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1 Introduction and conclusions

Following the discovery of integrable structures [1-4] in the AdS/CFT correspondence [5-7]
our understanding of N' = 4 supersymmetric Yang-Mills (SYM) theory [8, 9] and the dual
AdS5x S% superstring theory has greatly advanced. To a large extent this progress occurred
in the problem of finding the exact all-loop form of the anomalous scaling dimensions of
local gauge invariant operators of the gauge theory alias the spectrum of string excitations
in the string model. The key was a mapping of the problem to an integrable spin chain



which emerged from a one-loop perturbative study of the diagramatics involved by Minahan
and Zarembo [1]. Moving on to higher loops the spectral problem was mapped to the
diagonalization of a long-range spin chain model, whose precise microscopic form remains
unknown [4, 10]. Nevertheless, assuming integrability the spin-chain S-matrix could be
algebraically constructed and the spectral problem was rephrased for asymptotically long
operators to the solution of a set of nested Bethe equation [11, 12] (for reviews see [13-21]).
The central remaining problem is now the understanding of wrapping interactions, which
affect short operators at lower loop orders [22-24]. From the algebraic viewpoint important
progress was made by thermodynamic Bethe ansatz techniques [25-27] which also lead to a
conjecture for the exact numerical scaling dimensions of the Konishi operator, the shortest
unprotected operator in the theory [28, 29].

Next to the scaling dimensions there also exist remarkable all-order results in planar
N =4 SYM for supersymmetric Wilson-loops of special geometries [30, 31] as well as for
scattering amplitudes of four and five external particles [32, 33], being closely related to
light-like Wilson lines [34], see [35, 36] for reviews.

Given these advances in finding exact results it is natural to ask if one can make similar
statements for three-point functions of local gauge invariant operators. Due to conformal
symmetry the new data appearing are the structure constants which have a nontrivial
coupling constant A = g?N dependence and also appear in the associated operator product
expansion. In detail we have for renormalized operators
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where A, = Ag)) + A7, denotes the scaling dimensions of the operators involved with A©)
the engineering and ~ the anomalous scaling dimensions, y the renormalization scale and

Capy = C) +ACY +0(N?) (1.2)

is the scheme independent structure constant representing the new observable arising in
three-point functions one would like to find. Similar to the case of two-point functions there
are non-renormalization theorems for three-point correlation functions of chiral primary (or
1/2 BPS) operators, whose structure constants do not receive radiative corrections [37-41].

The study of three-point functions involving non-protected operators allowing for a
non-trivial coupling constant dependence of the structure constants is still largely in its
infancy. Direct computations of three-point functions are [42-48] while [49] analyzed the
problem indirectly through an OPE decompostition of four-point functions of chiral pri-
maries. The works [43, 48, 50] focused on non-extremal correlators involving scalar two-
impurity operators which are particularly relevant in the BMN limit. The mixing problem
of these operators with fermion and derivative impurities was analyzed in [51]. [44] consid-
ered extremal correlators of a very special class of operators allowing an interesting map to
spin-chain correlation functions, while [52] addresses similar questions from the perspective
of the non-planar contribution of the dilatation operator.

In the past year important advances in our understanding of the strong coupling be-
haviour of three-point functions were made based on the semi-classical analysis of the dual



string theory. This approach to the calculation of n-point correlators involving non-BPS
states was initiated in [53-59]. More recently, the authors of [56] argued that it should
be possible to obtain the correlation functions of local operators corresponding to classical
spinning string states, at strong coupling, by evaluating the string action on a classical
solution with appropriate boundary conditions after convoluting with the classical states
wavefunctions. In [57, 60-63], 2-point and 3-point correlators of vertex operators repre-
senting classical string states with large spins were calculated. Moreover, in a series of
papers [58, 59, 64-73] the 3-point function coefficients of correlators involving a massive
string state, its conjugate and a third ”light” state state were computed for a variety of
massive string states. The result takes the form of a fattened Witten diagram with the
vertex operator of the light state being integrated over the world-sheet of the classical
solution describing the 2-point correlator of the heavy operator.

Furthermore, three-point functions of single trace operators were studied in [74-76]
from the perspective of integrability. In particular, the protected SU(2) scalar subsector of
the N = 4 theory involving two holomorphic scalar fields was studied and upon exploting
the underlying integrable spin chain structure analytic expressions for the tree-level piece
C’ggﬂ/ could be established [74], see also [77] for a determinant-type representation. Recently
these results were extended to the one-loop closed SU(3) sector involving three holomorphic
scalar fields [75]. In both cases limits of one short and two long operators led to serious
simplifications. The one loop structure, however, has only been started to be explored
in the SU(2) subsector (see appendix E of [74]). Also an intriguing weak/strong coupling
match of correlators involving operators in the SU(3) sector was observed [75].} This match
was found to hold for correlators of two non-protected operators in the Frolov-Tseytlin
limit and one short BPS operator. Subsequently, this weak/strong coupling match was
extended for correlation functions involving operators in the SL(2, R) closed subsector of
N =4 SYM theory [79]. Finally, by performing Pohlmeyer reduction for classical solutions
living in AdSy but with a prescribed nonzero energy-momentum tensor the authors of [80]
calculated the AdS contribution to the three-point coefficient of three heavy states rotating
purely in $°.2 In the same spirit, part of the three-point fusion coefficient of three GKP
strings [82] was calculated in [83].3

The two works [45, 46] considered the general problem of finding the structure constants
of scalar field primary operators discussing important aspects of scheme independence for
the determination of C((Xlﬁ)w.

In this paper we shall continue this work and report on a systematic one-loop study
of short single trace conformal primary operators built from the six real scalar fields of
the theory in the planar limit at the leading order. For this we developed a combinatorial
dressing technique to promote tree-level non-extremal three-point correlation functions to

!The authors of [78] have calculated the one-loop correction to the structure constants of operators in the
SU(2) sub-sector to find that this agreement is spoiled. However, there is the subtlety of the two ”heavy”
operators being roughly the conjugate of each other.

2The authors of [81] questioned this result arguing that string solutions with no AdSs charges should be
point-like in the AdSs space.

3The contribution coming from the exact form of the vertex operators is still to be found.



the one-loop level which is similar to the results reported in [46]. This is then used to
compute a total of 40 structure constants at the one-loop level involving 11 different scalar
field conformal primary operators up to length five. The restriction to this particular set of
operators arose from the necessity to lift the operator degeneracy in the pure scalar SO(6)
sector by resolving the operator mixing problem arising from two-point correlators up to
the two-loop. Indeed a large portion of our work is devoted to resolving the mixing problem
of the scalar operators considered at the two-loop level. For this the results of [48, 51] for
the mixing with bi-fermion and bi-derivative mixings have been extended to the two-loop
self mixing sector as well as to two singlet operators of length four. In section 5 we spell
out the form of the operators including all mixing corrections up to and including order
O()\?). The main results of our work are collected in the tables 2, 3, 4 and 5 of section 6.

The main motivation for this spectroscopic study is to provide data to test and develop
future conjectures on the form of the three-point structure constants most likely making
use of integrability. It is important to stress that both results only apply for non-extremal
correlation functions. Extremal correlation functions are such that Ago) = A&O) + A(ﬁo)
i.e. the length of the longest operator is equal to the sum of the two shorter ones. Here there
also exists a proposed one-loop formula due to Okuyama and Tseng [45] see equation (3.16).

It would be very interesting to see whether these simple structures are stable at higher
loop-order and also for non-purely scalar field primary operators such as the twist J oper-
ators for example.

2 General structure and scheme dependence of two and three-point func-
tions

We want to compute planar two- and three-point functions of local scalar operators at the
one-loop order. For this it is important to identify the regularization scheme independent
information.

To begin with a scalar two-point function of bare local operators OZ(z) in a random
basis can be brought into diagonal form under a suitable linear transformation O, =
Ma[g(’)g with a coupling constant A = ¢g*> N independent mixing matrix M,z as we are
working at the one-loop level?

Sa _
(Oal1) Og(x2)) = Mfo) (14 Xga — Ava Infzioe M), 2y = (21 —22)%, (2.1)
Ty ©

where € represents a space-time UV-cutoff and A((XO) the engineering scaling dimension of O,,.

Clearly the finite contribution to the one-loop normalization g, is scheme dependent [45, 46]
as a shift in the cutoff parameter ¢ — e ¢ changes

Ja = Ja +2C7a - (2.2)

One may now define the renormalized operators via

O, = 0O, <1 - %ga — Mo In|ue| + O()\2)> (2.3)

4Note that the two-loop diagonalization will involve a mixing matrix proportional to A.



with a renormalization momentum scale u to obtain finite canonical two-point correlation
functions

~ ~ 60&5 60&5
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allowing one to extract the scheme independent one-loop scaling dimensions A, :Ag))—k)qa.
Moving on to three-point functions of the un-renormalized diagonal operators O, one
obtains to the one-loop order in A

1
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< a( 1) B( 2) 7( 3)> ,xu,A&O)M}fLA%O) ‘x23|A(o)+Ago) A© ‘x31‘A%°)+AE?LAg°)
2,2 2.2 2,2
(0) 1 € T3 € T3 €7 Ty ~(1)
x |C 14+ =X In + v In + v In +AC 2.5
[ B < 2 {% x%z x%l K 1’%2 33%3 " 5”33 x%l }> aﬁ'y} (2:3)

Now again the finite one-loop contribution to the structure constant C’élﬁ)w is scheme de-

pendent [45, 46] as it changes under € — €€ as

C~'(1ﬁ)7 — C'(lﬁ)v +c(Ya+78+ V) )

o o 0B (no sums on the indices) . (2.6)

However, the following combination of the unrenormalized three-point function structure
constant and the normalization is scheme independent

o _An 1 (0) (0) (0)
Caﬂv " Caﬁv D) (g"‘ Caﬁv T 9p Cozﬁ'y T 9 Caﬁ'v) : (2.7)

This is the only datum to be extracted from three-point functions. It also directly arises
as the structure constant in the three-point function of the renormalized operators O,

3 3 3 Capy
= 2.
Oule0s(w0 )= g i i Ao )

where Cp 5, = (S%)W—H\ C S@?W—FO()\Q) is the scheme independent structure constant of (2.7).

