 0 −1 0 1 0 0 0 0 1 −1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 −1 1 0 0 0 0 0 0 0 1 0 −1 0 0 0 0 0 0 0 0
0 0 0 0 0 −1 1 1 0 0 0 0 0 0 0 0 0 2 −1 −1 0 0 1 0 0 0 0 −1
0 0 0 0 0 −1 0 1 0 0 −1 1 0 0 0 0 0 1 −1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 1 −1 −1 0 0 0 0 0 0 1 0



, (4.28)

and the U(1)-charges under D-terms are summarized in

QD =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2

0 0 0 0 0 1 0 −1 0 0 0 0 0 0 0 0 0 −1 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 0 −1 0 0 0 0 0 0 0 0 1 0 −1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 −1
0 0 0 0 0 0 0 1 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 −1 0 0 0 0 0 0 1 −1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 −1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 −1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0



. (4.29)

We note that the charge matrices are invariant under permutations of (p1, p2, p3). This
illustrates that the global symmetry for the 2d (0, 2) theory is SU(3)×U(1)2.

The toric data is given by

Gt =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 u12 v1 v2 v3 v4 v5 v6 v7 v8 v9 o1 o2

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2
1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 3 3 0 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 3 3


, (4.30)

where o1, o2 correspond to extra GLSM fields [29]. The toric diagram is shown in figure 19
and it agrees with the expectation.
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<latexit sha1_base64="LdGM/toFWOkyU/CkO7uXZBw33jI=">AAACEnicbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvHiMaB6QLGF20kmGzM4uM72BsOQTvIn+izfx6g/4K56cPA6aWNBQVHXT3RUmUhj0vC8nt7G5tb2T33X39g8OjwrHJw0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo9uZ3xyDNiJWjzhJIIjYQIm+4Ayt9JB0/W6h6JW9Oeg68ZekSJaodQvfnV7M0wgUcsmMaftegkEW2q2gp26pkxpIGB+xAbQtVVY2QTY/dUpLVunRfqxtKaRz1f01kbHImEkU2s6I4dCsejPxP6+dYv8myIRKUgTFF4v6qaQY09nftCc0cJQTSxjXAgWnfMg042jTcTsGcPEAQpRIhpApNhaDeUp0dlAszTSb2rD81WjWSeOy7F+VK/eVYrWyjC1Pzsg5uSA+uSZVckdqpE44GZAn8kJenWfnzXl3PhatOWc5c0r+wPn8AeUInuk=</latexit>p1

<latexit sha1_base64="OratU/pu/FehXRDPcODad//J9is=">AAACEnicbVDLSgNBEJz1GddX1KOXwRDwFHZDUI8BLx4jmgckS5iddJIhs7PLTG8gLPkEb6L/4k28+gP+iicnj4MmFjQUVd10d4WJFAY978vZ2Nza3tnN7bn7B4dHx/mT04aJU82hzmMZ61bIDEihoI4CJbQSDSwKJTTD0e3Mb45BGxGrR5wkEERsoERfcIZWeki65W6+4JW8Oeg68ZekQJaodfPfnV7M0wgUcsmMaftegkEW2q2gp26xkxpIGB+xAbQtVVY2QTY/dUqLVunRfqxtKaRz1f01kbHImEkU2s6I4dCsejPxP6+dYv8myIRKUgTFF4v6qaQY09nftCc0cJQTSxjXAgWnfMg042jTcTsGcPEAQpRIhpApNhaDeUp0dlAszTSb2rD81WjWSaNc8q9KlftKoVpZxpYj5+SCXBKfXJMquSM1UiecDMgTeSGvzrPz5rw7H4vWDWc5c0b+wPn8Aea0nuo=</latexit>p2

