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Totally symmetric conformal field in Rd−1,1

ϕs = ϕa1...as

∆ =
d

2
− κ

L = ϕs�κϕs

Three arbitrary integer labels

s, κ, d
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Short conformal field

κ = s+
d− 4

2
, d− even

Partial-short conformal field

κ = s+
d− 4

2
− t, d− even

t = 1,2, . . . , s− 1

Long conformal field

κ > s+
d− 4

2
, κ− integer
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In AdS/CFT

Conformal field in Rd−1,1 with

∆ =
d

2
− κ

is dual to -non-normalizable modes of field

in AdSd+1 with

E0 =
d

2
+ κ
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Short conformal spin-2 field in R3,1 (Weyl
Gravity)

Z =
(D1)

3

(D2)2

nDoF =9× 2− 4× 3= 6

Dn ≡
√
det(−�)

for rank-n traceleess tensor field

Fradkin, Tseytlin 1981
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also nDoF by Dirac method

Nieuwenhuizen, Lee 1982
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Short conformal arbitrary spin-s field in R3,1

(Fradkin-Tseytlin fields)

L = ϕs�sϕs

Z =
(Ds−1)

s+1

(Ds)s

nDoF = s× (s+1)2 − (s+1)× s2

= s(s+ 1)

Fradkin, Tseytlin 1985
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Short conformal arbitrary spin-s field in Rd−1,1

Z =
(Ds−1)

νs+1

(Ds)νs
νs ≡ s+

d− 4

2

nDoF = νsn
so(d)
s − (νs + 1)nso(d)s−1

=
1

2
(d− 3)(2s+ d− 2)(2s+ d− 4)

(s+ d− 4)!

(d− 2)!s!

Tseytlin 2013

also nDoF by light-cone gauge method

RRM 2007
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Partial-short maximal-dept conformal spin-
s field in R3,1

Z =
(D0)

s+1

(Ds)

nDoF = s(s+1)

κ = s+
d− 4

2
− t

κ = 1 , d = 4, t = s− 1

Beccaria, Tseytlin 2015
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Long conformal arbitrary spin-s field in Rd−1,1

Z =
1

(Ds)κ

nDoF = κnso(d)s

nso(d)s ≡ (2s+ d− 2)
(s+ d− 3)!

(d− 2)!s!

nDoF = κ×(DoF massive field in (d+1) dimensions)
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Partial-short conformal spin-s field in Rd−1,1

Z =
(Ds−1−t)

s+d−2
2

(Ds)κ

κ = s+
d− 4

2
− t

nDoF =
(2s+ d− 2)(2s+ d− 4− 2t)(s+ d− 4)!

2(d− 2)!s!

×
(
s+ d− 3− s

(s− t)t
(s− t+ d− 3)t

)
,

0-



Arbitrary values of κ, s, d

L = ϕs�κϕs

ϕs traceless rank-s tensor field of so(d− 1,1)

higher-derivative Lagrangian

Vasiliev 2009

0-



spin-1

L = −
1

4
F abF ab

F ab = ∂aϕb − ∂bϕa

L =
1

2
ϕa�ϕa +

1

2
L2

L = ∂aϕa

�ϕa = 0 L = 0
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Apply Faddeev-Popov procedure

Step 1. Introduce

Faddeev-Popov fields

c̄ c

Nakanishi-Lautrup field

b
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Step 2.

LBRST = L+ Lg.fix

Lg.fix = −bL+ c̄�c+
1

2
ξb2

ξ = 0 Landau gauge

ξ = 1 Feynman gauge
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BRST
sϕa = ∂ac

sc = 0

sc̄ = b

sb = 0
anti-BRST

s̄ϕa = ∂ac̄

s̄c = −b

s̄c̄ = 0

s̄b = 0

s2 = 0 s̄2 = 0 s̄s+ s̄s = 0

OFF-SHELL
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Step 3.

