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1 Introduction

Three dimensional conformal field theory finds diverse applications in topics from cos-
mology to condensed matter physics [1-7]. They also provide interesting examples of
duality. For example, the ABJM super-conformal field theory is dual to M-theory on



AdSy x ST [8, 9]. Another example is that of higher spin Vasiliev theories [10-13] which
are dual to certain three-dimensional CFTs [14-16]. It also provides interesting examples
of non-supersymmetric as well as supersymmetric dual pairs of field theory without grav-
ity [17-20]. One interesting aspect of three dimensional CFT is that conformal invariance
allows the correlation functions to have parity-odd contribution [21-23]. For example, the
two-point functions of spinning operators have both parity-even and parity-odd contribu-
tions. The parity-even part can be reproduced from the free theory but the parity-odd con-
tribution can only be obtained in interacting theories [17, 18, 24-26]. For three-point func-
tions of exactly conserved currents, it was argued that in general there exist one parity-odd
and two parity-even contributions [21]. The two parity-even structures are related to the
free bosonic or free fermionic theory. However, the parity-odd contribution again requires
us to consider interacting theories such as Chern-Simons matter theories [17, 18, 24-26].!

The position space analysis of CF'T correlation functions has attracted a great deal of
attention [21-23, 27, 28]. However, much less attention has been devoted to understanding
correlation function in momentum space or in spinor-helicity variables. See [29-41] and
references therein for recent progress. For the spinor-helicity formalism in AdSy, see [42].
Using results of [43] helicity structures of three-point correlators of higher-spin currents in
momentum space and their relation with bulk AdS couplings were discussed in [44]. In
momentum space using the light cone gauge, relations between the parity even and parity
odd parts of a correlator can be observed from the results quoted in [44-46] which were
given in light cone coordinates for specific kinematic regions. In [44], it was shown that
the parity-breaking parameter 6 results from certain EM duality in the bulk.

Recently it was realised that the parity-odd contribution to correlation functions of
exactly conserved currents can be obtained from the parity-even contribution in spinor-
helicity variables [40, 41]. Using this result, it was shown in [47], that correlation functions
in spinor-helicity variables in Chern-Simons matter theories can be written down using
either free fermionic or free bosonic results. Naturally this poses the question, if this relation
is special to spinor-helicity variables, or can one find out such relations in position space and
momentum space as well? The aim of this note is to write down a precise relation between
the parity-even and the parity-odd contributions to a correlator in position and momentum
space. This relation in particular would imply that the parity-odd part of the correlation
function of conserved currents can be obtained from free theory. In [25], the consistency of
position space higher spin equations required a relation between the parity-odd and parity-
even correlators for a few three-point correlators for specific components, but these were
not explicitly checked. Recently in [40] a conformally invariant transformation that maps
parity-even correlators to parity-odd correlators was constructed and this was explicitly
checked at the level of two-point functions.? In this paper we make use of the splitting of
correlation functions into their homogeneous and non-homogeneous terms [41, 48] to relate

'The parity-odd part of (JsJsOa—2) can be obtained from the free fermionic theory in three dimensions.
Similar conclusion holds for (Js; Js,Oa=2). Interestingly, (Js; Js,O0a=2)even can only be obtained from
interacting theories.

*We became aware of the results of [40] and the similarity with some of our results when we were done
with the main results of our paper.



the parity-even and the parity-odd correlators in position and momentum spaces as well
as in spinor-helicity variables.

We will see that for correlation functions of exactly conserved currents with spins
satisfying triangle inequality, the parity-odd contribution can be obtained from the homo-
geneous part of the parity-even contribution. One can think of this relation as a map from
parity-even correlators to parity-odd correlators. For the non-homogeneous part, there is
no analogous parity-odd contribution. When the triangle inequality is violated, there is no
parity-odd contribution to the correlation function of exactly conserved currents. However,
for weakly broken higher-spin theories, it turns out that such correlation functions can also
have a parity-odd contribution. Interestingly, when the triangle inequality is violated the
only contribution to the parity-odd and the parity-even parts is the non-homogeneous con-
tribution. In this case as well, one can find out a relation between the parity-even and the
parity-odd parts of the correlation function.

Rest of the paper is structured as follows. In section 2 we discuss the parity-even and
the parity-odd projection operators that we use in this paper and the relation between
them. In section 3 we discuss the relation between the parity-even and the parity-odd
two-point functions of conserved currents of arbitrary spin s. In section 4 we describe the
homogeneous and non-homogeneous contributions to 3-point functions comprising spinning
operators in position space, momentum space and in spinor-helicity variables. We also de-
scribe these contributions to d.54 amplitudes. In section 5 we describe the relation between
the parity-even and the parity-odd homogeneous parts of three-point correlation functions
of conserved currents, in spinor-helicity variables and in position and momentum spaces.
To describe the relation in momentum space, we rewrite momentum space expressions us-
ing a few invariants such that the relation becomes manifest. We also extend our analysis
to four-point functions. We then look at similar relations for three-point dS; amplitudes.
In section 6 we use higher spin equations associated to weakly broken higher spin symmetry
to derive the relation between parity-odd and parity-even correlators. We conclude with a
summary and future directions of study in section 7. In appendix A we express three-point
functions of conserved currents in terms of certain fundamental building blocks in momen-
tum space. In appendix B we collect some details of higher spin equations that relate the
parity-odd and the parity-even parts of correlators comprising higher spin currents.

2 Relation between parity-even and parity-odd projection operators

In this section we collect the orthogonal projectors that will be useful in the subsequent
sections. We use the following parity-even projector to project spin-1 conserved currents

kHEY
k2

T (k) = oM — (2.1)



We can similarly define a parity-odd projector as?

1
X (k) = e (2.2)
where we have used the notation e** = ¢* Pk,. For spin-2 conserved currents, projectors
are defined such that they are orthogonal and traceless. The parity-even and parity-odd

projectors in this case are given by

TP (k) = & (o2 (k) (k) + 4 (R)a (k) — 7% (k) (k) (23)
AFP (k) = i[ HPE () + TR () + € TR (k) + PR (k)] (2.4)

A relation between even and odd projectors. We observe the following relations
between the parity-even and the parity-odd projectors defined above. For the spin-1 case,
we have 1

1
R mak) = X)) =~ (h) (2.5)

Similarly, for spin-2 projectors we have
e RIIP7 (K) = APYPO () (2.6)

where (u,v) indicates symmetrisation with respect to p and v with a factor of 1/2. It
is also convenient to state these relations in terms of transverse, null polarization vectors
which satisfy k; - z; = 0 and 212 = 0. To do this, let us first write down the form of the
projectors after contracting with these vectors

2’1”221,7#“/(]{) =229 ZluzluZQpZQUH'uypU(k) = (2 - 22)2

1 (2.7)
21220 X! (k) = gezmk A 210 22p %20 AP (K) = €725 (21 - 2)
For the spin-s case we have
T S I %ezlzgk (2.8)
We notice that the following substitution
2129 = 1ezlz?k (2.9)

k

takes the parity-even projector to the parity-odd projector. More formally, the following

operation
1 z129k 1 0

c _Z
k s0(z1 - 22)
takes the parity-even projector to the parity-odd projector.

: POV (k) — PCY(). (2.10)

3While these are explicitly orthogonal to their momentum arguments they are different from usual
projectors in the sense that they do not square to themselves. However, a contraction of three of these
‘projectors’ gives back the ‘projector’.



3 Relation between parity-even and parity-odd two-point functions

In this section we establish the relation between the parity-odd and the parity-even parts
of two-point correlation functions in a generic 3d CFT. We will concern ourselves with
only the momentum dependent structures and ignore constants. We start with the 2-point
function of the spin-1 current.