<latexit sha1_base64="iSgySra/ehngA7ZD7+gQp251fV8=">AAACEnicbVDLSgNBEJz1GeMr6tHLYAh4Crsa1GPAi8eI5gHJEmYnnWTI7Owy0xsISz7Bm+i/eBOv/oC/4snJJgdNLGgoqrrp7gpiKQy67peztr6xubWd28nv7u0fHBaOjhsmSjSHOo9kpFsBMyCFgjoKlNCKNbAwkNAMRrczvzkGbUSkHnESgx+ygRJ9wRla6SHuXnYLRbfsZqCrxFuQIlmg1i18d3oRT0JQyCUzpu25MfppYLeCnuZLncRAzPiIDaBtqbKy8dPs1CktWaVH+5G2pZBmav7XRMpCYyZhYDtDhkOz7M3E/7x2gv0bPxUqThAUny/qJ5JiRGd/057QwFFOLGFcCxSc8iHTjKNNJ98xgPMHEMJYMoRUsbEYZCnR2UGRNNN0asPylqNZJY2LsndVrtxXitXKIrYcOSVn5Jx45JpUyR2pkTrhZECeyAt5dZ6dN+fd+Zi3rjmLmRPyB87nD+hgnus=</latexit>p3
<latexit sha1_base64="7CODhnUBbCu0pOivuH7/Y1Pt2DU=">AAACEnicbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvHiMaB6QLGF20kmGzM4uM72BsOQTvIn+izfx6g/4K56cPA6aWNBQVHXT3RUmUhj0vC8nt7G5tb2T33X39g8OjwrHJw0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo9uZ3xyDNiJWjzhJIIjYQIm+4Ayt9JB0K91C0St7c9B14i9JkSxR6xa+O72YpxEo5JIZ0/a9BIMstFtBT91SJzWQMD5iA2hbqqxsgmx+6pSWrNKj/VjbUkjnqvtrImORMZMotJ0Rw6FZ9Wbif147xf5NkAmVpAiKLxb1U0kxprO/aU9o4CgnljCuBQpO+ZBpxtGm43YM4OIBhCiRDCFTbCwG85To7KBYmmk2tWH5q9Gsk8Zl2b8qV+4rxWplGVuenJFzckF8ck2q5I7USJ1wMiBP5IW8Os/Om/PufCxac85y5pT8gfP5A+oMnuw=</latexit>p4

<latexit sha1_base64="auaAjkizxrLVudWAGaiQbGmm7Hk=">AAACEnicbVDLTgJBEJzFF+IL9ehlIiHxRHYNPo4kXjxiFCSBDZkdGpgwO7uZ6SUhGz7Bm9F/8Wa8+gP+iicH2IOClXRSqepOd1cQS2HQdb+c3Nr6xuZWfruws7u3f1A8PGqaKNEcGjySkW4FzIAUChooUEIr1sDCQMJjMLqZ+Y9j0EZE6gEnMfghGyjRF5yhle7j7kW3WHIr7hx0lXgZKZEM9W7xu9OLeBKCQi6ZMW3PjdFPA7sV9LRQ7iQGYsZHbABtS5WVjZ/OT53SslV6tB9pWwrpXC38mkhZaMwkDGxnyHBolr2Z+J/XTrB/7adCxQmC4otF/URSjOjsb9oTGjjKiSWMa4GCUz5kmnG06RQ6BnDxAEIYS4aQKjYWg3lKdHZQJM00ndqwvOVoVknzvOJdVqp31VKtmsWWJyfklJwRj1yRGrklddIgnAzIE3khr86z8+a8Ox+L1pyTzRyTP3A+fwDruJ7t</latexit>p5

