
Achilleas Passias | Uppsala University

Holographic duals of 5-dimensional SCFTs on a Riemann
surface

arXiv:1807.06031

with Ibrahima Bah and Peter Weck

arXiv:1805.03661
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Compactifying Higher Dimensional Field Theories

| large classes of theories in lower dimensions

| their properties admit a description in terms of the geometry and topology

of the compact manifold
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(2,0) theory on a Riemann surface

[Maldacena, Núñez ’00] [Gaiotto, Maldacena ’09] [Bah, Beem, Bobev, Wecht ’12]

part of a domain wall geometry which at large distances asymptotes to

AdS7 × S4



D4-D8/O8 brane configuration

[Brandhuber, Oz ’99]

x0 x1 x2 x3 x4 x5 x6 x7 x8 x9

D4 × × × × × – – – – –

O8/D8 × × × × × × × × × –



N = 1 SUSY USp(2N) gauge theory

coupled to

| 1 hyper in the antisymmetric representation (Ha)

|Nf hypers in the fundamental (Hf)



| vector multiplet scalar parametrizes x9 fluctuations

| 4 Ha scalars parametrize x5-x8 fluctuations

| Hf from D4-D8 open strings
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Global Symmetries

SU(2)R × SU(2) × SO(2Nf) × U(1)I
j=∗Tr(F∧F)



| fixed point at strong coupling [Seiberg ’96]

| degrees of freedom scale asN5/2 at largeN [Jafferis, Pufu ’12]
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AdS6 ×w S4

[Brandhuber, Oz ’99]

ds2
10 = `2sΩ

[
ds2

AdS6
+ 4

9dα
2 + cos2(α)ds2

S3

]
, Ω =

18π2N

n0sin2/3(α)

e−4φ =
9Nn3

0 sin10/3(α)

8π2 , F4 =
80
9
`3sπN cos3(α) sin1/3(α)volS3
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AdS6 ×w S4

[Brandhuber, Oz ’99]

ds2
10 = `2sΩ

[
ds2

AdS6
+ 4

9dα
2

[−π2 , 0)

+cos2(α)ds2
S3

]
, Ω =

18π2N

n0sin2/3(α)

e−4φ =
9Nn3

0 sin10/3(α)

8π2 , F4 =
80
9
`3sπN cos3(α) sin1/3(α)volS3

SO(5)→ SO(4) ≡ SU(2)R × SU(2)



are there 3D SCFTs produced by

the 5D SCFT on a Riemann surface?



look for AdS4 solutions



SUSY on R1,4

dε = 0



SUSY on R1,2 × Σ
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4ω
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ε = 0



SUSY on R1,2 × Σ

(
d+ 1

4ω
abγab+AR︸ ︷︷ ︸

=0

)
ε = 0
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Jh = JR



SUSY on R1,2 × Σ

U(1)holonomy ≡ U(1)R, U(1) ⊂ SU(2)R, SU(2)

Jh = JR + zJ



AdS4 ×M6

S4
U(1)R×U(1) −→ M6y

Σg



N = 2 supersymmetric AdS4 × Y

M-theory
[Gabella,Martelli,AP,Sparks ’12]

Type IIB
[AP,Solard,Tomasiello ’17]

Type IIA
[AP,Prins,Tomasiello ’18]



Background

ds2
10 = e2A

(
ds2

AdS4
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+

φ, H, Fpeven

preserving the symmetries of AdS4
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Supersymmetry

∃ ε1,2 : δε1,2ψ = 0 = δε1,2λ
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Supersymmetry

ηI1+ ηJ2+

so(2)R ' u(1)R
R-symmetry



G-structure

SO(6)

⇒
G

stabilizer



G-structure

M6 acquires a G-structure characterized by a set of tensors

constructed as bilinears of {ηI1+, ηJ2+}



G-structure

G =


SU(2)

identity



SU(2)-structure

{w, j, ω}

ιwj = 0 = ιwω j∧ω = 0 j∧ j = 1
2ω∧ω
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Supersymmetry Equations

δε1,2ψ = 0 = δε1,2λ

 

constraints on {ηI1+, ηJ2+}

 
constraints onΦIJ±(w, j, ω)

 

constraints on SU(2)-structure {w, j, ω}



Generic Geometry

ds2
M6

= ww(y,ψ) + ds2
M4

Base

(xi)
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| gij : conformally Kähler
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Generic Geometry

ds2
M6

=
1

e4A − y2dy
2+

1
4
(1−e−4Ay2)(dψ+ρ)2+gij(y, xi)dxidxj

| ∂ψ generates U(1)R

| gij conformally Kähler
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ds2
M4

= e2W(dx2
1 + dx

2
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Σg

+e2Z[(dτ+ V1)
2 + e2C(dϕ+ V2)

2]

| ∂ϕ Killing vector generating second U(1)

| keep F0, F4, φ
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General System

ds2
10 = e2A[ds2

AdS4
+ 1

4H[(e
2W(dx2

1 + dx
2
2) + 4hijηiηj + gijt

itj)]

i, j = ±, η± = dφ±+ 1
2∗2d2∂±D0, (∂2

x1
+∂2

x2
)D0 = e2W



Constant Curvature

ds2
10 =

H−1/2

3
2

1/6
µ

1/3
0 F

2/3
0

(ds2(AdS4) + e
2νds2(Σg) + ds

2(M4))

H =
2

3µ2
0 + 4(1 − µ2

0)q(θ)
q(θ) = a+ cos2 θ+ a− sin2 θ



Constant Curvature

ds2(M4) =
1
3

1
q(θ)

dµ2
0

1 − µ2
0
+

(1 − µ2
0)

2a+a−
Hds2(M3)

ds2(M3) = q(θ)

(
dθ− (a+ + a−)

sin(2θ)
2q(θ)

µ0dµ0

1 − µ2
0

)2

+ a− cos2(θ)η2
+ + a+ sin2(θ)η2

−

η± = dφ± − 2(κ± z)V , θ ∈ [0,π/2], µ0 ∈ [0, 1]



Free Energy

F =
πL2

AdS4

2G4
=

16π3

(2π`s)8

∫
e8A−2φvol(M6)



Free Energy

Fg 6=1 =
8π
5

2(1 − g)N5/2

κn
1/2
0

Fz(z, κ)

Fz(z, κ) =
(|z2 − κ2|)3/2(

√
κ2 + 8z2 − κ)

(14z2 − κ2 + κ
√
κ2 + 8z2)3/2

Reproduced by

[Crichigno, Jain, Willett ’18] and [Hosseini, Yaakov, Zaffaroni ’18]
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The End


