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a b s t r a c t
We study the orientifold projections of the N = 1 superconformal ﬁeld theories describing D3-branes
probing the Pseudo del Pezzo singularities PdP3b and PdP3c . The PdP3c parent theory admits two
inequivalent orientifolds. Exploiting a maximization, we ﬁnd that one of the two has an a-charge smaller
than what one would expect from the orientifold projection, which suggests that the theory ﬂows to the
ﬁxed point in the infrared. Surprisingly, the value of a coincides with the charge of the unoriented PdP3b
and we interpret this as the sign of an infrared duality.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3 .

1. Introduction
The AdS/CFT correspondence, in its original formulation, states
that the 4 dimensional N = 4 SU( N ) SYM gauge theory living on
the worldvolume of a stack of N D3-branes in ﬂat space is dual to
type-IIB supergravity on an AdS5 × S 5 background in the large N
limit [1–3]. More generally, for a system of regular D3-branes probing the tip of a Calabi-Yau (CY) cone, the worldvolume conformal
ﬁeld theory is dual to IIB supergravity on AdS5 × H 5 , where the
horizon H 5 is a 5-dimensional Sasaki-Einstein manifold [4,5] and
represents the base of the CY cone. The correspondence relates the
central charge a of the conformal ﬁeld theory

a=

3 
32

3TrR 3 − TrR


(1)

,
5

to the volume of the Sasaki-Einstein horizon H by the relation [6]

Vol( H 5 ) =

π 3 N2
4

a

,

(2)

where N is the number of units of 5-form ﬂux. In general, the
presence of U(1) ﬂavour symmetries implies that the R-charges
can not be unambiguously assigned a priori. When this happens,
the superconformal R-charges are uniquely determined as those
that maximize a [7,8].

*

Fig. 1. The toric diagram of PdP3b on the left and the toric diagram of PdP3c on the
right.
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While in the simpler cases of cones that are abelian orbifolds
of C 3 the ﬁeld content and superpotential of the gauge theory can
be read directly from the N = 4 ones, systematic techniques have
been developed to determine the gauge theories for D3-branes at
the tip of more general toric cones [9]. A toric cone has at least
a U(1)3 isometry and its base H 5 is a T 3 ﬁbration over a convex
polygon known as the toric diagram. In particular, one can study
the blow-up of a singularity adding points to the toric diagram
and this is dual to the unhiggsing mechanism in the gauge theory [4,9–12]. If applied to the dP2 theory, corresponding to the
complex cone over the del Pezzo surface obtained by the blowup of 2 generic points of P 2 , this gives rise to either dP3 or the
Pseudo del Pezzo geometries PdP3b or PdP3c if the blow-up is nongeneric [11,12]. The latter two theories, whose toric diagrams are
drawn in Fig. 1, are the ones we are interested in.
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From the toric diagrams, there is a systematic procedure to
determine, up to Seiberg dualities, the ﬁeld content and the superpotential of the gauge theory. Speciﬁcally, this information is
encoded in a bipartite graph representing a web of NS5-branes,
which is called dimer [13–17]. This web is drawn on a T 2 wrapped
by D5-branes, and by performing two T-dualities along the torus
the whole conﬁguration is mapped back to the original system of
D3-branes sitting at the singularity of the cone. We draw in Figs. 3
and 4 the dimers of the PdP3b and PdP3c theories. By looking at
the nodes in the diagrams one can see that the two theories have
different superpotentials but share the same quiver, given in Fig. 2.
In this setup, more general gauge theories can be constructed
by introducing orientifold projections . In the brane conﬁguration, this corresponds to adding an orientifold plane, which induces
a Z2 involution on the space and ﬂips the world-sheet parity
of strings, making the theory unoriented [18–22] (for a review
see [23]). The Z2 involution of the orientifold can be represented
on the dimer by the introduction of either ﬁxed points or ﬁxed
lines [24], from which one can read the ﬁeld content and the
superpotential of the unoriented theory. As far as conformal invariance is concerned, the following scenarios are possible: either the
unoriented theory does not have a ﬁxed point at which a is maximized, or there is a ﬁxed point and the orientifold yields O (1/ N )
corrections to physical observables. Note that in the ﬁrst scenario
one could have a duality cascade [25] or conformal symmetry can
be restored by the addition of ﬂavour branes [26].
In this letter we show that a third scenario exists, in which the
orientifold breaks the conformal symmetry of the parent theory
but develops a new superconformal ﬁxed point. We provide an example of such a scenario by studying the orientifold projection of
the gauge theories arising from the toric CY cones over PdP3b and
PdP3c . While the projection PdP
is unique, PdP3c admits two in3b
equivalent orientifolds, which we call 1 and 2 . For each of the
orientifolds, we determine the ranks of the gauge groups such that
there is a conformal ﬁxed point, and the superconformal R-charges
of the chiral ﬁelds using a maximization. Although one would always naively expect that the a central charge of the unoriented
theory is a half of that of the parent theory, we ﬁnd that this hap