<latexit sha1_base64="iFc8XqQyKnQG78cRD7VVwWz5HC4=">AAACGXicbVA9SwNBEN2LXzF+RS1tFkPAKtxJUMuAjWUE84FJCHubSbJkb+/YnQuEI//CTvS/2ImtlX/Fyr3kCk18MPB4b4aZeX4khUHX/XJyG5tb2zv53cLe/sHhUfH4pGnCWHNo8FCGuu0zA1IoaKBACe1IAwt8CS1/cpv6rSloI0L1gLMIegEbKTEUnKGVHuN+4nUHIZp5v1hyK+4CdJ14GSmRDPV+8dsO8jgAhVwyYzqeG2Ev8e1y0PNCuRsbiBifsBF0LFVWNr1kcfGclq0yoMNQ21JIF2rh10TCAmNmgW87A4Zjs+ql4n9eJ8bhTS8RKooRFF8uGsaSYkjT9+lAaOAoZ5YwrgUKTvmYacbRhlToGsDlAwhBJBlCothUjBZh0fSgUJp5koblrUazTpqXFe+qUr2vlmrVLLY8OSPn5IJ45JrUyB2pkwbhRJEn8kJenWfnzXl3PpatOSebOSV/4Hz+AB0sokI=</latexit>u1...
<latexit sha1_base64="O5XJn3/GFpe8AfyiHRzTwFD/WLY=">AAACFnicbVA9SwNBEN2LXzF+RS1tFkPAKtyFoJYBG8sI5gOSEPY2k2TJ3t6xOxcIx/0IO9H/Yie2tv4VK/eSFJr4YODx3gwz8/xICoOu++XktrZ3dvfy+4WDw6Pjk+LpWcuEsebQ5KEMdcdnBqRQ0ESBEjqRBhb4Etr+9C7z2zPQRoTqEecR9AM2VmIkOEMrtZN0kHjVdFAsuRV3AbpJvBUpkRUag+J3bxjyOACFXDJjup4bYT/x7WbQaaHciw1EjE/ZGLqWKiubfrI4N6VlqwzpKNS2FNKFWvg1kbDAmHng286A4cSse5n4n9eNcXTbT4SKYgTFl4tGsaQY0ux3OhQaOMq5JYxrgYJTPmGacbQJFXoGcPkAQhBJhpAoNhPjRVI0OyiUJk2ysLz1aDZJq1rxriu1h1qpXlvFlicX5JJcEY/ckDq5Jw3SJJxMyRN5Ia/Os/PmvDsfy9acs5o5J3/gfP4AVr2gww==</latexit>

12

<latexit sha1_base64="gsI4/tCO4JCCb5Y/MgTkuA4l1Is=">AAACG3icbVC7SgNBFJ2NrxhfUUubwRCwCrsSfHQBG8sI5gFJCLOTm2TI7OwyczcQlvyGnei/2Imthb9i5WyyhSYeGDiccw/3zvEjKQy67peT29jc2t7J7xb29g8Oj4rHJ00TxppDg4cy1G2fGZBCQQMFSmhHGljgS2j5k7vUb01BGxGqR5xF0AvYSImh4Ayt1J32E687CNHQ23m/WHIr7gJ0nXgZKZEM9X7x20Z5HIBCLpkxHc+NsJf4dj3oeaHcjQ1EjE/YCDqWKiubXrK4eU7LVhnQYajtU0gXauFXImGBMbPAt5MBw7FZ9VLxP68T4/CmlwgVxQiKLxcNY0kxpGkBdCA0cJQzSxjXAgWnfMw042hrKnQN4PIDCEEkGUKi2FSMFnXR9KBQmnmSluWtVrNOmpcV76pSfaiWatWstjw5I+fkgnjkmtTIPamTBuEkIk/khbw6z86b8+58LEdzTpY5JX/gfP4ABaGisA==</latexit>v1...9

Figure 19. Toric diagram of Y 3,3(CP2).
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Figure 20. Quiver for Y 3,4(CP2).