An important further point is the following. If one wishes to compute the one-loop
piece Célﬁ)y
at the two-loop order. This is so as the above discussed mixing matrix M,z will receive

starting from a generic basis of operators one has to resolve the mixing problem

O()\) terms once one computes the two-point function out to the order O(A?). These
mixing terms will contribute to the final C’C(MIB)7 through tree-level contractions. In this work
we shall be interested in three-point functions of single-trace operators which are given by
purely scalar operators at leading order O,. The mixing effects then induce a correction
pattern of the schematic form

Oalgyat, N) ~ Te(¢") + gva N Tr($yp¢™ )
+3m N? Tr(Du Dy %) + g N Tr(¢") + .., (2.9)
where L is the length or engineering scaling dimension of O,. Note that in the above

schematic formula each trace-operator stands as a representative of a particular weighted
combination of permutations of the same field content under the trace. Of course all



operators transform in the same representation of the R-symmetry group su(4) and are
space-time scalars. We refer to the three-contributions as the fermionic Oy, the deriva-
tive Opp and the self-mixing Ogr contributions. Clearly the tree-level insertions of these
mixings, such as <Oa70 Oﬂﬂlﬂb 05’¢¢> or <Oa70 0570 O,B,DD> or <Oa70 0,370 Oﬂyself> contribute
to the one-loop structure constants ngv next to the radiative corrections discussed above.
In addition the correlator (On,0Og o Os.4yp) With a Yukawa-vertex insertion will also con-
trbute potentially.

In our work we evaluate both these contributions — the radiative and mixing ones
— and state the final result for the scheme independent structure constant C’c(ylﬂ)7 for a
large number of three-point functions. For this the mixing of scalar operators up to and
including engineering length 5 has been determined.

3 The one-loop planar dressing formulae

3.1 Derivation

In this section we derive an efficient set of combinatorial dressing formulae to dress up
tree-level graphs to one-loop. Similar formulae appeared in [84].

Following [43] we introduce the 4d propagator and the relevant one-loop integrals in
configuration space

1
(2m)%xd,

Yio3 = /d4w Iwlowlzy ,

Iip =

X1234 = /d4w IwlowIzwlaw ,

H12,34 = /d4U d*w IvoIoy Ly I3 s

(O — 02) - (03 — Os)Hi2.34
VEPYEY!
We have put the space-time points as indices to the function to make the expressions more

Fi934 = (3.1)

compact. These functions are all finite except in certain limits. For example Y123 , X1234
and Hyo 34 diverge logarithmically when z1 — 2. In point splitting regularization one has

the limiting formulae (lim;_,; x?j =é?)

X et <1 T3 2> (3.2)
1123 = — 12413 { 10 - ) .
1672 2,23,
Y L g (1 e 2) Y (3.3)
112 = — 7, 5 112 n—— = 1122, .
1672 z3,
1 g’ 1 1 2
Fio13 = — In— —2) +Yigs [ — + — — — 3.4
12,19 1672 <n z3, > s (hz * Iis I23) 7 (34
X L (e (3.5)
= — n — .
1122 87T2 12 x%2 )
1 g2
F! =——— |In——-3]. 3.6
12,12 82 (nl’%z > (3.6)



Figure 1. The generic tree-level three-point function.

We introduce a graphical symbol for the scalar propagators and work in a normaliza-
tion where u1

(8! (1) (22)),.. ubud = I — (ur - uz) s, (3.7)

U2
here the SO(6)-indices of the scalar fields are contracted with dummy six-vectors u! and
ug for bookmarking purposes.
The one-loop corrections are then built of the following three components

Y112 + Y122

U1 o uz = —\(up - ug) 12 7
12

(self-energy), (3.8)

u %) )\
E = §(U1 “ug)(u3 - ug) 1o I34 F12,34 (gluon), (3.9)
3

U 4

[2(ug - ug)(u1 - ug) — (ug - ug)(uy - ug)

I~ S
w,

:><:
kS o
N >

— (u1 . UQ)(Ug . U4)] Xio34 (Vertex). (310)

With these basic interactions we can now diagrammatically dress up the tree-level two-
and three-point correlation functions to the one-loop level. To do so we note that a generic
planar three-point function will be made of two-gon and three-gon sub-graphs which need
to be dressed, see figure 1.

For the two-gon dressing one finds the basic dressing formula

A Ls
\U2 V1

1-loop

r1 T2 A 2 1
_ 72 €
—I12—2 In —-—1 UL VU1 - U — UL - U V] - Vg — = UL - V1 U - V9
8 T1y 2

A 62 o o
2
ﬂmw@%”)( — -

where the diagrams in the last line only stand for the index contractions not for propagators.

(3.11)

This contraction structure is of course that of an integrable nearest neighbor SO(6) vector
spin-chain Hamiltonian as was first noted in [1].



Analogously, for the three-gon we find

"2 permutations

w1 w2 w1 w2 w1 w2

—112113[23 X (312)

1672

A
2.

2
e“x
+<1n T
L1223

(A2 y O]

Again the graphs in the last three lines only represent the index contractions. Interestingly

a similar structure to the integrable spin-chain Hamiltonian of (3.11) emerges also for the
one-loop three-gon interactions.

3.2 Gauge invariance and Wilson line contributions

There is one important point we have not addressed so far. The point splitting regular-
ization method that we employed violates gauge invariance as the space-time locations of
the two neighboring operators in the trace are no longer coincident. The natural way to
recover gauge invariance is to connect the two split points through a straight Wilson line.
This, however, gives rise to new diagrams not yet accounted for in which a gluon is radiated
off the Wilson line. Luckily we are able to show that this contribution vanishes entirely at
the one-loop level for || — 0.
Setting e = z/; the Wilson line is parametrized by

i(r)y=ab+ e, T€[0,1]. (3.13)

We then have the contribution

1
7 ” t = A - ug)(us - ug) /0 dre- (01 — O2) Yizr

_ 2)\(u1 u2 U3 Ug) / dT/d4 € Ty (3.14)

2 (2 V2.2 .2
.fC2wfli

This five dimensional integral is by power-counting logarithmically divergent for coincident
points z3,x(7) = x; i.e. |¢/ = 0 and one has

2
lim dT/ d*w < xlw ~1/xf, |1|1m €-T12 <ln
0

2

+ finite + O(e )> — 0. (3.15)
%



Figure 2. Additional Feynman-Graphs for extremal three-point functions.

There is also a novel ladder-diagram in which a gluon is exchanged between two Wilson
lines extending from x; to x3 and from xo to x4. This ladder-graph is manifestly finite
and vanishes as €2. Therefore all the Wilson line contributions to the point splitting

regularization vanish at this order of perturbation theory.

3.3 Extremal three-point functions

Three-point functions of operators with lengths A&O), Ag)) and A(WO) where A&O) + Ag)) =

AEYO) are called extremal. For these extremal functions the dressing formulae above do
not hold any longer for two reasons: First, there appear additional diagrams with a gluon
exchange or a vertex between non-neighboring propagators as the one in figure 2. These
non-nearest neighbor interactions lead to additional terms in the dressing formulae. Sec-
ond, unlike non-extremal ones extremal three-point functions with double-trace operators
contain the same factor of N as those with single-trace operators. This results in an
operator mixing of single-trace with double-trace operators already at tree-level. This is
described in detail in [45, 85].

We will refrain from studying these extremal three-point correlators in the following.
In any case the one-loop structure constants follow a simple pattern: They are a given by
a linear function of the anomalous scaling dimensions of the operators involved [45]

CLB% extremal loop = %Cg,)é’)'y,extremal ('Ya + B 7’7) ’ (316)
hence the three-point problem has been reduced to the two-point one. In particular struc-
ture constants of protected operators are free of radiative corrections. However, the crucial
mixing contributions are not taken into account in this formula which will also involve
mixings with multi-trace operators.

