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Light-ray operators

Operator Product Expansion

J(x)J(0) ∼
∑

N

CN (x2, µ2)ON (µ2) (1)

Twist: t = dimension − spin: Ot=2
µ1...µN

= Sym q̄γµ1
Dµ2

. . .DµN q − Traces

Higher twist effects

exclusive and semi-inclusive reactions
Belitsky, Mueller, NPB 589, 2000,

Kivel, Polyakov, Vanderhaeghen, PRD, 63 2001)

diffractive electroproduction of vector mesons
Anikin, Ivanov, Pire, Szymanowski, Wallon, 2009

single spin asymmetry
Eguchi, Koike, Tanaka, 2007; Kang, Qiu, 2009, etc

higher twist hadronic wave functions
Braun, Filyanov, 90; Ball, Braun, Lenz, 2006, Braun, Fries, Mahnke, Stein, 2000, etc
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Light-ray operators

Higher twist operators= quasipartonic + nonquasipartonic.

Quasipartonic operators:
Bukhvostov, Frolov, Lipatov, Kuraev, 1985 (BFLK)

Nonquasipartonic operators:
Avoid them if it is possible

To understand the renormalization of the twist-4 baryonic wave functions.
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Light-ray operators

Light-ray operators:

Ot=2
µ1...µN

= Sym q̄γµ1
Dµ2

. . .DµN q − Traces

Ot=2
µ1...µN

⇔ ON (n) = n
µ1 . . .nµNOt=2

µ1...µN
, n

2 = 0

Nonlocal-operator = generating function for local operators

O(nz) =

∞∑

N=1

zN

N !
ON (n) = q̄(0)γ+[0, zn]q(zn) .

Including total derivatives:

O(nz)→ O(nz1,nz2)→ O(z1, z2) = q̄(z1n)γ+[z1n, z2n]q(z2n)
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Light-ray operators

RG-equation (
µ
∂

∂µ
+ β(g)

∂

∂g
+
αs

2π
H

)
[O(z1, z2)]R = 0 , (2)

where H is the integral operator

[H · O](z1, z2) = 2CF

{∫ 1

0

dα

α

[
2O(z1, z2)− ᾱO(zα12, z2)− ᾱO(z1, z

α
21)
]

−

∫ 1

0

dα

∫ ᾱ

0

dβO(zα12, z
β
21)−

3

2
O(z1, z2)

}
, (3)

where zα12 = z1(1− α) + z2α.

H is invariant under SL(2,R) transformations of light-ray, z →
az + b

cz + d
.

Equation (3)⇒DGLAP, ERBL, GPD

ϕAB(z1, z2) = 〈A|O(z1, z2)|B〉 .
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Light-ray operators

Bukhvostov, Frolov, Lipatov, Kuraev, 1985 (BFLK)
Renormalization of quasipartonic operators:

O(z1, . . . , zN ) = Φ(z1)⊗Φ(z2) . . .Φ(zN )

t=N (number of fields in the operator)

Quasipartonic Operators are closed under renormalization.

Hamiltonian H has two-particle form

H =
∑

ik

Hik

All two-particle kernels are SL(2,R) invariant.

• In this work:

Extend this analysis to nonquasipartonic operators
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Building blocks for operators:

q, q̄, Fµν , Dµq, DµDνq, DµDνDρq, . . .