(JJ). The parity-even and parity-odd parts of the two-point function of the spin-1 current
are given by

(JH(R) T (=k))even = T (k) Ky (J#(K)J” (k))oda = e (3.1)

One can easily check that the following relations hold

1

Ef“akua(/f)J”(—k))even = (JH(k)J"(=k))odd (3.2)
%6“ak<Ja(k)J”(*k)>odd = —(J*(k)J(=k))even (3-3)

These relations can also be interpreted as the ones between parity-odd and parity-even
projectors discussed in (2.5).

(T'T). The above relation can be extended to the (T'T) 2-point function. The parity-odd
and the parity-even 2-point functions are given by

(T (K)T?7 (=k))even = TP (k)K® (TH(K)T?7 (=k))oaa = A7 (K)k*  (3.4)

In this case, we need to symmetrize as follows

3 [E T T (R even + (1 5 0)| = (T (BT () (3.5)

This is because the right hand side is symmetric under (u <+ v) by definition. Therefore,
the left hand side must also be symmetric under this exchange.

To generalize this to higher spin currents, it is convenient to use polarization vectors.
The parity-even and the parity-odd two-point functions of spin-2 currents after contracting
with polarization vectors are given by

Zl,uzlllz2p22cr<Tluj(k)TpU(_k)>even = (Zl : Z2)2k37

2121w %2p220 (T (R)TP7 (—k))odd = ezmk(zl . 22)k2 (3.6)
More generally

(23 Ts(k)23 - To(—F))even = (21 - 22)°K**7 1,
(25 - Js(k)25 - Jo(—k))oqq = €772F (21 - 2p)¥ 1k 72 (3.7)

where 2§ is shorthand notation for 24" ---z#s. We see that the map in (2.10) transforms
the parity-even two-point function to the parity-odd two-point function.



3.1 Relation between parity-even and parity-odd in spinor-helicity variables

All the statements made above can be seen manifestly in spinor-helicity variables in terms
of which the 2-point function has a unique structure and the parity-even and parity-odd

correlators differ only by a factor of i.* For the spin-s current we have
S— 5= Al <12>23 s+ s— - ) <i2 ’
(I (k1) J*™ (k2)) = (cg, +icl),) (T (k)T (k2)) = (e, +icl),) ———

2 k‘Q 281@‘2

S ) I k) = (e, — i) B2
28]{2’ ! 2)) = s e, 2sko

(3.8)

—~
—

(T ()T (k) = (s, — i)

We now turn our attention to three and higher point functions. To understand them, let
us first explain a few important aspects of correlation functions.

We also discuss the relation between parity-even and the parity-odd two-point functions
in position space in a later section.

4 Generality: homogeneous (h) vs non-homogeneous (nh) parts of CFT
correlators and amplitudes

In this section we discuss the distinction between the homogeneous and the non-
homogeneous parts of correlation functions and amplitudes. This distinction will be useful
in relating the parity-odd and parity-even parts of correlation functions.

4.1 h vs nh in CFT correlation functions

Any CFT correlation function can be separated into homogeneous and non-homogeneous
parts, see [1] for a discussion in momentum space. In what follows we do this identification
in momentum space, spinor-helicity variables and in position space.

Momentum space. The non-homogeneous part of the correlation function saturates the
Ward-Takahashi (WT) identity, i.e.

K, (JHH (k) Ty sy - s )p = 0
ki (JPEo1 (Ry)JsyJss - - s, ) = terms from the WT Identity (4.1)

To be more concrete, let us consider the example of (J,J,T,s). The correlator can be

written as

<Ju(k1)Jl/<k2)TpU(k3)> = <Ju(kl)Jl/(k2)Tpa(k3)>Transverse + <Ju(kl)JV(kQ)TpU(ki%»LocaL
(4.2)
When dotted with external momentum, the local piece reproduces the WT identity. The
transverse piece can as well be split into homogeneous and non-homogeneous pieces

<Ju(kl)Ju(k2)TpU(k3)>’I‘ransverse = <Ju(k1)JV(k2)Tpa(k3>>Trans,nh+ <Ju(k1)JV (k2)TpU(k3)>Tr?ns,ls
4.3

4For details of the spinor-helicity variables that we use in this paper we refer the reader to [1].



Using the representation

<Ju(k1)JV(k2)Tpa(k3)> = (Ju(kl)JV(k2)Tpo'(k3)>nh + <Ju(k1)JV(k2)TpU(k3)>h (44)

and comparing with (4.2) and (4.3) we obtain

<Ju(k1)Ju(k2)Tpff<k3)>h - <Ju(k1>Ju(k2)Tp0(k3)>Tran5,h (4'5)
<Ju(k1)JV(k2)TPU(k3)>nh = <Ju(k1)Jv(k2)Tp0(k3)>’1‘rans,nh + <JM(kl)JV(kZ)TpU(kZS»Local

It can also be shown easily by explicit computation that the homogeneous and non-
homogeneous pieces can be obtained from the free bosonic and the free fermionic theory

as follows
(Ju(k1)Jy(k2)Tpo (k3))n = 5 ((Ju(k1)Ju(k2)Too (k3))rB — (Ju(k1)Ju(k2)Tpo (k3))Fr)

(S (k1) (ko) Tpo (k3)) e + (Ju(k1) Ju(k2)Tpo (ks))rr) (4.6)

N =N -

<Ju(k1)JV(k2)Tpa(k3)>nh =

Spinor-helicity variables. It is easiest to distinguish between homogeneous and non-
homogeneous contributions in spinor-helicity variables. In spinor-helicity variables, the
action of the special conformal generator on the homogeneous piece gives zero whereas on
the non-homogeneous piece it gives the terms that appear in the WT identity. It is also the
case that at the level of three-point functions, homogeneous and non-homogeneous contri-
butions have different pole structures in £ = ki + ko + k3. Generically the homogeneous
contribution is always more singular. As an example, let us consider the parity-even part
of the stress-tensor three-point function [30, 49] in spinor-helicity variables

o c123 E3 — Ebias — c123
<T T >even = (Cl E6 +cr 02 ) <12>2<23>2<31>2
123
o (E — 2k3)?(E® — Ebjas — c123) "2 /5
<T T T+>even =cCr EQC%QS <12>2<23>2<31>2 (47)

where 193 = k1koks and biog = (k1ke + koks + kski). Note that ¢p comes from the parity-
even two-point function of the stress tensor (3.8). The term proportional to ¢; is the homo-
geneous contribution whereas the term proportional to c¢r is the non-homogeneous contri-
bution. It is clear that the pole structure in £ of the homogeneous and non-homogeneous
pieces are different. Let us also emphasize that the homogeneous piece contributes only to
the — — — and 4 + + helicity components whereas the non-homogeneous piece contributes
to all helicity components.

Position space. Let us now distinguish between the homogeneous and non-homogeneous
contributions in position space. We consider two examples to illustrate the distinction.

(J(x1)J(x2)Oa(x3)). The WT identity for correlation functions of the form
(J(21)J (22)Ona(23)) is given by

O (J* (1) J" (22)Oa(23)) =0 (4.8)



which implies that the correlator has only a homogeneous part. In terms of certain confor-
mal structures the parity-even and the parity-odd parts of the correlator can be expressed
as follows [21]

1
<JM(QU1)JV<$2)OA($3)>even,h = |$12|27A|$23|A‘1’31|A <AQ1Q2 + (4 — QA) P32)
(Ju(y1) v (y2)Oa(Y3))odd,n = L Ss. (4.9)

|212[?7 2 w23]* |32
For details of the notation see [21].
Let us consider another example (T'(x1)J(xz2)J(x3)). The correlator is given by [21]

(T(w1)J (22)J (3))even = [cl (PEQ% —4P3P; — gQ%Qng - 2P1P2P3Q1>

|£U12||9023||9531|

+ CjP1P2P3Q1] (4.10)

where ¢; is the coefficient of the two-point function of J, fixed by the WT identity. The term
proportional to ¢ is homogeneous and the term proportional to ¢; is the non-homogeneous
contribution. One can always add a homogeneous piece to the non-homogeneous piece of
the correlator. Doing this, one obtains

1

(T'(z1)J (z2)J(23))even = m

5
[61 (PfQ% — AP P§ — 5@%@2@3 — 2P1P2P3Q1>

5
+¢; (Ple% —4P;P? — 5@%@2@3 + 2P1P2P3Q1> }
(4.11)

We observe that in the representation (4.11), the homogeneous and the non-homogeneous
pieces can be obtained from each other by taking P; — — Ps.