3.4 Two convenient regularization schemes

We have seen in (2.7) how to extract the regularization scheme independent structure
constant from a combination of the bare structure constant and the one-loop finite normal-
ization shifts. As the latter arises from the finite contribution to the two-gon dressing (3.11)
one may pick a regularization to simply cancel these contributions. I.e. making the trans-
formation on the point-splitting parameter

€ — Vee (3.17)



transforms

2 2 2,.2 2,.2

£ £ 9 xij 9 .’L‘Z-j
In——-1—=In—, and In—-—-2—=In—-—-5-1. (3.18)
% ] ik” jk ik jk

Hence in this scheme the finite part of the two-gon dressing vanishes resulting in a vanishing
finite correction to the two-point functions

9a =0, (3.19)

which in turn implies that the bare and the renormalized structure functions coincide in
this scheme

S0 _ o

opy = Copry - (3.20)

This implies that the structure function may be read off solely from the three-gon dressings
of the non-extremal correlator, which may be graphically represented by

(3.21)
Alternatively one may apply the transformation
€—ee (3.22)
yielding
ln%—l—ﬂni—l—l, and In 622:16% —Z%ln%. (3.23)
Lij Tij TikTik LikTik

Now the finite contributions to the three-gon dressings vanish and the bare structure
constant may be computed from only dressing the two-gons in the tree-level correlator

% ) . (3.24)

The scheme independent structure constants can then be calculated using (2.7) with g, =

1) 1 .. -
Caﬁ“/ T 82 Z Z (
cyclic all o
perm. 2-gons

Yo by virtue of (3.23), i.e.

o _ AL

N CY (Ve + 78+ 1) (3.25)

1
afy 9 Tapy

In our actual computations we have used both schemes depending on the problem at hand.
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4 The considered operators and their mixing

As discussed above we also have to face the subtle problem of operator mixing. In this paper
we aim at computing the structure constants of space-time scalar operators constructed
exclusively from the SO(6) scalar fields of N’ = 4 super Yang-Mills

Oa = Z Ci1...iL TI‘((ZﬁZ‘1 e ¢2L) . (41)

Due to operator mixing these will be corrected perturbatively by operators with bi-fermion
and bi-derivative insertions, as well as ’self-mixings’ in the purely scalar sector, i.e. we are

facing the mixing structure
Oa = 04 + gyM N Ou o + 330 N2 Ou,pb + g3 N Og et + O(9511)
with
Oy = Y _ iy ig_y Tr(W iy - i Yabie - biy_y)
OupD =Y €ir ikt TH(D'Gi iy . b1, Dyubiyi - - b1y )
Ouselt = Y firoip, Te(iy - di) - (4.2)

These mixings will lead to contributions to the one-loop structure constant cW beyond

afy
the radiative ones discussed in the previous section through the tree-level correlators

(Oapp O Oy)os (Oapp O3 O04)0,  {(Oasett Op Oq)o (4.3)

and their permutations, as well as the insertion of a Yukawa-vertex into the correlators

<Oa,1/)¢ OB O’y>Yukawa 5 (44)

which are all of order O(g2;)-

The operators we shall be considering in the non-protected sector are at leading order
(Pap = %e acp PP and Z = % (¢5 + i¢ps) are the complexified scalars, see appendix A
for conventions)

8772 AB
Oy =K =—"Tr (P4pP 4.5
o4 =K = ST (@40040) (4.5)
J
J (8m2)/+2 m™(2p + 3) AB 70—

- —— Ty (P lPP " 7’ 7P

O NT+2(] + 3) pz::(]cos T3 r(Pan )
J=1,23 n=1,...,[J/2 (4.6)

@ <87T2>2 4
A4A/E — AT
/ N 738 F 1021/41

x {Tr (D458 BDpdCP) + 51‘/@% (

P 4pPopPBPL) } (4.7)

From the mixing pattern in (4.2) we see that the length two Konishi operator Oy4 = K is
protected from mixing. The operators O; constitute a whole family of SO(4) x SO(4) single

- 11 -



trace singlets with classical conformal dimension A(®) = J 42, where J is the charge under
a U(1) € SO(6) under which the Z fields carry charge 1. These states belong to the [0, .J, 0]
representation of SU(4)r and they are the highest weights of a long representation of the
PSU(2, 2]4) superconformal algebra. For each value of J, there are E [‘] 121 such eigenstates
of the planar two-loop conformal dimension, labeled by an integer number 1 <n < FE [J +2]

Indeed, the bi-fermion and bi-derivative mixings of these operators have been worked out

in [48, 51

J
R 2
O =N cos an] f_—g 3) Tr (@ABZPQSABZJ—p)
p=0

g N sin AL §SIH(+) r(wlazp¢2ZJ—p—l)
8v2r2  J+3 i J+3 o

J—1
N . ™ . m™(2p +4) - & d—p1
— sin E sin ———=Tr WALy Al
I8vore " T +3 =0 +3 (V52703 )

J
N2 5 TN = m™(2p + 5) J—p2
sin > cos ————Tr (D, ZZPDFZ 277772
(S\NT?) J+3 = J+3
E["+2]
+3
+gt > o Z >I&« (PapzPd Bz77P) 5 (4.8)

mn

self
n,m

one loop is (see the computation in appendix B)

where the self-mixing coefficient C is still undetermined and the normalization up to

Ny J=2 sin? 72 J—1 2mn g2 N
N = 1 N J+3 9 cog? _ 9vm (
T+ 3[ TNy ey gy (T T2 p 90
A
i1y | 5]+ Olat)| (@9)
where Ny = NQ and gy is the scheme dependent finite one-loop contribution discussed

in section 2. The mixing with the terms containing fermionic and derivative impurities
in (4.8) has been computed in [48, 51] by requiring that the operator is annihilated by
the superconformal charges up to one-loop. In the next section we shall compute the
coefficient of the self-mixing in the last line of (4.8), by requiring that the full operator
@;{ is an eigenstate of the dilatation operator at two loops constructed in [86]. As we
shall be studying only correlators involving operators up to engineering lenth 5, we shall
be studying the set of operators

{O4p == 0%, O4p := 02, O5; := O3}, Osp == 03} (4.10)

in this (’A)g operator family. We also often use the alternative (historic) nomenclature

pattern introduced in the preprint [87]. Finally we note that the one-loop scaling dimension

2 1n

of O‘] reads 7y, = 4\ sin Ti3-
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4.1 Self-mixing contributions from H,

With a,b,c,d,e, f,i,7,k = 1,...,6 denoting the SO(6) indices of the scalar fields &; one
may write the pure SO(6) piece of the one and two-loop hamiltonians Hy and H, as

follows [1, 10, 86]
R
2 abc bac ach 1 bca cab
H4:Z <_2 {abc}+ {abc} +{abc}] 2 [{abc}+{abc}]
11 bbc cbb 1 | beb 1 bbc cbb
16| ) aac * caa + 4 \aca 16 caa + aac
Al ) e

Where the action of theses operators is defined by

N W

abe
{d f} (B3 B;Br) = i 0ej D1, |Pa PyDe) , (4.13)

and repeated indices are summed over. Note that we are now employing a spin-chain
language representing a local gauge invariant operator by a state.

We now use this result in order to determine the scalar contributions to the self-mixing
coefficients in (4.8). Upon acting on Hy4 one finds for the operators of (4.6) and (4.7)

HioO? = 19;7\[A2 0? + lv o2,
Hyo0} = _TQAQ 03 4 TV < 7\/5A2 03,
HyoOf = —%VO%— @vog,
Hyo03 = _{fv 03 — 287)\2 03,
HyoO4n = <—25 81%) 2N Oya — 2\\?)\2 Our,
HyoOup = —%‘[ﬁﬁ O4n + ( @ ;ji) N Oy (4.14)

From this one deduces the following corrected two-loop eigenstates using standard non-
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degenerate perturbation theory

1

@%:o%ﬂﬁogz&m, (4.15)
@§=O§—A2\1/50%:©4B, (4.16)
@§:0§+A‘1/§0§—@5J, (4.17)
01— 01— 2 Y2 01— 05, (4.18)
Oa = Ogs — A f O4E, (4.19)
Oup = Oup + A f O4a. (4.20)

Note, however, that the self-mixing coefficients appearing in (4.8) receive additional con-
tributions from the interactions with fermions appearing in Hs.

4.2 Self mixing contributions originating from Hj

We now evaluate the additional contributions to the self-mixing coefficients appearing
in (4.8) originating from the interactions with fermions.

As discussed in [86] the self mixing has two sources. One is the 2-loop purely scalar
Hamiltonian H4 and the other is H3. The total contributrion to the self-mixing is given by

(Op|H3|04 ) + (Op|Ha|On)

Oa = Oa + gvM O + 930 Oa,0D + 930 Y . & Op. (4.21)
2.0 — 22,8
7a
The 2-loop energy of the state (4.21) is
Eiq = (Oa|H4|O04) + (Oa|H3|Onpy)  where Eq =AEzq+ AN Ejq+.... (4.22)

Before resolving the mixing for the specific states we are interested in, let us calculate
via (4.22) the 2-loop eigenvalue of the operator O?. The form of this class of operators is
given up to order gyn follows from the first three lines of (4.8). The corresponding spin
chain state is obtained by performing the following substitutions [88]

87T2 % 87T2 % 1 A A
(W) ZYM_>ZSP7 (W) E@bYM%stp (423)

This correspondence is such that (Z;|Z;) = 1 and similarly for the fermions. To simplify
notation we will drop the subscript 'sp’. Consequently, the first three lines of eq. (4.8) can
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be written in the spin chain language as the state

2 _
Zcos T2+ 3) ) g7y

o7 7
O7) = |0) + gym [0} ) = T3

VI+3

N VN 1 iy Zsm (2p+4
M T3 13 J+
VN 1 "Z
— 1
gym ir 13 ~

2 [l zpy2z7 P

)2y¢ & ZPPSZ7 7Py (4.24)

We should mention that the tree-level operator in the first line of (4.24) is normalized in
such a way that its two point function is 1. Now we use the equation

(Opyp|H3|0a) = E2,6(08,yy|Oaypyp) — (Op | H2| O ) » (4.25)

being a direct consequence of the full eigenvalue equation for ]@a> and the absence of
O(g3;) contributions to the scaling dimensions, to express the matrix element of Hj be-
tween the leading bosonic term of the correlator and the subleading one involving fermions
in terms of matrix elements of the 1-loop Hamiltonian Hs. In the sector we are interested
in (e.g. scalar fermion pair of the type 1119, ¥31h4 and the complex field Z) this can be
written as

Hy = 2 Z(l — 1 41), (4.26)

where II; ;11 is the graded permutation operator.
Specialized to the case where J =2, n = 1 we get

2

VN 1 | 7, 4rx
(O ww\ol dn/z) =4x2 (gYM ﬁﬁ S — e (4.27)
Here the factor of 4 appearing in (4.28) is due to the inner product of 112 Z) —|?*L Z),
while the factor of 2 is due to the fact that there is a similar term with the fermions being
3 and 1)4. Finally the sin 4?“ is due to the phase factor inside the sum of the second line
of (4.24). Similarly, the matrix element of Hs is given by

2
2 2 _ VN 1 7 4r¢
<(917,¢}w|H2|(917,¢}w> =4x2 ('927[‘\/5 SlngSIH 5) 3\ (428)

Putting everything together we obtain for the two-loop energy of O% the value

)\2

Ey = (OF|H4|OF) + E2(O3 4|0 ) = (—17+5\/5). (4.29)

This value is in complete agreement with the two-loop anomalous dimension of a level 4
descendant of the OF primary state which belongs to an SU(2) sub-sector. The precise
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form of this descendant operator is

Oone, = — - TP (g 22T S =4 =1 4.30
desc'_mzcosjiﬂ T( 1 1 ), =% n=1 (4.30)
p=0

and its two-loop anomalous dimension was found to be [20]

n _1_% (4.31)
J+1 4 J+1 ’ '

which for J =4 and n =1 gives precisely (4.29).

