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ABSTRACT: The Checkerboard conformal field theory is an interesting representative of a
large class of non-unitary, logarithmic Fishnet CFTs (FCFT) in arbitrary dimension which
have been intensively studied in the last years. Its planar Feynman graphs have the structure
of a regular square lattice with checkerboard colouring. Such graphs are integrable since each
coloured cell of the lattice is equal to an R-matrix in the principal series representations of
the conformal group. We compute perturbatively and numerically the anomalous dimension
of the shortest single-trace operator in two reductions of the Checkerboard CFT: the first one
corresponds to the Fishnet limit of the twisted ABJM theory in 3D, whereas the spectrum in
the second, 2D reduction contains the energy of the BFKL Pomeron. We derive an analytic
expression for the Checkerboard analogues of Basso-Dixon 4-point functions, as well as for
the class of Diamond-type 4-point graphs with disc topology. The properties of the latter are
studied in terms of OPE for operators with open indices. We prove that the spectrum of
the theory receives corrections only at even orders in the loop expansion and we conjecture
such a modification of Checkerboard CFT where quantum corrections occur only with a
given periodicity in the loop order.
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1 Introduction

Conformal quantum field theories are ubiquitous in modern high energy physics and statistical

mechanics where they describe many important physical phenomena. There exists a multitude

of CFTs in spacetime dimensions d < 4. For d > 4, however, the list of known CFTs is very

short (see e.g. [1] for the Banks-Zaks critical point), unless supersymmetry enters the game.



Nevertheless, if we drop the unitarity requirement and allow for non-unitary, logarithmic
CFTs [2], an ample class of integrable theories in d = 4 has been discovered in [3] as a
special double-scaling limit of A = 4 super Yang-Mills theory (weak coupling combined with
strong imaginary y-deformation). The definition of these theories has later been extended
to any d dimensions in [4]. In the planar 't Hooft limit, the perturbation theory of such
CFTs is dominated by a very limited number of Feynman diagrams of a specific shape:
in the simplest of these theories they are represented by the regular square lattice. As
was shown by A. Zamolodchikov [5], the square lattice graphs are integrable, because they
are equivalent to partition functions in a certain integrable statistical mechanical model of
continuous spin variables, which are the coordinates of the vertices of the graph. These
graphs are called fishnets owing to their shape, and the CFTs that are dominated by them
are dubbed Fishnet CFTs (FCFTs).

Apart from the FCFTs stemming from the double-scaling limit of y-deformed N = 4
super Yang-Mills theory, a vast class of so-called Loom FCFTs was proposed in [6]. It is
based on Zamolodchikov’s construction of integrable Feynman graphs of a more general type,
featuring arbitrary valency of the vertices, any dimension d, and diverse types of propagators.
This construction relies on the existence, for each such diagram, of an associated Baxter
lattice — a collection of straight lines parallel to M directions that we dub slopes. The scaling
powers of the propagators, which are the Boltzmann weights in the stat-mech picture, are
proportional to the angles between the lattice lines (see [5, 6] for the details).

The graphs stemming from the Loom construction are, to our knowledge, the most general
integrable Feynman diagrams. Many of them present practical interest for the perturbative
computations in various realistic CF'Ts. Consequently, they spurred the development of many
computational tools such as the Yangian symmetry [7-10], spin chain transfer matrix [11-13],
separation of variables [14-21] or quantum spectral curve [22]. Among the multitude of FCFTs
originating from the Loom construction, some particular cases are more relevant than others.
They include the CFTs obtained as the fishnet limits of the ABJM model [11], featuring
Feynman graphs of the shape of regular triangular lattice, or of the N'=4 SYM theory [3].

In this paper we study a class of Loom FCFTs with M = 4 slopes that feature only
quartic scalar vertices. We name this model the Checkerboard CFT because all of its planar
graphs are dual to a Baxter lattice with only rectangular faces that can be bi-coloured in
checkerboard style, as seen in figure 1. These planar Feynman graphs also have the shape of
a square lattice, with the powers of the propagators alternating along both rows and columns.
The theory has two coupling constants and four complex adjoint SU(N) matrix fields Zj,
j=1,2,3,4, with the Lagrangian (2.1) (see the detailed definition of the theory in section 2).
Unlike the bi-scalar FCFT [3] and its d-dimensional anisotropic generalisation [4], each square
face of a graph of Checkerboard CFT is equal to the R-matrix operator acting on unitary
irreducible representations of the conformal group SO(1,d+ 1) both in auxiliary and quantum
space [23] and depending on 3 parameters, namely the scaling dimensions that define the
physical and auxiliary space representations, and the spectral parameter u. The integrability
for such graphs is therefore explicit since they are equal to a product of conformal transfer
matrices. It follows that the computation of correlation functions in Checkerboard CFT is
reduced to the standard integrability methods for quantum spin-chains.! In particular, the

In this case, one has to deal with spins in principal series representations of the conformal group, for
which the formalism is not as developed as for finite-dimensional or highest-weight representations.
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correlation functions of two single-trace, non-local operators discussed in section 3 represent,
in the spin-chain picture, the statistical-mechanical system of interacting conformal spins on
the regular square lattice of cylindrical topology and alternating Boltzmann weights along
both rows and columns. In section 3.2 we present the all-loop computation of the simplest
such correlator following the methods of [4, 13, 24]. From this four-point function one can
extract the scaling dimensions of the shortest length, L = 2 operators exchanged in its OPE
s-channel, in terms of certain infinite double sums.

The richness of the parameter space of Checkerboard CFT allows for various interesting
reductions, which we consider in section 4. For specific choices of the scaling dimensions
Aj of the fields, this theory reduces to the strongly twisted 3D ABJM FCFT [11] or to
a 2D logarithmic CFT that captures the spectrum of Lipatov’s reggeized gluons [25-28],
describing the famous BFKL limit of high-energy QCD. We will apply our general results
for Checkerboard CFT for the four-point functions and the anomalous dimension of L = 2
exchange operators to study these quantities in more detail (perturbatively and numerically)
for these two reductions.

The sections 5, 6, and 7 are devoted to the study of some Feynman diagrams that can
be drawn on the disc, and completely describe the vacuum expectation value of single-trace
nonlocal operators in the Checkerboard CFT, ie. single-trace multi-point correlators. We
concentrate on four-point diagrams, obtained by cutting out a rectangular piece of the square
lattice and then identifying some of the coordinates of the external legs. We distinguish
two classes of such correlators: for the first class the edges of the rectangle are parallel
to the lattice lines, whereas they are parallel to the lattice diagonals for the second class
(the so-called diamond graphs).

The first class of these four-point correlators and the related Feynman integrals are
studied in section 5. They generalise the 4D result of Basso and Dixon [29] for the case of
bi-scalar FCFT, and in [30] for the 2D bi-scalar FCFT. In section 5.1.1 (with the details
of the computations in appendix D) we compute, using the separation of variables method
of [15, 16, 23, 31-33], the general expression for the four-point functions of such type, emerging
in the full Checkerboard CFT, for d = 2 and d = 4.

The diamond correlators, which will be studied in section 6, can themselves be divided
into four types according to their boundary conditions. Such correlators feature drastically
different properties from the “Basso-Dixon” class. First of all, in the simplest bi-scalar
FCFT these are highly divergent objects, and it is not completely clear how to give them a
physical interpretation in terms of CFT correlators. Otherwise, for general parameters Ay
such graphs are finite, and many of them evaluate either to zero or to a tree-level-like product
of propagators (while being quantities defined at loop level). This fact can be checked by
simple computations based on the star-triangle identity. We will examine such correlators
via their operator product expansions in section 6.

We end this section with a proof by induction that the spectrum of anomalous dimensions
in Checkerboard CFTs is protected at any odd order of perturbation theory. On the other
hand, when the bare dimensions of the fields satisfy additional constraints, e.g. Ay + Az =
Ag + Ay = d/2, the spectrum gets corrected at every order of perturbation theory. The
different regimes, namely interaction at any-loop order vs protected odd-loop contributions,
is also apparent in the analytic structure of poles in the SoV representation of four-point
Ladder integrals from section 5.1.2.



Moreover, the Checkerboard model can be generalised for a higher number of slopes
M > 4 to a theory of MyM> complex scalar fields, with My + My = M as proposed in
section 7. In this case, the square-lattice graphs have a general periodicity (M;, Ms) along
rows and columns. We conjecture that the spectrum of anomalous dimensions gets corrections
only at loop orders k such that kmod(M;) = 0 or kmod (Mz) = 0.

The concluding section 8 is devoted to the discussion of our results. Contextually, we
will list there many unsolved problems concerning the Fishnet CFTs.

2 Definition of Checkerboard CFT

The Checkerboard Fishnet CFT studied in this paper is a theory of four complex matrix
scalars fields Z; of N x N components in any space-time dimension d. The Lagrangian of
the theory features in general non-local kinetic terms and two quartic interactions,

4
E(CB) =NTr Z Zj(—ﬁua’*)waj - f% 2122Z3Z4 - é'% 21222324 . (21)
j=1

We impose the constraint w; +we + w3 +w4 = d in order to work with dimensionless couplings
€2 ¢2. We shall often switch from the parameters w; to another set of labels, commonly
used in the SO(1,d + 1) spin-chain formalism [34], namely

wi=u+d—Ay, wr=—-u+A_, wy=u+Ay, wg=-u—A_, (2.2)

where A4 and the spectral parameter u are generic. It follows from (2.1) that the scaling
dimensions of the fields Zj, Zj are Aj = g — wj.

We are generally interested in the planar (or multi-colour) limit of the theory, N — oc.
While for generic w;’s the Lagrangian is UV complete and the theory is finite, there are special
values when double-trace correlators of length-2 operators are divergent and a corresponding
counter-term must be added to (2.1). This is the case when a couple of neighbouring fields
in the interaction vertices features a pair of conjugate dimensions, i.e.

d d
A1+A2:§=A3+A4 or A1+A4:§:A2+A3. (2.3)
For instance, whenever the first equation is verified, the double-trace counter-terms
L7 = a(€1,6) Te(212:) Tr(ZsZa) + 6(€1, &) Te(2122) Tx(Zs Za (2.4)

should be added to the Lagrangian (2.1), with the couplings (&1, £2) adjusted to their critical
values in order to preserve conformal symmetry. The propagators of the adjoint fields Z;, are

_ r(¢—w
Dile) = (A Z0) = 4wi(7i‘zif(w')) = .

where the indices ¢ and j enumerate the fields. Here we neglected the SU(N) matrix indices
of the fields since in the multi-colour limit we are interested in we simply have to restrict
ourselves to planar graphs.



Figure 1. The M = 4 Checkerboard Loom Baxter lattice and the associated Feynman diagram
(in red). The diagram features quartic vertices emitting propagators (2.5). Their scaling power is
determined by the angle of Baxter lattice through which they pass.

Such a simple content of Feynman diagrams of the theory is a consequence of the
non-Hermiticity, i.e. the chirality, of the interaction featured by (2.1), because

Tr [2122Z3Z4}T =Tr [24232221} (26)

are not allowed vertices in the theory.

Let us note that the Checkerboard CFT can be viewed as a reduction of the Loom
FCFT® with M = 4 slopes proposed in [6] (see section 3.3 therein) if we keep only the
couplings for two vertices of valence 4, namely

Tr [1)1X3Y§17L1] and Tr [ull_)ng?Q} y (27)

and set the remaining 131 — 2 = 129 couplings to zero. Then the fields X, Xo, X4 and
Y1 and the dual fields us, us, ug and vy are effectively decoupled from the theory, while
only the fields X3 and Y5 and the dual fields u; and v; have interactions. The latter are
identified with fields in (2.1) as follows

U1:Z1, 51222, X3=Zg and }/é:Z4 (28)

In this respect, we must point out that the number of slopes featured by the Baxter lattice in fig-
ure 1 is reduced from four to three (or two) when either (or both) of the conditions (2.3) is met.