One can write down a general polynomial for the parity-even homogeneous and
non-homogeneous contributions to correlation functions involving general conserved
currents as follows

Fh _ 6Q1+Qz2+Q3 6P1+P2_P3

Q1+Q2+Q3
Fan=¢ 2 ehtheths (4.12)

As is clear we have
Py — —P5: Fn — Fan (4.13)

It would be interesting to find out if there exists a similar relation between homogeneous and
non-homogeneous contributions in momentum space. It is useful to note the following repre-
sentation of three-point correlation functions in the free bosonic and free fermionic theories

Q1+Q2+Q3 _
Fep=Fph+Fn=¢€ 2  eth (€P3 +e P3>

Q1+Qy+Q:
Fiv=Fan—Fn—c 2 PP (6P3 - 67P3> : (4.14)



which precisely matches the representation given in equations 15 and 16 of [50]. Let us
note that (4.14) implies

P; — —P5: Frg — FFB
P3 — —P3 : ]:FF — _}—FF~ (4.15)

We can express the homogeneous and the non-homogeneous pieces in terms of the free
boson and free fermion answers as follows

1
Fn = 5 (FrB — FFF)
1
Fon = 5 (FrB + FFF) - (4.16)

A simple way to understand (4.16) is the following

alul <JM1"'Ms1 (:El)J82JS3>h = 61#1 (<JM1"'M31 ($1)J82J83>FB - <JM1"'H31 (:L'l)J82J83>FF)
= FB WT Identity — FF WT Identity
) (4.17)

where in the last step we have identified the WT identity for the bosonic and fermionic theo-
ries. This identification requires us to identify the two-point function of boson and fermion.
This also fixes the relative normalization. We emphasise that in this section we have con-
sidered correlators that satisfy triangle inequality (4.25). Outside the triangle inequality
all the contributions are non-homogeneous and we discuss them in the later sections.

4.2 h vs nh in amplitudes

We will now distinguish between the homogeneous and non-homogeneous contributions to
amplitudes. As we shall see, the gravity amplitude automatically comes in a way which
separates out the homogeneous and non-homogeneous contributions. For this purpose,
let us consider the n-point amplitude MH#1H2 Hsits2sn (ky kg -+ | ky,) of spinning particles
with spins s1,s9--S,. The homogeneous and non-homogeneous parts of the amplitude
can be defined as

ki M(ki, k- kp)n =0
k‘i . M(k‘l, /€2 s ,kn)nh =WT identity (4.18)

As an example, let us consider the three graviton dS; amplitude. It has three contributions.
Two parity-even contributions come from 3 and the Einstein gravity part, and a parity-
odd contribution comes from W2W. It can be easily checked that the contributions from
W3 and W2W are homogeneous whereas the Einstein gravity part is non-homogeneous.
Let us check this explicitly. The contribution from W3 is given by [21]

Myys = F(1,2)F(2,3)F(3,1)
F(i,j) = (ei - kj €j - ki —€i - €; ki - kj) (4.19)



where €; are transverse polarization tensors. To analyse (4.18) we have to replace one of
the polarization tensors with the momentum

€ — ki : Myys — 0. (4.20)

which implies that the W3 contribution is homogeneous. It is easy to check that a similar
conclusion holds for W?W. Let us now consider the contribution from Einstein gravity

(EG)
Mpa = (ks - €1 €3 - €3 + cyclic)? (4.21)

The analogue of (4.18) is
€ — ki Mpg = (k2 - k1 €2 - €3 + cyclic) (kg - €1 €2 - €3 + cyclic) # 0. (4.22)

Thus this contribution is non-homogeneous. It is interesting to point out that in gravity,
there exists a natural distinction between the homogeneous and non-homogeneous parts.
In CFT, the homogeneous and non-homogeneous parts come together as we saw in the case
of the free bosonic and free fermionic theories (4.14).

A useful gauge where amplitudes take a simple form is given by

k' = (k,k) € =(0,8) (4.23)
In this gauge the My structure reduces to

Myys = &1 - E(E — 2ks) + 281 - ko & - k1][6s - SE(E — 2ky) + 26 - ks & - ko]
&5 - ELE(E — 2ky) + 28 - k1 &) - ko] (4.24)
The other interaction which gives rise to non-homogeneous contributions is the Yang-

Mills term® whereas terms such as F3, F2F, $F? and ¢F F contribute to homogeneous
amplitudes.

N

4.3 Summary of 3-point functions for exactly conserved currents

Let us consider correlation functions comprising conserved currents with spins si, s9, s3
such that they satisfy triangle inequality

8; < 85+ Sg (4.25)

where i, j, k can be any of 1,2,3. The most general three-point function inside the triangle
can be written as the sum of parity-even free boson and free fermion contributions and a
parity-odd contribution

<J81 JS2J53> =G <J81 J82J53>FB +cy <JS1 J82J53>FF + Codd <J51 J52J53>odd (4'26)

®In the terminology of the recent paper [51], interactions with minimal coupling such as Einstein gravity
and Yang-Mills give rise to non-homogeneous contributions whereas interactions with non-minimal coupling
such as M,,s contribute to the homogeneous part.

~10 -



which can also be written as
<J31J82J53> = Cp <J51J52J53>h + Cnh <J51J52J53>nh + Codd <J51J52J53>0dd (427)
where we used from (4.6)

<J51JS2‘]53>FB = <JS1J52JS3>nh + <JS1J52‘]83>h
<J51J52J53>FF - <JS1J82JS3>nh - <JS1JS2JS3>h (4'28)

Correlation functions involving a scalar operator of scaling dimension A can be written as

(JsJsOA) = ce (JSJSOA>h,even + o <JSJSOA>h,odd

(Js0A04) = (JsOA0n) (4.29)

nh,even

Note that there is no homogeneous contribution to (JsOAOa) and no non-homogeneous®

contribution to (JsJsOa).
Let us now consider the case when the spins violate triangle inequality, i.e. say

s1> g + 3 (4.30)

where for simplicity we have assumed s; > sy and so > s3. In such cases when the currents
are exactly conserved there is no parity-odd contribution to the correlation function and
the only contributions are non-homogeneous [52]

<JS1JS2J83> = <J81J82J83>nh
= <J51J32J33>FB +cy <J31J32J53)FF (4.31)

Thus we see that the correlator is parity-even and gets only non-homogeneous contributions.
One can also show that for correlation functions with one scalar operator and two
exactly conserved currents with unequal spins s; and so

(Js;Js,0n) # 0 for sq # sy for A =1,2
<J31J5201> = <J81J8201>even,nh
<J51J3202> == <J81J3202>0dd,nh . (432)

5 Relating parity-even and odd correlation function for exactly con-
served currents

In this section we work out the relation between the parity-even and the parity-odd parts
of correlation functions in spinor-helicity variables, momentum space and in position space.
The homogeneous part of correlation functions in spinor-helicity variables was discussed
in [41]. In position space it is given by (4.16). In [41], momentum space expressions
were also written down. However, to construct a map from parity-even to parity-odd, it
is convenient to rewrite the expressions in a slightly different way which makes the map
manifest. We will start our analysis using spinor-helicity variables.

5There can be a contact term that can arise in (JsJsO). However such terms can be suitably redefined
to zero.

- 11 -



5.1 Relation in spinor-helicity variables
Consider a general correlator of the form (Js, Js,Js;) where s; > s3 > s3 and sg + s3 > s1.