E4 = 16)\%sin?

We now proceed to the resolution of the mixing for the operators O2, n = 1,2. The
subleading terms of order gyy are given by

1 ™ - -
Ond = VA7 sin T sin T (9122) — [YAZ) — st 2) + [Guad§Z)). (432)
This gives
8 52
<02 ww‘ol ¢,¢1> —=Asin E sin 17 (433)
5 5 5
8. . o . 927
<(92 ¢,¢|H2‘Ol ¢,¢> g)\ Sln2 g Sln2 ?3)\ (434)
From (4.33) and (4.34) one obtains
2
<O§7¢¢!H3]O%> =— 7/\2 sin? 3 T sin2 g (4 sin? g - ) (4.35)
(01 4y |H5|O03) = — %Ag sin? = = sin’ 2% (4 sin? 2% - ) : (4.36)

Finally, then the self-mixing contributions from the Hjs sector are given by

. O2|Hs|O

02 =02 ¢ (O Hs| wg@ o§:0$+x5 ‘[02 Our, (4.37)
4\ (sm T —sin 5”)

. O2|Hs|O X

I T Zap) 0? O2+/\5+\[ — Oup, (4.38)

4\ (sm2 %” — gin? g)

In a similar way, one can resolve the self-mixing for the operators O3 n =1,2.

V3

O} =03 + )\?O% =05, (4.39)
O3 =03 + A?Of =055, (4.40)

Lastly, we focus on the length 4 primary operators O44, O4g. In order to resolve the
self-mixing here the most general form for the 1-loop Hamiltonian Hs acting on one scalar
and one fermion is needed. It is given by

Holiba@P) = 2 (a%5C) — |85€0.0)) + 3 (510 C) + 85185 + 65 e pP)
+05 |87 Pk )) + oo, ’Dlﬂ/}o> +6Go " 1Du”) (4.41)
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The two last terms with the covariant derivatives acting on the fermion in the fundamental
will not be needed in what follows. The action of Hy on states where the scalar and the
fermion are swaped or on states like [ P p¢) should be obvious from (4.41). Let us write
the two operators as

1Ou)= 738_4102\@ (@AB@AB@CD@CD> o ‘ﬁ\@AB%DdBAB@C%) +104a04)
(4.42)
Ou)= 738+4102\/H (@AB@AB@CD@CD> 5+‘ﬁ\¢AB¢0D¢A%0D>) +104540)
(4.43)
where
Ao, B AB.7, T 4
[Osayp) = —gymea2 (|PapPy) — [P asty)) V735 — 102/
O 0) =~ en 2 (1Bapt " *vE) — |40 a0 )) ——— (4.44)
V738 + 102v/41
The constants c4 and cg are given by
cA/E:—g (;—51*/5> . (4.45)

Furthermore, the normalizations appearing in (4.43) are such that the the leading scalar
terms are normalized to 1. As above one can evaluate the following quantities

2
@) @) =48 cac 4.46
< 4E,1/11/)’ 4A1/)¢> gYM A E3m ( )
and
2
) H,|O = 48¢%c c 3)\), 4.47
(OuE,p | H2|Osa ) g AEBW( ) (4.47)

using (4.41). From this we deduce the matrix elements

2 /A
@) H3|O44) = 4843 —— (13 +V41 —3)\>, 4.48
(Ousuol alO1) = 186802 (313 4 V) (4.49
2 /A
Ounwol H3|Oup) = 48 13— VA1) —3)) . 4.49
(Osa,49|H3|O4) gYMCACE?)m( ( ) ) (4.49)

Using these we may now also write down the self-mixing contributions originating from Hjs

N 1—\/41 2(—1 + +/41)
Ous = Oyy + 4847 = O+ \—— X" Oy, 4.50
4A 4A g CACE 3@ 2\/» 4A i1 f 4F ( )
—1— /41 2(1 4 V/41)

Our = Osp + 48¢%cack = O+ A 04, (451)

Oun
3\/205 oval 115
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Finally, we may now state the complete self-mixing contributions to the operators that
we are considering by combining the results of this and the previous subsection. We find

@0 Ai5+‘[
2

1 R
02 02 O’)/QQ 02 041:‘ s (4.52)

o 1 1 o
02 =02+ 75 2*[ 0! =02 + 002 0% = Oyp, (4.53)
03 = 03 4+ ) i 03 =03 + *1/? Y3203 = Os. (4.54)
O3 =03 4+ A \12 0} =05 + \1/63 73103 = O, (4.55)
. —7+2¢/41
Oun = Opp+ A ——X 045, 4.56
4A 4A 41\/5 4F ( )

@4E:O4E+)\4704A, (4.57)

2 1n

T43 18 the 1-loop anomalous dimension of the operator (’)‘]

where v, = 4\ sin

4.3 Fermionic and derivative mixing terms for the 044 and O4r operators
What remains to be found are the bi-fermionic and bi-derivative mixing contributions for
the scalar Q44 and O4f operators. Let us rewrite these operators in complex notation:®

0O

e =Tr (PapP*PDcp®P) + ay/pTr (PapPep® P o) (4.58)

where a4/ p = 5%\/5.

At orders gyy and g3, we expect to find subleading mixing terms, singlets under the
SU(4) R-symmetry group and with naive scaling dimension four, containing respectively
two fermions and two derivative impurities. The natural candidates are then:

c1 gym Tr (4P vE) €’ + ¢ gym Tr (@AB@%@) €54 (4.59)

and
d g%\ D@ ap DHdAP. (4.60)

We can compute the mixing coefficients by requiring that this operator - being a highest
weight state - is annihilated by the action of the superconformal charges S and S4 for
any A = 1,...,4 at any order in perturbation theory. As it is composed by scalar fields
only, the leading term is trivially annihilated by the superconformal charges at order g%M.
This is no longer true at higher orders as the superconformal charges receive quantum
corrections, thus their action on the leading term should be compensated by the action of
S and S at lower orders on (4.59) and (4.60).

Let us first resolve the mixing at order gyy, demanding that the action S and S at
this order on (4.58) is cancelled by the tree-level action of the same supercharges on the

5 . . .
°QOur conventions are stated in appendix A.
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two terms in (4.59). These are determined by the contraction of the relevant term of the
supercurrents in egs. (A.8).

Since these terms have opposite sign, we can write ¢c; = —cy = c.

Let us focus on the variation generated by the charge 5’?‘4:1 at order gywm, and let us

first compute the coefficient ¢ by specializing the action of S§* on 0% from (4.58). From

4A/E
equation (A.10), we get

Ge gymN TG TG
StPaplep =175, 5 (61.43[01/113] - 61CD[A¢B]) ; (4.61)

_ . _ _
where €;4p(c¥p) = 5(€14BcYD — €1aBDYC)-

We can act with S on Tr (PapPa pPcpPcrpr). Then, we must contract the result
with ¢ABA'B' .CDC'D' ABCD A'B'C’

and € D" to obtain the action of S at order-gyy on the

first and second terms of (4.58) respectively. We obtain

— . 135Y] 1y . N - A
S?TI‘ (QSABQSA’B’@CD@C’D’) GABA B GCDC D = —I'QY%TI' (@AB [w%, @114]) (462)
— 1oy . N —-A
STy (D4 4 g PopPerpy ) A BEPABCD IQYTN;TI' (DA%, Bra]) - (4.63)
Thus N .
aa 0 .gYM e
S{“OEM)/E =i (—2 + aA/E) Tr (4P [0%, B14]) - (4.64)

Now let us consider the tree-level action of S; on the subleading term in (4.59). Since (see
eq. (A.9))

Stpy = 4{21@1353, (4.65)
we have ‘
STy (@A%Mg) €5 = AV21Tr (S*P[05, B14]) . (4.66)
Recalling that co = —c; = —c one has
N 1
c=——+—| = -« . 4.67
s (5~ awe) (4.67)

We now proceed to calculate the mixing of the operators 4A /4E with operators involv-
ing derivative terms. There is a single candidate consistent with the dimension of 4A /4E
which is four and with the fact that the 4A/4E operators are singlets under both the SU(4)
and the Lorentz group. We denote this mixing term by d'Tr (Dué ApDFPAB ) An easy way
to determine d is by demanding orthogonality of the 4A /4E operators with the Konishi up
to order ¢g2. It is enough to consider just part of the Konishi operator, namely Tr (Z Z).
All other terms can be manipulated in a similar way and give the same result for d.