In the particular case d = 4 and w1 = ws = wg = wyg = 1, the Checkerboard CFT
has the “standard” local Lagrangian

4
,C(CB) =NTr Z 8MZ]'8“ZJ' + 5%21222324 + 5321222324 + double-traces . (29)
7=1

Of course it is still a non-unitary, logarithmic FCFT. This case is potentially very useful since
this FCFT is dominated by standard scalar Feynman graphs which might be computable



by integrability methods. Importantly, this “isotropic” point for the checkerboard is the
case when the Baxter lattice features two slopes that — in addition — are perpendicular.
In this case, among the double-traces terms we must include the counter-terms of the type
o (€1,8) Tr(Z; Zi12)Tr(Z; Zi12); the critical values of such double-trace couplings are more
involved to compute (as it is for the simplest bi-scalar Fishnet CFTs, see [13, 22]), though
the existence is guaranteed beyond perturbation theory.

In the next sections, we will explore the properties of the Checkerboard theory and
compute certain of its correlators. We will realise that its typical planar Feynman graphs,
depicted in figure 1, have the shape of the regular square lattice, similar to the bi-scalar
FCFT [3] with the Lagrangian (4.1). However, in the Checkerboard CFT each square face of
the Feynman graph in figure 1 appears to be given by the R-matrix introduced in [34] (see
next section for explicit definition) acting in both spaces on principal series representations
of conformal group and explicitly depending on spectral parameter u. Thus, the integrability
is contained in an explicit and familiar way in the Checkerboard CFT.

3 Correlators of single-trace operators: spin-chain picture and L = 2 case

Among many physical quantities, a special role is played by correlators of single-trace operators

— typical quantities to study in the planar limit. Correlators of one, non-local, single-trace
operator will be considered in sections 5 and 6 for example. In this section, we work out
some correlators between two, non-local, single-trace operators.

3.1 Integrability of the correlators

We will consider a class of 2L-point functions obtained by complete point-split inside the
two traces. Its perturbative weak-coupling expansion can be presented in terms of Feynman
diagrams with cylindrical topology and with the Checkerboard structure, one at each loop
order, described in the previous section. Let us define a concrete instance of such correlator,

(O, ...,er)0h, .. ah)), (3.1)
where the notation for single-trace, point-split operators is

0(1'1, e ,{L‘L) == Tr[(leQ)(l'l) (leg)(fl,‘g) e (Z1Z2)($L)] 5

(3.2)
O(al, ..., a) = Tr|(ZuZs)(2)) (ZaZs)(wh) .. (ZaZs)(l)]-

Its perturbation theory can be re-summed to a finite coupling expression via the Bethe-
Salpeter (BS) method. We will identify this BS kernel with the transfer matrix of an integrable
non-compact spin chain with SO(1,d + 1) symmetry. Quantum corrections in perturbation
theory for weak couplings (and in the planar limit) consist of L Feynman diagrams at each
order (£3)("+DL(2)"L where the loop order n > 0 is an integer. In particular, this correlators
are zero in free theory.

The Feynman diagrams for a given n can be expressed as a power of a certain integral
“graph-building” operator f, acting on functions of L variables, say x1,...,zr, in R% In



Figure 2. The weak coupling expansion of K (1, z2|x3,24) up to order £32¢% in terms of the Feynman
diagrams a.k.a. integral kernels T, (z1, z2|z3, z4) for n = 1,2,3. Arrows on top of propagators are
oriented from Zj, to Z,. Black dots are integrated vertices. Each pair of blue dots in a column denotes
the same integrated vertex, since the graphs are wrapped on a cylinder.

practice, one of the L diagrams is expressed as the kernel of f”, namely

To(x1, ..., xp|2),....2h) =

L
= / [T d%: T,y yn) T -yl 2l (3.3)
=1

and the others are obtained by any cyclic shift of points x; — x4; with 1 < j < L — 1.
Hence, the correlator at finite-coupling results from the BS resummation, namely

L1
(O(x1,...,20)0(x],...,2})) = Z K(z144,o4j, .y xpejleh, . 2h), (3.4)
=0
with
+o0
K(@r,oyaplth, o ah) = G5 S (G Tuya (o1, swrlal o val). (35)
n=0

The operator T is the transfer matrix of a non-compact, homogeneous spin chain with
SO(1, d+1) symmetry and periodic boundary conditions. Each of the L sites carries the infinite-
dimensional representation of a scalar field with scaling dimension Ay + As. The operator
T is the trace over the auxiliary space (infinite-dimensional representation of dimension
Ao = A; + Ay) of a product of L solutions Ry of the Yang-Baxter equation [34], that is

~

T = Trg {Emﬁog . EOL . (3.6)

FEach of the operators ROk, for k=1,2,...,L, is an integral operator acting on functions of
x1 in physical space as well as on functions of z( in auxiliary space. Its kernel for k = 1 reads

C
R(ﬂfhl‘o\fflu«’ﬂo') = d d d d ) (37)
(230) 775 FA () T2 (adg) TR () A
where Ay = (AQ + (Al + AQ))/2, and
LT (% - wj)
C = di =

j=1 4w (wy)

T (u—g+A )T (g +A )T (—ut+gd—24)T (ut+§-4) )

Cm)2 T (u+d—A)T(—u—A)T(u+ AT (—u+AL)



X X2 X3

Figure 3. Illustration of the formula (3.6) for the case L = 3. Black dots are integrated vertices.
The pair of blue dots in a column denotes the same integrated vertex, since the graphs are wrapped
on a cylinder, which corresponds to taking trace in auxiliary space.

The infinite-dimensional trace in (3.6) is the iterative convolution of R-operators with respect
to the auxiliary-space variable xg,z(, ..., assuming periodic boundary L + 1 = 1. This
construction is depicted in figure 3. The Yang-Baxter property for R guarantees that the
operators R and T satisfy the RTT equation [34]. According to standard argument, this
property ensures the existence of a complete set of commuting operators acting on x1,...,y,
hence the quantum integrability of the spin chain of length L.

Notice that in the Checkerboard CFT the spectral parameter u is naturally incorporated
into the structure of the Feynman graphs due to the identification (2.2). This feature is
proper to the whole construction of the Loom FCFTs [6].

The main implication of formula (3.5) is that the calculation of the correlation func-
tions (3.1) boils down to finding a basis of eigenfunctions and of the corresponding eigenvalues
for the integrable transfer matrix (3.6). Here, quantum integrability guarantees the existence
of a non-perturbative, exact approach to the study of the Checkerboard CFT.

3.2 Anomalous dimensions for L = 2

In this section, we derive the exact expression for the shortest four-point correlator of
the type (3.1) in the Checkerboard CFT, and extract the anomalous dimension of lightest
single-trace operator, which dominates the OPE s-channel,

TI'[ZlZQZlZQ](iU) . (39)

Another candidate for the lightest operators is Tr[Z3Z4Z37,]. We will assume without loss
of generality that A; + Ag < Az + Ay, hence (3.9) is the lightest one. We shall follow
the methods of [4, 13, 24, 35], i.e. perform a conformal partial wave decomposition of the
s-channel and, from that, achieve an all-loop equation for the anomalous dimensions of the
exchanged operators. Within the choice of shortest length L = 2 and for operators of spin
S = 0 the solution of the spectral problem reduces to computing a two-loop, massless, Kite
master integral with specific powers of the propagators.

We will study this problem in two concrete realisations of the Checkerboard CFT.
First, in d = 3, for the ABJM FCFT [11] defined in the section 4.1, we compute the



anomalous dimension of (3.9) up to a few orders in the weak coupling expansion, and
otherwise numerically in a large range of couplings. Second, for the d = 2 BFKL FCFT
discussed in the section 4.2 we show that the anomalous dimension of the lightest operator
matches the Pomeron spectrum in the Regge limit of QCD [26, 32, 36-38]. Let us start
within the general setting. According to what was explained above, one has?

(TY{(Z120) (1) (21 2) (w2)] Tr | (Z4Z3) (21 (ZaZs) (ah) | ) =

= K (21, 22|27, 25) + K (21, 2|2, 27) (3.10)
with
o
K (z1, mo|z), ah) = & D> (§765)*" Ty (w1, wa| 2y, 25) - (3.11)
n=0

According to the formulae (3.6) and (3.7), the kernel of the operator T’ at L = 2 takes the form

d2od?
T($17$2|$/1a$'2)202// A z Axo e A I_A
(239) T T2 O ()T TR (2 ) T R TR (2 ) TR

1

x , (3.12)

d y . _
($§0/)7U75+A+ (x%,Q,)u+§+A_ (xglo)fqung_,_ (xgz)u+§,A_

where c¢ is given in equation (3.8). We can compute (3.10) by simply adapting to our problem
the methods of [4, 13, 24]. The spectral equation reads

/ ddacl/ddxng(xl,x2|x’1, 25) U, s(x1, x5 23) = h(v, S) U, s(z1, T2; T3) | (3.13)

where v € R is the continuous label of principal series and S is the spin (rank of symmetric
traceless tensor). Because L = 2, the eigenfunctions of T are entirely determined by its
conformal symmetry, hence ¥, g(z1/,z9;23) is a conformal 3-point function between two
scalars of dimension Ay — A_ = Ay 4+ Ay, at points 1 and z2, and one symmetric traceless
tensor of spin S with dimension in the principal series A = d/2 + 2iv, inserted at an
arbitrary point z3 [39-41]. For simplicity, we restrict ourselves to S = 0. The eigenfunction
¥, = ¥, has the form

—d_jy

whads) (3.14)

where C(v) is a normalisation constant. Let us compute the eigenvalue. First, we take the

U, (z1,22;23) = C(v) (x%Q) Ty A As (

simplifying limit 23 — oo on both sides of equation (3.13). This leads to

// Az A%y T (zy, zo|2), 2h) (w%/y = h(v) x (x%

20f course, we consider a different correlator (Tr [(Z1Z2)(x1)(Z1Z2)(x2)] Tr [(2221)(1'1)(2221)(37’2)]) and
the similar one with the fields Z35 and Z4. The result is

(Tr (21 Z2) (1) (Z1 Za) (w2)] Tr [(Z2Z1)(21)(Z221) (25)])

diiv—A1—A
e . (3.15)

) %+1V7A17A2

el / / 2% Dy (21 — =) Dalwa — o) (K (o), 24 |h o) + K (o) 2| 7)),

where K (z,y|z’,y’) is given by (3.11). Therefore, for the considered correlator the problem is again equivalent
to the diagonalisation of the T-operator (3.12).



b)

A +A d/A-iv

X7

Figure 4. T operator with L = 2 acting on the 3-point function ¥, (z1,22;x3), in grey, before (a)
and after (b) sending the point x3 to oco.

whose left-hand side is depicted in figure 4(a). From such equation we read off the eigenvalue
in the form of an integral to be evaluated

A +A diip—A —A
h(v) = (m12 A //dd:z: dah Ty, zo|a), 2h) (:1;%/2/>4 S (3.16)

It is convenient to factor the eigenvalue into the product of two terms (see appendix A
for details),

h(v) = h1(v)ha(v), (3.17)

because hi(v) and hy(v) are in fact the same function

Blay, as, §) = (z, ,)+2a1+2a2—d ( I'(a1)T(a2) )2
F( a2)

2d—2a1—2 2d
4 a1 —2a2q % _ al) 1—\ (% _

x / / dfeydiey (3.18)
(33%2')6(3331')(“ (1’3%’0')&2 (ngw)al (553'0)” ’

evaluated at different values of its parameters, i.e.