In spinor-helicity variables, the homogeneous part of the correlator is given by

ks1 1]{;52 1k83 1
Fs1+s2+s3

(T T2 T3 = (Covon + iCoaa) (12)175275s (23) w400 31tz (51)

The only other non-zero contribution to the homogeneous piece comes from the + + +
helicity component which can be obtained by complex conjugating (5.1). The other helicity
components have only non-homogeneous contribution [41]. It is interesting to note that the
parity-even and the parity-odd parts of the homogeneous part of the correlation function
are the same up to factors of i. To avoid clutter, we introduce the following notation

5( %(82—1—83—81), CE%

S=s51+52+s3 (5.2)

a=—=(s1+82—83), b= (s1+ s3 — s2)

5.2 Relation in momentum space

The homogeneous part of any 3-point function of the form (Js, Js,Js;) can be written
in terms of a finite number of building blocks as was observed in [41]. In [41] we had

introduced
Q12 = % 2(2 ko) (% k1) + B (B = 2ks) 71 - 5]
Spp = % [kyeboaiz2 — oebiaz]
Pyys = ig 2(2Fo) (% Ks) (%5 1) + B (ks (21 ) (%) + cyelic )]
Rips = — {1 - 25) (Fom2y — Mra122g) 4 (Rg - 25) (f17%8ky — f22155y)

k
—(% - 53)6k1k2Z1E + §EZ1Z2Z3E(E — 2k1)} + cyclic perm} (5.3)

Let us split correlators into two families, one satisfying s; + s2 + s3 = even and the other
satisfying s1 4+ s9 + s3 = odd.

81+ s2 4+ s3 =2n (n € Z). The parity-even and the parity-odd homogeneous pieces
of correlators involving a scalar operator are given by

b25 2
<Js=]502>even = 25— 2@12 (21 : 22)5_1
25 2
<J5J502>0dd E25 2512 ( 22)571 . (54)

Correlation functions involving all spinning operators are given by

s1—17.80—17.83—1
kl k2 k3

{Js1 52 Tsq)even = FS—4 (21 23) (22 23)" 1 (21 - 22)"Q13Q23
R 1 b1 1k
(o1 Js2 53)0dd = 51 (21-23)° (22-23)" "(21-22)" € 2Q13Q23
k51—1k82—1k83—1
= E25—4 (21 23) (22 23)" (21 - 22)"S13Qs (5.5)
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Let us note that the results presented in (5.4) and (5.5) are significantly simpler than
what appears in [41]. To reach these results we have made repeated use of degeneracy
and Schouten identities. The details are worked out in appendix A. Results in (5.4)
and (5.5) can be symmetrized appropriately. However, it can be shown that all such
symmetrized terms are related by degeneracy and Schouten identities to the expressions
n (5.4) and (5.5).

Let us now consider the second family of correlators in which s; + s9 + s3 = odd.

s1+s2+s3=2n4+1 (n € Z). When s; + s2 + s3 = odd for general spins s1, s9, s3,
the correlator can be written as

]{2(81 1)]{32(52 1)]{32(53 1)

<J51 J52J53>even,h _ 23 P123 (Zl . 22)a71/2 (21 . 23)671/2 (zg . 23)b71/2
(5.6)

kQ(Sl 1)k2(52 1)k2(53 1) 9 1/2 b—1/2
(Jsl J52J53>0dd,h =1 R123 (Zl ' 2'2)(1_1/ (zl . 23)0_ / (22 ' Z3) o

ES-3
(5.7)

Relating parity-even to parity-odd. From their expressions in (5.3) one can check
that

1
?6k1z122P123 = —kik2 21 - 22 Ri23 (5:8)
1

Furthermore Ry03 and Pjo3 are related by

1 k. O

—etiF—— Plog = Ryag. 5.9
% B 128 = fazs (5.9)
We can see that (5.8) and (5.9) map parity-even correlators to parity-odd correlators. We
see the following simple relation between the parity-even and the parity-odd results

i z122k1 9

——— :eveny — odd. 5.10
kl 8(2’1 . 22) h ( )

Let us note that for s; # 0,s2 # 0,53 # 0 we could have chosen any z; - z; and replaced it
with either i e#i#iki or ki #%jkj and it would have given us the map (5.10). We also note
that the map in (5.10) is exactly the same as the one observed at the level of two-point
functions in (2.10).

Using Todorov operator one can rewrite the relation in (5.10) as

1 .
<J51 J52J53>even h — kile k1 <Ju2 " 1) Jsgt]sg)even,h (511)

This maps the parity-even homogeneous contribution in momentum space to the parity-odd
contribution

1 s
<J31J32J33>0dd,h = kl k1 <J“2 la 1) J52J53>even,h (5'12)

One can check that this reduces to the relation one has in spinor-helicity variables.
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Summary of map. Using all the results discussed above one can show the following in
general”

Tfulakl <J52 Her (kl)JVI Ve2 (k2)‘]p1 Pes (k3)>even,h+(ul « /Q) +ot (Iu’l AR 'U’Sl)

= (JHTHe (k) S 2 (Kg) JPHPo8 (K3) ) odd
T ) () P (kg odat (i pi2) o (i i)
— <Jﬂ1"'ﬂsl (kl)JVl"'VSQ (k2)Jp1--~p83 (k‘3)>even,h- (5‘14)

In the above we used the first spin for mapping. However note that the mapping works
out exactly the same way for the second and the third spins as well.

5.3 Relation in position space

The relation between the parity-even and the parity-odd parts of the correlation function
in momentum space can easily be Fourier transformed to get the relations in position
space. One can define a kernel which maps the parity-even contribution to the parity-odd
contribution. The inverse kernel also exists which maps the parity-odd contribution to the
parity-even contribution.

Let us start with the two-point function of the spin-1 current

(. 2z —y)ulz —y)y 1
) ) evn = (8 4 HEZ ALY L

<J/L(x)<]l/(y)>odd = Euuaaa53(m - y) (5.15)

4

The parity-odd piece is a contact term. This is true for the parity-odd part of the two-point
function of any spin-s conserved current.

For the spin-1 current it is easy to check that the parity-odd and the parity-even parts
are related as

d3£C1

_ $1|2 551 <‘]a($1)‘] (y)>even (516)

<‘]( )J (y odd = e,uo'a/|

where 97 = 8181 .
o

Three-point function. We now turn our attention to three-point functions. A Fourier
transform of the relation in momentum space gives
d3.’171

m (Q)‘77/’1<JO(H2 H1)(‘7"1)‘]52(y2)J53(y3)>even,h

(5.17)

<JM1M2"‘N81 (yl)J52 (yQ)Js3 (y3)>0dd = Egt“al

"Let us now consider the above relation in the light-cone coordinates ds? = 2dzTdz~ + dz3. Let us also
consider momenta that have only non-zero component along the third direction. The relation then takes
the following form

sgn (k1,a) (T~ (k)™ (k2)J ™ (Ks)evemn = (77 (k)T (ka) T~ (ks))odd - (5.13)
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where we have suppressed indices of the second and third operators. There are other useful
representations as well such as

d3.131

62*;1851 (Jor= 1) (y1) Iy, (y2) sy (Y3))odd = — Wit

(Jrrre b (1) s, (Y2) Jss (Y3))even h

(5.18)
It is possible to invert the relation and express the parity-even result in terms of the
parity-odd result as follows

dgllil

(Jrb b (y1) T, (y2) Jsg (Y3) even.n = —€da! P 99 (T a1 (21) T, (y2) Tsy (43))odd
which can also be rewritten as (49
eSA105 (T2 1o (1) T, (y2) Juy (3)) evensh = m (Jrrrten (1) Js, (Y2) Jss (Y3) odd-
Using (4.12), we can symbolically write >:20)
(e b (1) T (y2) 03 7% (y3))oda = €417 / |y1dix;1|2 BT Ot eV Ve MYy
Let us denote the kernel by K. We then have 20

(5155 Js5)0dd = K [Fn]
_ [eQ“Q;*QS GPLHPo+Ps
= %’C [(Jsy T Js3 ) FF — (Jsy sy Js3 ) FB] - (5.22)