Tensor properties

Equations of motion (EOM)

Baryonic twist-4 operator

ǫijku
↑
i (z1)C /nγ⊥/pu

↓
j (z2)γ⊥/nd↓(z3)
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xαα̇ = xµ(σµ)αα̇ , x̄α̇α = xµ(σ̄µ)α̇α ,

where σµ = (1l, ~σ), σ̄µ = (1l,−~σ).

q =

(
ψα

χ̄β̇

)
, q̄ = (χβ, ψ̄α̇) (4)

where ψα, χ̄β̇ are two-component Weyl spinors, ψ̄α̇ = (ψα)†, χα = (χ̄α̇)†. The gluon
strength tensor Fµν is decomposed as

Fαβ,α̇β̇ = σµαα̇σ
ν
ββ̇Fµν = 2

(
ǫα̇β̇fαβ − ǫαβ f̄α̇β̇

)
(5)

where fαβ and f̄α̇β̇ are chiral and antichiral symmetric tensors, f ∗ = f̄

i F̃αβ,α̇β̇ = 2(ǫα̇β̇ fαβ + ǫαβ f̄α̇β̇) (6)

uα = ǫαβuβ , ūα̇ = ūβ̇ǫ
β̇α̇, (uv) = (uαvα), (ūv̄) = (ūα̇v̄α̇).

Fiertz identity: (ab)(cd) = (ac)(bd)− (ad)(bc)
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ψα, χα, ψ̄α̇, χ̄α̇, fαβ, f̄α̇β̇

Φ(x) = {ψξ = ξαψα(x), fξ(x) = ξαξβfαβ(x) . . .}

i [Pαα̇,Φ(x)] = ∂αα̇Φ(x)

i [D,Φ(x)] =
1

2

(
xαα̇∂

αα̇ + 2t + ξα
∂

∂ξα
+ ξ̄α̇

∂

∂ξ̄α̇

)
Φ(x)

i [Mαβ ,Φ(x)] =
1

4

(
xαγ̇∂β

γ̇ + xβγ̇∂α
γ̇ − 2ξα

∂

∂ξβ
− 2ξβ

∂

∂ξα

)
Φ(x) (7)

i [M̄α̇β̇ ,Φ(x)] =
1

4

(
xγα̇∂

γ
β̇ + xγβ̇∂

γ
α̇ − 2ξ̄α̇

∂

∂ξ̄β̇
− 2ξ̄β̇

∂

∂ξ̄α̇

)
Φ(x)

i [Kαα̇,Φ(x)] =

(
xαγ̇xγα̇ ∂

γγ̇ + 2txαα̇ + 2ξαx̄
β

α̇

∂

∂ξβ
+ 2ξ̄α̇xαβ̇

∂

∂ξ̄β̇

)
Φ(x) .

Mαβ, M̄α̇β̇ are the generators of Lorentz group.

T
s,̄s : T

αβ . . . γ︸ ︷︷ ︸
2S

,α̇β̇ . . . γ̇︸ ︷︷ ︸
2S̄
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Operator basis

Oαβγ,α̇β̇γ̇ = Dαα̇ψ̄γ̇Dββ̇ψγ

Total symmetrization: Oαβγ,α̇β̇γ̇ → λαλβλγλ̄α̇λ̄β̇ λ̄γ̇Oαβγ,α̇β̇γ̇ ≡ O+++,+++

Partial symmetrization ǫαβOαβγ,α̇β̇γ̇ → λγ λ̄α̇λ̄β̇λ̄γ̇ǫαβOαβγ,α̇β̇γ̇ ≡ ǫ
αβOαβ+,+++

(µλ)ǫαβOαβ+,+++ = (µαλβ − λαµβ)Oαβ+,+++ = O−++,+++ −O+−+,+++ =

= D−+ψ̄+D++ψ+ −D++ψ̄+D−+ψ+

′′+′′ - contraction with λ, ′′−′′ - contraction with µ (ψ+ = λαψα, ψ− = µαψα)
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Operator basis

λ and µ define two light-like vectors:
nαα̇ = λαλ̄α̇, ñαα̇ = µαµ̄α̇, n2 = ñ2 = 0

xαα̇ = z λαλ̄α̇ + z̃ µαµ̄α̇ + w λαµ̄α̇ + w̄ µαλ̄α̇

(µλ)ψα = λαψ− − µαψ+ ,

(µλ)2
fαβ = λαλβf−− − (λαµβ + µαλβ)f+− + µαµβ f++

ψ+, ψ−, f++, f+− . . . . . . ,D++,D−−,D−+,D+−

D++ = 2∂z , D−− = 2∂z̃ , D+− = 2∂w, D−+ = 2∂w̄
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Operator basis

SL(2,R) subgroup which maps line zλαλα̇ to itself.