A A
hl(l/) :B<A1,A2,A3+A4—2) R hg(l/) :B(Ag,A4,A1+A2— 2) . (319)
The two factors of the eigenvalue of T are schematically drawn in figure 5. The function
B(ay,as,0) can be computed by Mellin-space techniques [42]. In fact, such function is the
generalisation of a two-loop massless master integral to the case of propagators with complex

dimensions, see [43]. Following [42], one gets

P(g — 1) (Il + 75 —|—Ig)
42d=2m =202 7d P (d — 2) Ag(ay) Ao(az) Ao(2a1 +2a2 +6 — d)’

B(ay,a2,0) = (3.20)
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Figure 5. (a), (b) integrals give respectively the factors hy(v) and ho(v) of the eigenvalue. (c¢) The
two-loop massless master integral of [42, 43].

where ;
Ao(a) = r(s—e) (3.21)

and 7y, Ty, Z3 are expressed as double infinite sums [42]:

['(az +n+ k) F(%+n—5+k) F(a1+5—g_k)
r(§-a-k) L@k  Dld+n-a-0+k)

+00 k
—1
1 = E Mn< k:')

n,k=0 2
Pd+n-a—a—d+kT (3 -a1—0—F) ! (3.22)
D(a+ap+o—g—k) Totata+th) (i inik)’ '
; —ioM<_1)kF(n—‘21+a1+a2+5+k:)f‘(g—al—5—k’)F(n—i—al—i-k)
2 = n
oo K Tld-a—a—d-k) Thta+i+k) 7 (4 a k)
I(¢4n—ay+k T(d — 21 —ao — & — 1
. (4 ) Td—2u-a—5—k) (3.23)

['(az — k) F(n—g+2a1+a2+5+k>F(g+n+k)’

T JioM(—l)kF(g—I—n—al—i-k) F<a1+a2—%—k> T(d+n—a —as—6+k)
3 = n
0 k! F(al—k) F(d—l—n—al—ag—i—k) F(_%+a1+a2+5_k)
. Peu+at+i—d—k) P (3% +n—2a — 20, 6+ k) .
F(%d+n—2a1—a2—5—|—k) ['(2a1 +2a3 + 6 —d — k) T(%—H”H-k‘)’
(3.24)
where . ; ;
-2
M, = M <n+1> . (3.25)
n! 2

For generic parameters, one of the two sums in each 7, can always be computed in terms
of hypergeometric functions. Further simplifications may occur for specific values of the
parameters a1, as and d. We will study some of those in the next section.

The insertion of a resolution of the identity in (3.11) reads

& (v, S)
1— & h(v, S)’
(3.26)

+oo
K (x1, zolah, 25) = ) /dp(% 5)/dd963 U, 5(1, 95 3) ¥, (2, 25; 3)
S=0
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where p(v,S) is the Fourier-Plancherel measure over principal series, see [39, 44]. The
integral over x3 is a conformal partial wave (CPW). Therefore, performing the integration
over v via the residue theorem yields the CPW expansion of (3.10) in the s-channel (upon
symmetrisation x; <> z2). It can be shown that the residues of the poles coming from the
measure and the CPW cancel against each other, hence only the poles in the dynamical part
of the integrand contribute. For the choice S = 0 such poles are located at the solutions of

1
h(v) = o= . 3.27
V)= g %20
In particular we are interested in the solution of (3.27) with tree-level value
2 |¢,_eyo = —d/2 +2(A1 + A), (3.28)

describing the operators that dominate the OPE limit x1 — x9, that is the lightest ones.
Notice that the analogue of (3.27) for the short operator Tr[Z37,Z37Z4] is obtained upon the
replacement Ay, Ay — Ag, Ay in (3.19), and setting the tree-level value to —d/2+2(As+ Ay)
instead of (3.28). This fact is coherent with the symmetry (Z;, A;) — (Zir2, Aita) of (2.1).

In the next section we consider reductions of the Checkerboard CFT to some particular

cases of Fishnet theory, and study the solutions of (3.27) therein.

4 Reductions of Checkerboard CFT to familiar FCFTs

The Lagrangian (2.1) can be specified to particular cases of FCFTs already defined in the
literature. In this respect, a first example is the ABJM Fishnet theory which is obtained as
double-scaling limit of the ~-twisted ABJM theory in 3d [11]. Another interesting instance,
now in 2d, is what we dub “BFKL Fishnet Theory” which, is related, through specific physical
quantities, to the Balitsky-Fadin-Kuraev-Lipatov model for the scattering of partons in the
Regge limit of QCD and N' = 4 SYM [27, 28, 45-48].

Let us note from the very beginning that the 4d bi-scalar FCFT

LY = N[ X (=0,0M) "4 X + Z(-0,0") "2 2 - X ZX 7], (4.1)

which originally was deduced as a particular case of the double scaling limit of A =4 SYM
theory [3], is not contained in this Checkerboard theory.?

4.1 FCFT with regular triangular graphs and ABJM reduction

An interesting choice for the parameters of (2.1) is given by wy = —u — A_ = 0. In that
case, as long as we study operators that do not depend on Z4, the path integral over this
field is purely Gaussian and can be performed:

/effTr[Z4Z47 221222374~ 521222324](1%2)&;2)24 o of €16 T¥[Z3 21222371 Zo)d e (4.2)

30n the other hand, this bi-scalar model can be viewed as a reduction of the Loom FCFT with M = 4 or
even with M = 3 slopes, defined in section 3.2 of [6], to the case of M = 2 slopes. For example, we can take in
the latter theory only one non-zero coupling — for the vertex Tr (X uX ﬂ) out of 4-valent vertices of eq. (15)
in [6]. The fields X and u then decouple from the rest of the interactions and we obtain the d-dimensional
anisotropic generalisation of bi-scalar FCEFT of [4] (renaming u — Z) — a generalisation of (4.1).

— 12 —



Figure 6. Checkerboard CFT at w, = 0: the ultralocal gaussian integration over the field Z, leads
to the effective shrinking of the propagator of dimension Ay = d/2 to a point (depicted in blue). The
Feynman graphs shaped as a regular square lattice of Checkerboard CFT reduce to the triangular
graphs describing a theory of 3 complex scalars with sextic interaction, cf. (4.3).

where the proportionality constant is independent of the fields, hence irrelevant. For the

associated Loom (Baxter) lattice this means that the angle between two types of lines (say,

blue and black lines on the figure 6) becomes zero. Accordingly, the Feynman diagrams

change shape from a square lattice to a regular triangular lattice, as illustrated in figure 6.
The Checkerboard CFT then turns into the anisotropic d-dimensional FCFT [4]

£ = N Ty [Zl(—avuaﬂ)“ﬂi—A+ 7y + Zo(—0,0") "2 Zy + Z3(—0,0")“ A+ Zg
—52232122232122} , (4.3)

where £2 = (£162)%. We regard this theory as a d-dimensional generalisation of the 3d FCFT
obtained in [11] from the ABJM theory in the double-scaling of large imaginary twist angle and
weak coupling (up to the exchange of Z3 with 23). This latter theory is recovered from (4.3)
at the point d =3, u = —1/2, and A, = 3/2 or, equivalently, Ay = Ay = A3 = 1/2. Below
we will study the 4-point function (3.1) for L = 2 in this theory, focusing on the spectrum of
lightest single-trace, local operators exchanged in its OPE s-channel.

4.1.1 ABJM L = 2 Fishnet

Here we shall present the explicitly h(v), i.e. hi(v) and hao(v) defined in equation (3.19),
for the ABJM FCFT, namely

11 A 13 A
—Bl=.Z.2_-= =B|-,-,1—— 4.4

h’l(l/) (2727 2> ) hQ(V) (2727 2) ) ( )
where A = 3/2 + 2iv for d = 3. The calculation of hg is trivial in this particular case;

starting from the integral representation (3.18) and using the following representation of
Dirac’s ¢ function,

lim =720 (z), (4.5)
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one can easily see that

1

ha(v)

We now turn our attention to h;. Computing the prefactor in front of (Z; + Z + Z3)
from equation (3.20) we obtain

M+ i 7Y

" soysn ()r(2)r(5+3)

(4.7)

where we denote by the upper index (1) the sums Z;, j = 1,2,3, corresponding to hj.
Combining (4.6) with the prefactor from (4.7) yields

2313 (70 1 7V 4 7{1)

h = (4.8)
3 sin(%) r'(A)
The formula (4.8) suggests the convenient re-scaling of the sums 1&)73 by a factor
9A-13 7(1)
I; = J , j=1,2,3. (4.9)

73 sin(%) r'A)
We can proceed with the calculation of the sums I;23. We notice that the sums over
k in I; and I are drastically simplified by & = 0 term only. This is due to the factors
I'(d/2 —az — k) =T'(1 — k) in the denominator of (3.22) and I'(d/2 —a; — k) =T'(1 — k) in
the denominator of (3.23). By taking this into account, we compute the first two double

sums explicitly

A
:tﬂA 1 +OO| n_i_f 1
Il ¢ 2 E A 22' (410)
2>n:0n 2 2

T 1024 (A - (A —2) T (
1
2

TA A
COSTF (7 —

I, = '

10247T3(A—1)(A—2)sm%{‘(é> 7;) (% ~S%4n F(2—%+n)

1 5
256m4H(A — 1)(A —2)2(A - 3)

The last sum Zél) (3.24) is more complicated, as no truncation of infinite sums occurs there.
However, after performing the sum in &, the summand in n can be also presented in terms
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of hyper-geometric functions. We obtain

R = r(4+k) +zo:o (34n)0(5+3+k+n)
3 = il
mA) SR (L+k) (8 -3+k) a0+ k+n) (S +k+n)T (3+k+n)
(4.12)
_ A 1
2A 12 +001F(5+§+k)
- (A —-2)T(A) = k! F(%—i—k)
1 A A 1 A 3
X( 1 A 3F2(1,2+k,2+2+k;2+1+k,2+k‘;1>
(3+%)(5+#)
1 A 1 3
— A 1 3F2<1,1+k,2+2+k‘;2+k§,2+k;1) .
(1+k) (5 -3+Fk)
The equation for the spectrum now reads
1
h=IL+I+1I3=—, (= (&1&2)” (4.13)

¢

In the following subsection, we will analyse these formulae in the limit of weak coupling (.
We will also present the numerical plot A(¢) stemming from (4.13).

4.1.2 Perturbation theory: ~y-expansion for the spectrum

In order to solve (4.13) we need to expand the r.h.s. of (4.8) for small values of v and then
invert the series. That is, one needs to expand the sums Iy, Is and I3 with A =2+ . The
details of the calculation are given in appendix B. We obtain

1 1 21
I+ +15=— 24 nllog2 — = ) 4.14
e R TP E =~ TGV <7T Frlog2 = 56 (4.14)
1 5 o 21 7 log?2 /1 5
- log2 — = (5 4+ — 12Liy = .
102474 (” S AT A S 14(2) YO0

Plugging the latter expansion into formula (4.13), we find

h:—%+b—0'y+0(72), (4.15)
where
1
a= 10942 (4.16)
b= <7T2+7T210 2—21C>
= 102474 827 )
1 5 9 21 ™t log?2 (1
= log2 — — — 1 — . 4.1
c 10247 <7T + 7 log 2C3+4O+ 5 + 2L14(2) (4.17)

We notice that this result hides features of uniform transcendentality. Indeed, if one defines
a new function

h=~14+~)h, (4.18)
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then the coefficient of its expansion at small v at order n has a fixed weight n with respect
to the basis of numbers {£; = Li;(1/2)}, with j € N. Let us first expand (4.18), that is

h=—a+(b—a)y+(—c)y? +0(H?) (4.19)
R (S L ) mt | log'2 - (1> 2 3
= 0217 <7r <7r log 2 5 G| v+ <40 + 5 + 12Liy4 5) |7 +0(?) | .

Next, we express the expansion in terms of solely £;. Order by order, the replacement reads

log2 = £, (4.20)
2 =128 +6£7,

8 8 8 3
(3= 7£3+7£221+21£j.

and finally the expansion reads

P

2 3
i 1282 + 681 + (1285 - 2¢1)

18 , 18 7
+ (12£4 + o8+ Ll + 52‘1‘) v+ 0(73)1 , (4.21)

from which the transcendentality at each order in + is explicit. It would be interesting to
check this feature at all orders of perturbation theory. Now, the spectral equation (3.27) reads

b aro()= 1 @

and inverting the series we extract the anomalous dimension
v =—al — abl® — a(b? 4+ ac)® + O (C4> . (4.23)

The leading term is straightforward to reproduce from a single Feynman diagram computations.
After a convenient redefinition of the coupling, ¢ = 1024727, the perturbative anomalous
dimension reads:

21¢3\ o 63(3
2 log2  21¢3log2  441(2 12Li4(%)
— —log®2 - 3 P+0 ().
+4O 08" St o o B A <77 )

This result (4.24) can be compared with the numerical calculations of the following section.