We shall derive this relation in section 6. As a concrete example one can consider (J,,J,Oa)
given in (4.9). Using the star triangle relation,® it is straightforward to show that

3
(J"(z1)J" (22)OA(23))0dd = €7 / |?J1dy1

— 2 7 (T (y1)J" (22)Oa(%3))even-  (5.24)

5.4 Relation between parity-even and parity-odd three-point dS,; amplitude

It is known that CFT correlation functions and d.S; amplitudes are related to each other [1].
This readily implies that the parity-even and the parity-odd parts of the dS; amplitudes
are related just as they are in CFT correlators. To be explicit in the computations, we will
consider the three-point graviton amplitude. The parity-even parts of the correlator are

8The star triangle relation is given by

1 1
Pz x — . . 5.23
/ |z — y1 281 |x — yo|2B2 |z — y3|22s yf2—2A3yf3—2A2y§3—2A1 ( )

where Z?:l A; = 3.
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given by (4.19) and (4.21). The parity-odd part of the amplitude is
M = [2(51 . Eggz . Eggg . El) + F ((51 : 5253 . El)kg + cyclic)}
X |:(52 . Eg) (6k321z2k1 + 6k1z1z3 (E — k3)> + (El . 53) (ekzmzzkl + Eklzlzz (E — k‘g))

1
— E(% - Z3)ekrhza 4 iklE(E — 2k1)€*1#2% 4 cyclic perm} (5.25)
We choose a gauge in which k* = (|k|, k) and z#* = (0,Z). It is casy to check that the

contributions from W3 and W2W are related to each other by

1 . O
Eeﬂlﬁ ZwaS X szﬁ/ (526)

Similar relations hold between contributions from quWW and ¢W?2, ¢F F and ¢F?, and
F2F and F3. Similar statements can be made for interactions involving higher-spins. We
also notice that there is no such relation involving the amplitude given by Einstein gravity
part (4.21).

5.5 Four-point correlator

Very few results exist for four-point functions in momentum space [53-55]. For details on
scalar four-point correlators see [56-60].

In this section we first argue abstractly that if there is a parity-even homogeneous
solution to the conformal Ward identity then there also exists a parity-odd homogeneous
solution. To show this let us consider the simplest example of (TO0OO).

5.5.1 (TOOO)ecyen

The ansatz for the transverse-traceless part of the parity-even correlator is given by
(T (k1) O (k2) O (k3) O (k) Yeven = T (k) (ATKS RS + Aok kg + Askghf) (5.27)
The WT identity for the correlator is [36]

B (T (k1 )O(k2)O ks ) O (k) yeven = K5 (O + ) O(ks)Oks)) — k5 (O (ks + kO (k2) O k)
— K{{O (ks + k3)O(k2)O (k) (5.28)

We separate the correlation function into homogeneous and non-homogeneous parts
(TOOO) = (TOOO)n even + (TOOO) nh even- (5.29)
Let us now convert the ansatz in (5.27) to spinor-helicity variables
(T~ (k1)O(k2)O(k3)O(ks)Yeven = A1(12)%(21)% + A9(13)%(31)% + A3(14)*(41)%.  (5.30)

The positive helicity component is obtained by complex conjugation.
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The conformal Ward identity in spinor-helicity variables is given by

Tok T an — v
where z; " = (a”)‘*;%_ Plugging (5.29) in (5.31) we see that the homogeneous piece
satisfies
— /T
K" (=000 =0 (5.32)
kl h,even

In general it is not known how to solve this equation in terms of an arbitrary function of
conformal cross-ratios. However, for our purpose, it is sufficient to know just the equa-
tion (5.32).

5.5.2 (T'O0O)ad
Let us now write down ansatz for the parity-odd contribution. It can be written as
(T (k1) O(k2)O (k) O(ka)yoaa = A5 (k) (Bik§ kS + Bak§ kS + Bsk§ky) — (5.33)
The WT identity for the parity-odd part is trivial
E1u (T (k1)O(k2)O(k3)O(k4))odaa = 0. (5.34)
Thus we see that the parity-odd part has only homogeneous contribution
(TOOO)o4d4 = (TOOO)p 0dd- (5.35)
Transforming the ansatz (5.33) to spinor-helicity variables we obtain
(T~000)oqq = B1(12)2(21)% 4 By(13)?(31)% 4 B3(14)%(41)? (5.36)

Let us note that even though the parity-odd ansatz (5.33) looks completely different from
the parity-even ansatz (5.27), in spinor-helicity variables they become identical. The con-
formal Ward identity is again given by

|7
1 h,odd

It is easy to show that if {A;, Aa, A3} is a solution to (5.32), one of the solutions of (5.37)
is {Bl, BQ, Bg} where
By = Al, By = AQ, Bz = As. (538)

As in the case of three-point functions, we find a map between the parity-even and the
parity-odd homogeneous parts of the correlator as follows

kiewklm (TYY000 ) even = kiewkl(“ 125 (k) (ARSES + Ask§ RS + Askks)
1 1
= A (k) (AakS RS + Aok§ RS + AghskY)
= (T"000)odd (5.39)
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One can easily generalize this discussion to correlation functions involving more than one
spinning operator as well as to arbitrary m-point functions. We conclude that for an
arbitrary n-point function, we can construct a parity-odd homogeneous solution using a
parity-even homogeneous solution by doing the epsilon-transformation we discussed above.

6 A derivation using weakly broken higher spin symmetry

In this section we make use of weakly broken higher spin symmetry to derive relations
presented in the previous sections between parity-even and parity-odd correlation functions.
Until now we considered only exactly conserved currents. We will now consider theories
with weakly broken higher-spin symmetry at large N. We show that for two-point functions
of such currents the relation between even and odd correlators continues to hold. For
three-point functions when the spins satisfy triangle inequality, the same relation holds
between the even and odd correlators. For weakly broken higher spin currents, parity-odd
contribution to correlators exist even when triangle inequality is violated. We show that
the relation between even and odd continues to hold in this case.

Three-point function with slightly broken higher spin current. In theories with
weakly broken higher-spin symmetry even when triangle inequality is violated (4.30), there
is one parity-odd contribution in (4.26), i.e.

(Jsy sy s5)0da # 0 even outside the triangle. (6.1)
We also have

(Js;Js,0n) # 0 for sg # sy for A =1,2
<J51 JSQOA> = <J51 J820A>even + <J81 JSQOA>odd (62)

It turns out that all the contribution to the correlator when the spins violate triangle
inequality is non-homogeneous [52]. Let us also note that when the spins satisfy triangle
inequality, there is no change in the structure of the correlation function.

A derivation of the parity-even-odd relation. In this section we use slightly broken
higher symmetry [25] to derive the relation between the parity-even and the parity-odd part
of correlation functions.” Let us start with correlation functions of the form (T, Js, Js,)
where spins s; and so are arbitrary and the currents need not be conserved. In the following
we also use the notation

_ By, p
Xeizjzm = Xpwp2i 27 2, (6.3)

where z; are polarization vectors such that

=0, z-k=0 (6.4)

°In this section we closely follow appendix D of [25].
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6.1 (TyJs, Js,)

Let us consider the spin-4 current Jy that obeys the following non-conservation equation
in the quasi-fermionic theory [25]

80 A 2
8<7Jg1z1z1 = 7@ (6210Tz1z1 - 5oaz1Tz1z1> (6'5)
where we have used the notation 2#0, = 0,. In (6.5), T' denotes the trace of the stress
tensor,’® O denotes the scalar operator with scaling dimension A =2+ (%) and A is the
coupling constant introduced in [25].