and PdP3c1 , while for PdP3c2 one gets a smaller
pens only for PdP
3b
central charge a. To the best of our knowledge, this is the ﬁrst
time that such a mechanism occurs in the context of unoriented
theories. Interestingly, both the R-charges and the a central charge

of PdP3c2 are identical to the ones of PdP
. To see this effect
3b
it is crucial that the computation is performed keeping N ﬁnite,
while neglecting O (1/ N ) corrections naively gives the same a cen
tral charge of PdP3c1 . The fact that the central charge a is smaller
than expected suggests that there is an RG ﬂow from a conformal ﬁxed point in the UV to another conformal ﬁxed point in the
IR, in which the theory coincides with PdP
. This IR duality could
3b
be inherited by the relation between the parent theories, which
are connected by a web of dualities involving specular [27,28] and
Seiberg duality [29,30].

Fig. 2. The quiver of theories PdP3b and PdP3c . The dashed gray line labelled as 
represents the orientifold projection, which identiﬁes the two sides of the quiver
and projects ﬁelds and gauge groups that lie on top of it.

Fig. 3. The dimer of PdP3b , where the dashed green line delimits the fundamental
cell. The two red ﬁxed lines and their signs represent the orientifold projection that
yields the unoriented PdP
.
3b

W 3b = X 13 X 34 X 41 − X 46 X 61 X 14 + X 45 X 51 X 14

− X 24 X 41 X 12 + X 62 X 24 X 46 − X 35 X 51 X 13
+ X 23 X 35 X 56 X 61 X 12 − X 23 X 34 X 45 X 56 X 62 .

(3)

The gauge anomalies vanish imposing the following relation between the ranks of the gauge groups:

N1 + N6 − N3 − N4 = 0 ,
N2 + N3 − N5 − N6 = 0 .

(4)

We ﬁnd the superconformal ﬁxed point and the corresponding Rcharges R ab for the ﬁelds X ab maximizing the a-charge. Requiring
that the β -functions vanish (which is equivalent to non-anomalous
R-symmetry) we have


( R ab − 1) N a = −2N b ,

(5)

a

2. PdP3b and PdP3c

where the sum is over gauge groups a connected to b by a bifundamental ﬁeld X ab . Together with the condition that the R-charge
of the superpotential is R ( W ) = 2, we have a system of equations with a priori eight independent R-charges. This can be seen
also from the quiver, which enjoys a Z2 symmetry. The a-charge
in Eq. (1) is a two-variable function, namely, a ﬂavour symmetry
U(1)2 mixes with the R-symmetry. The local maximum yields [27]

Let us introduce the parent gauge theories of interest. We begin with PdP3b [11,12,27], whose quiver and dimer are drawn in
6
Fig. 2 and 3. There are 6 gauge groups a=1 SU( N a ) and the matter ﬁelds are bifundamentals X ab corresponding to the edges in the
dimer. For instance, X 12 transforms in the fundamental representation of SU( N 1 ) and in the anti-fundamental of SU( N 2 ) and is the
edge between faces 1 and 2 in the dimer. The global symmetries
of this model are U(1)2 × U(1) R as mesonic symmetry and U(1)5
as baryonic one, of which U(1)2 is anomalous. The superpotential
of the theory reads