4.1.3 Numerics and comparison with perturbation theory

We present a numerical plot for the function (¢) in figure 7, and we compare it with the
plot of its perturbative expansion at order ¢3. The two curves show good agreement for
~v < 0.7, and they start to significantly diverge around -« ~ 1. The numerical curve features
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Figure 7. The blue line plots the numerical anomalous dimension v = A — 2 as a function of the
effective coupling ¢ = £2¢2. We evaluated the r.h.s. of (4.13) at the points v = —0.05k, k=1,...,19
and interpolated it via Interpolation in Mathematica. The orange dashed line is the plot of
perturbation theory up to order (3, that is (4.15). The numerical evaluation of the double sum (4.12)
has been performed after summing over n analytically, and using the WynnEpsilon attribute option
for NSum. The function v(¢) features two branches that meet at (it ~ 2903.03, since the curve has a
maximum at Y.y = —0.5, marked on the plot. The value (s is the branch point of v({), from where
two complex conjugate dimensions emerge when ¢ > (cyit-

two real branches of the same function — hence two values of v for a given coupling (.
The two branches span the intervals v € (0,—1/2) and v € (—1/2,—1), are separated at
the branch-point it = —1/2 and are symmetric under reflection w.r.t. et This point
corresponds to the coupling (et =~ 2903.03. For ¢ > (.t the real part of v is single valued,
but the function develops two branches given by complex conjugate dimensions, v(¢) and
7(¢), similarly to the observations of [13, 22, 24]. The behavior of ((v) for v ~ et is

1 1
< >~ Ccrit - @(7 + 5)2a
so that for ¢ ~ (.t one has v >~ —% +1C+/( — Cerit, where C' is a numerical constant. This

complexity is a typical feature of the non-unitary, but “tT-invariant” Fishnet CFTs [6].

4.2 FCFT of BFKL type from the Checkerboard

In this section we will consider d = 2, for which the operator T is the transfer matrix of an
SO(1,3) ~ SL(2,C) spin chain with sites in the representation of scaling dimension A; + As.
Our purpose is to relate Fishnet theories and the BFKL model describing QCD amplitudes
in the multi-Regge kinematics. Practically, we want to define a family of two-dimensional

,17,



Checkerboard CFTs labelled by the spectral parameter u, such that FCFT correlators are
related to certain expectation values in the BFKL model. For that, we should identify the spin
chain that describes the Checkerboard lattice with the one underlying Lipatov’s Hamiltonian,
that is to set A; + Ay = 0. Furthermore, without the loss of generality we choose Ag = 0,
hence in egs. (2.1), (2.2) one has Ay = 0, and the scaling dimensions of the fields Zj, read

Alz—l—u,A2:1+u,Agzl—u,A4:1—i—u. (4.25)
The corresponding Lagrangian reads
Lqg=NTr [21(—58)u+221 + 22(—56)7u22 + 23(—58)“23 + 24(—58)7UZ4

— &7, 29737, — 5321222324} , (4.26)

where we made use of holomorphic/antiholomorphic coordinates (z,2) = (z¢ + iz1). For
the choice (4.25) of scaling dimensions, the R-matrix (3.7) introduced in [34], reduces now
to the following form

C

R(z1, 0|2}, () = , (4.27)
PR (o) T (a2 ) T ()
that is, in operator form
sprkL . L(=1—w)l(1 —u) 2 Nutly, 2\u(, 2\u(,.2 \u—Ll
Rig 01(210)"" (p5)"(P1)" (210) ) (4.28)

42+ 2ur2D(2 + w)D(u)

where Pp; is the permutation operator between the two spaces. As was noticed in [34], the
Taylor-expansion of R around u = 0 delivers at linear order a differential operator

RBFKL _ D(—=1—-u)l'(1—w) (22,

TET (2 1 () ) ) (2)" () (4.20)

Py
1 7 BFKL 2
= 2 (1 uhlE+ 0@w?)
whose explicit form is
hEFKL — 910g (:cgb) + 22, log (pgp%)x;f —49(1) —4log2 — 2 (4.30)

= () log(22,) (p2) + (p 2) log (2, ) (v}) + log (p2p}) — 416(1) — 41og 2 — 2.
Rewriting the formula (4.30) in terms of holomorphic coordinates, we obtain
hBFRL — pz 4 hZ, (4.31)

where
hiy = 2108 zap + Zap l0g (D5} )2, — 2¢(1) (4.32)

and —4 log 2 disappeared because of the relation between ordinary and holomorphic momentum
operators p2 = 4pZpZ. The expression (4.32) coincides with the holomorphic part of the
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Hamiltonian density for Lipatov’s SL(2,C) chain of reggeized gluons [26, 32, 36-38, 49, 50].
Therefore, in the case of L = 2 we know the eigenvalue of the Hamiltonian

L
HPFRE =N RO (hpp1 = heg), (4.33)

which is otherwise described as the logarithmic derivative of the operator T’ of equation (3.6)
(with the R-matrix (4.28)) at the point u = 0,

df
du
It would be tempting to formulate a BFKL Fishnet theory via a Lagrangian, as a

HBFKL — 7(0)71==(0). (4.34)

log-derivative of (4.26) around u = 0. However, such point is too singular so we simply
assume that calculating physical quantities we first use the Lagrangian (4.26) at u # 0,
then extract the associated quantity in the BFKL model from the u = 0 expansion. That
is, for the practical purposes in doing the calculations in this BFKL limit, such as for the
correlators of the type (3.1), the graph-building operator formalism developed in the previous
section seems to suit better. Similar 4-point functions and related 2-dimensional integrals
were studied in [51-53].

4.2.1 Pomeron spectrum in BFKL limit of Checkerboard CFT
Here we concentrate on the BFKL. FCFT defined in the subsection 4.2 and analyse in this

framework the Checkerboard 4-point correlation function (3.10), as well as the dimension
of the lightest exchanged operator.
The eigenvalue of the operator T with the weights
AI:—l—u+A+, A2:1+u A3:1—U—A+, A4:1—|—u, (435)
is given by (3.17) and (3.19). When d = 2, the function B, defined in (3.18), is now equal to

(Il + IQ + Ig)(CLl, ag, 5)
4472020272 AR (a1 ) AG (az) *

where I1 2 3(a1, ag,0) are expressed in terms of generalised hypergeometric functions [42], see

B(al,ag,é) = (436)

appendix C, and we recall that Ag(a) is defined by (3.21). Notice that we have momentarily
kept Ay # 0 because some of the functions I; are singular in the limit A, — 0. The sum
I + Is + I3 is however finite, as is shown in appendix C. We do not have an explicit formula
for it for arbitrary u but we can expand it around w = 0. The eigenvalue is then

h(A) = lim B(—l—u+A+,1+u,2—A+—§>B<I—U—A+,1+u,A+—§>

A+—>O
(4.37)
———%ﬁ———l (1 I+ 1) (1— FALI4u,2— A —A>
XAhm [1+Ig+[3 (1—u—A+,1+u A+—§> (438)
+—
1 A A )
= Sro {1 T4y <—1 —2(1) + (2> + <1 - 2)) 1O (u )} : (4.39)
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Figure 8. A closed region of disk topology carved out of a square lattice describes a Checkerboard
Feynman diagram. Crossing between the contour and the propagators define the fields inside a
single-trace correlator <Tr[Zl (21)Z4(22) Zo(23) - - - Z4(x12)Z3(x13)] > Other Feynman diagrams that
would contribute to such correlator are subleading in the planar limit.

Writing A = 1 + 2iv, the latter expression coincides with the energy of the Pomeron state,
obtained in the Regge limit of QCD or in N =4 SYM theory by [27, 28] up to a constant
coming from the equation (4.31)

w(v) = 4 <2¢(1) _ (; 4 w) _ (; _ w>> . (4.40)

This establishes the direct link between the Checkerboard theory and the BFKL limit of
QCD. Various physical quantities for both models, such as the graph-building operator
appearing in the work [4] (eq. (7) at d = 2,£ — 0), or Lipatov’s Hamiltonian (4.29) with
nearest-neighbour spin interactions, are different commuting charges of the same integrable
SL(2, C)-symmetric spin chain.

Now we can compute the anomalous dimension of the short operators (3.9). Let us
introduce an effective coupling n through

&1& = 4An(1 —un), (4.41)

which we keep finite in the limit u — 0, ;& — 4m. We obtain from (3.27) and (4.39) in
the limit v — 0 the equation for the spectrum of conformal dimensions A(7n) of exchange
operators in BFKL FCFT (at L = 2)

n=1 (2) b (1 - ﬁ) — (1) — 1+ Ou). (4.42)
5 Single-trace correlators

In this section we shall compute a few classes of correlators obtained by point-split of
the VEV of a single-trace local operator. We consider single-trace correlators featuring a
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number mj + ms + - -+ + m,, of external fields grouped into n coinciding positions, which
have the general form:

i (Tr[(@1,1 - Py )(@1) (P21 Pomy ) (2) - (Pt Prum, ) (@0)]) - (5.1)

N
The fields ®,, ,,, are chosen among Z, Z, and each pair of brackets (...) delimits a product
of fields located at the same point and with open SU(N) indices, e.g.

(2122232171 -+ Zo)ij(x) = Y (Z1)iar (€)(Z2)aras (%) -+ (Z2)ar j () - (5.2)

aj...ar,

These type of correlators are fundamental objects in the planar limit of Fishnet theories, since
they usually get quantum corrections by at most one Feynman integral [7, 8]. In practice one
can define a single-trace planar correlator with a simple procedure, depicted in figure 8: let
us draw a closed contour on a large Checkerboard square lattice. The propagators which are
crossed by the contour define the fields inside the trace and are initially located at different
spacetime points. Now, one can check that no other Feynman diagram can contribute to the
perturbation theory of this single-trace correlator in the planar limit N — oc.

The OPE data of local operators of type (5.2) can be extracted from the OPE of single-
trace correlators of type (5.1). The spectrum of such open-index operators in planar theory
is easier to study w.r.t. that of single-trace operators: the correlator of two single-trace
operators is affected by finite-volume effects (wrappings, spiraling, [11]), whereas a two-point
single-trace correlator receives quantum corrections by at most one Feynman diagram. In the
language of vertex models [5], the latter can be is the partition function of a Checkerboard
square-lattice with boundary conditions fixed by the coordinates of fields under trace (similar
to arbitrary fixed configuration of spins on the boundary of a 2d lattice spin system).

In this section and in the next one, we will analyse two types of single-trace 4-point
correlators. One type is the rectangular correlators, i.e. the generalisation of the Basso-Dizon
four-point Fishnets [29] to the Checkerboard square lattice. The second type is dubbed
diamond correlators and have not yet been studied even in the bi-scalar FCFT.

5.1 Rectangular Fishnets

In this section we consider four-point rectangular Fishnet diagrams in the Checkerboard theory,

see figure 9. We shall compute them using the method of separation of variables [15, 16, 19, 33].

This approach, inspired by the early work [32] for two dimensions, was applied in general

dimension d to the rectangular Fishnets of the bi-scalar theory in [19]. We will present explicit

computations in d = 2,4 where the SoV representation is particularly well established.
For a rectangle of size 2n x 2m the corresponding correlator reads

Ionom = - (T[(21 25" @) (o Za) " @) (B 2) ) (a2 ")) . (53)

whereas for more generic size the expression is slightly cumbersome due to the alternating
nature of fields along the rectangle edges. For example, with reference to the case in figure 9,

Do om = - (T [(Z5(212)")01) (ZoZa) ™ (es) (25 7Y B ) 2o Z0) ()] ) (5.4)
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Figure 9. (a) A rectangular Fishnet integral corresponding to the four-point correlator Is 4 of the
Checkerboard CFT. The dimension of propagators alternates along rows/columns of the square lattice.
(b.1), (b.2) are the two cross-integrals corresponding to the two vertices of the theory. The diagram
(c) is an example of Checkerboard Ladder of length M = 4.

and the other cases are similar. In particular, we could define Ladder integrals of two
types, corresponding to N = 1 and any M, or vice-versa. The first case is depicted in
figure 9(c) for M = 2m = 4,

1

~ (T Za(20)(Z220)™ (@4) Z5(@3) (Z220)" (22)]) (5.5)

Il,2m =

whereas for odd M = 2m + 1, the Ladder corresponds to the correlator:

Iomy1 = E <Tr[Zs(xl)((Z2Z4)m22)(304)21($3)(Z4(Zzz4)m)(3«"2)]> : (5.6)

N
The main difference between this class of Feynman integrals and the one of the bi-scalar
FCFT (4.1) is, evidently, the alternating nature of fields/propagators along rows/columns
of the Fishnet square-lattice.

