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AdS/CFT

AdS5xS5 (with N unit of flux)

AdS isometry SO(2,4)

Sphere isometry SO(6)

Low curvature, weak gravity

𝒩 = 4 SCFT4 SU(N)

SO(2,4) conformal symmetry

SO(6) ≃ SU(4) 𝑅-symmetry

Large N, strong coupling
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4= 𝑔𝑌𝑀

2 𝑁 = 𝜆

4𝜋𝑔𝑠 = 𝑔𝑌𝑀
2

J. Maldacena, The large N limit of superconformal field theories and supergravity, 1997



AdS/CFT

AdS5xS5 (with N unit of flux)

AdS

Sphere

𝒩 = 4 SCFT4 SU(N)

conformal symmetry

Global symmetry
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Deform the sphere: global symmetry changes

𝒩 = 1 SCFT4 G

G = Gauge group

AdS5xY5

Y5 = base of a CY3 cone

D. Morrison, R. Plesser, Nonspherical horizons. 1., 1998, hep-th/9810201



We have more control when isometries of transverse space are U(1)2xU(1)R

Toric Geometry
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S. Franco, A. Hanany, K. Kennaway, D. Vegh, B. Wecht, Brane dimers and 
quiver gauge theories, 2005, hep-th/0504110

tiling

Geometric information



Brane Tiling

Dictionary:

▪ Face → Gauge group SU(N)

▪ Edge → Matter field

▪ White (black) node → +(-) interaction term
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Brane Tiling

SU(N0) x SU(N1) x SU(N2)
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Example: 
transverse space ℂ3/ℤ3

SU(N1)

SU(N2)

SU(N0)

SU(N0)

SU(N0)

SU(N0)



Orientifold projection

ℤ2 involution of the transverse space

Orientation of strings reversed

Why the orientifold Ω?

- It allows for SO, Sp gauge groups and tensorial matter;

- Crucial role in phenomenology.
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A. Sagnotti, Open strings and their symmetry groups, 1987
M. Wijnholt, Geometry of Particle Physics, 2007



Orientifold projection

Ω ∶ SO/USp(N0) x SU(N1)

ς𝜏 = −1 𝑁𝑊/2

𝑊 = 𝜀𝑖𝑗𝑘𝑋
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Again ℂ3/ℤ3
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SO(N0)
/USp(N0)
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/USp(N0)
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SO(N0)
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S. Franco, A. Hanany, D. Krefl, J. Park, A. Uranga, D. Vegh, Dimers and orientifolds, 2007, hep-th/0707.0298
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a-maximization

𝑎 =
3

32
(3Tr 𝑅3 − Tr 𝑅)

‘Counting’ of degrees of freedom, a-theorem 𝑎𝑈𝑉 > 𝑎𝐼𝑅

Non-R abelian global symmetry mix with U(1)R

The local maximum of 𝑎, 𝑎𝑆𝐶𝐹𝑇, uniquely determines superconformal 𝑅-charges:

3

2
𝑅𝒪 = Δ = 1 +

1

2
𝛾𝒪
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B. Wecht, K. Intriligator, The Exact superconformal R symmetry maximizes a, 2003, hep-th/0304128



a-maximization

𝑎𝑆𝐶𝐹𝑇 = max
3

32
(3Tr 𝑅3 − Tr 𝑅)

Relation to geometry

Vol 𝑌 ~
1

𝑎𝑆𝐶𝐹𝑇
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𝑑𝑠2 =
𝑟2

𝑅2
−𝑑𝑡2 + 𝑑 Ԧ𝑥2 +

𝑅2

𝑟2
𝑑𝑟2 + 𝑅2𝑑𝑠𝑌

2

S. Gubser, Einstein manifolds and conformal field theories, 1998, hep-th/9807164

Y5



Orientifold projection

What is the fate of the conformal point after the involution Ω?

1.
𝑎𝑆𝐶𝐹𝑇
Ω

𝑎
=

1

2

2. .No conformal point

3.
𝑎𝑆𝐶𝐹𝑇
Ω

𝑎
<

1

2
⟻ New!
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A. Antinucci, SM, F. Riccioni, Infrared duality in unoriented Pseudo del Pezzo, 2020, hep-th/2007.14749



A third scenario

Consider Pseudo del Pezzo 3c  (PdP3c)

SU(N0) x SU(N1) x SU(N2) x SU(N3) x SU(N4) x SU(N5)

𝑊 = 𝑋01𝑋13𝑋30 + 𝑋34𝑋40𝑋03 − 𝑋02𝑋23𝑋30 − 𝑋35𝑋50𝑋03 + 𝑋02X24X45X50

+ X35X51X12X23 − X01X12X24X40 − X34X45X51X13

Two choices for Ω = τ0, τ3, τ24, τ51

Ω1 = +,−,−,+

Ω2 = (−,+,−,+)
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A third scenario

𝑎𝑆𝐶𝐹𝑇 =
3 3

4
𝑁2

𝑎𝑆𝐶𝐹𝑇
Ω1 =

3 3

8
𝑁2

𝑎𝑆𝐶𝐹𝑇
Ω2 =

27

8
(5 5 − 11)𝑁2
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𝑎𝑆𝐶𝐹𝑇
Ω2

𝑎𝑆𝐶𝐹𝑇
~ 0.47 <

1

2



A third scenario

For Ω2 the central charge 𝑎 is maximized over a 
smaller set of variables:

we are losing an U(1)
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𝑎𝑆𝐶𝐹𝑇
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𝑎𝑆𝐶𝐹𝑇
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2



A new unoriented IR duality

𝑎3𝑐
Ω2 = 𝑎3𝑏

Ω

=
27

8
(5 5 − 11)𝑁2

Different parent, same orientifolded theories
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Recap & Conclusion

▪ Third Scenario: ‘losing’ an U(1) causes 𝑎𝑆𝐶𝐹𝑇 to decrease

▪ Duality: Third scenario orientilfold dual to a first scenario model

▪ Only one chiral example, infinitely many non-chiral: 

(SPP/ℤ𝑛)
Ω (𝐿𝑎𝑎𝑎)Ω,    𝑎 = 3𝑛/2

▪ In all non-chiral theories, S-duality at works
A. Amariti, M. Fazzi, S. Rota, A. Segati, 2021, hep-th/2108.05397

▪ Different toric geometries, the same after the orientifold projection. How?
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Thank you
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