4.2.5 Y 3,4(CP2)

The model for Y 3,4(CP2) has a quiver which is shown in figure 20 and the corresponding J-
and E-terms are given by

J E

Λi12 : εijkX
j
23X

k
31 P16X

i
64Q42 − Q19X

i
97P72

Λ1i
36 : εijkXj

64Q42X
k
23 Xi

31P16 − P35X
i
56

Λ2i
39 : εijkXj

97P72X
k
23 Xi

31Q19 − Q38X
i
89

Λi45 : εijkX
j
56X

k
64 P48X

i
89Q95 − Q42X

i
23P35

Λi78 : εijkX
j
89X

k
97 P72X

i
23Q38 − Q76X

i
64P48

Λ2i
96 : εijkXj

64P48X
k
89 Xi

97Q76 − Q95X
i
56

, (4.31)

where the global symmetry indices are i, j, k = 1, 2, 3.
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The P -matrix takes the form

P =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 o1 o2 o3 o4 o5 o6 o7 o8 o9

X1
23 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1

X1
31 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 1 1 0 1 1 1 0

X1
56 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 1 0 1 1 0 1

X1
64 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 0 0 1 0

X1
89 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 1 0 0 1

X1
97 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 0

X2
23 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1

X2
31 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 1 1 0 1 1 1 0

X2
56 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 1 0 1 1 0 1

X2
64 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 0 0 1 0

X2
89 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 1 0 0 1

X2
97 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 0

X3
23 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1

X3
31 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 1 1 0 1 1 1 0

X3
56 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 1 0 1 1 0 1

X3
64 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 0 0 1 0

X3
89 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 1 0 0 1

X3
97 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 0

Q19 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 1 0 1 0 1 1 0 0 0 0 1 0 0 0 1
Q38 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 0 1 1 1 1 0 0 0 1 0 0 1 1 0
Q42 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 0 0 0 0 1 0 0 1 1 0 0
Q76 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 1 0 1 0 0 1 0 1 1 1 0 1 0 0 0 1 0 0 1
Q95 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 0 0 1 0 1 0 1 1 0 0 0 0 0 0 1 0
P16 0 0 0 0 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1
P35 0 0 0 0 1 0 1 0 0 1 0 0 1 1 1 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0
P48 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0
P72 0 0 0 0 1 1 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0



.

(4.32)
The associated U(1)-charges coming from the J- and E-terms are summarized in

QJE =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 o1 o2 o3 o4 o5 o6 o7 o8 o9

3 3 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1 −1 −1 −1 0 0 0 0
3 3 3 0 0 0 −1 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 −1 −1 0 −1 −1 0 0 0 0
2 2 2 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 −1 0 −1 −1 0 0 0 0
2 2 2 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 −1 −1 −1 0 0 0 0
2 2 2 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 −1 −1 −1 0 0 0 0 0 0
2 2 2 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 −1 −1 0 −1 0 0 0 0 0
2 2 2 0 0 0 −1 0 −1 0 −1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1 0 0 0 0
2 2 2 0 0 0 −1 −1 0 0 −1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 −1 −1 0 0 0 0 0 0 0
1 1 1 0 1 0 −1 −1 −1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 1 0 0 1 0 −1 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 −1 −1 0 0 0 0 0 0 0
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 −1 0 −1 0 0 0 0 0 0
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 −1 0 −1 0 0 0 0 0
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 −1 0 −1 0 0 0 0
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 −1 −1 0 0 0 0
1 1 1 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 −1 0 0 0 1
1 1 1 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1 0 0 1 0 0
1 1 1 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 −1 0 0 1 0 0 0
1 1 1 0 0 0 0 −1 0 0 −1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0
1 1 1 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 −1 0 0 0 1 0
1 1 1 0 0 0 −1 0 0 0 −1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0
1 1 1 0 0 0 −1 0 0 0 −1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0
1 1 1 0 0 0 −1 0 −1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0



.