5.1.1 SoV representation

We present here the SoV representations of the rectangular diagrams in the 2D and 4D
theories. Details regarding the derivation in two dimensions are given in appendix D. This
generalises (some of) the results of [32, 33] (in 2D) and [15, 16, 29] (in 4D).

The first thing to notice is that the diagrams can be built from the repeated application
of some graph-building operators. Due to the alternating nature of the lattice, two such
operators Ay and A’y are needed, where N is the height of the diagram. They are related
through the exchange of the weights A; of the propagators:

N :AN|(A1,A2)<—>(A3,A4)' (5.7)
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The kernel of Ay is

<y17"'7yN‘AN‘Z17"'7ZN>:

w2

&t LZ]

A “2A
I orsr — 22040) 724 y2k22k2+ (yor — 22k) 223y 12k (5.8)
k=0

k=1

a
T2

where yp = 0 and we use the standard notation (y|z) = 726@(y — 2). The rectangular

diagrams we want to compute are then

LN 7]
A
IN,2L—1(Z/> z) = H yzk 2k+1 H ygk 2 2k: ) |z, ..., 2) (5.9)

and

LMJ
IN,2L(% z) = H ygk 2k+1 H ygk 1 gk AN)LAEV |z, ..., 2) (5.10)

where we have chosen, for brevity, to ignore the constant coefficient in the propagators (2.5),
so that they are simply D;(z) = =25,

We show in appendix D.1 how to construct orthogonal bases of left and right eigenvectors
of A’yAn. Assuming that the bases are complete, one can then compute the diagrams. For

an even number of graph-building operators, one has?

Inor-1(y, 2) = Ag(Ag) NP1 4 (A AN L2 L2
N || N+2 ~ N—1 41 YN ,22Nn
« Ag(Ag) FIL22 ) 40 (Ay) L2 125 yN'

N
X Z / H mk fN2L 1(7“ uk)u%)(ul,...,u]\/)dul...duN,

mi,...,,MN=—00

(5.11)
where u = (myg,ur) € N x R and the measure for the 2d case is
(2) 1 o (mi—my)®
Iy (ul,...,uN) = H [(ui—uj) + — (5.12)
(2m)N 1<i<j<N 4
and for the 4d case
N 2
4 [Tp=1(mg +1) (m; —m;)
,ugv)(ul,...,uN):W H (u; —uj)? + 1 J
1<i<j<N
o | (2+mi+my)?
X (ul —Uj) + 1 . (513)

4A necessary condition for the SoV representation to be valid is that each semi-infinite series of poles in
the integrand, coming from the various Gamma functions, is either strictly above or below the real axis. This
means that Re(A1) > |Re(Az — A4)|/2 and Re(As) > |[Re(Aq — Ay)|/2.
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The summand also contains

P2 (p) = oim? P@Wp) = M 5.14
m()_e or m() eig_e_igv ( )

and the functions

a1l =12 (A @) 4 Gw)) ) (@@ an@w) T 5a5)
where 7 and 6 parameterise the cross-ratio through

T:M7 cos = L= (5.16)
2| [yl|=]

We used the notation & = d/2 — a and the functions A,,(a) = T'(& + m/2)/T(a + m/2),
as well as

Ay Ar—As . A ANy
a(u) ? t s Tlu= o (5.17)
Ny Az3—Ap Az Ay—Ay |
e B B S T e B B 1P 1
b(u) 5 + 1 +iu 5 + 1 +iu (5.18)

Finally, we have also introduced the short notations

/

a = a‘(Al,Ag)H(Ag,AQ’ b= b‘(Al,Ag)H(Ag,A@’ (5.19)
and
. N +1 Ag AV WAV N Aq Ay — Ag
Yy = L2J<2+ - ) M(2+ . ) (5.20)
. N +1 A Ay — Ay N As JAVIESWAD)
o [ (5) 3)(525%) em

The diagrams realised by an odd number of graph-building operators are given by

LN+{N2+3

Inan(y,2) = AlAs) ’ JA(Al)LNﬂNTQJ (A(AQ)A(A4)) {NTQJ YN

X

N!
N +o00 @ ‘ ()
X H Z Pmk (9) - FN72L(T', ug,..., uN)uN (ul, - ,uN)dul ce duN s
k=1mp=—00
(5.22)
where
A (a(u if N is even
[T fver—1(r;ug) x k(~/( ) -
Frvas ) Ap, (@ (ug)) if N is odd (5.23)
riuy,...,uy) = . )
AT T Ay () Ay (6 (unv—1)) Ay (b(uy—2)) - -
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5.1.2 Ladder diagrams
In the particular case of the ladder diagrams, N = 1, the previous formulae read

M+1 M2

Ao(A) L2 Ag(ag) 1727 e
Fan(y )= 2SS AR T anion 57 pio )
jy[ 2ot m=0
[#5+]
X/%wﬂm T (A g 82 i) T (A5 4 822 o) : .
o F<A4;m+A3i+d_lu>F<A2;m+A3}1+d+1u) ( . )
[*52]
L G S 0 L G e e ). 2 @ (w)d
1" (u)du,
D (Asm g Suptd g ) (Azpm g Sugd ) '
where A;; = A; — Aj, the measure is simply
2 1 4 m+1
i) = o= or () = =, (5.25)
and the exponent Z;(M) depends only on the parity of M:
27y = —Aq + 84552 if M is odd
221 (M) ={ """ A . (5.26)
27] = —Az + =25=4  if M is even

From the SoV analysis of Ladders one can extract information about the dilation operator of
the theory. In the light-cone OPE limit z%,, 23, — 0, which in terms of (5.24) becomes

r—=0,0— —ico, 0<t=re? <0, (5.27)
the Ladder diagrams are dominated by a leading UV behaviour
~ log"(re %) x Fy(t). (5.28)

For a Ladder of length M in the general Checkerboard CFT we argue that n = |[M/2].
The OPE logs are obtained from (5.24) by taking residues at higher-order poles w.r.t. the
integration variable w. In the limit (5.27), the integration is performed by closing the contour
in the lower half of the complex plane, i.e. encircling poles with Re(iu) > 0. Hence, the
SoV integration features poles of order [M/2]| + 1

. AL +m i Ay — Ag
2 4
which produce UV logarithms with n = |M/2]. It features also poles of order |(M + 1)/2],

i

+k, kEN, (5.29)

7A3+m AQ—A4
S S B

iu

+k, keN, (5.30)

which give either poles of the same order n or of lower order n — 1, respectively for M odd
or even. On the other hand, the log-behaviour of Ladder integrals in the bi-scalar Fishnet
CFT (4.1) is that of a stronger divergence ~ log™ (re'?) [54]. More generally, whenever a
certain condition of type (2.3) is met, the two series of poles merge into one of order M + 1,
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1) 1) 1) V)

Figure 10. From left to right, one instance of each of the four possible “types” I-IV of Diamond
Fishnet diagrams delimited by a red rectangle. They represent four different four-point correlators.
External points that lie on one same edge of the rectangle and have the same shape (o, A, [0, ¢) are
merged, i.e. they have the same coordinates. Their different boundaries reflect in the number and
position of legs connected to the vertices of the rectangle.

enhancing the log-divergence to order n = M. Indeed, setting Ay + Ay = Ay + Ag, there
is a series of (M + 1)-order poles
A+ A
=2 g—kk,keN. (5.31)
2 4

The fact that leading-logs of ladder integrals have “halved” power w.r.t. the length M hints
that operators in the Checkerboard theory are protected at one-loop and quantum corrections
start at two-loops — unless the parameters are tuned to (2.3).

6 Diamond correlators

In this section we will consider a new class of four-point single-trace correlators which we
dub “Diamonds”. We define them on the Checkerboard square lattice for generic lengths
m,n by drawing a rectangle of size m x n with edges that cut the lattice cells along their
diagonals, crossing the lattice vertices. We depict four instances in figure 10, which cover
the four possible choices of boundary for the square lattice, modulo reflection symmetries.
In the following we will compute some Diamond four-point correlators, defined by merging
the external points that lie on one same edge of the rectangle in figure 10. In particular,
we will concentrate on type I and type II boundaries; a similar analysis can be carried out
for Diamonds of type III and IV.® In general, we call m,n the number of entire squares
appearing in a column or in a row inside the rectangle. With reference to the figure, this is
(m,n) = (2,3) for type I, (m,n) = (2,2) for types II, III, and IV.

6.1 Diamond correlators of type I

In this section we will focus on the single-trace four-point functions described by Diamond
diagrams of type I. We realise the four-point correlator by labelling with z; the position
of external fields in clockwise order,

Gq(é,)n = % <Tf{(Z4Z1)m(x1)(2122)n(x4)(2223)m(a:3)(ZgZ4)n(a:2)}> , (6.1)

5In fact, a simple proof shows that diagrams of type IV are equivalent to type I, based on a systematic
iteration of star-triangle identities.
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X2 X2 X2

X2
X/ X3
Z4 Zj

X1 X3

Z Z>

X1 X3
X4

X4 X4 X4

Figure 11. The Diamond integral defining the correlator (6.1) for (m,n) = (1,1) (left) and for
(m,n) = (2,3) (right). The first one contributes at zero coupling, while the second contributes at
order (£2)3(£2)4, i.e. seven loops. We marked each propagators with the corresponding field Zj,, and
the orientation of arrows goes as Z — Z.

and it is given by a single Feynman diagram at loop order f%n(m_l)gm(n_l)

. We can regard this
diagram as the convolution of m x n copies of the R-matrix (3.7) along m rows and n columns.

Notice that (6.1) is one of the possible realisation of Diamond correlators of type I. The
other ones are related by cyclic permutation of the external fields, hence we carry on the
analysis with little loss of generality. The case m = n = 1 is purely tree-level (figure 11,
left), while for larger m,n the correlator is equal to the product of a connected component

at loop level times the m = n = 1 term

Gl = Gi < G, 6
_ 1 _ o _ )
Gln =% (Te[(21020)™ M @0)(Z20)" " (2a) (Zs20)™ (3) (ZaZs)" (22)] )

where

Gﬁ = Dy(x12)D3(223)D2(x34) D1 (z41) -

)

Let us focus on the connected integrals. First of all, these are not always well defined in
integer dimension: they are finite for general® scaling dimensions {A1, Ag, Ag, A4} whereas
they develop UV divergence at any of the special points

d
A; + A(iJrl) mod4 — 9 (63)
For instance, for Ay + A; = d/2 = Ay + As a couple of the open-index operators inside the
trace in (6.2), namely (Z;2,)™ ! and (Z3Z2)™ ! get quantum corrections to their two-point
functions and need to be renormalised.

SHere we mean general under the constraint Ay + Az + Az + Ay = d which is required for dimensionless
couplings &1, 2.
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6.1.1 Digression: one-loop spectrum

Let us look at the divergence of a Diamond correlator at points (6.3) for the one-loop &3
case (m,n) = (2,1). In fact, this case reduces to the two-point function

- 1 _ _
Gy =+ (T[(Z120)(@1) (Zs 22) (w3)]) . (6.4)
responsible for the mixing of length-2 open-index operators
O1= 217y, 09 = Z3Z5. (6.5)

The matrix of Feynman integrals that mix this multiplet read <Tr [Ol(:c)O;[(O)D =
ot <> F
% S

with no other contribution (recall that we deal with the planar limit of single-trace correlators).
The renormalised operators are given via the mixing matrix

0 1

") _ 7 7 1 -2
Oi =vZi1 014+ VZ;209; Zij = 2e . (6.6)

Notice that (6.6) is not diagonalisable — a signature of non-unitarity of the theory which
results in the existence of Jordan blocks in the spectrum [2]. In short, Hermitian conjugation
and renormalisation do not commute:

O;T =/ ZuOI + ZQiO; 75 (Oi’r)T.

The matrix of renormalised 2-pts functions reads

! : @ —eniay)
N<Tr[0i7r(x)0jﬂ,(0)}>: = (g)(f) , (6.7)

for 1 the coefficient of the pole 1/€ in the one-loop diagram.