Firstly, we write the relevant Yukawa term as —41/2¢ Tr (915 AU B wé). Then we focus
on the 2-point function

(Tr (Yaas Z) (x) Tr (2Z) (0)) (4.68)

Inserting the Yukawa and making the contractions we get

—2V2gi N3 2% A(z) /d4z Az) (i O°Alx — 2)) (i 6702 A(x — 2)) =

acp

1
= 2V2gN? o7 A3(z), (4.69)
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where to pass from the first to the second line of (4.69) we have used the identities

ol G = 2n, (4.70)

ax

/d%A(z)@ﬁA(x —2)OHA(x — 2) = —=A%(z). (4.71)

Furthermore, the factor N3 comes from the fact that the corresponding diagram has 3
loops while the factor of 1/2% is related to the fact that there are 4 propagators each of
which brings a factor of 1/2. To get the full contribution of the bi-fermion term for the
operators 4A /4E we should multiply the result of (4.69) by 4. The first 2 is to take into
account the contribution when the fermions 1112 in the 4A /4E state are substituted by
¥31* while the second one to take into account the contributions when the Yukawa vertex
is contracted with the Z field of the Konishi. Putting everything together and multiplying
by the coefficient of the bi-fermion term which is g—2% 34@ for 4A and 4E respectively

16v/272
we get the final contribution from the bi-fermion term to be

¢’N* 31 +/41 (4.72)
16 272 4 ’
We now turn to the contribution of the bi-derivative insertions
d(Tr (D'ZD,Z) (z) Tx (ZZ) (0)), (4.73)
where d is the coefficient which we need to determine. These involve only free contractions
and read
1 1
d N? 7O A@)EA) = d N? ?(—16#) A3(z) (4.74)

Demanding that the sum of (4.72) and (4.74) is zero we deduce

i g’N?3F /41

=T (4.75)

Finally, we should mention that the leading term of the 4A /4E operators and the Konishi
have no overlap at order ¢°.

5 Operators up to length L =5

In this short section we now collect the results of the previous section and write down the
explicit form of the non-BPS operators we are going to use in the computation of the three
point functions

o L=2
k=T (2450"5) (5.1)
V3N
e L=3
o1 = fvﬂ?’ Tt (6P B 4p52) + Tt (3P Z645) | (5.2)
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@% gig\/)» (1+ YM32 2(3 \[))Z (2p5+3)Tr (@ABZPQSABZpr) (5.3)
p=0

2 .
+9YM7]TV\[(\/51)[ (ZZJI%% ) —Tr <l5[3alsz]z>]
+ g%M\/Sm_lTr (D,ZD"Z)

27m(2p + 3)

———Tr (PABZPP A Z*7F)

An? 2
)

a0 (87°) m(2p +3) AB 2
OQZNQ\/5 1+g YM32 - (3+V5) Zc f Tr (PP ZPD o 2%7P) (5.4)

— gyM

T VE(1+V5) (v 1%3;2) ~ T (Jsat§2) |
14+V5
ST

+ g% Tr (D,ZD"'Z) +

4r? 2 2p+3
—1-9\2(1\/[57;\[(\/5—1)2%37”)

p=0

~ 8 5— \/ZH
O4A —< > NA{ (@AB@AE;@CD@CD) + 4 Tr (QAB@CD@AB@CD) (5'5)

Tr (PP 2P 45 Z%7F)

N 3—\/41[T(
— I
QYM16\/§2 1

N2 3 /41
iy A g (Du@ABD”¢AB)}

apt o uE) - Tr (045 4505) |

1672 (7 — 2v/41) [
— g Ng | T (B apd*BdepdP
9yMm N 115 E ( AB CD )
L5+ \ﬁ
Tr (PapPep®PoP) ] (5.6)
N 8w 5-+v/41
Oup = (N) NE {TI‘ (@ABSPAB@CD@CD) 74 Tr (QSAB@CD@AB@CD) (5'7)
N 3+V4 [ Ao, B AB 7 '
- Tr (& “WBY — Tr (¢ PR
gYM TN (Pt g ) — Tr (4P aath)
N 3+ VAL
+g2 i Tr (D, a5 D'd*5)

o 1672 (7 + 2V/41)
gyMm
N 415
5 — /41
T

Na [Tr (Dap®*Bdp L)

Tr (S apPep®PoP) ] (5.8)
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where the antisymmetrization of the indices is defined as [ azpi] = %(wlawi —

Y2l and the normalization reads Nya/up = \/738;102@ (1 + g‘th 23213{\%—1 +
Olatw) )
o« L=5
Of = (8]75) ;\}6‘ (1 + g%M?);VﬁQ) ;cos ”(2p6+ Iy (@48 20015757)  (59)
+ gvn f}ff piosin ”(2”;4) [T (010272 2%77) = T (0 2705 2°77)
- g%Mﬁ [Tr (DL ZDFZZ) + Tx (D, ZZD"Z) ] (5.10)

67° 2+ 3
+ gy Y cos 7r(p3+>Tr (@AB 2P 4 7577)
N2

p=0
o [(8m2\2 1 3N\ <~ 7(2p+3) B
Og_(N) ﬁ(”g%Mgzﬂz)ZngTf (@8 20045757) (511
p=0
WO G m(2p+4 _ .
. ﬁ ™ S sin T [y (102 22) - (aa 20522 7)|
2 =0
3
2
+ ——— T (D, ZD"*ZZ) + Tr (D, ZZD*Z 5.12
9 23 & w(2p + 3) AB
+ gYMF Z CcOSs TTI‘ (@ Zp@ABZ?’—P)
2 =0

e BPS Operators
We will also need explicit forms of the protected 1/2 BPS operators beyond the
lengths three and four. The maximally charged operators are of course simply Tr (Z )J
carrying U(1) charge J. At length three we note the BPS operator

Osciije = Tr (Z;Z; 2 + Z; 2 Zy) — iaijTr (ZpZypZi + ZpZypZy,)
% 8T (ZpZpZi + ZpZpZs), i, j,k=1,2,3 (5.13)
At length four we have the neutral BPS operators:
O4G neutral = 2 [Tr (422292575 + 2222272 Z5) — %Tr (ZpZaZy) Zo + ZpyZy) Z(QZZ))}
. [Tr (D22 + 20 L Ta )~ ST (20 Zyy 2o+ z(pzp)z(lzl))}

_ _ _ 4 o _
_ [Tr (4232323723 + 2Z3737373) — =T (Z(,,Zgzp)z3+z(pzp)z(3zg))} ,
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The charge two BPS operator reads

Oucijin =Tr (Z;Z; Zx 21+ 2, Z; 21 Zy, + Z; Zy Z; 21+ Zi 2y 21 Z i+ Z; 2, Z 2y + 2, 2, 2 Z)
—% oTr (Zi 2y Zi Zipy+ Z(i 23y Z (1 2oy ) —% 5T (Z1 2y Zi Zpy+ Z (123 Z 1 Zoy))
—% 6uTr (ZxZ(yZiZyy + Z( 21y ZipZy)) » i Jy ki1 =1,2,3 (5.15)

where the repeated indices p,q = 1,2,3 are summed over and the bracket in the
indices means symmetrisation. Namely,

3
T (2,22 21)= > _ T (202 Zp 70 + ZpZ; 7y 20) (5.16)
p=1
3
Tr (22 2 20)= Y Tx (ZpZpZ(; 20y + ZpZp 25 20)) =
p=1
3 — — — — — — — —
=Y Tv(2,ZpZ;Z1+ ZpZp 21 Z; + ZpZp Zi Z1+ 2y Zp 21 Z5) - (5.17)
p=1
6 Results

The final result for the structure constants arises from two contributions: The radiative
one-loop corrections discussed in section 3 as well as the corrections arising from the opera-
tor mixing effects spelled out in section 5, which in principle enable one to straightforwardly
compute three-point functions involving scalar operators up to length five by combinato-
rial means.

Let us begin with the dressing formulae to find the radiative corrections. Clearly,
due to the need to sum over all permutations in these dressing formulae the complexity
in the computations grows fast and needs to be done on a computer. This has been
implemented in a two step procedure. Starting with an arbitrarily chosen basis of operators
all two-point functions are computed and then diagonalized. All scalar operators up to
length five are detailed in figure 1. Similarly all three-point functions are computed in
the original basis and then projected to the diagonal basis where the structure constants
can be extracted. For operators up to length three this was done algebraically with a
MATHEMATICA program. Starting with length four the mixing matrix diagonalization could
not be performed algebraically any longer and we had to resort to numerics using Matlab.
Once the diagonal basis was constructed the numerically obtained structure constants could
in most cases be again fitted to algebraic expressions derived by the algebraic form of the
one-loop scaling dimensions.