(4.33)
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<latexit sha1_base64="LdGM/toFWOkyU/CkO7uXZBw33jI=">AAACEnicbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvHiMaB6QLGF20kmGzM4uM72BsOQTvIn+izfx6g/4K56cPA6aWNBQVHXT3RUmUhj0vC8nt7G5tb2T33X39g8OjwrHJw0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo9uZ3xyDNiJWjzhJIIjYQIm+4Ayt9JB0/W6h6JW9Oeg68ZekSJaodQvfnV7M0wgUcsmMaftegkEW2q2gp26pkxpIGB+xAbQtVVY2QTY/dUpLVunRfqxtKaRz1f01kbHImEkU2s6I4dCsejPxP6+dYv8myIRKUgTFF4v6qaQY09nftCc0cJQTSxjXAgWnfMg042jTcTsGcPEAQpRIhpApNhaDeUp0dlAszTSb2rD81WjWSeOy7F+VK/eVYrWyjC1Pzsg5uSA+uSZVckdqpE44GZAn8kJenWfnzXl3PhatOWc5c0r+wPn8AeUInuk=</latexit>p1

<latexit sha1_base64="OratU/pu/FehXRDPcODad//J9is=">AAACEnicbVDLSgNBEJz1GddX1KOXwRDwFHZDUI8BLx4jmgckS5iddJIhs7PLTG8gLPkEb6L/4k28+gP+iicnj4MmFjQUVd10d4WJFAY978vZ2Nza3tnN7bn7B4dHx/mT04aJU82hzmMZ61bIDEihoI4CJbQSDSwKJTTD0e3Mb45BGxGrR5wkEERsoERfcIZWeki65W6+4JW8Oeg68ZekQJaodfPfnV7M0wgUcsmMaftegkEW2q2gp26xkxpIGB+xAbQtVVY2QTY/dUqLVunRfqxtKaRz1f01kbHImEkU2s6I4dCsejPxP6+dYv8myIRKUgTFF4v6qaQY09nftCc0cJQTSxjXAgWnfMg042jTcTsGcPEAQpRIhpApNhaDeUp0dlAszTSb2rD81WjWSaNc8q9KlftKoVpZxpYj5+SCXBKfXJMquSM1UiecDMgTeSGvzrPz5rw7H4vWDWc5c0b+wPn8Aea0nuo=</latexit>p2

<latexit sha1_base64="iSgySra/ehngA7ZD7+gQp251fV8=">AAACEnicbVDLSgNBEJz1GeMr6tHLYAh4Crsa1GPAi8eI5gHJEmYnnWTI7Owy0xsISz7Bm+i/eBOv/oC/4snJJgdNLGgoqrrp7gpiKQy67peztr6xubWd28nv7u0fHBaOjhsmSjSHOo9kpFsBMyCFgjoKlNCKNbAwkNAMRrczvzkGbUSkHnESgx+ygRJ9wRla6SHuXnYLRbfsZqCrxFuQIlmg1i18d3oRT0JQyCUzpu25MfppYLeCnuZLncRAzPiIDaBtqbKy8dPs1CktWaVH+5G2pZBmav7XRMpCYyZhYDtDhkOz7M3E/7x2gv0bPxUqThAUny/qJ5JiRGd/057QwFFOLGFcCxSc8iHTjKNNJ98xgPMHEMJYMoRUsbEYZCnR2UGRNNN0asPylqNZJY2LsndVrtxXitXKIrYcOSVn5Jx45JpUyR2pkTrhZECeyAt5dZ6dN+fd+Zi3rjmLmRPyB87nD+hgnus=</latexit>p3

<latexit sha1_base64="7CODhnUBbCu0pOivuH7/Y1Pt2DU=">AAACEnicbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvHiMaB6QLGF20kmGzM4uM72BsOQTvIn+izfx6g/4K56cPA6aWNBQVHXT3RUmUhj0vC8nt7G5tb2T33X39g8OjwrHJw0Tp5pDnccy1q2QGZBCQR0FSmglGlgUSmiGo9uZ3xyDNiJWjzhJIIjYQIm+4Ayt9JB0K91C0St7c9B14i9JkSxR6xa+O72YpxEo5JIZ0/a9BIMstFtBT91SJzWQMD5iA2hbqqxsgmx+6pSWrNKj/VjbUkjnqvtrImORMZMotJ0Rw6FZ9Wbif147xf5NkAmVpAiKLxb1U0kxprO/aU9o4CgnljCuBQpO+ZBpxtGm43YM4OIBhCiRDCFTbCwG85To7KBYmmk2tWH5q9Gsk8Zl2b8qV+4rxWplGVuenJFzckF8ck2q5I7USJ1wMiBP5IW8Os/Om/PufCxac85y5pT8gfP5A+oMnuw=</latexit>p4