When none of (6.3) is satisfied, the 1-loop anomalous dimension ~; is zero, coherently
with the mismatch [O1] # [O2] of bare dimensions. We can check it by direct computation:
the one-loop Feynman diagram generating ~; is proportional to

=T

ddy dF(g—AQ—A3>F(%—A1—A4) 5(d) 6.8
/ (x — y)Q(A1+A4)y2(A2+A3) T (A + AT (Ag + Ag) (), (6.8)

which evaluates to zero since & # 0. The same arguments hold after insertion of derivatives
on the fields, that is for spinning 2-pt functions. Indeed, take

1

~ (Tx[ (07 2007 24)(2)(07 2307 25)(0) ) , (6.9)
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Figure 12. Star-Triangle computation of G(ng From left to right: from (1) to (2): merge points
with the same coordinates on each of four boundaries and drop disconnected factor; from (2) to
(3): integrate red dot vertices by star-triangle; (4) the result given by two triangles of disconnected
propagators times a two-point one-loop integral of the type (6.8).

Figure 13. Star-Triangle computation of G(2]% The same passages as for m = 2,n = 3 lead to a
product of propagators.

where 0 = n - 0 with generic n#. The evaluation of the one-loop (and only) Feynman
diagram is proportional to

(n - 9)1 et st Jag(d) gy (6.10)
All together, we conclude that the dilation operator of the planar Checkerboard theory
D=D+Di10éf +Do1&5 +Dooét +D11 €85 +... (6.11)

has zero one-loop components D; g, Dg 1 whenever the theory is defined on a Loom with
four arbitrary slopes. Otherwise, at any special point (6.3), the one-loop spectrum becomes
non-trivial. The action of dilations at one-loop can be described as an operator acting
on nearest-neighbour spin-chain vectors that represent consecutive fields inside the SU(N)
trace, say

Zi, Z3) = (Z:Z;)(0).
In this language our statements read
D10 Z1, Z2) = 6220y +ws X V1|24, Z3),  Doi1|Zay Z3) = 62,1y +ws X 11|21, Za) (6.12)
and similarly for cyclic permutations of fields Z1, Zo, Z3, Z,.

6.1.2 General formula

With the assumption to avoid (6.3) we move on to the computation of Diamonds of any size.
The procedure is exemplified in figure 12 and 13 for m = 2 and n = 3, 2 respectively.

The computation is based on the iterative use of star-triangle identities, and result
for general m,n reads

(D1(x14)D2(x34)D3(x23)D4(x12))2 X (5(d)(x24))9(min) (5(d)(x13))9(n7m) , (6.13)
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X4 X4

Figure 14. Three instances of bare exchange operators flowing in the s-channel of ég% Green

dashed lines cut the Diamond between points x1x5 and xsx4, defining two open-index operators O
and O'.

X2
X2

X1

0; 03

Figure 15. The single-trace three-point functions (Tr(Z4Z3)(x2)(Z124)(x1)(Z32,)(x0)) and
(Tr (Z473)2(22)(Z1Z4)?(21)(Z3Z1)?(x0)) receive loop-level contributions by the Feynman diagrams
depicted on the left and right respectively. Their evaluation by star-triangle identities delivers a
nonzero result.

where 0(a) = a if a > 0 and zero otherwise. Dealing with the correlator of fields inserted
at four different points in Euclidean space-time, the formula (6.13) evaluates either to zero
or, when m = n, to a product of propagators.

This result is atypical hence intriguing, and requires further explanations. First, notice
that the last formula has the typical “tree-level” form but it is a contribution to the correlator

G%)m at loop order (£2¢3)™(™=1) . The usual CFT four-point function at loop level is described
?j?
divergences in the limit of light-cone distances. This is the case, for instance, of the Ladders

by a transcendental functions of cross-ratios of the distances x;, hence it develops logarithmic
in section 5.1.2. The absence of logs in (6.13) signals that a light-cone OPE decomposition of
G%?m features only the exchange of operators with zero anomalous dimension.

Let us analyse the OPE of (6.13) in the s-channel 1 — x2, £3 — x4, and focus on the
exchange of two-point functions (O(z)O'T(0)) of spinless operators. All such possibilities
can be detected at glance by slicing the Diamond diagram between x1x2 and x3x4 as done
in figure 14 for m = 2. The picture is general enough as other cases are either related by
re-labelling fields or zero due to [O] # [O/].

The shortest exchanged operator for any m is

1

N (T[(212)" V(@) (Zs20) ™D 0)] ) (6.14)
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X4 X4 X4

Figure 16. The Feynman integral contributing to C:’g[% at loop order (£2)4(£2)3.0n the left, two
choices O, O’ for a shortest exchanged operator (length 4). On the right the exchange of two operator
with nonzero two-point function though protected scaling dimension, of the type (6.16).

It has non zero tree-level but it is protected from loop corrections in the planar theory. At the

m(m—1)

same time, these operators form single-trace three-point functions at loop order (£2£3)
with the external states, depicted in figure 15 for m = 2,3. These three-point functions
for general m = L + 1 evaluate to

~ (1[(Z02) @) (2 20) ) (2 20) o)) = (6.15)
LL+1)

(765 A(AL 4 Ay, Ao, Az + Ay 2 — Ay)) ™ 2
(230) LA (239) EA3 (3, EA ’

1

5 (T (21 25)* (w0) (ZeZ0)* (20)(Z322) " (3) | ) =

L(L+1)
(363 A(Ag + A, Ay, AL+ Ag, 2 — Ay)) 2
(239) 128 (x5y) A1 (23,) A2 ’

where, as in equations (5.9) and (5.10), we have taken the propagators to be simply D;(z) =
=22 50 as to make the expressions shorter. We will do the same in all the other diagram
computations of this section.

Notice that the OPE considerations made so far hold essentially for the exchange of any
spinning operator (871 Z38712,) - - - (87m~1Z30’m-17,), which have the same, minimal, twist
A —J = (m—1)(A; + A3z) and thus dominate the light-cone OPE limit x2,, 22, — 0.

Let us complete the analysis for m = 2 with the other two exchanges in figure 14. One
case (right picture) involves tree-level three-point function and four-loop two-point which
evaluates to zero whenever Ag £ A4. The central picture is rather curious: the two-point
function for O = Z4, 7575 and O' = ZyZ37, is non-zero but it is not divergent either:

- (t[omoto)]) = g%ggw . (6.16)

At the same time, it is simple to verify that the three-point functions are zero. Hence

the correlators for m = 2 can be decomposed over the exchange of (9”7 Z38”' Z;) only, plus
descendants. For clarity, let’s point out that for general m the result (6.13) does not contradict
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the exchange of operators which receive loop corrections in the normalisation without getting
anomalous dimension. The absence of these in the OPE expansion should be checked by
computing three-point functions, as we did for m = 2.

The analysis can be repeated for m # n, for which the Diamond integrals evaluate to
zero. Take for instance the connected diagrams for m = 2,n = 3 in figure 16. We focus on
the shortest operators in the s-channel. For m # n it is not possible to cut the diagram
along a row of lattice, and the cut must bend horizontally or vertically for some cells and
crossing propagators of type Zs or Z4 as well. The way of bending is not unique, and there
are more options of shortest operator. For example, with reference to figure 16 (left), the
two operators of length-4 are

O = 2,7372:25, O = Z,Z37475. (6.17)

These operators mix the diagram of Ladder type Lo enclosed between dashed cuts in figure 16,
which is 1/e-divergent as a two-point function, as argued in section (5.1.2). Therefore
(Tr {OO/ T}) gets anomalous dimension. Nevertheless, the three-point function of O, O" with
the external open-index states evaluate to zero. One can consider also longer operators as
those depicted on the right of figure 16,

O = 2473727371, O = ZyZ374757, . (6.18)

In this case the two-point function is of the type (6.16), hence non zero. Once gain, the
three-point functions vanish, in agreement with the result (6.13).

All together, since the OPE of Diamonds with m # n must reproduce a zero result,
one always encounters either operators with nonzero two-point functions (Tr {OO'TD which
multiply vanishing three-point functions, or whenever the three-point functions are non-zero
(e.g. tree level) the exchanged operators have [O] # [O'] for general Ay, so they cannot mix.

6.2 Diamond correlators of type II

In this section we analyse the Diamond correlators of type I, and repeat the OPE analysis
of the previous section. The correlators are defined for any n and m as

GO = %<Tr[(2322)7”(951)(2122)71(3:4)(Z223)m(g;3)(ZgZ4)"(x2)}> . (6.19)

These correlators are zero in the free theory, and receive loop corrections at order
§f"(m_1)£§m” due to one Fishnet diagram of the type in figure 17. For generic parameters
Ay, the open-index operators that enter the trace in (6.19) are protected and the four-point
integral is finite. Using only the star-triangle identity, one can compute the following:

e m < n: the integral evaluates to zero, Gg?n =0.

e« m = n: the integral with 2m? — m loops evaluates to a product of powers of the

distances a2

ij» similarly to Diamonds of type I:

m(m—1)
GUD _ 2mm=1) o2 A2 A N Ay Ny + Ag)™ A(AL + Ao, Ag+Ay) 7
e ? (wﬁ)m(z‘ﬁﬂ(wi)m(?‘ﬁ‘*)(x%4)m(2‘AQ‘A3)(x%3)mA3(x§4)mA220>

The computation technique is exemplified in figure 18 for m =n = 2.
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X2 X2
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X3
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X3
X1 X1

X4 X4

Figure 17. The Diamond Feynman integrals of type II for m = 2,n = 1,2.We mark with letters Zj
the propagator of Checkerboard fields. The orientation of arrows is Z — Z.

N

Figure 18. The star-triangle computation of GgIQI ). From left to right: merging of external points,
followed by star-triangle integration of points marked with red dots.

e m > n: the integral can be brought into the form of a Rectangular Basso-Dixon Fishnet

of size (m — n) x n. The latter Fishnet has horizontal /vertical propagators with the

scaling dimensions w = As + Az and @ = g — w respectively.

n(n—1)

GUD = p2mnt2n(n=1) A(A| Ay, Ag + Ag)™A(A] + Ag, Ag + Ag) T x

>n
2n(m—1) ~2mn
g « [(BD)

(x%Z)n(g_Al) ($%3)nA3 (JU§4)"A2 (:C%4)”(2_A4) m—n,n (w; Z1,22,T3, $4) .

X

(6.21)

The transformation from Diamond to BD diagrams is explained in figure 19 for the
simplest case (m,n) = (2,1) and it is otherwise more cumbersome (we checked it only

up to m =4,n < m).

These diagrams can also be computed using SoV techniques, as explained in appendix D.3.
This is much more direct than the SoV computations of section 5 since we do not need to
construct new resolutions of the identity. However, these SoV expressions make it harder to
observe the simple behaviour of G,(n,lllr)b when m < n. As a consistency check, we spell out in
details the SoV expressions for (m,n) € {(1,1),(1,2),(2,1)} in appendix E.

Whenever m < n, Diamonds of type II show similar behaviour as Diamonds of type I.
Thus, an OPE analysis would lead to analogue considerations about protected anomalous

dimensions and/or single-trace three-point functions.
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X4

Figure 19. Left: the Diamond G%IT)L four-point integral (m,n) = (2,1). Centre: the same integral
with merged points. Red cubic vertices are integrated by star-triangle identity. Right: the result is a
conformal cross-integral with powers Ay + Az and 2 — Ay — Ag, times disconnected terms of type

(mg,i+1)’8~

6.2.1 From diamonds to rectangular fishnets

In the following we will focus on the case m > n. The Feynman diagrams of figure 17
always have a trivial term Gg{ol )

(1)

connected component Gz,

= Dy(x34)D3(x23). We will concentrate on its nontrivial

G = ~ 6D x G,

GO = (T [(Z2Z8)"(@1) ((ZaZs)™ " Za) (w2)(Z3 Z2)" (w3) (21 22)™ "} Z1) () ])

The case at hand is the first instance of Diamond integral that evaluates to a non-trivial

(6.22)

function of the conformal cross-ratios

THBD) (w; 2, %) 12573 73423
IBD) (iay wa, w5, m0) = o ) p 2 D123 )y p) = 21872 6.23
monn (51,02, 75, 74) (z39w3y)2m " 37%4*’13%3’( . ) at4a3s’ ( )

(BD)

where Z,,” . (w; z, z) was solved via separation of variables in [15]. Most importantly, in
the limit z — 0, it develops a leading UV divergence

IPP)(w; 2,2) ~ (log 2) ™" X By (w5 2) (6.24)

where ®,4(w;z) is an analytic function around z = 0. The log-behaviour implies that
the s-channel of Gg?nw must include the exchange of operators with non-zero anoma-
lous dimension.