Secondly the contribution from the structure constants from the mixing terms of sec-
tion 5 were found as well. These arise from tree-level contractions involving the operator
corrections due to double bi-fermion, bi-derivative and self-mixing, as well as bi-fermion
corrections of one operator and a Yukawa-interaction. It turns out that the relevant con-
tibutions securing conformal symmetry arise from suitable tree-level correlators only - the
Yukawa contributions always cancel.
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Length | Class SU(ZL)F;?gi?}’l Rep. Dim. 82y Operator | Mixing
2A110,0,0] ) 1 6 K no mixing

’ 2B |[0,2,0]5 20 0 CPO no mixing
3B |[0,1,0]5 6 4 oJ=! resolved

i 3¢ |[0,3,0]3 50 0 CPO no mixing
4A  |[0,0,0] 1 1 (13 + VA1) | O4a resolved
4E  |[0,0,0]; 1 % (13 — V41) | Oy resolved
4B |[0,2,0]f 20 5++5 0J=2 resolved

! 4F |[0,2,0) 20 5—+5 0J=2 resolved
4C [[2,0,2]4 +[1,0,1]; |84 + 15 |6
4G |[0,4,0] 105 0 CPO no mixing
5A  |[0,0,2]F +[2,0,0] |10 + 10 |7++/13
5H |[[0,0,2]5 +[2,0,0]F {10 + 10 |7—+/13
5D |[0,1,0]; + desc 6+ 252 |5++/5
51 [[0,1,0]5 + desc 6 + 252 |5—+/5

o 5F |[1,1,17 + [1,1,1); |64 + 64 |5
5J 0,3,0]5 50 2 O?E% resolved
5E |[0,3,0]; + desc 50 + 140 |6 0J=3 resolved
5K |[0,5,0]5 196 0 CPO no mixing
5B [[0,1,0]5 6+6 10

Table 1. List of all scalar conformal primary operator up to length 5 with their one-loop anomalous
dimensions. Degenerate classes of operators are printed in bold-face. K denotes the Konishi and
CPO chiral primary operators. The O; refer to the BMN singlet operators in the nomenclature
of (4.8). In the last column the resolved mixing problem with fermion, derivative and self-mixings
of section 4 are displayed.

Below we list our main results sorted by correlator classes which are listed in the
tables 2, 3, 4 and 5.5 Note that only three-point functions which do not vanish at tree-level
are listed. We also stress that the majority of results for the radiative corrections to the

: 1 ;0
fractions C5. /C\ 5.
represents a biases fit allowing as non-rational factors only the square root term appearing

lloop have been obtained numerically and the quoted analytical results

SHere we have used everywhere A = g2\ N.
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in the anomalous scaling dimensions of the operators involved in the patricular three-point
function. The numerical precision in theses fits is typically of order 10~ or better, for
the raw data see the appendix A.2 of [89]. Finally, the analytically obtained results are
highlighted in bold-face letters.

6.1 (2/4/4) correlators

Here a diagramatic analysis reveals that only the double bi-fermionic mixing and the scalar
self-mixings will contribute to the three-point correlator, whereas the Yukawa-vertex in-
sertion cancels against the bi-derivative mixing contributions. This follows by considering
the propagator dependances of these terms.

D
D
A1g Ayg Al AR,y A3 A, A3
The underlined terms contribute.
We hence only need to determine the ratio
1
Capy _ QHypl4) + (2/44py) + 2l4sarl4) + (2]4[4sair) 6.1)
C(O) mixing <2|4‘4> ' '
afy

The highly involved evaluation of these correlators was performed with the help of a MATH-
EMATICA program. In addition one has the radiative corrections in the pure SO(6) sector
whose form follows from the dressing procedure. We state the radiative contributions
and the mixing contributions seperately and give the complete result in the final column,
see table 2.

6.2 (3|3|4) correlators

For the (3|3|4) the diagramatic analysis of

Ay A3z Al A% A2, Ags+14 2 AL (A%s Aoz + A1z A3y — A3y Al Ale)

reveals that in the mixing sector we can only have corrections due to self-mixing, bi-fermion
and bi-derivative insertions for the operator of engineering length four. Again, the Yukawa
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insertion cancels against part of the bi-derivative term (see appendix C), and the surviving
terms arise just from the contributions

(1
Capy _ (313/4seir) + (314/4pD) (6.2)
C((g mixing <3|4‘4> ' '
aBy

The results are exposed in table 3.

6.3 (4/4/4) correlators

Turning to the (4|4|4) correlators a similar diagramatic analysis tells us that now the
Yukawa insertion cancels part of the double derivative corrections to the length four op-

erators, while the remaining term yields the surviving contribution respecting conformal

symmetry.
D
D
+ +
Ay A3y Al Ay ATy Aoz +1 42 A}, (A%s Agz + A1z A33 — Af; A3, A1_21)
Hence, one here needs to evaluate the mixing contributions
(1
Capy _ (4[4[4pp) +(4l4pp|4) + (4D D |4|4) + (4[4|4se1r) + (4|4se1f|4) + (4scar|4]4) (6.3)
C((B mixing <4|4|4‘> 7 '
aBy

which are summarized together with the radiative corrections in table 4.

6.4 (2/5/5) correlators

Finally the structure constants involving two length five operators and one length two
operator are similarly controlled by the bi-fermi and self-mixing insertions, the Yukawa
contribution cancels against the bi-derivative correction.

+
A1z Arg Ajy Ay Ajs Aly A A1z Arg Ajy
Hence, we evaluate the contributions
C(l)
ady _ (2059u[5gw) + (215]5seit) + (2[5seit]5) (6.4)
C(O) mixing <2|5‘5> ’ '
afy

for the two cases in table 5.
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_ 20(1) _ 20(1)
On | O | O || 8727, | 8725 | 8727, w w N Sum
Copy loop Coby mixing

13441 | 13+v41 || 1 3 7 17
2A | 4A | 4A || 6 VAL | I34VAL | (95 1 /A1) = 11+ J%
2A | 4B | 4B || 6 54+V5 | 5+V5 || 11+/5 —3(3+V5) 1 (35+/5)

13—v41 | 13—V41 1 . 3 7 17
2A | 4E | 4E || 6 5 5 5(25 — v41) 5+ WS 11 N
2A | 4F | 4F || 6 5—v5 | 5-+5 1 11-+/5 —3(3-5) 1 (35 —/5)

13+v41 —3699+533v5—651/41—75v205 | 45014+2173v/5—6511/41—75/205
2B | 4A | 4B || 0 % 5+V5 || 5+V5 + 1640 + 1640

13+41 —3699—533v/5—651/414+75v/205 | 4501—2173v/5—651/41+75+/205
2B | 4A | 4F 0 % 5— \/5 5— \/5 1640 - 1640 =
2B | 4B | 4B || 0 5+V5 |5+ V5 || % (1154 14V56) | —53= (175 + 11V5) 5 (615 +107V/5)
oB | 4B | 4E || 0 5+/5 1372\/5 5+/5 73699+533\/51+63561\/ﬁ+75\/205 4501+2173\/51ré3501\/ﬁ+75\/ﬁ
2B | 4B [ 4F || 0 5+vV5|5-v5 | 0 —3 -3

1 5 3

2B | 4B [ 4G || 0 5+V5 |0 5+V5 L (-25 - 7V5) 5+ 57

13—/41 —3699—533v/5+651v/41—75v/205 | 4501—2173v/5+6511/41—75+/205
2B | 4E | 4F || 0 T\ﬁ 5-v5 || 5-v5 \[1240 il fir64o L T

2 3 1

2B | 4F | 4F || 0 5-v5 | 5—v5 || & (115 —145) | 5= (115 — 175) 3z (615 — 107V/5)
2B | 4F | 4G || 0 5—-v5 |0 5—56 +(7v/5 — 25) 22

2

S

Table 2: The evaluated (2|4]|4) three-point correlators.




20 20
Ou | 05 | O, || 87274 | 8725 | 872, 160((55 - 160(056 i Sum

3B | 3B | 4A | 4 4 1BV || (261 + 9VAT) | o2 (21V/AL —121) | S2BLETSOVAL

3B | 3B | 4E | 4 4 1BV || L (261 — 9VAT) | — o2 (121 + 21/41) | S28LZT80VAL

3B | 3B | 4B || 4 4 545 || £87+3v5) | =15 (175 +3V5) | 135 (695 4 27V/5)
3B | 3B | 4F | 4 4 5—6 | 5087=3V5) | 15 (123v5—-355) | 115 (515 + 93V/5)
3B | 3C | 4B | 4 0 545 || £B9+7V5) | -5 215+ 7VE) | 155 (254 9V5)

3B | 3C | 4F | 4 0 55 || £B9-7V5) | 35 (29v5 - 105) 5 (75 +17V/5)

3C | 3C [4A | 0 0 BIVAL || 113+ VA1) | 5% (371 +89vAL) | 55 (2849 + 461v/41)
3C [ 3C [ 4E | 0 0 By || 113 — /41) — 2 (89V/41 — 371) | L5 (2849 — 461/41)
3C [3C |4B |0 0 545 | 5+V5H 15 (45 + 17v/5) & (5= 7V5)

3C | 3C | 4F | 0 0 5-v5 | 5-V5 16 (55 — 23V/5) 15 (105 — 33v/5)

3B | 3C | 4G || 4 0 0 4 0 4

Table 3: The evaluated (3|3]4) three-point correlators.