√

R b23 = 7 − 3 5 ,
R b13 = R b14 = R b24 = 3 −
R b12
2

=

R b34

=

R b35

=

R b62

√

5,

√
=2 5−4,

(6)
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projects the groups and the ﬁelds that are mapped onto themselves [31,32,26]. For the PdP3b and PdP3c theories, the involution
is the  line in Fig. 2. The gauge groups intersected by the line are
projected onto either SO or Sp, while bifundamental ﬁelds charged
under two groups that are identiﬁed by  are projected onto
a symmetric or antisymmetric representation. Besides, if SU( N a )
is mapped to SU( N b ), a fundamental representation of SU( N a ) is
identiﬁed with the antifundamental of SU( N b ).
In the dimer, the Z2 involution can be realized by the introduction of either ﬁxed points of ﬁxed lines on the torus [24]. In the
ﬁrst case, the orientifold projects both coordinates of the torus,
preserving the mesonic ﬂavour symmetry. There are four ﬁxed
points in the fundamental cell and each one carries a sign i = ±,
i = 1, . . . , 4. The superpotential terms are halved since black nodes
are mapped to white nodes. The four ﬁxed points are physically
four orientifold planes and their charges are the signs of the ﬁxed
points. When a ﬁxed point with  = +(−) lies on a face, the corresponding SU( N ) gauge group is projected onto SO(Sp). When a
ﬁxed point with  = +(−) lies on an edge it projects the corresponding ﬁeld onto a symmetric (antisymmetric) representation
and it identiﬁes the gauge groups
of the edge.
4 on the twoN sides
W /2 , where N
Supersymmetry requires that
W is
i =1 i = (−1)
the number of terms in the superpotential of the parent theory.
Besides, the anomaly cancellation condition may further constrain
the orientifold signs. In the second case, the involution acts projecting only one coordinate of the torus, thus breaking the U(1)2
ﬂavour symmetry to a combination of the two. Nodes in the dimer
are mapped to each other w.r.t. the ﬁxed lines. Physically, a ﬁxed
line is an orientifold plane that intersects the torus and its charge
is the sign of the line. There is no constraint in this case, other
than the anomaly cancellation condition.

Fig. 4. The dimer of PdP3c , where the dashed green line delimits the fundamental
cell. The four red ﬁxed points (1 , 2 , 3 , 4 ) represent the orientifold projection,


where (+, −, −, +) corresponds to PdP3c1 and (−, +, −, +) corresponds to PdP3c2 .

a3b =

27
4

 √



N 2 5 5 − 11 ,

Vol(PdP3b ) =

π3

 √

27 5 5 − 11

,

(7)

where N a = N ∀a = 1, . . . , 6 since this condition gives the only
solution that respects the unitarity bound. Note that the expression
of the a-charge is given at leading order in N.
The second theory we study is PdP3c [11,12,27], whose dimer
is drawn in Fig. 4. As in the previous case, the gauge group is
6
2
a=1 SU( N a ) and the global symmetries are U(1) × U(1) R as
5
mesonic symmetry and U(1) as baryonic one, of which U(1)2 is
anomalous. The matter ﬁelds are also the same of the PdP3b theory and indeed the two models share the same quiver in Fig. 2.
Nonetheless, they have a different dimer and therefore interact differently. In fact, the superpotential reads

3.1. Unoriented PdP3b
We consider the orientifold involution of PdP3b with two ﬁxed
lines and we choose the conﬁguration with signs (−, +), as in
Fig. 3. As a consequence, the gauge group SU( N 5 ) is identiﬁed with
SU( N 3 ) and SU( N 6 ) with SU( N 2 ), while SU( N 1 ) becomes Sp( N 1 )
and SU( N 4 ) becomes SO( N 4 ) since they lie on top of the ﬁxed
lines. The resulting theory has gauge groups Sp( N 1 ) × SU( N 2 ) ×
S
A
SU( N 3 ) × SO( N 4 ), where the ﬁelds X 35
and X 62
belong to the antisymmetric and symmetric representations of the gauge groups
SU( N 3 ) and SU( N 2 ) respectively. The superpotential reads

W 3c = X 12 X 24 X 41 + X 45 X 51 X 14 − X 13 X 34 X 41

− X 46 X 61 X 14 + X 13 X 35 X 56 X 61 + X 46 X 62 X 23 X 34
− X 12 X 23 X 35 X 51 − X 45 X 56 X 62 X 24 .

(8)

The gauge anomalies vanish imposing the condition in Eq. (4) as
before. Computing the R-charges which maximize the a-charge we
ﬁnd [27]

√

R c14 = 2 −

2 3
3


S
W 3b
= X 13 X 34 X 41 − X 24 X 41 X 12 + X 62
X 24 X 46

,

R c23 = R c35 = R c62 = 1 −

3

3

R c12 = R c13 = R c24 = R c34 =

√

a3c =

3 3
4

A
A
− X 35
X 51 X 13 + X 23 X 35
X 56 X 61 X 12

√

S
− X 23 X 34 X 45 X 56 X 62

,
√

3

3

(11)

and the anomaly cancellation condition is

,

(9)

N1 + N2 − N3 − N4 + 4 = 0 .

2

N ,

π3

Vol(PdP3c ) = √ ,
3 3

(12)

As in the parent theory, there are eight a priori independent R ab .
The condition for the β -functions to vanish changes slightly due to
the orientifold involution. In fact, one has

(10)


( R ab − 1) N a = −( N b ± 2) ,

where again N a = N ∀a = 1, . . . , 6 is the only solution that respects
the unitarity bound. Note that the difference in the R-charges
arises from the condition R ( W ) = 2. It is crucial to note that in this
case the a-charge is a three-variable function, namely, the non-R
symmetry which mixes with the R-charge is U(1)3 .

