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Motivation
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Branes at singularities an important model-building tool

Orientifolds introduce:

Interesting confining dynamics

Study KKLT
Moduli Stabilization

Learn more about O-planes

O7 + 4D7

SO(N) USp(2k)



Motivation II

Q: What is the world-volume gauge theory
on D3 branes probing an orientifold singularity?

A: Not (fully) understood.
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Use S-duality to gain a toehold 

Even for simple (non-orbifold) singularities!



U(N)
⌧ ! �1/⌧ :

N = 4 Dualities
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SO(2k) SO(2k + 1)

USp(2k)



Bulk Description

H3(S5/Z2, eZ) ⇠= Z2

H3(eZ)Quantized flux of B2, C2 in
�⇤B2 = �B2

�⇤C2 = �C2
( )

AdS5 ⇥ S5/Z2 :In

C2

B2

⌧ ! �1/⌧

⌧ ! ⌧ + 1

SO(2k) SO(2k + 1)

USp(2k) USp(2k)
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(Witten '98)
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+
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orbifold & orientifoldsC3/Z3

zi ! e2⇡i/3zi � : zi ! �zi

SO(N � 4)

SU(N) SU(Ñ)

USp(Ñ + 4)

W = ✏ijkX
i
12X

j
23X

k
31 W =

1

2
✏ijkA

iAjBk
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Ai

Bi

Ai

Bi

1

2 3

OR

SO(N � 4) SU(N) SU(3) U(1)R

Ai 2/3 + 2/N

Bi 1 2/3� 4/N



Duality for C3/Z3 orientifolds

H3(S5/Z6, Z̃) ⇠= Z2
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AdS5 ⇥ S5/Z6 :

C2

B2

SO(2k + 1)⇥ SUSO(2k)⇥ SU

USp⇥ SU{
Duality?

SU(3)3 3
2N(N � 3)

SU(3)2 ⇥ U(1)R � 1
2N(N � 3)� 6

U(1)3R
4
3N(N � 3)� 33

U(1)R �9

SO(N � 4)⇥ SU(N) :
SU(3)3 3

2Ñ(Ñ + 3)

SU(3)2 ⇥ U(1)R � 1
2Ñ(Ñ + 3)� 6

U(1)3R
4
3Ñ(Ñ + 3)� 33

U(1)R �9

USp(Ñ + 4)⇥ SU(Ñ)

Anomalies match for N = Ñ + 3

(BH, García-Etxebarria,
Wrase '12, '13)



Duality for C3/Z3 orientifolds II

ISCI(t, j, f) = TrS3 (�1)F e�2�{Q1,Q
†
1}tR+2J3jJ̄3f

C2

B2

SO(2k � 1)⇥ SU(2k + 3)SO(2k)⇥ SU(2k + 4)

USp(2k + 4)⇥ SU(2k){
Novel duality
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1 + t2/3(�0,2(f) + �4,0(f)) + t4/3(2�0,4 + 2�2,0 + �3,1 + 2�4,2 + �8,0) + . . .

ISO(3)⇥SU(7) � IUSp(8)⇥SU(4) < O(t4)

ISO(3)⇥SU(7) =



Beyond Orbifolds dP1 : x y z w

C⇤ 2 2 �1 �3
Z2 � � � +

⌥

⌥

⌥

±
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SO

USp

+

–

+

–

(±1)(±2)(±3)(±4) = (�1)NW

FHKPUV '07:

FHKVW '05:



Duality for dP1
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SU(N)SU(N � 4) SU(Ñ + 4) SU(Ñ)Ai

Y
Z Bi, X

Ai

YZ Bi, X

IA : IB :

W = ✏ijB
iAjY +

1

2
✏ijXAiZAj

Anomaly matching, SCI:

IA IB

dual for N = Ñ + 2, N !odd

(BH, García-Etxebarria,
Wrase '12, forthcoming)



Duality for dP1 – Gravity Dual

H3

✓
S3 ⇥ S2

Z2
, Z̃

◆
⇠= Z2 � Z2

+

dP1 C3/Z3 O3

C2

B2
⌧ ! �1/⌧

⌧ ! ⌧ + 1
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(�+)
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IA� IA� IA+ IA+

IB+ IB+IB�IB�

?

X

�(�1)N



Seiberg Duality and Orientifolds
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S.D.

(parent)

F0 :

Seiberg
Duality: ( )

(C/Z2)



Deconfinement
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(Berkooz '95, Pouliot '95)

“Confined” “Deconfined”

W = 0 W = PQẐ + TP 2

(Z = Ẑ2)

+ flavors+ flavors––

...

Z

SU(N)

USp(N + F � 4)

SU(N)

...SU(F )

ẐP

Q

T



Deconfinement and Orientifolds
dec SD

dec SD

+

��

�
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+

��

+

II: III:



F 0
= F mod 2
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“Phase II”dP1

SU(M + F � 4)

SO(M � 4)

SU(M)

SU(F )

Ai X

Y

Q P Bi

T

Z

W = ✏ijA
iY BjX +

1

2
✏ijA

iAjZ

+ Y PQ+ TQ2Z

F ⇠= F ± 2k

dec

con

SD

...

SU(F )

SU(G)

SU(F 0)



III+III+

II�� II+�II++

IA� IA� IA+ IA+

IB+ IB+IB�IB�

II�+

III� III�

(�1)F

(�1)M

Torsion and Duality, Revisited
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Via partial resolution*: +
dP1 C3/Z3 O3

Confirmed by anomaly matching,
SCI, and small N special cases...



Summary
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IA� IA� IA+ IA+

IB+ IB+IB�IB�

?

+

��

� +

��

+

⌥

⌥

⌥

±

III+III+

II�� II+�II++

IA� IA� IA+ IA+

IB+ IB+IB�IB�

II�+

III� III�

Conclusions
More orientifolds
than expected

Other Y p,q are similar

dP0, dP1, dP2, dP3, . . .

Z2,Z2
2,Z3

2,Z4
2, . . .

Larger torsion possible:

Brane realization
not yet understood

*

*

*

*
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