The charge associated to Jy labelled Q4 has the following action on O
[Q212121, 0] = €2,a0040:, T2, + 92 O (6.6)

Let us now consider the action of ()4 on the three-point correlator (OJs, Js,). It leads to
the following higher spin equation in position space

<[Q21Z1Z1 3 O($1)]J51 (332)‘]82 ($3)>QF + <O(x1)[Q2121Z1’ JSl ($2)]J52 ($3)>QF (67)
+(0(21) s, (22)[@z21 2021, o (23)]) qF = /x<8ajglz1z1 (2)O0(21) Js, (22) Js, (73)) QF

Upon utilizing the algebra in (6.6) and the current equation (6.5) we get

A
€z1ab <aaaz1 T,?l ']81 J52> + <Standard terms> = 16@ / <Oaz1 T31 z1 OJ51 JS2 > (6'8)
x
where by (standard terms) we mean correlators with a single insertion of the scalar operator
O. After a large N factorisation we obtain the following

ezlab@a@leé’l Js; Js,) + (standard terms) = 161—1—/\X2 L(O(m)O(m1)><8lezlzl () Jsy Jsy)
(6.9)
We now express the three-point functions in the quasi-fermionic theory as [25]
(00)qr = (1+3*)(00)rr
(T s, Jsy)qr = )\2~ (TJsy Jsy ) b8 + ——=(T'Js, s, )¥F + A (T'Jsy Jsy)o0dd
14 A2 14 A2 14 A2
(Js1 Js,0)qr = (Js1 s 0)pr + M Js; J5,0) 0da (6.10)

1~
1427

Let us now look at terms with the pole structure This gives us the following relation

€21a60a0z (<T£1J51J52>FF - <T51JS1JS2>FB) = _16/<8z1TZ1Z1 (2)Jsy Js3)0dd(O()O(1))
(6.11)

Even though the stress-tensor is traceless, it can lead to a non-trivial trace WT identity.
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Let us now look at terms with the pole structure ; +)\X2' This gives us the following relation

6Z1abaaaz1 <Tzl'71 I J52>Odd = 16/(<821TZ121 (x)']«ﬁ JS2>FF - <8Z1TZ121 Is; JS2>FB)<O($)O(561)>

i (6.12)
Now we make use of the Todorov operator [61] along with (4.17) and the fact that the
trace WT identity is also identical for the free boson and the free fermion. We obtain the
following two equations from the above two

uab ((Oadl Tb)J31J52> vE — (T} Joy Jos)Em) + 3 v 15 p
= 16 [ (0T (@) Jes)oaa(O(a)Olan)) (6.13)
and
€uab (020, T Joy Jos)odd + 1 <3 V4 1 45 p (6.14)
=16 [ (04T (@) )i = (0T (@) T (O()Ola))
In Fourier space, these relations take the following form
Eukabkr (o ((TS)J51J32>FF - <Tg)J31J52>FB) o vt p = kikyu(Typ s Jsy)oda (6.15)
and

6Mklbkl(u<TFIZ)‘]31’]82>0dd TpuSVFpSp= klkl(u (( Vp)J81J82> - <Tup)Js1Jsz>FF
(6.16)
We now use H;%(kl) to project the r.h.s. and the Lh.s. of the above equations. Using the
following

Y0 (k1) Ky = 1120 (kK = O
HZ%(kl) (<TVpJS1 J82>FB - <TVpJS1 J82>FF) = <TVpJS1=]82>FB - <TVpJS1=]82>FF (6‘17)
we obtain

klu (uk1b< )J51J52>0dd - klklu (< z/pJ J52>FB - <T1/pJ51J52>FF)
— e(uk1b<T )J81J82>odd = k1 (( Topds, Jsy)FB — <TVpJS1J82>FF) (6.18)

Similarly we also obtain

k1 (Topdss Jsz)odd = —€rab(o (T Js s ) rw — (T Js, Js3 )vm) (6.19)

This relation translates to the following in position space
/ \x — Tl/pJS1J52>0dd - 8901# ub(u(< p)J Jss ) FF <T:;)JS1J82>FB) (6.20)

In (6.19) one can as well take the k; on the Lh.s. to the r.h.s. and upon converting the
resulting equation to position space one obtains

1
<Tl/pJ81J82>odd: — gamueub(u(<Tg)J81J82>FF <p)J Js2)FB) (6.21)
|z — x1]
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This is precisely the relation between odd and even correlators that we derived in (5.21).
Note that we could have argued this relation directly from (6.14) by writing down the
explicit structure in position space and realizing that (6.21) indeed holds. As a simple
example we could have s; = s9 = 2 which corresponds to the (T'T'T) case. Even though we
have used large-N techniques, here we have derived results that are perfectly valid even at
finite N as was discussed in previous sections.

Let us now consider the case when the spins of the operators in (1" Js, Js,) are such that
they violate triangle inequality, i.e. s; > s3 + 2. In this case the correlators that appear
in the higher spin equation are purely non-homogeneous. However, the above relation
between parity-odd and parity-even correlators will continue to hold. Our analysis can be
easily extended to operators with higher spin. See appendix B for details.

Note that one can obtain similar relations by working in the quasi-bosonic theory.

6.2 (J,TO)

Let us consider a correlator of the kind (J;T'O) such that the spins violate triangle inequal-
ity, i.e. s > 2. We will now derive the relation between the parity-odd part of (JsT'O) and
the same correlator in free theories where it is parity-even. To do so we consider the action
of @4 on the three-point correlator (J;OO0). It leads to the following higher spin equation:

([Quvps Js(21)]0(22)O(23)) qr + (Js(21)[Quup, O(22)]O0(23)) QF
+ (s (21)O(22) [Qpuuvp: O(23)]) Qr :/m<3UJZV,)($)JS($1)0($2)0(9€3)>QF (6.22)

Following similar steps as above we obtain

1
<JsTupO>odd = ge(yk2b<JsT£)O>FF (6'23)

In position space this relation takes the form
1
<J5TVpO>0dd = / maﬂcue(uub<JsT§)O>FF (6‘24)

This is precisely the relation we obtained in section 5.3. The analysis can also be generalised
to (Js, Js,0) of which a special case is (J5J50).

6.3 (TOOO)

In this section we obtain the relation between the parity-odd and the parity-even parts of
four-point functions. Let us consider (T’TOOQO). To obtain this correlator we consider the
action of Q4 on the four-point function of scalar operators (OOOO). Following the steps
in the previous sections and making use of the following [62] (a similar identification of the
quasi-fermionic correlator has been made in the position and Mellin spaces in [53]) and [55]
respectively)

(TOOO)qr = (1 4+ XN )(TOO00)rr + A(1 + X2)(TOO0)cp (6.25)
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We note that (TOOO)yy is parity-odd and (TOOO)cg is parity-even and they are homo-

geneous: B

K (T,,000)prcp =0 (6.26)
From the higher spin equations we obtain
[e“ab@a(‘?(,,Tﬁ)OOOﬁF +(pev)+(ue p)} + permutations
_ / {— 16(00) g5 (0, T, O00)cp + (1 65 2) + (1 ¢ 3) + (1 4)} (6.27)
and
[e#ab@aa(,,Té’)OOOMB +(pev)+(pe p)} + permutations

_ / [16<00>FF<3(MTVP)OOO>FF F1oD+1oN+(0o 4)} (6.28)

In Fourier space these equations take the following form

[euklbkl(u<Tg)OOO>FF +(pev)+ (ue p)} + permutations
= 16<OO>FF kl(#<Typ)OOO>CB + (1 <~ 2) + (1 <~ 3) + (1 <~ 4) (629)

and

[Guklbk1(y<Tg)OOO>CB +(pev)+(ue p)} + permutations
= —16<OO>FF kl(M<T1,p)OOO>FF + (1 R 2) + (1 > 3) + (1 > 4) (630)

Thus we obtain a relation between the parity-even and the parity-odd parts of (TOOO).'?

7 Summary and future directions

In this paper we explicitly showed that for exactly conserved currents, one can relate the
parity-odd part of the correlation function to the parity-even homogeneous contribution to

the correlator.t3

We wrote down an explicit relation between the two in position space,
momentum space and in spinor-helicity variables. The fact that, for exactly conserved
currents, there does not exist a parity-odd non-homogeneous contribution can be under-
stood by a simple analysis of the WT identity. However, for weakly broken higher spin
theories, when the spins violate triangle inequality there are only non-homogeneous con-
tributions. It turns out that in such cases, a relation exists between the even and the odd

non-homogeneous pieces.

