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MOTIVATION

Maldacena’s conjecture suggests interrelation between

IIB superstrings in AdS(5) x S(5) background

and

N=4, D=4, SYM
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start with superstring field action in AdS(5) x S(5)

SAdS(Φ)

solve Dirichlet problem

δSAdS(Φ̄)

δΦ̄
= 0

Φ̄|boundary = ϕ

SAdS(Φ̄) = SCFT (ϕ)

SCFT (ϕ)

generating function of correlators of SYM
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Light-cone gauge is a nice approach for study of IIB
superstring field theory in flat space

Green, Schwarz

Light cone approach to fields in AdS might be very useful
for studying AdS/CFT correspondence
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AdS/CFT correspondence provides relations between

fields in AdS

and

boundary currents and shadow fields

conformal fields also arise in some interesting way
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normal solution
massless AdS fields ⇐⇒ boundary conserved currents

ϕAdS(x, z) ∼ z∆ϕcur(x)

non-normal solution
massless AdS fields ⇐⇒ boundary canonical shadows

ϕAdS(x, z) ∼ zd−∆ϕsh(x)

normal solution
massive AdS fields ⇐⇒ boundary anomalous currents

non-normal solution
massive AdS fields ⇐⇒ boundary anomalous shadows
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canonical shadows leads to short conformal fields

anomalous shadows leads to long conformal fields
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In covariant approach

AdS field number of tensorial D.o.F and boundary fields
is different

In light-cone approach

AdS field tensorial number of D.o.F and boundary fields
is the same

0-



Plan

1. Light-cone gauge dynamics of fields in AdS

2. Light-cone gauge description of currents and

shadows

3. Light-cone gauge description conformal fields

our purpose

we demonstrate that that light-cone gauge dynam-
ics of fields in AdS

leads automatically

to light-cone gauge formulation of currents,

shadows, and conformal fields
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Light cone gauge dynamics of
fields in AdS(d+1)

Poincare coordinates

ds2 =
1

z2
(−dx0dx0 + dxidxi + dxd−1dxd−1 + dzdz)

Light-cone coordinates

x± , xi i = 1, . . . d− 2

x± ≡
1√
2
(xd−1 ± x0)

ds2 =
1

z2
(2dx+dx− + dxidxi + dzdz)
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spin-1 in AdS(d+1). massless

Maxwell equation in AdS backround

DµF
µν = 0 , Fµν = ∂µϕν − ∂νϕµ

gauge symmetry

δϕµ = ∂µξ

ϕµ = ϕ+, ϕ−, ϕi, ϕz

light-cone gauge

ϕ+ = 0

Use EOM

DµF
µ+ = 0 0-



spin-1. massless

ϕ− = −
∂i

∂+
ϕi −

1

∂+
(∂z +

d− 2

z
)ϕz

Remaining fields

ϕi ϕz dynamical

DµF
µi = 0 DµF

µz = 0
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spin-1. massless

Decoupled equations

(�+ ∂2z −
1

z2
(ν1

2 −
1

4
))ϕi = 0

(�+ ∂2z −
1

z2
(ν0

2 −
1

4
) )ϕz = 0

ν1 = d−2
2 , ν0 = d−4

2
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spin-1. massless

|ϕ⟩ = (αiϕi + αzϕz)|0⟩

αI = αi, αz

ϕI = ϕi, ϕz

|ϕ⟩ = αIϕI |0⟩
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spin-1. massless

(�+ ∂2z −
1

z2
A)|ϕ⟩ = 0

A = ν2 −
1

4

ν = κ−Nz

κ ≡
d− 2

2

Nz ≡ αzᾱz

0-



Light cone gauge Lagrangian

L = ⟨ϕ|(�+ ∂2z −
1

z2
A)|ϕ⟩

turns out to be valid for everything in AdS
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spin-s. massless

|ϕ⟩ ≡ ϕI1...IsαI1 . . . αIs|0⟩
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spin-s. massless

L = ⟨ϕ|(�+ ∂2z −
1

z2
A)|ϕ⟩

A = ν2 −
1

4

ν = κ−Nz

κ = s+
d− 4

2

Nz = αzᾱz
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spin-s. massive

|ϕ⟩ ≡ ϕI1...IsαI1 . . . αIs|0⟩

+ ϕI1...Is−1ζαI1 . . . αIs−1|0⟩

+ ϕI1...Is−2ζ2αI1 . . . αIs−2|0⟩

+ .................

+ .................

+ ϕIζs−1αI |0⟩

+ ϕζs|0⟩
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spin-s. massive

L = ⟨ϕ|(�+ ∂2z −
1

z2
A)|ϕ⟩

A = ν2 −
1

4

ν = κ+Nζ −Nz

κ = E0 −
d

2

Nζ = ζζ̄ , Nz = αzᾱz
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Space-time symmetries in AdS(d+1)

P i = ∂i , P+ = ∂+ ,

D = x+P− + x−∂+ + xi∂i + z∂z +
d− 1

2
,

J+− = x+P− − x−∂+ ,

J+i = x+∂i − xi∂+ ,

J ij = xi∂j − xj∂i +Mij ,

Ki = −
1

2
(2x+x− + xixj + z2)∂i + xiD +Mijxj −Mziz ,

P− = −
∂i∂i + ∂2z

2∂+
+

1

2z2∂+
A

J−i = ...