<latexit sha1_base64="auaAjkizxrLVudWAGaiQbGmm7Hk=">AAACEnicbVDLTgJBEJzFF+IL9ehlIiHxRHYNPo4kXjxiFCSBDZkdGpgwO7uZ6SUhGz7Bm9F/8Wa8+gP+iicH2IOClXRSqepOd1cQS2HQdb+c3Nr6xuZWfruws7u3f1A8PGqaKNEcGjySkW4FzIAUChooUEIr1sDCQMJjMLqZ+Y9j0EZE6gEnMfghGyjRF5yhle7j7kW3WHIr7hx0lXgZKZEM9W7xu9OLeBKCQi6ZMW3PjdFPA7sV9LRQ7iQGYsZHbABtS5WVjZ/OT53SslV6tB9pWwrpXC38mkhZaMwkDGxnyHBolr2Z+J/XTrB/7adCxQmC4otF/URSjOjsb9oTGjjKiSWMa4GCUz5kmnG06RQ6BnDxAEIYS4aQKjYWg3lKdHZQJM00ndqwvOVoVknzvOJdVqp31VKtmsWWJyfklJwRj1yRGrklddIgnAzIE3khr86z8+a8Ox+L1pyTzRyTP3A+fwDruJ7t</latexit>p5

<latexit sha1_base64="+t2Yd9o1j6wsZZLi8S4ioHhfKyg=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTsNahmwsYxgPjAJYW8zSZbs7R27c4Fw5F/Yif4XO7G18q9YuZdcoYkPBh7vzTAzz4+kMOi6X87a+sbm1nZuJ7+7t39wWDg6bpgw1hzqPJShbvnMgBQK6ihQQivSwAJfQtMf36Z+cwLaiFA94DSCbsCGSgwEZ2ilx7iXeJ1+iGbWKxTdsjsHXSVeRookQ61X+LaDPA5AIZfMmLbnRthNfLsc9Cxf6sQGIsbHbAhtS5WVTTeZXzyjJav06SDUthTSuZr/NZGwwJhp4NvOgOHILHup+J/XjnFw002EimIExReLBrGkGNL0fdoXGjjKqSWMa4GCUz5imnG0IeU7BnDxAEIQSYaQKDYRw3lYND0olGaWpGF5y9GsksZF2bsqV+4rxeplFluOnJIzck48ck2q5I7USJ1wosgTeSGvzrPz5rw7H4vWNSebOSF/4Hz+ABzfokE=</latexit>u1...
<latexit sha1_base64="qqluw2ym7K0fKjTtDytTuw3Jltk=">AAACFnicbVA9SwNBEN2LXzF+RS1tFkPAKtxpUMuAjWUE8wFJCHubSbJkb+/YnQuE436Eneh/sRNbW/+KlXtJCk18MPB4b4aZeX4khUHX/XJyG5tb2zv53cLe/sHhUfH4pGnCWHNo8FCGuu0zA1IoaKBACe1IAwt8CS1/cpf5rSloI0L1iLMIegEbKTEUnKGVWknaTzwv7RdLbsWdg64Tb0lKZIl6v/jdHYQ8DkAhl8yYjudG2Et8uxl0Wih3YwMR4xM2go6lysqml8zPTWnZKgM6DLUthXSuFn5NJCwwZhb4tjNgODarXib+53ViHN72EqGiGEHxxaJhLCmGNPudDoQGjnJmCeNaoOCUj5lmHG1Cha4BXDyAEESSISSKTcVonhTNDgqlSZMsLG81mnXSvKx415XqQ7VUu1rGlidn5JxcEI/ckBq5J3XSIJxMyBN5Ia/Os/PmvDsfi9acs5w5JX/gfP4AVMOgwQ==</latexit>