"1The Ward identity is proportional to the 3-point (OOO) which can be set to zero for O with scaling
dimension 2.

12This relation is weaker than the one we discussed in (6.30) because this holds true only with the
permutations taken into account. In position space similar relations were explicitly understood in [53].

13There is no analogue of parity-odd non-homogeneous correlator which can be obtained from a parity-
even non-homogeneous correlator.
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We explicitly wrote down a relation between the parity-even and the parity-odd parts
of amplitudes in one higher dimension. We found that in four dimensions parity-even inter-
actions arising from non-minimal coupling map to parity-odd interactions arising from non-
minimal coupling. As expected gravity naturally splits up the correlation into homogeneous
and non-homogeneous part [21]. We also briefly discussed the case of four-point functions.

It would be interesting to generalize our results in the following ways. Firstly, it would
be interesting to verify the relation between the parity-even and the parity-odd four-point
homogeneous correlation functions. It would be interesting to check if similar relations
hold for the non-homogeneous parts of four-point functions. One easy way would be to
see if the parity-even and the parity-odd W'T identities could be mapped to each other
in spinor-helicity variables. It would also be interesting to verify if similar relations exist
between the parity-even and the parity-odd homogeneous parts of 4 photon and 4 graviton
amplitudes [63].

Another interesting direction would be to explore how the relation between even and
odd correlators comes about in perturbation theory when we compute correlation functions
in Chern-Simons matter theories [45, 46, 54, 64]. The parity-odd contribution comes from
odd loop orders whereas parity-even contribution comes from even loop orders. This implies
that the relation between the even and odd parts of correlators gives a relation between the
even and odd loop order calculations. The parity-odd contribution leads to anyonic nature
exhibited by Chern-Simons matter theories [47, 65, 66]. A related story is that of flux
attachment [4, 5]. It would be interesting to explore these aspects of Chern-Simons matter
theories in the light of the relation between the parity-odd and the parity-even correlators
that we obtained in this paper. It would be interesting to find out if similar relation holds
at finite temperature. This would lead to a relation between viscosity, conductivity and
Hall viscosity and Hall conductivity computed in [3, 67].
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A Three-point function in momentum space

In this appendix we give details of the three-point functions used in the main text. For our
purpose, it is sufficient to concentrate on the homogeneous part of the correlation function.
The homogeneous part of any 3-point function of the form (J,, Js,Js;) can be written in
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terms of a finite number of building blocks which are given below [41].

Q12 = — |2 (51 : Ez) (52 : 121) + E(E - 2ks) 2 - 22} (A1)

512 = % :k‘lekzzle - ijEklzle} (AZ)
P123 = % :2 (51 . EQ) (52 . Eg) (23 . E1> + F (k’g (51 . 22) (23 . E1) + cyclic )} (A3)

1 ¢ - B
Rig3 = B _{(/ﬁ - 73) <€k3zlz2k‘1 - 6k1z1227€3) + (k3 - 22) (6k1z123k2 - 6k22123/€1>

k
—(Zy - Z3)eMken g 4 316Z1Z223E(E - 2k1)} + cyclic perm} (A.4)

$1 4+ s2+ s3 =2n (n € Z). It was shown in [41], for this class of correlators we only
require Q;; and S;;. Let us consider (Js, Js,Js,) such that s; > sy > s3, 51 < 59+ s3. For
this case we have

_ o o Lisi4+s9— Liggts3— Lis+s3—
(Tor Ty Ty Jeven = K51 kg2 ke 1@y PR gt eams) g foteame)
—1,59—1;.53— L(s14s2—s3—2) 1(s2+s3— $(s1+s3—
(g Tag)oa = R kg R S0Qp™ T Qg g
+ cyclic perm. (A.5)

For the correlator with scalar operators we have

<J5J502>even,h = bingTZ (AG)
(JsJ02)0ddn = b3y ' S12Q55 " (A7)
where b;; = k;k; and c123 = k1kaks. For scalar operator with A = 1 we just need to do a

shadow transform to (A.6). For generic scalar operator dimension A can also be obtained
easily. Now we use following interesting identities

1
ZEQQ% = kik]’Zi . ZjQij
1 s s
1E2Qij52-j = k:ik:jzi . stij = —k‘jekﬂlz]Qij = k‘iekalz]Qij. (AS)
We can easily check that

2
iEz 5 — Qugkik; (zi-2) = % ((k2'21)2(k3'z2)2 +2(k1 - k2) (k2 21) (ks - 22) (21 22) — Jj(zl "Zz)2>

~0 (A.9)

where J2 = 4(k?k% — (k1 - k2)?. The last line of (A.9) is zero because r.h.s. is exactly
degeneracy factor [33]. Let us emphasize the fact that

1
ZE2 22]' — kik:jzi . szij =0

75 iEQQij = kikj(zi . Zj) (AlO)
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This is because the way the degeneracy works is only with Q?j. Using this identity we can
rewrite (A.5) as follows

k25173k25273k25373 s1+sg—sg3—2 —s1+sa+sz—2 s1—sp+sz3—2
(Joy Jsy Jss even = — E51f52+53*36 Q12Q13Q23 (21 22) 2 (22-23) 2 (21-23) 2

J251 3252 -3 12533 s1+sg—s3—2 —s14sotsz—2 s1—sgts3—2
(Js1 JsoJs3 )odd = —* 2 4 S12Q13Q23 (21 - 22) 2 (22-23) 2 (21-23) 2

Es1ts2+s3—6
+cyclic
(A.11)

Remarkably we can use the following identity

1
1E2Q12Q13Q23 = kok3za - 23Q12Q13 = k1k3z1 - 23Q12Q23 = k1kaz1 - 22Q13Q23

1
1E2512Q13Q23 = koksza - 23512013 = k1k321 - 235120023 (A.12)

This turns (A.11) into

k%sliQkIg&iSk‘gSg’iz —s1ts2t+s3—2 s1tsp—s3-2

s$1—89+s3

(Js; sy Js5) even= Tortertead (21°23)" 2 (22-23) (21-22) z Q12Q23
k2$1_2k282_3k283_2 s1—so+s —s1+sots3—2 s14+so—s3—2
(Js, Ty sy )odd=— 2 3 (z123) 2 (z2o23) 5 (z1022) T S12Qas

Esitsat+sz—4

(A.13)

One can symmetrize above in 1,2,3 however they are just related by degeneracy.'* One
can easily check (A.13) to be correct by going to spinor-helicity variables and matching it
with (5.1). For parity-odd case there exists another useful representation. For this we use
following identities

1
—ZE2512Q13Q23 = koeM19172Q03Q13 = k1¢"271%2Q93Q13

= k™23 Q19Q13 = k327 Q19Q13

= k3eM171%3Q19Qo3 = k17173 Q19Q03 (A.14)

Using this identities we can write the parity-odd result as follows

k?sl_3kgs2_2]€553_3 51752;5372 751«#53#»5372 51+52275372 kyz120

(Js1 JsgJs3)odd= Terteatead (z1-23 (z2-23 2122 € Q13Q23
k?s173k33273k§sgf2 51—52;—53—2 —Sl+.§%+s3—2 s1+522—s3—2 kozozs

R P —: (2z1-23) (z2-23) (z1-22) € Q13Q12
k§5172k35273k§5373 s1—s3+s3—2 —s1+satsz—2 s1tsp—sg=2 g

T Eeitsatss—4 (21-23) 2 (2223 2 (2122 2 € Q12Q23.