S+ =
i

2
K−− S− = −

i

2
P++, S0 =

i

2
(D −M−+ − M̄−+) (8)

[S+,S−] = 2S0 [S0,S±] = ±S± (9)

z −→ z
′ =

az + b

cz + d

Φ(z) ≡ Φ(z, 0, 0, 0)

Φ(z) =
1

(cz + d)2j
Φ(z ′)

S+ = z
2∂z + 2jz S0 = z∂z + j S− = −∂z

j = 1/2 : ψ−, χ−, ψ̄−, χ̄−, f−−, f̄−−

j = 1 : ψ+, χ+, ψ̄+, χ̄+, f+−, f̄+−

j = 3/2 : f++, f̄++ (10)

Operators with derivatives ??
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Operator basis

V. Braun, A. M., J. Rohrwild (2008)

Basis with all derivatives is overcompleted

In general fields with derivatives have “bad” SL(2,R) transformation properties.

[Dw̄ψ+](z)−does not transform in proper way under SL(2,R)

ψ+(x)→
1

(1 + zǫ)2

{
ψ+

(
z

1 + ǫz
, z̃,

w

1 + ǫz
,

w̄

1 + ǫz

)
+ ǫzw̄ψ−

(
. . .

)}

[DwDz̃ψ+](z) =
1

(1 + zǫ)3
[DwDz̃ψ+]

(
z

1 + ǫz

)
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Operator basis

ψ+(z, z̃ ,w, 0) =
∑

n,k

z̃k

k!

wn

n!
[Dn

wD
k
z̃ψ+](z)

ψ−(z, z̃ , 0, w̄) =
∑

n,k

z̃k

k!

w̄n

n!
[Dn

w̄D
k
z̃ψ−](z)

ψ̄+(z, z̃, 0, w̄), ψ̄−(z, z̃,w, 0) f++(z, z̃,w, 0), f+−(z, z̃ , 0, 0), . . .

Operators which appear in the expansion of these fields form the complete basis

[Dw̄ψ+](z) ≡ [D−+ψ+](z) = [D++ψ−](z) + EOM = 2∂zψ−(z) + EOM
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Operator basis

Representation of full conformal group

j = 1/2 j = 1 j = 3/2 j = 2 j = 5/2

E = 1 ψ+

E = 2 ψ− Dwψ+

E = 3 Dw̄ψ−, Dz̃ψ+ D2
wψ+

E = 4 Dz̃ψ− D2
w̄ψ−, DwDz̃ψ+ D3

wψ+
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Operator basis

A generic operator has the form

S ψ̄j1,k1

+ (z1)⊗ f
j2,k2

++ (z2)⊗ ψj3,k3

− (z3)

Quasipartonic operators=only “+” fields BFLK,1985

This work=“+” fields+(one “−” field or one transverse derivative D+−, D−+).
M. Okawa (1980-1981),
E. Shuryak, A. Vainshtein, 1982
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Φ(z1)⊗ Φ(z2)− operator with open color indices

+

+ + +
c)

+

+
b)

+ +

+ +
a)

+ +
d)

+ ++ +
e)

∣∣∣

Light-cone gauge: A++ = 0 - SL(2,R) invariant condition.