(13)

a

if the group labelled by b is orthogonal (−) or symplectic (+).
Likewise, for unitary gauge groups one has


( R ab − 1) N a + ( R b − 1)( N b ± 2) = −2N b ,

(14)

a

3. Unoriented PdP3b and PdP3c

where R b is the R-charge of the symmetric (+) or the antisymmetric (−) ﬁeld charged under SU( N b ). Imposing conformal invariance, consistency with the unitarity bound requires N 2 = N 3 =

The orientifold projection of a quiver gauge theory is represented as a line which identiﬁes the two sides of the quiver and
3
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N 1 + 2 = N 4 − 2 = N. One then ﬁnds the ﬂavour symmetry is U(1)2
and the R-charges are the same as the ones of the parent theory
in Eq. (6) up to O (1/ N ) corrections. This implies that this orientifold realizes what we have described in the introduction as the
‘second scenario’, in which there is a ﬁxed point, and the orientifold induces corrections to the R-charges that vanish at large N.
Taking this limit, the value of the a-charge is

a
3b =

27 2  √
8

N

Table 1
The values of the charges Q 1 , Q 2 and R 0 for the

ﬁelds of PdP
and PdP3c2 , which are the same.
3b
Q 1 and Q 2 refer to the charges under the ﬂavour
symmetry U (1)1 × U (1)2 , while R 0 is an allowed
non-superconformal choice of the R-charge.



5 5 − 11 .

(15)

Note that the central charge a is half the one of the parent theory.
This is expected since the degrees of freedom have been halved.
Besides, also the volume of the PdP3b after the orientifold is half
the volume of the parent space. To see this, consider that the
orientifold acts as a Z2 projection on the geometry. As a consequence, the number of units of 5-form ﬂux is N /2 [33]. Thus, the
proper ratio between the volumes reads


Vol(PdP3b )
Vol(PdP3b )

=

1
2

− 12

− N4

1

1

X 23

N +2
N

−1

0

X 34

−1

1
2

1
2

X 41

1

0

1

A
X 35

0

1

1





2

2

2



√

5,

2

√

(19)

27
8

 √



N 2 5 5 − 11 ,

(20)


which is smaller than the value of a3c1 in Eq. (18). Consequently,
2

the ratio between a3c and that of the parent theory is

√



a3c2
a3c

=


3 3 √
5 5 − 11  0.47 ,
2

(21)

while the ratio between the volumes is


Vol(PdP3c2 )
Vol(PdP3c )

and the anomaly cancellation condition remains as Eq. (12). The
superconformal ﬁxed point of this unoriented model has the same
R-charges of the parent theory in Eq. (9) up to O (1/ N ) corrections, with the ﬂavour U(1)3 symmetry mixing with R-symmetry,
and thus the second scenario described in the introduction is again
realized as in the PdP3b case. In the large N limit, the a-charge is

 0.53 .

(22)



The fact that a3c2 is less than halved w.r.t. the central charge a3c
of the parent theory can be taken as a sign of an RG ﬂow towards
the IR. Thus, a natural question is what is the endpoint of this
RG ﬂow. Surprisingly, the R-charges and the a-charge in Eqs. (19)
and (20) are exactly those of PdP
given in Eqs. (6) and (15). This
3b
suggests the two theories are dual at the conformal ﬁxed point. In

other words, the RG ﬂow is going from PdP3c2 in the UV to PdP
3b
in the IR.
To further support this conjecture we investigate the 1/ N
corrections to the R-charges. Remarkably, imposing that the β functions vanish yields exactly the same solutions at any ﬁnite
N, which implies that the charges w.r.t. all the global symmetries of the two theories are the same. The values of these charges
are reported in Table 1, where Q 1 and Q 2 are associated to the
ﬂavour symmetry U (1)1 × U (1)2 , while R 0 is an allowed nonsuperconformal choice of the R-charge.

√

(18)

where N 1 = N 2 = N 3 − 2 = N 4 − 2 = N is the only consistent solution. Again, the a-charge is halved because of the orientifold
projection, and the ratio between the volumes is 1/2 as before.
The unoriented theory obtained from 2 = (−, +, −, +) has
gauge groups Sp( N 1 ) × SU( N 2 ) × SU( N 3 ) × SO( N 4 ), where ﬁelds
S
A
X 35
and X 62
are unchanged w.r.t. the previous case. The superpo

1
N

S
X 62



a3c2 =

(17)