11

<latexit sha1_base64="PnMpFp8++OiZ8g7lNfdYGp+hwp4=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTsNahmwsYxgPjAJYW8zSZbs7R27c4Fw5F/Yif4XO7G18q9YuZdcoYkPBh7vzTAzz4+kMOi6X87a+sbm1nZuJ7+7t39wWDg6bpgw1hzqPJShbvnMgBQK6ihQQivSwAJfQtMf36Z+cwLaiFA94DSCbsCGSgwEZ2ilx0kv8Tr9EM2sVyi6ZXcOukq8jBRJhlqv8G0HeRyAQi6ZMW3PjbCb+HY56Fm+1IkNRIyP2RDaliorm24yv3hGS1bp00GobSmkczX/ayJhgTHTwLedAcORWfZS8T+vHePgppsIFcUIii8WDWJJMaTp+7QvNHCUU0sY1wIFp3zENONoQ8p3DODiAYQgkgwhUWwihvOwaHpQKM0sScPylqNZJY2LsndVrtxXitXLLLYcOSVn5Jx45JpUyR2pkTrhRJEn8kJenWfnzXl3Phata042c0L+wPn8AR6UokI=</latexit>v1...
<latexit sha1_base64="rEP5cg6CAl6XjAjPAKaRLUjnMTs=">AAACFnicbVA9SwNBEN2LXzF+RS1tFkPAKtxpUMuAjWUE8wFJCHubSbJkb+/YnQuE436Eneh/sRNbW/+KlXtJCk18MPB4b4aZeX4khUHX/XJyG5tb2zv53cLe/sHhUfH4pGnCWHNo8FCGuu0zA1IoaKBACe1IAwt8CS1/cpf5rSloI0L1iLMIegEbKTEUnKGVWknaTzw37RdLbsWdg64Tb0lKZIl6v/jdHYQ8DkAhl8yYjudG2Et8uxl0Wih3YwMR4xM2go6lysqml8zPTWnZKgM6DLUthXSuFn5NJCwwZhb4tjNgODarXib+53ViHN72EqGiGEHxxaJhLCmGNPudDoQGjnJmCeNaoOCUj5lmHG1Cha4BXDyAEESSISSKTcVonhTNDgqlSZMsLG81mnXSvKx415XqQ7VUu1rGlidn5JxcEI/ckBq5J3XSIJxMyBN5Ia/Os/PmvDsfi9acs5w5JX/gfP4AUxagwA==</latexit>
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Figure 21. Toric diagram of Y 3,4(CP2).

The U(1)-charges coming from the D-terms are summarized in

QD =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 o1 o2 o3 o4 o5 o6 o7 o8 o9

1 1 1 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0
1 1 1 0 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0
1 1 1 0 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0
1 1 1 0 0 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 −1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 −1 0 0 0 0
−1 −1 −1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
−1 −1 −1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
−1 −1 −1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0



.

(4.34)
We note that the charge matrices remain invariant under permutations of the extremal
GLSM fields (p1, p2, p3) indicating that the global symmetry is enhanced to SU(3)× U(1)2.
This is expected by the construction of the general J- and E-terms in section 4.1 and the
isometry group of Y 3,4(CP2).

The toric data for the 2d (0, 2) theory is given by

Gt =



p1 p2 p3 p4 p5 u1 u2 u3 u4 u5 u6 u7 u8 u9 u10 u11 v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 o1 o2 o3 o4 o5 o6 o7 o8 o9

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2
1 0 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 −1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 4 3 0 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3


,

(4.35)
where ok correspond to extra GLSM fields [29]. The corresponding toric diagram is shown
in figure 21.
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A Additional examples

A.1 J- and E-terms for Y 1,k(CP1 × CP1)

Y 1,0(CP1 × CP1).