[Φ ⊗Φ]R(z1, z2) = [Φ ⊗Φ]B(z1, z2) +
αs

4πǫ
[H(2→2)Φ⊗ Φ](z1, z2)

+
αs

4πǫ
[H(2→3)Φ⊗ Φ⊗ Φ](z1, z2) + . . . (11)

Hamiltonians H(2→2), H(2→3) are SL(2,R) invariant operators.
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Invariant Hamiltonians

[Hϕ](z1, z2) =

∫ 1

0

dα

∫ 1

0

dβ ᾱ2j1−2β̄2j2−2 ω

(
αβ

ᾱβ̄

)
ϕ(zα12, z

β
21) ,

[Ĥ ϕ](z1, z2) =

∫ 1

0

dα

α

[
2ϕ(z1, z2)− ᾱ2j1−1ϕ(zα12, z2)− ᾱ2j2−1ϕ(z1, z

α
21)
]
, (12)

[H+ϕ](z1, z2) =

∫ 1

0

dα

∫ ᾱ

0

dβ ᾱ2j1−2β̄2j2−2 ϕ(zα12, z
β
21) , (13)

[H̃+ϕ](z1, z2) =

∫ 1

0

dα

∫ ᾱ

0

dβ ᾱ2j1−2β̄2j2−2

(
αβ

ᾱβ̄

)
ϕ(zα12, z

β
21) , (14)

Eigenfunctions: ψn(z1, z2) = (z1 − z2)n :

Eigenvalues: Hψn(z1, z2) = Enψn(z1, z2) H ↔ En

Ên = ψ(n + 2j1) + ψ(n + 2j2)− 2ψ(1)

= ψ(J + j1 − j2) + ψ(J + j2 − j1)− 2ψ(1)

where J = n + j1 + j2, SL(2,R)−Casimir operator C2 = J(J − 1).
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2 → 2: Quasipartonic sector

ΦA
+(z1)⊗ ΦB

+(z2), where A,B-color indices BFLK, 1985

[HΦA
+ ⊗ ΦB

+](z1, z2) =− 2t
c
AA′ ⊗ t

c
BB′ [H1ΦA′

+ ⊗ ΦB′

+ ](z1, z2)

− 2(tB′
t

B)AA′ [H2ΦA′

+ ⊗ ΦB′

+ ](z1, z2) + . . . (15)

ta = T a for ψ, χ̄, ta = (−T a)t for ψ̄, χ, ta
bc = if bac for f , f̄

Universal term

H1(J) = ψ(J + ∆) + ψ(J −∆)− 2ψ(1) (16)

∆ = |h1 − h2|, h1, h2 are the helicities of the fields,

ψ
h=1/2
+ , ψ̄

h=−1/2
+ , f

h=1
++ , f̄

h=−1
++

One of fields is f or f̄

H2(J) = (−1)J−∆ Γ(2∆)Γ(J −∆)

Γ(J + ∆)
(17)
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+(z2), where A,B-color indices BFLK, 1985

[HΦA
+ ⊗ ΦB

+](z1, z2) =− 2t
c
AA′ ⊗ t

c
BB′ [H1ΦA′

+ ⊗ ΦB′

+ ](z1, z2)

− 2(tB′
t

B)AA′ [H2ΦA′

+ ⊗ ΦB′

+ ](z1, z2) + . . . (15)

ta = T a for ψ, χ̄, ta = (−T a)t for ψ̄, χ, ta
bc = if bac for f , f̄

Universal term

H1(J) = ψ(J + ∆) + ψ(J −∆)− 2ψ(1) (16)

∆ = |h1 − h2|, h1, h2 are the helicities of the fields,

ψ
h=1/2
+ , ψ̄

h=−1/2
+ , f

h=1
++ , f̄

h=−1
++

One of fields is f or f̄

H2(J) = (−1)J−∆ Γ(2∆)Γ(J −∆)

Γ(J + ∆)
(17)
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2 → 2: Nonquasipartonic sector

Φ− ⊗ Φ+ = {ψ− ⊗ ψ+, D−+ψ̄+ ⊗ ψ+, f+− ⊗ f++ . . .}.