Let us proceed with a qualitative OPE analysis. We have argued that the spectrum of
scaling dimensions is protected at one-loop unless Ay, satisfy (6.3). In addition, by conformal
symmetry, the maximal light-cone s-channel divergence of a correlator at n-loops is 77 log™ z,

where 7,0 is the m-loop coefficient of the anomalous dimension of an exchanged operator

O. This does not contradict (6.21); indeed, at loop order 2mn — m, namely §fn(m_1)§§m”,
the maximal divergence of a Diamond (6.24) is weaker:
(m—n)n <2mn—n, m,n>0. (6.25)
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X1 X2 19)

0 o' 2 X3

Figure 20. Projection of éélll ) over the exchange of O, 0’ in the s-channel. The two-point function

i

<Tr[OO'T]> = <Tr|:(212322)(z22321):|> is 1/e-divergent OPE limit of a Ladder diagram L. It
multiplies finite three-point functions at order &7 (left) and tree-level (right) computed in (6.27).

X3 X7 X2 0 o'
~ w X % X N
' X3
o X3 0 0 X4

Figure 21. The two-point function <Tr [OO’T]> = <Tr[(Z;ZngZng)(ZngZ;Zng)]> is given by
a finite integral at loop level £2£2, of the type (6.16). Though, it multiplies a vanishing three-point
function at order ¢ (on the right), hence it cannot appear in the OPE.

X2

X1

I
(

1
X1 : \
]

More in detail, let us consider the three-loop integral for m = 2,n = 1 in figure 17. It
lacks both the leading-logarithm ~ log® z, and the first sub-leading one ~ log? z, which
could multiply, respectively, fyiO or a combination of v 072,0 and fyio. Let us denote by

C(()k) the k-th loop order correction to structure constants in the OPE. Coherently with
our result, the maximal log that appears (also) in the terms that do not include 7 o, such
as C(()l)fyg,o or 08))7370.

The analysis can be pushed a little further. The rigid square-lattice structure of planar
Checkerboard diagrams allows to read at glance all possible operators that flow in the s-
channel. The shortest scalar two-point function exchanged in the s-channel, according to

the illustration in figure 20, reads

% <Tr[(212322)(35)(222321)(0)}> =& lim  Lo(ar, 20,25, 24), (6.26)

T1—T2,T3—T4

where we refer to the notation for Ladders (5.5). This diagram is 1/e-divergent in dimensional
regularisation, hence it generates anomalous dimension at two-loops v2,0 # 0. One can check
that this (plus spinning counterpart and descendants) is the only non-protected two-point
function flowing in the s-channel of (6.22) with n = 2, m = 1, and it accounts for the UV
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behaviour ~ log z. The three-point functions involved in the OPE for the spinless operator,
also depicted in figure 20, are given by:

% <Tr {Z4($2)(23222322)($1)(Z223Zl)({£0)} > = (627)

_ £ A(Ag + As, Ay, Ay)
(Fg) 2~ AatBatls (g3))2-Ra=Ra(g,y)2 A

1 ) ) o 1
N <Tr[(ZQZ?,Zl)(xO)Zl(fC4)(Z3Z2)(x3)]> ~ (a3y) Rt B (aF) A

6.2.2 Spectrum and logarithmic multiplets

The lightest two-point function (6.26) pairs two different operators O and O’ hence it is
just a component of a larger multiplet. There are three open-index operators that can be
mixed by (2.1) in the planar limit, that is

O € {21737y, Z\ZosZ1 , ZoZ371} . (6.28)

We draw the explicit Feynman diagrams which mix these operators to form a multiplet:
—t > Lo
; 0 2
(Tr 0;0) = % o——F— ¢ @ g
0
%] %) o——F—0¢

The matrix is not diagonalisable, and the multiplet is logarithmic. The diagrams of order
€2 actually vanish for generic Ay, so the mixing matrix \/Zij reads

)

10 -2
JZi=101 0 |, (6.29)
00 1

where 7 is the residue at pole 1/€ of the aforementioned Ladder integral at ¢7¢3. Thus,
we get a log-multiplet of rank two which mixes 72757 and Z, Z322, whereas 717471 stays
protected. The two-point functions of renormalised operators follows from (6.29). If we
denote A = Ay + Ay + Ajs they read

1 ) ~(r 1 1 ") O\" L i
v <Tr [0§ )0§ )TD _ 5 ¥ <Tr[o§ >0§ HD = £263 W’ (6.30)
(moPop =0, L(nfofof]) - .

Let us conclude the section with a look at the multiplet (6.28) at the special point Ay +
As = A1 + A4 = 2, when the one-loop spectrum of Checkerboard CFT becomes non-trivial.
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The Feynman integrals at order €2 develop 1/e-divergence, whereas the integral at order £7¢3
gets a stronger leading term 1/e2. The mixing matrix evaluates to

2
1 71 2 71

2e 2e 4¢?
0 O 1

and consequently, the two-point functions of renormalised operators form a log-multiplet
of rank three:

1 log(a?p?) €£3€31og? (22p?)

1 (r) (r)t 1 5 2. 2

N<Tr[0i (2)0; (O)]>:WX 0 1 &log(zp?) | . (6.32)
0 0 1

Notice that special points of this type include all theories where A1 = Az and Ay = Ay,
when the quartic vertices feature two orthogonal pairs of propagators with dimensions
A,A" = 2 — A as in anisotropic bi-scalar FCFT [4].

6.2.3 Parity of the all-loop spectrum

The OPE analysis of this section hints that the spectrum of anomalous dimensions in a
Checkerboard CFT with four slopes is zero at odd orders in the loop expansion. Hence, for
any local operator O in the theory its anomalous dimension expands as

o(&1,&2) = ZZ@T&" 2ry&Ann) (6.33)

n=1r=0

The last statement can be proved by induction. Since the discussion of Ladders in section 5.1.2
we found that ’y(ol ) by looking at the analytic structure of the cross-integral L. More
trivially, this statement follows from conformal symmetry: the only one-loop diagram is a
quartic Checkerboard vertex between two couples of fields with mismatching bare dimensions.

Next, the Ladder integral Lo is log-divergent in the OPE limit for general Ay. This
is enough to guarantee that 7(02 ) # 0. Coherently, the two-point function obtained in this
limit involves two operators with the same bare dimension.

Let us formulate the induction. Suppose that for a given m-loop Checkerboard Fishnet
it is possible to group external legs into two operators O, Oz such that [O1] = [Oz]. Then,
adding one vertex to the diagram increases the total scaling dimension of external legs by
n1A1 + nalAg + n3As + ngAy with np = £1. We distinguish three cases:

o Add three legs on the external point of a leg of type Z; or Zj and make it a vertex:
- _17 Nk = 17

e Merge two legs in one external point and add two legs on top, making the point into a
vertex: nj =mnjy1 = —1, njio =nj3 =1;

o Merge three legs in one external point and add one leg on top: n; =1, ngx; = —1;
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Z> Z;

Z; Z4

Figure 22. Starting from the vertex of the theory, i.e. a cross-integral at one-loop, we generate
higher-loop Checkerboard Fishnets by adding a vertex in various ways. We connect with a blue dashed
lines group of points that, once merged, form a two-point functions of open-index operators with the
same bare dimension. In the text we argue that this can happen only at even loop order.

Figure 23. There are only two four-loop two-point diagrams (modulo cyclic permutations of fields) that
correct the spectrum of the theory. Both appear at order £1&5. The first (left) is obtained identifying
a pair of points in the Ladder L4, the second is the result of the same identification in the Rectangular
Fishnet I5 5. Both diagrams have a leading divergence ~ 1/€? in dimensional regularisation.

In order to see if the external fields of the Checkerboard at m + 1 loops can be grouped
in two new operators 07, 04 with [0]] = [0}] we can also re-distribute py, fields of type Zj
or Zj, among O1,0s. All together we can write

(01 = [O1] + > el = > prli, [05] = [O2] +> prli, pr€Z (6.34)
k k k
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Imposing that bare dimensions are equal and the constraint ), Ay = 4, one gets the equation

3 3
8pg + 2 Z(pk —p4)Ap = 4dng + Z(nk —ng)Ag . (6.35)
k=1 k=1
We want a solution valid for any choice of Aj— 23 hence we can differentiate (6.35) getting
three equations

2(pr — pa) = g — Ny (6.36)

Imposing (6.36) into (6.35) one gets ny = 2p4, which contradicts n, = 1. On the other
hand, any way of adding two vertices, ie. two loops, to a Checkerboard diagram requires
np = 0,£2. Therefore, there is always a solution p, = ny/2 € Z that describes a way of
grouping fields into operators of matching classical dimensions at m + 2 loops.

All together, if there is a non-zero two-point function in Checkerboard theory at m loops,
there cannot be one at m + 1 loops, but there certainly is one at m + 2 loops. This inductive
step together with 7(01) =0 and 7(02) # 0 is the proof of (6.33). Of course, equation (6.35)
admits solutions even at m + 1 loops with respect to Ag, such as (6.3). For example, setting
p1=p2=p4 = 0,p3 =1, ny = —1 and ng = 1, the solution is

As+ Ay =A1+ Ay (637)

Two remarks are due. First, our derivation holds for two-point functions with disk topology
(ie. single-trace) with any structure of SU(NN) indices in the open-index operators. Indeed,
we never assumed that Oy or O) are made with consecutive fields inside the trace. Second,
our conclusion holds true also for multi-trace two-point functions (for instance, the two-point
function of single trace operators). Indeed, a multi-trace correlator can be cut and opened
onto the disk. If a cut crosses £ propagators, 2¢ new external legs are generated, adding a total
scaling dimension 2 Y% _, Apiny =2 S 4_1 qrAy. Equation (6.36) holds after the redefinition
Pr — Pk — qk, hence the cutting has no “net effect” on our derivation.

We conclude by saying that since D1 g = D1 = 0, the spectral problem is described at
weak-coupling (two-loops) by a next-to-nearest-neighbour spin-chain Hamiltonian.

7 Checkerboard lattice with higher periods

In this section we are going to fully exploit the Loom construction [6] in order to define
a more general Checkerboard Lagrangian. Recall that the Checkerboard theory (2.1) is
defined for M = 4 slopes in the Loom, which allows to select two quartic vertices featuring
four different fields

Tr [21222324} . Tr [21222324] . (7.1)

The planar Checkerboard diagrams have the shape of a Fishnet square-lattice where these
two vertices alternate along rows/columns. We shall say that it is a Fishnet lattice with
periods (2,2) as opposed to the (1, 1)-periodicity square lattice of the bi-scalar FCFT (4.1).

The observations of previous sections about anomalous dimensions being protected at
odd-loop order can be regarded as a signature of the Fishnet periodicity. Accordingly, the
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Figure 24. A Baxter lattice made of a number My = 2 (left) or M; = 3 (right) alternating vertical
slopes and My = 3 alternating horizontal slopes. The dual Fishnet diagrams are drawn in red (specific
diagrams are further highlighted in yellow) and they form a square lattice where the propagators
alternate with periodicity M; and My along rows/columns. The case M; = My = 2 would belong to
the Checkerboard CFTs.

dilation operator in the weak coupling approximation should be described by a next-to-
nearest-neighbour spin-chain Hamiltonian. Notice that also for M = 4 slopes there are
other Checkerboard theories than (2.1), obtained with a different choice of non-vanishing
couplings in the full Loom FCFT®,

[ ]

[ ] Tr [21222124}
Tr {21222322} R Tr {Z1Z22322}
Tr {21222324} y Tr {Z1ZQZ3Z4}

Clearly, the bi-scalar theory (1, 1) is also obtained from a Loom with 2 or 3 slopes, and the
(1,2) and (2,1) theories both require only 3 slopes to be defined from a Loom. Logically, if
one starts from a Loom with M slopes, it is possible to define a Checkerboard CFT with
periodicity (Mp, Ma) whenever M > M; + M.