Oa | O | O, 87274 87r2’yg 87r2% 16;(;0% 1 1?(;0% o Sum

apy 00p ap~  Imixing
AA | 4A | 4A 13+2x/ﬂ 13+2\/H 13+2\/H L (7185 + 309 /A1) 6(11417;5{5(;5105667) 3(27964115:54212249\/5)
AA | 4A | 4E || BV | BBVAL | IBSVAL | L (91 (/4T — 55 (3847 + 383V/41) — b (425 + 93v/41)
AN | 4B | 4B || BR/AL |54 5 | 5445 || 12.3279656 VA1(1265+527/5) ~85(108+41V5) 7.59846
AA | 4B | 4F % 5+v5 | 5—5 % (9 + v/41) —3149+2021{)5—171\/H —1304+2<3151\0/5+34\/H
4A | 4E | 4F || BV/AL | I3VAL | 1BoVAL | L (9] 4 \/4) o (38341 — 3847) o5 (30141 — 2781)
AA | 4F | 4F || B 5 /5 | 5/ || 4.865786 —8479+3280v/5+ 105841 —445+/205 3.05695
4A | 4G | 4G || BHAL | 0 3 (13 4+ v/41) 15 (459 + 151\/@ 2= (781 +89v/41)
4B | 4B | 4E || 5+ 5 | 54+ V5 | B4 || 38020253 —4e2 _ /5 — L0847 — 321./205 | —42.9660
4B | 4B | 4G |[5+V5 |5+ V5 | 0 & (254 7V5) 755 (=785 — 121V/5) o (215 + 159v/5)
4B | 4B | 4F || 545 | 3541 |5V || L(o— vaI) B4 1G4 82 4 1VE - LV
AE | 4B | 4E 13,2\/5 13,2\/5 13,2\/5 % (7185 — 309 /1) _6(105661752;1;;17\/5) _ 3(439491\é£g5279641)
AE | 4F | 4F || B=YAL | 5 /5| 5 \/5 || 4.785995 —8479 4 f +8v/5 — 22 1.01094
4E | 4G | 4G | B=y41 | 0 1(13 - v41) 5 (459 — 1511/41) — 2. (89/41 — 781)

Table 4: The evaluated (4]|4]|4) three-point correlators.




_16n20M) —16m2cY)
Oa O,B O’y 871_2,.)/0‘ 87T2")//j 87T2’)/7 # % o Sum
By loop Coby mixing
oA |53 |53 | 6 2 2 i -3 7
10 15 5
2B |5 |8 || 0O 2 2 = —1i 14
5 3
2B | 5J | BK || O 2 0 2 -7 1

Table 5. The evaluated (2|5]5) three-point correlators.

As reported in the introduction we make the general observation, that the radiative
corrections to the three-point structure constants for a three-point function of two protected
operators with one unprotected operator the structure constants follow the simple pattern:

CO(}) 1
((/)6;7 ==3M if yo =73 =0. (6.5)
Caﬁ'y loop

This occurred in all applicable 17 cases we observed. Unfortunately this pattern does not
survive once the mixing contributions are included.

6.5 Radiative contributions to (K|O|O) correlators

In this subsection we derive a compact result for the radiative contributions to the three-
point function of a Konishi operator with two arbitrary operators of same length from a
diagonal basis. The three-point function then takes the general form

(1) _ | e B YK o _ dap 3 0
Casr toop Ay i A,(BO) ! A/(CO) Capic = 4m2/3 (27& * 82 Ao’ ) (6.6)

as already mentioned in the introduction.

This may be shown as follows. Let K be the length two Konishi operator and the set
{O4} an arbitrary non-diagonal basis for the operators of length AO) that can be written
in terms of attached vectors, namely

1 o
O =Tr (uf - ¢---us - @) (AO > 9), (6.8)

Let Zj C Sk denote the set of cyclic permutations of (1,2,...,k).
We choose the renormalization scheme ¢ — ec in which only the 2-gons hold finite

contributions

1..1)2 A 82 ..
=14 = (In— +1 —
€2..”1> 1287T2<n37%2+ )(

X1 i)

(6.9)
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while the 3-gons only contribute to the logarithmic terms. For the two-point functions
we get

A 2
(1) Op(w2)) = 18" 3 [Hu Wt (1n2+1>

xr
oezf) L=t 2

a B a B
X Z ( Ur) - “700(1) Ur(2) " Urop(2) — Ur(1) " Urop(2)
TEZS)

A0)
x H UG Ui ] (6.10)

Now let D, = M,3 Op denote a diagonal basis of the length AO) subspace. Then

g2

1
(Do(z1) D(x2)) = 2A(0) <5a5 + Agap + AMVadapIn —

) =May Mps (Oy(21) O5(22)) (6.11)
T12

1
from which we immediately get the condition for tree-level diagonality

A0)
(0)
> Moy Mpgs Hu = (21)%27 §4p. (6.12)

UEZ(O)

Using this result we obtain

1 A g2 1
D, (1) D bop+ —5 (= +1) AP, - ———
< (‘Tl) ﬁ($2)> IL‘%2A ( B {72 < n x%2 ) B (27[.)2A(0)

x>y Mame( Y1) Ureo(2) Ur(a) " Uo (1)

oez) rezf)

A0)
1 5
_§UZ(1) ’ uZ(Q) uTOO’(l TOO’ 2)) H u ’ TOO’(Z ] ) (6‘13)

and thus the condition for one-loop diagonality

2A(0) 0 2 s s
(2m)™7 bap (A( ) — 87 ’m) = z:() z:( | Moy Mgs (“Z(l) Urog(2) Ur(2) " Uroa(1)
O'EZAO TEZAO
A0)

1
_§UZ(1) : uZ(Q) u?’oa’ ’TOO’ ) H u ?—oa (3) (614)
and

Ja = Ya - (615)
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The three-point functions are

{Da(21) Dg(22)K(23)) = May Mps (Oa(r1) Op(x2)K(23))
A0)

1
g 5 X et | T

Tia T
13723 57O 1ez©

A v 5 % 5 % 5
+@ Z Ugop(1) * Urop(1) Ugop(2) * Yrop(2) ~ Ugop(1) * Urop(2) U
PEZ 5 (0)_,
1 A0)
Y Y 0 é ¥ §
T5U0p(1) " Yoop(2) Urop(1) '“rop<2>) x H (%om 'uTopa))

=3

Y 0 ¥ 5
XU a0 1) Ur(a® 1) Ug(a®) " Urao) TAX 10%8]

!

1 (0) ~(1)
Chr +AC -+ A X logs>
2A0)_ ( aBK aBK
L12 x%?, 95%3
and we obtain the tree-level structure constant
A0)
O = rpavir g 3, 2 Muo Mas ]
K AU 5 oMo L1 e
oezW rez)
(0)
A0) 4
(27r 24(0>+2 V3 Z Moy Mps H u Ur l)’
TGZ(O)

Top(1)

(6.16)

(6.17)

where we omitted one sum over all permutations in the second line because the first sum

already delivers all possible contractions.
Using equation (6.12) we get
A0
CO = = bus.
472 /3
The one-loop structure constant is

ésﬁ)lC - (27T)2A(0>+4 (212404 /T2 Z Z Z Mo Mgs

0ez® rez® PEZ ),

A0 _2
2l Y 2l 0,0 vy 0,0
X[ H (UUOP(Z-) u‘rop(i)) X Ugpao 1) " Ura©@—1) Uga@) " Ur(a©)

i=1
1

2 4 ot 4 el vy ) )
- (UO'Op(l) : U’Top(2) uaop(2) : uTOp(l) - 5 uoop(l) ’ uaop(Q)uTop(l) ’ U"rop(?))

A _2

5 5
X H ( Ugop(i) TOp( )) Z(Aw),l) “Ur(A© 1) Uz(mm) '“T(A«»)]

5a 2
— (277)47/3@ {(Aw) —2) A _(A©® _9)(AO) _gx %)}
(A(O) —2)%

S 220 2 S
472 /3 of

~32 -

(6.18)
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where the sum over the p-permutations gives only a factor of (A(O) — 2) and we made use
of equations (6.12) and (6.14) in the second step.
The renormalization scheme independent structure constants

Cfgflﬂ)’)/ - 6(5416)7 T 9 Cc(yﬂ)y (9o + 98 + 9+) (6.20)

may now be written down using (6.18), (6.19) and (6.15) to find

(1) ~(1) (0) 3\ _ Ya 8 gl (0)
o7 8 K
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A Conventions

In this appendix we summarise our conventions. The Lagrangian and super-symmetry
transformations of the four dimensional N' = 4 SYM can be derived by dimensional re-
duction from the ten dimensional N'=1 SYM theory. We adopt the mostly-minus metric
(+,—, —,—) and the following conventions for the SU(/N) gauge group generators:

Tr (TaTb> 5w [0, T = ifobTe, (To)(To)F = %(5;’5’“ _ —51@ ) (A1)
The Lagrangian reads

1
L= Tr[ — 5 Fw " + 2D, & ap DI B 1 2iy*A6H  (Dyiha)® + (A.2)

u (848, 89P)[Dap, Dep) — 2V2 gy ([, Papll — (e, 4P10H) |,

where @45 denote the six complex scalar fields of NV = 4 SYM which satisfy ¢48 =

%e apcp P¢P = & 4. Sometimes it is more convenient to work with three complex scalar

fields Z1, Zs, Z3 and their complex conjugates defined as follows

Zy =20y, 7y = 2Pgg = 21
Zy = 2Py , Ty =2Pg =294
Zy =2y, Z3 =201y =283, (A.3)

with Zy = J5(¢1 + i), Z2 = 5(¢s3 + i), Z = Zs = (5 + igke)-
For the propagators we note

1
<Zi($)ab Zj(y)cd> = 5 6z] 6553 A:Ey a, ba Cad = 1a cee 7Na Z?] = 1a 2a37

WA T p)fa) = & 6 0L OF Ay (A4)
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with Agy = —m. From these one deduces
(OuZa)"s Z3(0)%4) = § 53 505 05 Ay
0 A1 0 Arz = =877 (A1p A% + ATy Arg — ATy ATy A (A.5)
Moreover, one may derive an effective spinor index free contraction of the gluinos
(W (2)5 0B (Y)Deftective = 1 V221 AY? 675 55 57, (A.6)
which appears in correlators involving only two bi-fermion insertions of the form
(M (@) a2 ()52 Py a(9)G U5, (W)E) (A7)

which are spinor-index singlets and are of relevance in the computations at hand.
We report here the form of currents associated to the superconformal transformations
of N'=4 SYM (see appendix A of [51]):