VΦ-the special representation of full conformal group, Vψ = {ψ+, ψ−,Dwψ+, . . .}
Tensor product decomposition:

VΦ ⊗ VΦ =
∑

n

Vn HVn = EnVn

Vn = (Φ+ ⊗ Φ+)⊕ (Φ− ⊗ Φ+)⊕ . . .

Beisert, 2004, Beisert et al, 2005: H(J)→H(J), e.g ψ(J)→ ψ(J).

SL(2,R): C
SL(2)
2 = J(J − 1)

SO(4, 2): C
SO(4,2)
2 = J(J− 1)

[HΦA ⊗ΦB ](z1, z2) =− 2t
c
AA′ ⊗ t

c
BB′ [H1(J)ΦA′ ⊗ ΦB′ ](z1, z2)

− 2(tB′
t

B)AA′ [H2(J)ΦA′ ⊗ ΦB′ ](z1, z2) + . . .
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2 → 2: Nonquasipartonic sector

ψ+(z1)⊗ ψ+(z2) =
∑

N,q

ψN,q(z1, z2)ON,q

[C2, ψ+(z1)⊗ ψ+(z2)] =
∑

N,q

ψN,q(z1, z2)[C2ON,q] =
∑

N,q

[C2ψN,q(z1, z2)]ON,q

C
SO(4,2)
2 ψ+ ⊗ ψ+ = C

SL(2)
2 ψ+ ⊗ ψ+ = −∂1∂2z

2
12ψ+ ⊗ ψ+

C
SO(4,2)
2

(
ψ− ⊗ ψ+

ψ+ ⊗ ψ−

)
=

(
C

SL(2)
2 + 1/4 ∂2z21

∂1z12 C
SL(2)
2 + 1/4

)(
ψ− ⊗ ψ+

ψ+ ⊗ ψ−

)

C
SO(4,2)
2 = Ĵ(Ĵ− 1), Ĵ = −

(
0 ∂2z21

∂1z12 0

)

Eigenfunctions

ϕ±n (z1, z2) =

(
1
±1

)
z

n
12 :

C
SO(4,2)
2 ϕ+

n = (n + 2)(n + 1)ϕ+
n J = n + 2

C
SO(4,2)
2 ϕ−n = (n + 1)nϕ−n J = n + 1
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2 → 2: Nonquasipartonic sector

Hamiltonian

H

(
ψ− ⊗ ψ+

ψ+ ⊗ ψ−

)
=

(
H11 H12

H21 H22

)(
ψ− ⊗ ψ+

ψ+ ⊗ ψ−

)

H

(
a

b

)
z

n
12 =H

[
a + b

2

(
1
1

)
z

n
12 +

a − b

2

(
1
−1

)
z

n
12

]
=

a + b

2
Hϕ+

n +
a − b

2
Hϕ−n

=
a + b

2
E(n)ϕ+

n +
a − b

2
E(n − 1)ϕ−n =

(
h11(n) h12(n)
h21(n) h22(n)

)(
a

b

)
z

n
12

h11(n) = ψ(n + 2) + ψ(n + 1) − 2ψ(1) h12(n) =
1

n + 1

Oij
1 (z1, z2) = ψi

−(z1)ψj
+(z2), Oij

2 (z1, z2) = ψi
+(z1)ψi

−(z2)

[HOij
1 ](z1, z2) = −2t

a
ii′ t

a
jj′

{∫ 1

0

dα

α
[2Oi′ j′

1 (z1, z2)−Oi′j′

1 (zα12, z2)− ᾱOi′j′

1 (z1, z
α
21)]

+

∫ 1

0

dαOi′j′

2 (zα12, z2)

}
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What to do with H
(2→3) ??

Does the conformal symmetry fix off-diagonal kernels ?

Yes, It does!

One can derive the set of equations which completely determine H
(2→3) kernels.