J E

Λi12 : εijεklXk
23X

j
34X

l
41 Xi

12Q22 − Q11X
i
12

Λ2i
23 : εijεklXk

34X
j
41X

l
12 Xi

23Q33 − Q22X
i
23

Λ2i
34 : εijεklXk

41X
j
12X

l
23 Xi

34Q44 − Q33X
i
34

Λ2i
41 : εijεklXk

12X
j
23X

l
34 Xi

41Q11 − Q44X
i
41

(A.1)

Y 1,1(CP1 × CP1).

J E

Λi12 : εijεklX
k
23X

j
34X

l
41 P13X

i
34Q42 − Q13X

i
34P42

Λ1i
43 : εijεklXk

34X
j
41Q13X

l
34 Xi

41P13 − P42X
i
23

Λ2i
43 : εijεklXk

34X
j
41P13X

l
34 Xi

41Q13 − Q42X
i
23

(A.2)

A.2 J- and E-terms for Y 1,k(CP2)

Y 1,0(CP2).
J E

Λi12 : εijkXj
23X

k
31 Xi

12Q22 − Q11X
i
12

Λ2i
23 : εijkXj

31X
k
12 Xi

23Q33 − Q22X
i
23

Λ2i
31 : εijkXj

12X
k
23 Xi

31Q11 − Q33X
i
31

(A.3)

Y 1,1(CP2).
J E

Λi12 : εijkX
j
23X

k
31 P12X

i
23Q32 − Q13X

i
31P12

Λ2i
33 : εijkXj

31P12X
k
23 Xi

31Q13 − Q32X
i
23

(A.4)
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A.3 J- and E-terms for Y 2,k(CP2)

Y 2,0(CP2).
J E

Λi12 : εijkXj
23X

k
31 Xi

15Q52 − Q14X
i
42

Λ2i
26 : εijkXj

64X
k
42 Xi

23Q36 − Q25X
i
56

Λ2i
34 : εijkXj

42X
k
23 Xi

31Q14 − Q36X
i
64

Λi45 : εijkXj
56X

k
64 Xi

42Q25 − Q41X
i
15

Λ2i
53 : εijkXj

31X
k
15 Xi

56Q63 − Q52X
i
23

Λ2i
61 : εijkXj

15X
k
56 Xi

64Q41 − Q63X
i
31

(A.5)

Y 2,1(CP2).
J E

Λi12 : εijkX
j
23X

k
31 P15X

i
56Q62 − Q14X

i
42

Λ2i
26 : εijkX

j
64X

k
42 Xi

23Q36 − Q25X
i
56

Λ2i
34 : εijkX

j
42X

k
23 Xi

31Q14 − Q36X
i
64

Λi45 : εijkX
j
56X

k
64 Xi

42Q25 − Q43X
i
31P15

Λ2i
63 : εijkXj

31P15X
k
56 Xi

64Q43 − Q62X
i
23

(A.6)

Y 2,2(CP2).
J E

Λi12 : εijkX
j
23X

k
31 P15X

i
56Q62 − Q16X

i
64P42

Λ2i
36 : εijkXj

64P42X
k
23 Xi

31Q16 − Q35X
i
56

Λi45 : εijkX
j
56X

k
64 P42X

i
23Q35 − Q43X

i
31P15

Λ2i
63 : εijkXj

31P15X
k
56 Xi

64Q43 − Q62X
i
23

(A.7)

Y 2,3(CP2).
J E

Λi12 : εijkX
j
23X

k
31 P16X

i
64Q42 − Q16X

i
64P42

Λ1i
36 : εijkXj

64Q42X
k
23 Xi

31P16 − P35X
i
56

Λ2i
36 : εijkXj

64P42X
k
23 Xi

31Q16 − Q35X
i
56

Λi45 : εijkX
j
56X

k
64 P42X

i
23Q35 − Q42X

i
23P35

(A.8)
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