N2 ,

X 24

1
2
1
2
1
2

which are different from the R-charges of the parent theory in

Eq. (9), and the a3c2 -charge takes the value



8

− 12

R 12 = R 34 = R 35 = R 62 = 2 5 − 4 ,

A
S
W 3c1 = X 13 X 35
X 56 X 61 − X 45 X 56 X 62
X 24

3 3

0

R 132 = R 142 = R 242 = 3 −

Let us turn to the orientifold of PdP3c . As shown in Fig. 4,
the dimer admits only the projection with ﬁxed points, whose
signs (1 , 2 , 3 , 4 ) project the group SU( N 1 ), the group SU( N 4 ),
the ﬁeld X 35 and 
the ﬁeld X 62 , respectively. The parent theory
4
has N W = 8, thus i =1 i = +1. The two inequivalent choices are
1 = (+, −, −, +) and 2 = (−, +, −, +).
First, we focus on 1 . The unoriented theory has gauge groups
S
A
SO( N 1 ) × SU( N 2 ) × SU( N 3 ) × Sp( N 4 ), where ﬁelds X 35
and X 62
are antisymmetric and symmetric representations of SU( N 3 ) and
SU( N 2 ) respectively. The superpotential reads



X 13

√



3.2. Unoriented PdP3c

a3c1 =

R0

1
2

R 232 = 7 − 3 5 ,

This is similar to the case of the Zn orbifold of ﬂat space, where
the volume is a fraction n of the volume of the sphere S 5 .

+ X 12 X 24 X 41 − X 13 X 34 X 41

Q2

− NN+2

with R-symmetry. This has the crucial effect of giving at leading
order in 1/ N the value of the superconformal R-charges as

(16)

.

Q1
X 12



tential W 3c2 is formally identical to W 3c1 in Eq. (17) and again
the anomaly cancellation condition remains as Eq. (12). The amaximization in this case is more subtle. If one took naively the
limit N → ∞ before solving the equation for vanishing β -functions
and R ( W ) = 2, one would obtain the R-charges and half the acharge of the parent theory, with non-R ﬂavour U(1)3 . On the
other hand, we ﬁnd that for any ﬁnite value of N, the only consis,
tent solution is N 2 = N 3 = N 1 + 2 = N 4 − 2 = N exactly as in PdP
3b
with one ﬂavour U(1) broken and the remaining U(1)2 mixing

4. Discussion
We have shown that the value of the a-charge of the super
conformal ﬁxed point of the unoriented PdP3c2 is smaller than
expected and this gives strong evidence that there is an RG ﬂow
from the UV to the IR. On the ﬁxed point in the IR, the R-charges
and a-charge are exactly those of the unoriented PdP
. Moreover,
3b
the two theories share the same ﬁeld content and have identical
4
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charges under the same global symmetry for any ﬁnite N. As a
consequence, ’t Hooft anomalies match in the IR as well as the superconformal index and thus we conjecture that in the IR the two
unoriented theories describe the same physics.
A natural question that one can ask is whether the PdP
and
3b

duality. However, as the number of gauge groups increases, it becomes computationally harder to ﬁnd the exact local maximum

of the a-charge. To give more evidence that the unoriented PdP3c2

ﬂows to PdP3b in the IR, we plan to study the moduli spaces of
the two unoriented theories. Another possible line of investigation
would be to check whether S-duality and strong coupling effects
are involved, along the lines of [42–45].



PdP3c2 theories are connected by an exactly marginal deformation.
A hint in this direction comes from the fact that the two theories differ only because of superpotential terms. This implies that

 − W 2 ) ,
if one turns on in the PdP3c2 theory a deformation α ( W 3b
3c
the resulting theory must have a superconformal ﬁxed point for
any value of α , with the same value of the R-charges. While for
α = 0 and α = 1 the theory results from an orientifold projection, it would be very interesting to investigate the origin of the
other superconformal theories. The existence of exactly marginal
deformations and the structure of the conformal manifold can be
deduced from the superconformal index, whose computation we
leave as an open project.1
As far as the gravity side of the AdS/CFT correspondence is concerned, the mechanisms known in the literature to produce RG
ﬂows in the context of holographic ﬁeld theories do not seem to
explain our result. In particular, the ﬂow described above is not
due to mass deformations [34,35], to a Higgs mechanism [11] or
to the introduction of fractional branes [36]. We can expect some
kind of kink solution interpolating between two asymptotic geometries like in [37], but the metrics of the CY complex cones over
PdP3b and PdP3c are unknown and thus we do not have control of
the bulk theory. Progress on the gravity side of the orientifold theories discussed in this letter would also allow one to investigate
holographically the marginal deformation discussed above.
Since orientifolds realized in the dimer by ﬁxed points do not
break the U(1)2 × U(1) R mesonic symmetry [14], the U(1) broken
by the 2 orientifold must be baryonic. The picture is thus that the