Let us consider the operators

Oij
1 (z1, z2) = ψi

−(z1)⊗ ψj
+(z2) Oij

2 (z1, z2) = ψi
+(z1)⊗ ψj

−(z2)

Oij
+(z1, z2) = ψi

+(z1)⊗ ψj
+(z2) Oija

f (z1, z2, z3) = ψi
+(z1)⊗ ψj

+(z2)⊗ f̄
a
++(z3)

What we are looking for is

[Oij

k (z1, z2)]R ∼
1

ǫ
[H(k→f )Of ]ij(z1, z2) (18)
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[O]′R = [O]R −O
First step: Transverse derivative

∂µλ̄ψ+ = [Dµλ̄ψ+]i + igt
b
ii′A

b
µλ̄ψ

i′

+ = 2∂+ψ− + igAµλ̄ψ+ + EOM ,

∂µλ̄[ψ+(z1)⊗ ψ+(z2)]′R = [∂µλ̄ψ+(z1)⊗ ψ+(z2)]′R + [ψ+(z1)⊗ ∂µλ̄ψ+(z2)]′R

= 2∂z1
[ψ−(z1)⊗ ψ+(z2)]′R + 2∂z2

[ψ+(z1)⊗ ψ−(z2)]′R

+ ig[Aµλ̄(z1)ψ+(z1)⊗ ψ+(z2)]′R + ig[ψ+(z1)⊗Aµλ̄(z2)ψ+(z2)]′R + EOM. (19)
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+ ig[Aµλ̄(z1)ψ+(z1)⊗ ψ+(z2)]′R + ig[ψ+(z1)⊗Aµλ̄(z2)ψ+(z2)]′R + EOM. (19)

Second step: Get rid of A−fields

[ψ+(z1)⊗ ψ+(z2)]′R A
b
µλ̄(z1) + ψ+(z1)⊗ [ψ+(z2)Ab

µλ̄(z1)]′R + [ψ+(z1)Ab
µλ̄(z1)]′R ⊗ ψ+(z2)

[ψ+(z2)Ab

µλ̄(z1)]′R = [ψ+(z2)
(
A

b

µλ̄(z1)− A
b

µλ̄(z2)
)
]′R + [ψ+(z2)Ab

µλ̄(z2)]′R

= − z12(µλ)

∫ 1

0

dτ [ψ+(z2)f̄ b
++(zτ12)]′R
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[Sϕ](z1, z2) =

∫ z1

z2

ds ϕ(z1, z2, s) = z12

∫ 1

0

dτ ϕ(z1, z2, z
τ
12) . (20)

In this notation

ψ+(z1)i ⊗ [ψ+(z2)j
A

b

µλ̄(z1)]′R = −(µλ)
αs

4πǫ
[S H23O

ijb

f ](z1, z2) (21)

Oija
f (z1, z2, z3) = ψi

+(z1)⊗ ψj
+(z2)⊗ f̄++(z3)

2∂1[O1(z1, z2)]′R + 2∂2[O2(z1, z2)]′R =

= ∂µλ̄[O+(z1, z2)]′R − ig

(
A

b
µλ̄(z1)(tb ⊗ I ) + A

b
µλ̄(z2)(I ⊗ t

b)
)

[O+(z1, z2)]′R

+ (µλ)
αs

4πǫ

[
S ((tb ⊗ I )H23 − (I ⊗ t

b)H13)Ob
f

]
(z1, z2) (22)

[∆ϕ]ij(z1, z2) =
{

(tb
ii′ ⊗ Ijj′)A

b
µλ̄(z1) + (Iii′ ⊗ t

b
jj′)A

b
µλ̄(z2)

}
ϕi′j′(z1, z2) . (23)

∼ [H12,∆]O+(z1, z2), [O+(z1, z2)]′R ∼
1

ǫ
H12O+(z1, z2)
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2∑

k=1

∂k [Hk→fOf ](z1, z2) =
1

2
ig

{
[(H12∆−∆H12)O+](z1, z2)

+ (µλ)
[
S

(
(tb ⊗ I )H23 − (I ⊗ t

b)H13

)
Ob

f

]
(z1, z2) (24)