There is a simple interpretation of the formula in (A.13). The factors Q;; and S;; are exactly the same
as (JJO2)even and (JJO2)oda respectively. In spinor-helicity variables Q tT=QT"=8"1"T=58""=0and
the only non-zero components are ++ and ——. Since we want only the — — — and + + + components of
the homogeneous piece to be non-zero, we require at least two factors of @ or one factor () and one factor
of S. This will ensure that any mixed helicity component is zero. We can then appropriately multiply z; - z;
to account for the spin.
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We can also write the odd part as

k2o17 22232553 s1—sgts3—2 —sitsotsz—2 s1tsp—sg—2 o
(Js1 Jsy I3 )oda=— ESlfsz+83_34 (21-23) 2 (2223 2 (21-22) z €2172Q13Q23
k?8173k33272k§‘9373 s1—sa+s3—2 —s1+sots3—2 sitsa—s3—2 . .
T Esiteatss—a (21-23) 2 (z2-23) 2 (21°22) 2 €725 Q13Qn2
k25173k25273k25372 s1—sg+s3—2 —s1+so2+s3—2 s1+sg—s3—2 E
= E51f52+53f4 (21'23 2 (2'2'253 2 2122 2 € 1Z123Q12Q23.
(A.16)
For the case say s1 = 5,89 = 5,83 = 0 we can write (A.6) as
y ) )
b2s—2 1
12 s—
<JSJSO2>even = F25—2 QlZ (Zl : 22)
b23—2 1
_ 712 s—
(JsJ502)0da = Tas—z 012 (21 22)
25—2 _kiz1z
_ b12 et 2Q12 (Z .z )8—2
T E2s-2 kq 17~2
25—2 _koziz
by T €0 (21 - 22)372 (A.17)
E2572 k2

where we have used (A.8). As a concrete check let us consider simple example of (TTO).
In [48], it was shown that

kli]? (2(k - 21) (ks - 22) — (21 - 22) E(E — 2k3))? (A.18)

<TTO>even,there - E

Now using (A.17) we get

k1ko

L2 (ks - 21) (k- 22) — (21 - 22) E(E — 2k3)) (21 - 22)kika)  (A.19)

<TTO>even,here - E

If we consider the difference between the two expressions after accounting for a relative
constant of % , We get

1 2 2 J2 2
i(TTO>even,there:(k'2'zl) (ks-22)" +2(ky 'kz)(k2'21)(k3'z2)(z1'22)—1(21'22)
=0 (A.20)

<TTO>even7here -

where we have used (A.9).
Let us take another example for (TTT)qqq illustration. In [41] we derived

kikok
(T'TT)odd,there = %&2@23@13- (A.21)

Using representation (A.15) or (A.16) we have

Fkaks ..o,

(I'TT)oad here = [

k3Q12Q23 (A.22)

It is easy to check using Schouten identity or spinor-helicity variables that the two expres-
sions are the same up to overall numbers. More precisely one can show

<TTT>0dd,here + 2<TTT>odd,there = 0. (A23)
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Relating parity-even and parity-odd. Now we have all the ingredient to relate parity-
even and parity-odd results. Let us write the results in way which makes it evident

2s—2
<J5JSO2>even:#Q12 (21-22)° " (A.24)
(JsJ5s02)0ad = £6212 G’Wﬁ (z1-22)°"
E2.9—2 k2

k25172k25272k‘25373 s1—so+s3—2 —s1+sgtsz—2 s1+sg—s3
<J31J32J33>even: L E51f52+5334 (ZI'Z3 2 (Z2'Z3) 2 (21'22) Q13Q23
k251_3k252_2k253_3 s1—spts3—2 —s1+sp4s3—2 sitsp—s3-2
(Js1 Jsy Js5 )odd = —2 2 3 (z1-23) 2 (z2-23) 2 (z1-22) 2 €172 0Q13Q023

Esits2t+sz—4

We see simple relation between parity-even and parity-odd results

ien 22k 9

——— :evenp — Odd. A.25
kl 8(2’1 . 2:2) h ( )

Let us note that for s; # 0,52 # 0,s3 # 0 we could have chosen any z; - z; and replaced
it with either k% e#%iki or with 1 ¢#%iki it would have given us the map (5.10). Also note
that the map in (5.10) is exactly same as the map observed at the level of two-point
function (2.10).

s1+s2+s3=2n+1 (n €7Z). For this case, we require Pj23 and Rj93 as well. For
example, when s is odd, we have

<Js<]s<] >even h = 012 1P123 (A.26)
(JsJsJs)oddn = €33 R123Pis' (A.27)

where c193 = k1koks. Now using the fact that

16
9Phy3 = Rigy = 5@12@13@23

1 1
~E?P1g3Qij = kik;jzi - zj Pias, 1E2R123QU = kikjzi - zjRi23

4
(A.28)
we get
2
(JsJsJs)evenn = s 5 Pras (21 - 2221 - 2320 - 23) % (A.29)
s
(JsIsJs)oddn = 353 11123 (21 2221 - 2322 23) 2 (A.30)

Finally when s; 4 s3 + s3 = odd for general spins, it is easy to check that the answer is

k2(81_1)k2(82_1)k2(83_1) )

<Jsl J52J33>even,h =-1 E81182+83—§ P123 (21 . ZQ)a (Zl : 23) (22 . ZS)C (A.31)
k2(s171)k2(5271)k2(3371) )

<J51 J82J83>Odd,h = 1 E813-82+53_§ R123 (21 . Zg)a (Zl . 23) (22 : Z3)C (A32)
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where
1

a:§(81+82—83—1)
b:%(81+53—82—1)
c= %(82 +s83—s1—1) (A.33)
One can also check that -
k—lﬁ 12122 Ploa = —k1koz1 - 29R123 (A.34)
Further more Rj93 and Pjo3 are related by
I;e“kﬂi 325 Piog = Ria3 (A.35)

We see that (5.8) or (5.9) maps parity-even correlator to parity-odd correlator.

B Higher-spin correlators

Let us consider the correlator (Jy.Js, Js,). We consider the action of the charge Qg associated
to the spin-6 current Jg on the correlator (OJs, Js,). To do so we make use of the following
algebra

Q0] = e_apDud_Jp—_ + €_0,0°Ty_ + >0 (B.1)

and the current equation

A

Ord?____=16—"—[0.J  O+0.T 020 (B.2)
1+ A2
The higher spin equation that arises from the action of Qg on (OJg, Js,) is
([Qs, O(x1)] s, (w2) Js, (w3))qr + (O(21)[Q6, sy (22)] s (23)) qr (B.3)

+(O(21) s, (22)[Q6, Js2 (23)]) o = /x@oJf____(w)O(wl)Jsl(wz) Jsy(%3))Qr
This leads to

€—ap0a0— (oo —_Js Js,) + €_ap0,0° (Ty_ Ty, Js,) + standard terms
)
1+ A2

/ (OONO_J____Jy Jsy) + (02 O0NO_T—_Jy, Jsy) (B.4)

One can make use of the higher spin equation (6.9) to get rid of correlators involving the
stress-tensor from the above equation. This leaves us with the following

€—ab0a0—(Jp——_Js, Js,) + standard terms = n :p / (900N 0_T__J,Js,)  (B.5)

We now express the three-point correlator

A
(Jads, Jsy)FF + Y

32
1+ 22

<J4JS1J82>QF = <J4J81J82>FB + <J4JS1J82>0dd (B'G)

1+ 22
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At O(1+1X2) we obtain

e—ab(<aa6—Jb———J51J32>FB*<6a8—‘]b———<]sl<]32>FF):/<O(x)0(5171)><3—J————($)JS1J32>odd
: (B.7)

At O(HXX?) we obtain

E—ab<8aa—Jb———Jsl J32>odd :/<O($)O($1)>(<6_J____(l‘)J\sl J82>FF - <6_J____(.73)J31 Js2>FB)

x

(B.8)
In Fourier space one obtains the following equations
(Joe Ty Isy)odd = k1€ g p({(Jo———Jsy Jsy)FB — (o —— J5; Js, ) FF) (B.9)
and
kre pyp{Jo———Js Jsy)odd = (J————Jsy Jsp) FF — (J————Js; Js, ) FB (B.10)
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