conﬁguration of branes and orientifold planes in the PdP3c2 theory
breaks, together with a baryonic U(1), also conformal symmetry
in the UV, but makes the theory ﬂow to a different IR ﬁxed point

that is the one of the PdP
theory, with which PdP3c2 shares all
3b
the symmetries. In the bulk, we can thus expect form ﬂuxes that
make the volume increase so that only asymptotically the metric
is AdS. The scale associated to the ﬂow can be identiﬁed with the
size of the cycles wrapped by the branes that generate the ﬂuxes.
Solutions with broken baryonic U(1)’s associated to branes wrapping cycles have been discussed in the literature [38,39].
Another direction that can be explored is the possibility that
the duality is a consequence of the PdP3b and PdP3c parent theories being connected by specular duality [27,28], which in general
is a map between theories with the same master space. In the case
of theories whose toric diagram has only one internal point, like
the ones we are discussing, specular duality exchanges mesonic
and anomalous baryonic symmetries. The chain of maps that relate
the two parent theories is more precisely a specular duality followed by a Seiberg duality [29] and again another specular duality.
One could even investigate the possibility that a chain of Seiberg
dualities relates the two unoriented theories. Seiberg dualities in
the case in which (anti-)symmetric ﬁelds are present have been
considered in [40,41], where one describes them as mesons of a
new conﬁning symplectic or orthogonal gauge group. The problem
of this approach is that one needs to add a gauge group going towards the UV and that can not describe the ﬂow from PdP
to
3b

Declaration of competing interest
The authors declare that they have no known competing ﬁnancial interests or personal relationships that could have appeared to
inﬂuence the work reported in this paper.
Acknowledgements
We thank M. Bertolini, D. Bufalini and S. Meynet for useful comments and in particular M. Bianchi for discussions and suggestions
at various stages of the project and for a careful reading of the
manuscript.
References
[1] J. Maldacena, The large n limit of superconformal ﬁeld theories and supergravity, Int. J. Theor. Phys. 38 (4) (1999), https://doi.org/10.1023/a:1026654312961,
arXiv:hep-th/9711200.
[2] S. Gubser, I. Klebanov, A. Polyakov, Gauge theory correlators from non-critical
string theory, Phys. Lett. B 428 (1–2) (1998), https://doi.org/10.1016/s03702693(98)00377-3, arXiv:hep-th/9802109.
[3] E. Witten, Anti-de Sitter space and holography, Adv. Theor. Math. Phys. 2 (1998)
253–291, https://doi.org/10.4310/ATMP.1998.v2.n2.a2, arXiv:hep-th/9802150.
[4] D.R. Morrison, M.R. Plesser, Nonspherical horizons. 1, Adv. Theor. Math.
Phys. 3 (1999) 1–81, https://doi.org/10.4310/ATMP.1999.v3.n1.a1, arXiv:hep-th/
9810201.
[5] I.R. Klebanov, E. Witten, Superconformal ﬁeld theory on three-branes at a
Calabi-Yau singularity, Nucl. Phys. B 536 (1998) 199–218, https://doi.org/10.
1016/S0550-3213(98)00654-3, arXiv:hep-th/9807080.
[6] S.S. Gubser, Einstein manifolds and conformal ﬁeld theories, Phys. Rev. D 59 (2)
(1998), https://doi.org/10.1103/PhysRevD.59.025006, arXiv:hep-th/9807164.
[7] K.A. Intriligator, B. Wecht, The exact superconformal R symmetry maximizes
a, Nucl. Phys. B 667 (2003) 183–200, https://doi.org/10.1016/S0550-3213(03)
00459-0, arXiv:hep-th/0304128.
[8] M. Bertolini, F. Bigazzi, A. Cotrone, New checks and subtleties for AdS/CFT and
a-maximization, J. High Energy Phys. 12 (2004) 024, https://doi.org/10.1088/
1126-6708/2004/12/024, arXiv:hep-th/0411249.
[9] C. Beasley, B.R. Greene, C. Lazaroiu, M. Plesser, D3-branes on partial resolutions
of Abelian quotient singularities of Calabi–Yau threefolds, Nucl. Phys. B 566 (3)
(2000), https://doi.org/10.1016/s0550-3213(99)00646-x, arXiv:hep-th/9907186.
[10] A.M. Uranga, Brane conﬁgurations for branes at conifolds, J. High Energy Phys.
01 (1999) 022, https://doi.org/10.1088/1126-6708/1999/01/022, arXiv:hep-th/
9811004.
[11] B. Feng, S. Franco, A. Hanany, Y. He, Unhiggsing the del Pezzo, J. High Energy
Phys. 08 (2003), https://doi.org/10.1088/1126-6708/2003/08/058, arXiv:hep-th/
0209228, 2003.
[12] B. Feng, Y. He, F. Lam, On correspondences between toric singularities and webs, Nucl. Phys. B 701 (1–2) (2004), https://doi.org/10.1016/j.nuclphysb.2004.
08.048, arXiv:hep-th/0403133.
[13] S. Franco, A. Hanany, D. Martelli, J. Sparks, D. Vegh, B. Wecht, Gauge theories from toric geometry and brane tilings, J. High Energy Phys. 01 (2006) 128,
https://doi.org/10.1088/1126-6708/2006/01/128, arXiv:hep-th/0505211.
[14] S. Franco, A. Hanany, D. Vegh, B. Wecht, K.D. Kennaway, Brane dimers and
quiver gauge theories, J. High Energy Phys. 2006 (01) (2006) 096, https://
doi.org/10.1088/1126-6708/2006/01/096, arXiv:hep-th/0504110.
[15] A. Hanany, K.D. Kennaway, Dimer models and toric diagrams, arXiv:hep-th/
0503149, 2005.
[16] S. Franco, Bipartite ﬁeld theories: from D-brane probes to scattering amplitudes, J. High Energy Phys. 11 (2012) 141, https://doi.org/10.1007/JHEP11(2012)
141, arXiv:1207.0807.
[17] S. Franco, A. Uranga, Bipartite ﬁeld theories from D-branes, J. High Energy Phys.
04 (2014) 161, https://doi.org/10.1007/JHEP04(2014)161, arXiv:1306.6331.
[18] A. Sagnotti, Open strings and their symmetry groups, in: NATO Advanced Summer Institute on Nonperturbative Quantum Field Theory, Cargese Summer Institute, 1987, pp. 0521–528, arXiv:hep-th/0208020.
[19] G. Pradisi, A. Sagnotti, Open string orbifolds, Phys. Lett. B 216 (1989) 59–67,
https://doi.org/10.1016/0370-2693(89)91369-5.