H12 = (tc ⊗ tc)×H12, [tb ⊗ I + I ⊗ tb, tc ⊗ tc] = 0. [H12,∆(A = const)] = 0

Third step: Insert the expressions for H12, H13, H23 and separate color structures

2∑

k=1

[∂kH
k→fOf ](z1, z2) = g(µλ)

3∑

i=1

Ci [(SWi − Ti)Of ](z1, z2) , (25)

where Ci are the color structures:

C1 = f
bcd(tb ⊗ t

c) , C2 = i(tb ⊗ t
d
t

b) , C3 = −i(td
t

b ⊗ t
b) , (26)
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W1 = Ĥ23 + Ĥ23 − Ĥ12 − 2(H+
23 +H+

13) , W2 = 2H−23 , W3 = 2H−13 (27)

and

T1 = V13 + V23 , T2 = V23 , T2 = V13 , (28)

with

[V13ϕ](z1, z2) =z12

∫ 1

0

dα

∫ 1

ᾱ

dβ
ᾱ

α
ϕ(zα12, z2, z

β
21) ,

[V23ϕ](z1, z2) =z12

∫ 1

0

dα

∫ 1

ᾱ

dβ
ᾱ

α
ϕ(z1, z

α
21, z

β
12) . (29)

zα12 = z1(1− α) + z2α.
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LHS = RHS

This equation is not SL(2,R) invariant!

S
+,(j1j2j3)
123 = S

+,j1
1 + S

+,j2
2 + S

+,j3
3 =

3∑

k=1

z
2
k ∂k + 2jkzk (30)

(LHS− RHS)S
+,(1,1,3/2)
123 = S

+,(1,1)
12 (LHS− RHS) + (L̃HS− R̃HS)

LHS =

2∑

k=1

∂kH
k→f = g(µλ)

3∑

i=1

Ci(SWi − Ti) = RHS , (31)

L̃HS =

2∑

k=1

∂k zk H
k→f = g(µλ)

3∑

i=1

Ci(Sz3Wi − Tiz3) = R̃HS , (32)
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∂1z12H
1→f + H

2→f =g(µλ)

3∑

i=1

Ci(S (z3 − z2)Wi − Tiz3 + z2Ti) ≡

3∑

i=1

CiAi ,

∂2z21H
2→f + H

1→f =g(µλ)

3∑

i=1

Ci(S (z3 − z1)Wi − Tiz3 + z1Ti) ≡

3∑

i=1

CiBi . (33)

[A1ϕ](z1, z2) = z
2
12

(∫ 1

0

dββ̄ ϕ(z1, z2, z
β
12)−

∫ 1

0

dα

∫ ᾱ

0

dβ β ϕ(z1, z
α
21, z

β
12)

)
,

[A2ϕ](z1, z2) = z
2
12

∫ 1

0

dα

∫ 1

ᾱ

dβ
ᾱβ̄

α
ϕ(z1, z

α
21, z

β
12) ,

[A3ϕ](z1, z2) = z
2
12

∫ 1

0

dα

∫ 1

ᾱ

dβ
ᾱ

α2
(ᾱ− β)ϕ(zα12, z2, z

β
21) . (34)
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[H(1→f )Of ](z1, z2) = z
2
12

{
f

abc
t

b ⊗ t
c

∫ 1

0

dα

∫ ᾱ

0

dββOf (zα12, z2, z
β
21)

+ i(ta
t

b)⊗ t
b

∫ 1

0

dα

∫ 1

ᾱ

dβ
ᾱβ̄

α
Of (zα12, z2, z

β
21)

}
(35)

72/(P × C − symmetry) 7→ 16 kernels
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The operator basis with good transformation properties is constructed.

It is shown that the conformal symmetry fix the off-diagonal blocks in mixing matrix.

The effective method for restoring the evolution kernels for higher twist operators is
developed.
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