Feynman gauge ξ = 1

Integrate out field b

L =
1

2
ϕa�ϕa + c̄�c

Z =
D2

0

D1
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BRST
sϕa = ∂ac

sc = 0

sc̄ = L

anti-BRST
s̄ϕa = ∂ac̄

s̄c = −L

s̄c̄ = 0

s2 = 0 s̄2 = 0

ON-SHELL for c and c̄
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spin-2 in R3,1 (Weyl gravity)

ϕab−1 ϕab1

ϕa0

∆(ϕk′) =
d− 2

2
+ k′
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L =
1

2
ϕab−1�ϕab1 −

1

4
ϕaa−1�ϕbb1 +

1

2
ϕa0�ϕa0

+ La
−1L

a
1 +

1

2
L0L0

−
1

4
ϕab1 ϕab1 +

1

8
ϕaa1 ϕbb1

La
−1 = ∂bϕab−1 −

1

2
∂aϕbb−1 + ϕa0

La
1 = ∂bϕab1 −

1

2
∂aϕbb1

L0 = ∂aϕa0 +
1

2
ϕbb1
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δϕab−1 = ∂aξb−1 + ∂bξa−1 + ηabξ0

δϕab1 = ∂aξb1 + ∂bξa1

δϕa0 = ∂aξ0 − ξa1

Faddeev-Popov fields

c̄a−1 ca−1 , c̄a1 ca1 c̄0 c0

Nakanishi-Lautrup field

ba−1 ba1 , b0
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LBRST = L+ Lg.fix

Lg.fix = −ba1L
a
−1 − ba−1L

a
1 − b0L0

+ ξba1b
a
−1 +

1

2
ξb20

+ c̄a1�ca−1 + c̄a−1�ca1 + c̄0�c0

− c̄a1c
a
1

Use Feynman gauge ξ = 1

Integrate out Nakanishi-Lautrup fields
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LBRST =
1

2
ϕab−1�ϕab1 −

1

4
ϕaa−1�ϕbb1 +

1

2
ϕa0�ϕa0

−
1

4
ϕab1 ϕab1 +

1

8
ϕaa1 ϕbb1

+ c̄a1�ca−1 + c̄a−1�ca1 + c̄0�c0

− c̄a1c
a
1
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Solution for auxiliary fields

ϕab1 = �ϕab−1

ca1 = �ca−1

c̄1
a = �c̄a−1
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L =
1

2
ϕab−1�2ϕab−1 −

1

4
ϕaa−1�2ϕbb−1 +

1

2
ϕa0�ϕa0

+ c̄a−1�2ca−1 + c̄0�c0

Z =
D4

1D
2
0

D2
2D

2
0D1

=
D3

1

D2
2

Dn =
√
det(−�)
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Arbitrary spin-s conformal field

double traceless fields

ϕ
a1...as′
λ,k′

s′ = 0,1, . . . , s

λ ∈ [s− s′]2

k′ ∈ [κ− 1+ λ]2

p ∈ [q]2 ⇐⇒ p = −q,−q +2, . . . , q − 2, q
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Lagrangian

L =
∑

λ,k′,s′
Ls′
λ,k′

Ls′
λ,k′ = ϕs

′�ϕs
′
+ ϕs

′
ϕs

′

+ Ls′Ls′

Ls′ = ∂aϕaa1...as′ −
1

2
∂a1ϕaaa2...as′

+ ϕa1...as′

+ η(a1a2ϕa3...as′)

0-



δϕa1...as′ = ∂(a1ξa2...as′)

+ ξa1...as′

+ η(a1a2ξa3...as′)
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Apply Faddeev-Popov procedure

Faddeev-Popov fields

c̄a1...as′ ca1...as′

Nakanishi-Lautrup fields

ba1...as′
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LBRST = L+ Lg.fix

Lg.fix =
∑
s′

Ls′
g.fix

Ls′
g.fix = bs

′
Ls +

1

2
ξbs

′
bs

′

+ c̄s
′�cs

′

+ c̄s
′
cs

′
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