PdP3c2 .
We expect to ﬁnd other examples of pairs of orientifolds sharing the same features of the theories discussed in this letter. This
would allow us to understand the physical origin of this infrared

1

We thank the referee for pointing out this possibility to us.
5

A. Antinucci, S. Mancani and F. Riccioni

Physics Letters B 811 (2020) 135902

[20] M. Bianchi, A. Sagnotti, On the systematics of open string theories, Phys. Lett.
B 247 (1990) 517–524, https://doi.org/10.1016/0370-2693(90)91894-H.
[21] M. Bianchi, A. Sagnotti, Twist symmetry and open string Wilson lines, Nucl.
Phys. B 361 (1991) 519–538, https://doi.org/10.1016/0550-3213(91)90271-X.
[22] J. Polchinski, Dirichlet branes and Ramond-Ramond charges, Phys. Rev. Lett.
75 (1995) 4724–4727, https://doi.org/10.1103/PhysRevLett.75.4724, arXiv:hepth/9510017.
[23] C. Angelantonj, A. Sagnotti, Open strings, Phys. Rep. 371 (2002) 1–150, https://
doi.org/10.1016/S0370-1573(02)00273-9, Phys. Rep. 376 (6) (2003) 407, https://
doi.org/10.1016/S0370-1573(03)00006-1 (Erratum), arXiv:hep-th/0204089.
[24] S. Franco, A. Hanany, D. Kreﬂ, J. Park, A.M. Uranga, D. Vegh, Dimers and orientifolds, J. High Energy Phys. 09 (2007) 075, https://doi.org/10.1088/1126-6708/
2007/09/075, arXiv:0707.0298.
[25] R. Argurio, M. Bertolini, Orientifolds and duality cascades: conﬁnement before the wall, J. High Energy Phys. 02 (2018) 149, https://doi.org/10.1007/
JHEP02(2018)149, arXiv:1711.08983.
[26] M. Bianchi, G. Inverso, J.F. Morales, D. Ricci Paciﬁci, Unoriented quivers
with ﬂavour, J. High Energy Phys. 01 (2014) 128, https://doi.org/10.1007/
JHEP01(2014)128, arXiv:1307.0466.
[27] A. Hanany, R. Seong, Brane tilings and reﬂexive polygons, Fortschr. Phys. 60
(2012) 695–803, https://doi.org/10.1002/prop.201200008, arXiv:1201.2614.
[28] A. Hanany, R. Seong, Brane tilings and specular duality, J. High Energy
Phys. 2012 (8) (2012), https://doi.org/10.1007/jhep08(2012)107, arXiv:1206.
2386 [hep-th].
[29] N. Seiberg, Electric - magnetic duality in supersymmetric nonAbelian gauge
theories, Nucl. Phys. B 435 (1995) 129–146, https://doi.org/10.1016/05503213(94)00023-8, arXiv:hep-th/9411149.
[30] C.E. Beasley, M. Plesser, Toric duality is Seiberg duality, J. High Energy Phys.
12 (2001) 001, https://doi.org/10.1088/1126-6708/2001/12/001, arXiv:hep-th/
0109053.
[31] M. Bianchi, F. Fucito, J.F. Morales, D-brane instantons on the T**6 / Z(3) orientifold, J. High Energy Phys. 07 (2007) 038, https://doi.org/10.1088/1126-6708/
2007/07/038, arXiv:0704.0784.
[32] M. Bianchi, F. Fucito, J.F. Morales, Dynamical supersymmetry breaking from
unoriented D-brane instantons, J. High Energy Phys. 08 (2009) 040, https://
doi.org/10.1088/1126-6708/2009/08/040, arXiv:0904.2156.
[33] E. Witten, Baryons and branes in anti-de Sitter space, J. High Energy Phys.
07 (1998) 006, https://doi.org/10.1088/1126-6708/1998/07/006, arXiv:hep-th/
9805112.