Suj :2337(67)‘5‘0‘ Tr((ap”)ngyagﬁ-lﬁﬁ + 2\@D,@A302d6“ dﬁng—i—

— digl®ac, 8ot iy ) + 8VRTY (9ap(a*)*wE), (A.8a)
SHd =9z o7 Tr((&f’”)ngy(T“ B%g‘ - 2\@DP@AB6W%ZB&§+

— g0, Deplom Pl ) — 8VATr (61P ol ) (A.8b)

from which one can derive the tree-level and order-gyy superconformal variation of the
fields. In particular, we will use:

e the tree-level superconformal variation of a single fermion [51]:
S'ng)BB = 4\/52@,435;; (A.9)
e the order-gyn superconformal variation of a pair of scalar fields [51]:

_. N _ .
SA®pcPpE(0) = (GABC[DwE] (0) = 5ADE[B¢8*](0)> ; (A.10)

o 3272
where 6ABC[D1EE] = %(GABCD@E - EABCE"LED)

B Normalization of the states

In this section we compute explicitly the order-g%M contribution to the normalization of
the non-BPS operators coming from the mixing. We require that the two-point functions
are canonically normalized:

(B.1)

where L is the operator length.
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Let us start from the Highest Weight State (4.8), focusing first on the treelevel contri-
bution coming from the leading term. Using:

J J
m™(2p + 3) ™m o m(2p+3) J+3 9 TN
pEO oS o= —2cos 713 and EO cos T13 2 2 cos T3 (B.2)

it is straightforward to show that

J
™m(2p+3)  7wn(2q+3)
p;o 008 —— g CO5 ——— X

N >J+2[( (—1)7+2 B3)

7pHAB 7 J—p qpAB 7J—q _ Y
(Tr (B4pZPBABZ7P) Tr (045 29048 77~1)) = (J+3)(87T2 o
from which we get the leading term in (4.9).
The fermionic terms contribute to the normalization at order g? via tree-level contrac-

tions. So we shall compute

J—1
2 4 2 4
Z sin an] i—g ) sin an} i—g ) X

P,q=0
(T (6162005 27771) (@) Tr (419 2992.27-07) () +
(Tr (% 27pa 277771 (2)Tr ($aa 2705 27777) ()] (B4)
The first term within squared brackets yields:

(T (D16 2205 2777 ()T (0 202277 ) = (3) 82280 %6,0 1 (B5)

while the second term just doubles this result.
So, if we includes the coefficients in front to the fermionic term in (4.8), we get:

N2 = 2p+4) ( N\
—N? Ssin? Zsin27m(p+)<> 647% A7 26, p1  (B.6)

(8v/2m2) J+3 = J+3 \2
The sum yelds:
J-1
. om(2p+4) J-1 5 2N
= 2 s B.7
pzosm J+3 2 TP T3 (B-7)

Putting everything together, the finite part of the two point function up to order ¢ is:

(O;(x)O)(y)) = (B.8)
N\ 7/ >N m (J—1 2mn (—1)7+2
2 AV _ ) 2
N(J+3)<87r2> [1 7r2(J—|—3)Sm J-|-3< 5 + 2cos J+3>L($—y)2]‘7+2'
Requiring this being canonically normalized:
G103 = (B9)
I [ =y |
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we get (Ng = 25)

~ 82
1
Ny 72 ¢N 5, o [(J-1 o 2mn \] 2
=\/—|1— 2 B.10
N=\"T13 [ 2013 T3\ T T T (B-10)

which, expanded for small g, gives the result in (4.9).
Now let us focus on the operators @4A and (’54;;. The tree level contribution can be
rewritten as:

871—2 4 1! r
<N> Nig [m (Pap2*P D0 pd°P) () Tr (@A/B@A B ® e pd©'P ) (1))

+ 20 p(Tr (P40 P Dcp®°P) (z)Tr (q& Do D@A’B’q&C’D’) (1))

+ 0% p(Tr (PapPcp® PPCP) (2)Tr (@A/B,@C,D@A'B’@C’D’) (y))] (B.11)
We recall that in the SU(4) notation the correlator between the scalar fields reads:
1
(Dap(x)*®op(y)’) = 6%eapcplyy  and 48 = §€ABCD¢CD (B.12)

The computation of the different terms in (B.11) is then straigthforward and it yields:

21 (-1)4 738 F102v/41  (—1)*
2 2 _AS2
NA/E |:4+3aA/E+9OéA/E [(Jj—y)2}4_NA/E 16 [(x_y)2]4 (B13)
where we have replaced ay,p = 54L‘/H.

The contribution of the fermionic subleading terms is:

82\ 2IN? (3T V41)? S
(;) Arp (169 Van?)? ( 3F1\6ﬁ> [(Tr (8484 4658 () Tr (BeptC®v2) (y)+

(Tr (@4 Y F) (2)Tr (PPhcatdd) ()]  (B.14)
Each term in the last formula gives the same result, namely:

N
2

3
(Tr (245 Paa) (2)Tr (Popp ¢l (v) = 3( > Agya" @t 0 Ay 8 Ay (B.15)
But 61%gY . = 20" + [u, V], where [u, v] denotes a term antisymmetric in p and v which

does not contribute to the final result, and B,SI)AWE)“ (“)Axy = —1672A3

2y» 0 all togheter

the contribution of the fermionic subleading mixing term is:
2 4
gymV 2 (-1
~ N3 M 33 F VAL B.16
A/ gy BT VA G (219
and then the finite part of the two point function up to order g%,M is:

738 — 102V41 g3y N

~ V4
(Gua/p(@Ous) = A% | (607 6VID) | s man)

16 (8)? [(z —y)?]*
Requiring that the above correlator is canonically normalized we get:
4 gy N 25 F 341
Najp = 12 (B.18)
738 — 102v/41 T 246 T 34v41
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C Cancellation of the terms violating conformal invariance

In the correlators we computed in section 6, the terms coming from a Yukawa insertion
which do not respect conformal invariance cancel out agagainst similar contributions from
the bi-derivative mixing terms. This behavour has already been shown in [48], where the
contribution to the one loop structure constant has been computed for a class of correlators
involving the highest weight state in (4.8).

In this section, we are going to show explicitly the same cancellation occurring in the
classes of correlators (3B|3B|4A) and (3B|3BJ4E).

Thus let us consider -

(0} (21)0}(22) O a5 (5)), (BY

and drop the overall normalization, which does not play any role in this computation. So
we are going to take:

Of = Tr (Papd*P2) (C.2)
and write
@4A/E = Oscal + Oyy + Opp,
where
Oyy = —9/\/3q[4\/H [Tl" (Papv?opl) — Tr (QSAB@Z_JAME%)} (C.3)
Opp = ¢°’N?(3 F V41)Tr (D, 45 D'd*P) (C.4)

with V' = #. We want to show that in the sum <@%5}O¢w) + (@%6%(91)1)) all the
terms which do not respect conformal invariance cancel out.

Let us start from (@%@%Oww It is sufficient to focus on the term with unbarred
fermions, because the other term will just double this result. The Yukawa coupling relevant

for this computation is:
i4v/2g / dwTr (@XW‘}(&@) € (C.5)

We can contract the scalar in the Yukawa with any scalar field in the operator in =1, and
this forces the contraction of the remaining scalar in longer operator with a scalar in xs.
Obviously, one must also consider the opposite situation, where the scalar of the Yukawa
is contracted with a scalar in x2, and hence the remaining scalar in Opp with one in x;.
However, this just exchange the role of x1 and x9 in the result, so, by now, it is sufficient
to focus on the first case, and then add the same result with 1 and x5 swapped.

For each of the three diagrams we get contracting the Yukawa scalar with a specific
scalar in x1, we can further contract the remaining six scalar in three possible ways. Taking
into account all the diagrams, and then summing the result with z; <> x2 one gets:

ey R N4 : .
OO Oy = — 1> ——=N3(3 F V4l)e. e 50tP 578
(0101 04y) s (B F VAl)e,s€ap

A%2/d4w8£w)Aw38£w)Aw3 [Agy Atz + Ay Ass) . (C.6)
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However €, 5%/35“5(15” &8 — _2p* plus terms antisymmetric in p and v, and then the
integrals become:

/ d*w A2 0" Au300) Ay = — %Agg, (C.7)
/ d'w A1, 0" Ayt Ay = — %Aig. (C.8)
Substituting N' = # we get:
5

(01010yy) = g3 3(3 F VAL) AL, [A13A3; + ATy Agg). (C.9)

N
(16/2)272

Moving to the computation of the derivative terms, one must contract one D, P 4p with
any of the scalars in x; and the other one with any of the scalar in x5. This can be done
in nine independent ways. Then one must exchange the role of x; and z3. However this
would just double the result of the former case. Thus, summing all the diagrams one gets:

A N3
(0101 0pp) = 92?/\/ 23(3 F VA1) AL,0(7) Ay (73) Ay (C.10)

Since 8Lx3)A238“ @)A1y = —872(A1343; + A3 Agz — AZLAZLAL), and replacing N =
N
16v/272’

one finally gets:

o N? _
(O1010pp) = —gQW?)(?) T VA1) A, [A13A3; + A3 Ags — ALLAZAL. (C.11)

Comparing (C.11) with (C.9), one notice that the first and the second term in (C.11)
cancel out against (C.9), and that, up to the overall normalization, the contribution of the
bi-fermion and bi-derivative mixing terms to the correlator reduces to:

N5
2 3(3F VA1)A9 A% AL, C.12
Y (16v/2)272 BF )A12 473423 ( )

in agreement with conformal invariance prescriptions.
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