K− = ...
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Basic equations for operators A and Mij, Mzi

2{Mzi, A} − [[Mzi, A], A] = 0

[Mzi, [Mzj, A]] + {M il,M lj} − {Mzi,Mzj}

= δij(−A+
1

2
M ijM ij + ⟨Cso(d,2)⟩+

d2 − 1

4
)

Mij generators of so(d− 2) algebra

Mij,Mzi generators of so(d− 1) algebra
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spin-1 current in Rd−1,1: covariant
approach

Ja conserved current

∂aJa = 0

∆ = d− 1
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spin-1 current: light-cone gauge
approach

Ja = J+, J−, J i

J+, Ji dynamical field

J− auxiliary field

∂+J− + ∂−J+ + ∂iJ i = 0

J− = −
∂i

∂+
J i −

∂−

∂+
J+

∂+ invertible operator in light-cone gauge
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spin-1 current: LC approach

ϕicur ≡ J i

ϕcur ≡
1

∂+
J+

∆(ϕicur) = d− 1

∆(ϕcur) = d− 2
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spin-1 current: LC approach

|ϕcur⟩ = (αiϕicur + αzϕcur)|0⟩

∆ =
d

2
+ ν

ν = κ−Nz

κ ≡
d− 2

2

Nz ≡ αzᾱz
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spin-s current

|ϕcur⟩ ≡ ϕ
I1...Is
cur αI1 . . . αIs|0⟩

∆ =
d

2
+ ν

ν = κ−Nz

κ ≡ s+
d− 4

2

Nz ≡ αzᾱz
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spin-1 shadow : covariant approach

Φa vector field

δΦa = ∂aξ

∆ = 1

Definition

shadow field = Φa/(gauge group)

0-



spin-1 shadow : covariant approach

Two-point function

Γ =
∫

ddx1d
dx2L12 ,

L12 ≡ Φa(x1)
Oab

|x12|2d−2
Φb(x2) ,

O ≡ ηab − 2
xa12x

b
12

|x12|2

|x12|2 ≡ xa12x
a
12 , xa12 = xa1 − xa2 .
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spin-1 shadow: LC approach

Φa = Φ+, Φ−, Φi

Φ−, Φi dynamical field

Φ+ auxiliary field

δΦ+ = ∂+ξ

Φ+ gauged away

∂+ invertible operator in light-cone gauge
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spin-1 shadow: LC approach

ϕish ≡ Φi

ϕsh ≡ ∂+Φ−

∆(ϕish) = 1

∆(ϕsh) = 2
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spin-1 shadow: LC approach

Two-point function

Γ =
∫

ddx1d
dx2 L12 ,

L12 =
ϕish(x1)ϕ

i
sh(x2)

2|x12|2(d−1)
+

1

4(d− 2)2
ϕsh(x1)ϕsh(x2)

|x12|2(d−2)
,
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spin-1 shadow: LC approach

|ϕsh⟩ = (αiϕish + αzϕsh)|0⟩

∆ =
d

2
− ν

ν = κ−Nz

κ ≡
d− 2

2

Nz ≡ αzᾱz
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spin-1 shadow: LC approach

Two-point function

Γ =
∫

ddx1d
dx2L12 ,

L12 ≡ ⟨ϕsh(x1)|
fν

|x12|2ν+d
|ϕsh(x2)⟩ ,

fν ≡
4νΓ(ν + d

2)Γ(ν +1)

4κΓ(κ+ d
2)Γ(κ+1)

,
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spin-s shadow

|ϕsh⟩ ≡ ϕ
I1...Is
sh αI1 . . . αIs|0⟩

∆ =
d

2
− ν

ν = κ−Nz

κ ≡ s+
d− 4

2

Nz = αzᾱz
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spin-s shadow

Two-point function

Γ =
∫

ddx1d
dx2 L12 ,

L12 ≡ ⟨ϕsh(x1)|
fν

|x12|2ν+d
|ϕsh(x2)⟩ ,

fν ≡
4νΓ(ν + d

2)Γ(ν +1)

4κΓ(κ+ d
2)Γ(κ+1)

,

ν = κ+ N̂

κ = E0 −
d

2

0-



regularization

κ− κint = −2ε , κint − integer

νint ≡ κint + N̂

1

|x|2ν+d
ε∼0∼

1

ε
�νintδ(d)(x)
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Γ
ε∼0∼ 1

ε

∫
ddx L ,

L = ⟨ϕ|�νint|ϕ⟩
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Example. spin-2 short conformal
field

|ϕ⟩ = (ϕijαiαj + ϕiαiαz + ϕαzαz)|0⟩

L = ϕij�d/2ϕij + ϕi�(d−2)/2ϕi + ϕ�(d−4)/2ϕ

ϕij, ϕi, ϕ fields of so(d− 2)
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Example. spin-2 short conformal
field

d=4

L = ϕij�2ϕij + ϕi�ϕi + ϕϕ

4 + 2 + 0 = 6

light-cone gauge agrees with Fradkin and Tseytlin
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Example. spin-2 long conformal
field

Field content

ϕij

ϕi−1 ϕi1

ϕ−2 ϕ0 ϕ2
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Example. spin-2 long conformal
field

L = ϕij�κϕij

+ ϕi−1�κ−1ϕi−1 + ϕ1�κ+1ϕi1

+ ϕ−2�κ−2ϕ−2 + ϕ0�κϕ0 + ϕ2�κ+2ϕ2

κ = E0 −
d

2
integer
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Operator ν is known for

1. Arbitrary spin totally symmetric massless

and massive fields in AdS(d+1)

2. Arbitrary spin mixed-symmetry massless

and massive fields in AdS(5)

3. Type IIB supergravity in AdS(5) x S(5)
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