[34] M. Bianchi, S. Cremonesi, A. Hanany, J.F. Morales, D. Ricci Paciﬁci, R. Seong,
Mass-deformed brane tilings, J. High Energy Phys. 10 (2014) 027, https://doi.
org/10.1007/JHEP10(2014)027, arXiv:1408.1957.
[35] M. Bianchi, D. Bufalini, S. Mancani, F. Riccioni, Mass deformations of unoriented quiver theories, J. High Energy Phys. 07 (2020), https://doi.org/10.1007/
JHEP07(2020)015, arXiv:2003.09620.
[36] S.S. Gubser, I.R. Klebanov, Baryons and domain walls in an N=1 superconformal
gauge theory, Phys. Rev. D 58 (1998) 125025, https://doi.org/10.1103/PhysRevD.
58.125025, arXiv:hep-th/9808075.
[37] D. Freedman, S. Gubser, K. Pilch, N. Warner, Renormalization group ﬂows from
holography supersymmetry and a c theorem, Adv. Theor. Math. Phys. 3 (1999),
https://doi.org/10.4310/ATMP.1999.v3.n2.a7, arXiv:hep-th/9904017.
[38] A. Butti, M. Grana, R. Minasian, M. Petrini, A. Zaffaroni, The baryonic branch of
Klebanov-Strassler solution: a supersymmetric family of SU(3) structure backgrounds, J. High Energy Phys. 03 (2005) 069, https://doi.org/10.1088/11266708/2005/03/069, arXiv:hep-th/0412187.
[39] J. Maldacena, D. Martelli, The unwarped, resolved, deformed conifold: ﬁvebranes and the baryonic branch of the Klebanov-Strassler theory, J. High
Energy Phys. 01 (2010) 104, https://doi.org/10.1007/JHEP01(2010)104, arXiv:
0906.0591.
[40] P. Pouliot, Duality in SUSY SU(N) with an antisymmetric tensor, Phys. Lett.
B 367 (1996) 151–156, https://doi.org/10.1016/0370-2693(95)01427-6, arXiv:
hep-th/9510148.
[41] M. Berkooz, The dual of supersymmetric SU(2k) with an antisymmetric tensor
and composite dualities, Nucl. Phys. B 452 (1995) 513–525, https://doi.org/10.
1016/0550-3213(95)00400-M, arXiv:hep-th/9505067.
[42] I. Garcia-Etxebarria, B. Heidenreich, T. Wrase, New N=1 dualities from orientifold transitions. Part I. Field Theory, J. High Energy Phys. 10 (2013) 007,
https://doi.org/10.1007/JHEP10(2013)007, arXiv:1210.7799.
[43] I. García-Etxebarria, B. Heidenreich, T. Wrase, New N=1 dualities from orientifold transitions - Part II: string theory, J. High Energy Phys. 10 (2013) 006,
https://doi.org/10.1007/JHEP10(2013)006, arXiv:1307.1701.
[44] I. García-Etxebarria, B. Heidenreich, Strongly coupled phases of N = 1
S-duality, J. High Energy Phys. 09 (2015) 032, https://doi.org/10.1007/
JHEP09(2015)032, arXiv:1506.03090.
[45] I. García-Etxebarria, B. Heidenreich, S-duality in N = 1 orientifold
SCFTs, Fortschr. Phys. 65 (3–4) (2017) 1700013, https://doi.org/10.1002/prop.
201700013, arXiv:1612.00853.

6