Let us consider the two examples in figure 24 in order to learn about the general features of
these theories. In the first case we increase the number of slopes of the original Checkerboard
theory by one slope, (M1, Ms) = (2,3) and obtain a Fishnet square lattice with periods (2, 3)
formed by 2 x 3 chiral vertices built with twelve matrix fields

21,29, 26, 20, Zh, . 7L (7.3)

together with their hermitian conjugates. Here fields Zj and Zj, have scaling dimensions
related by Ay = d/2 — A}, i.e. their propagators cross the same vertices of the Baxter lattice,
My, M)

but across supplementary angles. The Lagrangian for the Checkerboard CFT!( is a

special reduction of the Loom FCEFTM1+M2) theory. We can read the interaction vertices
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for (M, M) = (2,3) from the diagram in figure 24,

Tr {Z12223Z4} y Tr {Z6Z124/125} y Tr {ZéZéZéZé} N
T [ 23252620 T | 4242521 T | 252420 2] - 4

As for the spectrum of anomalous dimensions, it is protected at one-loop (and none of
the interactions (7.4) generates double-trace counter-terms in the action). On the other
hand, the anomalous dimensions are, in general, non-trivial at two-loops. Take the length-2
ladder, highlighted with thick red propagators in the left picture of figure 24, and which
describes the four-point correlator

(Tr | Zg(21) (2525) (w2) Z (w3) (24 Z5) (24) )

Its OPE channel x1 — x9, x3 — x4, features the exchange of operators with non-trivial
anomalous dimension. Take the lightest one

(Tr (2525 25) (w2)(Z1 Z425) (24) ) -

First, the two operators have equal bare dimensions by virtue of AL + Ay = A} + Al as
it follows from the scale-invariance of the second vertex in (7.4). Indeed, this two-point
function has a pole 1/e in dimensional regularisation.

We also depicted in figure 24 the Checkerboard theory corresponding to Fishnet integrals
with the shape of a square lattice with periods (3, 3), hence formed by 3 x 3 chiral vertices,
built with sixteen matrix fields

21, 2y T, 2o T T (7.5)

together with their hermitian conjugates. The Lagrangian for this theory is a reduction, with
all but 9 couplings switched to zero, of the Loom FCFTs®) theory. The interaction vertices
of the theory can be read from the diagram in figure 24,

Tr [21222324} . Tr [25262521} . Tr [Zgngng} :

Tr {Z7ZiZZLZS} y Tr {ZgZéleé} y Tr {ZéZ4Z5Zé} y (76)

Tr 24242425 , Tx [ 2423220 , T |Z3Zs20%s)
It should be clear at this point that one-loop anomalous dimensions are zero in this theory.
Take the length-2 and length-3 ladders from the portion of diagram with thicker (red, yellow)
propagators in the picture on the right of figure 24. Take respectively the two-point functions

featuring the lightest operators exchanged in the OPE limit x1 — x9, x3 — x4, for the
two- and three-loops ladders:

(Tr [(227325) (22)(Z) 25 21) (w4) )

and
(T (222525 27) (w2) (22 24 21 ) ()] )
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The first involves operators with different bare dimensions, sine the condition Ag + Ag +
As = Ay + A§ + Aj is never satisfied for general slopes. Hence, this Feynman integral is
actually zero (i.e. evaluates to o< §(23,)). In the second correlator, on the contrary, the two
operators share the same bare dimension by virtue of

A3+A5+A7:A1+Aé—|—Ag.

The two-point integral is divergent as 1/e in dim. reg. thus the spectrum of anomalous
dimensions is non-trivial starting at three-loops in the theory.

The argument made here can be extended into the following general statement: the
spectrum of anomalous dimensions in the Checkerboard theory with periods (M, Ms is
protected until order ¢ = min(M;, Ms) in the weak coupling expansion. The dilation operator
at order ¢ can be realised as a spin-chain Hamiltonian acting on a state of L > £ sites as

)Z—l

a (next-to)“'-nearest-neighbour Hamiltonian.

8 Discussion

The Checkerboard Fishnet CFT (2.1) introduced and studied in this paper is one representative
of a huge family of generalised, Loom FCFTs [6] of arbitrary dimension, inspired by the
observations of [5]. A remarkable property of the Checkerboard CFT is that the typical
planar graphs are represented (at least in the bulk, the boundary conditions depend on the
particular physical quantities one is looking at) by an integrable statistical mechanical system
of conformal spins with nearest-neighbour interactions on the square lattice. Each row of
the lattice is a spectral-parameter-dependent transfer matrix (or monodromy matrix, if the
boundary is open) with generic conformal representations in both quantum and auxiliary
spaces, i.e. it automatically encodes all the conservation laws. This integrability opens great
opportunities in doing non-perturbative analysis of physical quantities of this FCFT in the
planar limit, as well as to push the analytic computations of the underlying planar graphs
to high (and sometimes arbitrary) loop orders.

The action of the Checkerboard CFT (2.1) has a few interesting reductions. In 4D and
with all w; = 1, it has a local action of four complex scalars with chiral quartic, interactions.
In 3D at w1 = wy = w3 = 1, wy = 0 it also has a local action with one sextic chiral interaction
of three complex fields (a fishnet reduction of ABJM model). For a particular reduction in
2D the graph-building operator for planar Feynman graphs is equal to Lipatov’s Hamiltonian
of interacting reggeized gluons (BFKL limit).

We presented a few analytic calculations of non-trivial physical quantities based on
integrability and conformality of the Checkerboard CFT. Using the methods of the papers [13,
24] we computed certain four-point correlation functions and extracted from them the
anomalous dimension of the shortest operator exchanged in their OPE. It would be good to
compute the dimensions of other operators, in particular those with non-zero spin, as well as
to extract from the 4-point function the related structure constants. Our results are based on
the kite integral (3.18) computed in terms of certain, rather complicated double sums [42, 43].
The computations are more involved than for the cases considered in [13, 55], so our results
are not as explicit. Nevertheless, we managed to obtain for the dimension of this operator
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a few orders of perturbation theory in the 3D ABJM reduction of Checkerboard CFT. We
observed certain transcendentality properties of the perturbative results, not directly for
the anomalous dimension but rather after a certain functional transformation. It would be
interesting to understand these properties in depth.

We also showed that the graph-building operator in 2D, at a certain limit of the spectral
parameter, reduces to Lipatov’s Hamiltonian for reggeized gluons. In the particular case
of the aforementioned shortest operator, the dimension coincides with the BFKL pomeron
eigenvalue [27, 28]. Hence this limit of Checkerboard CFT may be very useful for the
understanding of BFKL physics and for the computations of related physical quantities.
An interesting question here is related to the question of positiveness of spectrum in this
BFKL. As was noticed in [6], the FCFTs have certain properties of positivity of spectrum of
anomalous dimensions: they can be only real or appear complex conjugate pairs. Do these
complex conjugate pairs appear in the BFKL limit Checkerboard CF'T, as we observed for
the ABJM reduction in section (4.1.3)7 What does it mean for the BFKL physics?

There are still many interesting questions related to the Checkerboard CFT:

o What is the generalisation of fishchain picture of [56-58] to the Checkerboard case?

e Can we compute the wheel-type graphs and the related conformal dimensions in the
Checkerboard CFT? Using the techniques of quantum integrability one could try to
compute these correlation functions exactly at any L, at all orders. In practice, this
task is already complicated for the usual bi-scalar fishnet, even at small values of L
(see the results of such a calculation for L = 3 in [22]). More generally, one would
need a systematic quantum integrability formalism for computations of spectra and of
eigenfunctions of non-compact spin chains in principal series representations. So far,
only the SL(2,C) case, related to the BFKL model, is relatively well studied [32, 38].

o It would be interesting to obtain the sigma-model representation for the Checkerboard
fishnets with cyllindric topology, analogously to [59, 60], and to establish the related
TBA equations.

o Could one find a useful application of Yangian symmetry [7, 8, 10] for Checkerboard
graphs?

e Can we find among 2D Checkerboard graphs those which generalise the Calabi-Yau
invariants of [61, 62]?

o Can we generalise the results of [63, 64] regarding the thermodynamic limit of the

Basso-Dixon correlators to their Checkerboard analogues computed in section 57

e Can we understand the integrability structure behind the SoV approach developed in
section 5 and appendix D? Because of the alternating pattern in the Checkerboard
diagrams, we have had to introduce two non-commuting graph-building operators. It
would be interesting to understand these operators in terms of (open) non-compact
spin chains. It also seems natural to try to apply this SoV formalism to the calculation
of the wheel diagrams.
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o It is possible that Checkerboard graphs feature the “arctic circle” phenomenon [65].
For the traditional spin models, like the 6-vertex model, the arctic circle means in fact
an oval-shaped area inside the finite rectangular lattice outside of which the spins are
almost frozen. The methods of [66] could in principle allow to study this phenomenon
in the Checkerboard CFT (if it is present there).

A few questions can be posed also in the context of stydy of diamond fishnet diagrams
of the sections 6, 7:

e To complete the classification of diamond graphs and of their properties for all types of
boundary shapes.

e To try to compute the cylindrical diamond configurations and the related anomalous
dimensions of the Checkerboard CFT.
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A Factorisation of the eigenvalue of T

In this section we are to transform the eigenvalue of the T-operator (3.16). Let us rearrange
the order of integration in that formula:

A dd$0dd$0/
M) = (ahdiaes
(x30) 21 (2,22 (250 )21 (25) A2

X/ ddajl/ddx2/ (A 1)

(fU%/Q/)AﬁAQ_%(x(Zn/)A“ (2310) %3 (2,9 ) 21 (25,9) 2

The second integral in the formula above is exactly a Kite integral:
/ ddl'llddl‘gl _ B (Ag,A4,A1 +A2—%) (A 2)
A+Ao—4 . a As+As—5 ’
(@319) 12272 (@) 24 (2310 ) 23 (2 ) 24 (25, 2 (€

Substituting (A.2) into (A.1), and noticing that the remaining integral is of the same form,
we obtain

A
h(A) =B <A3,A4,A1 + Ay — ) ($%2)A1+A2—%

2
% / dd.IQddl‘ol (A 3)
2 :
(x(Z)O')A3+A4 2(ZU%O)Al(x3'1>A2(5U§0/)A1($%2)A2
ZB(A3,A4,A1+A2—§>B<A1,A2,A3+A4—§) : (A.4)
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B Small v expansion of the eigenvalue of T

Let us analyse the small v of the sum I + Iy + I3 given by (4.10), (4.11) and (4.12). We
will use it in the form of double series

~+00 +00 t’TA ( + )
bl = Z%};) 1024m3(A-1)(A-2) <%) nto— %j5k,0+ (B.1)
1 1 n!
GG TR T (3) (S a )
L2878 1 r(5+k) (34+n)T (5 +5+k+n) )

1
m (A)’?< +k) (§=3+k) (1+k+n) (S+k+n)T (3+k+n)

Expanding in the first two orders around the point A = 2 4 v, we obtain the following

series at the orders y~! and ~Y
+00 +00
1 2—E
I +I,+I5= ) —_ B.2
= nz%kz%( 12874 (2n41)2y k’0+(2567r4(2n+1)2 (B.2)
P(n+1) P (n+1) ) 2n+1 )
— 6 .
2564 @n +1)2 | 1024 (2 1 1) ) 0t T0aart @k 12 ke O
After taking the summation over k in (B.2) we get the following result
+oo
1 1—~g —log2 v(n+1)
L+L+1I3= — — B.3
Pt nz::O ( 12874(2n +1)2y  1287*(2n+1)2  1287%4(2n+ 1)2+ (B.3)
YP'(n+1) )
———+ 0 .
siamin 1) O

The last two sums from (B.3) can be found in [67], which leads us to the following formula

1 1

L4+T+ 1= —
L2t = T 0002y T 102408

(71'2 4+ ?log2 — 221g3) +0(). (B.4)

Now we turn to the calculation of the term of the order v'. To do this let us write
down the corresponding term of the small v expansion of (B.1), but before that we make
some change in our summation variables. Namely, we replace the variable k by m =n + k.
After this the summation in (B.1) is changed to

+o00 +00 +oo 400

Y =D > (B.5)

n=0 k=0 n=0m=n
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It appears that the sum over m can be taken, which leads to the following sum

1 *f 1 +24—47E+7r2—810g2 1 +—2+7E+2log2
4 3 B 4 2
2048m* (n+1) 4(n+1) (n+}) (n+1) (n+1)

(B.6)
+—48+247E 1294 +72 —24vplog2 — 1210g22+2410g2 P> (n+ )
6(n+§>2 2(n+1)2

CPA(n+1) Y’ (n+%) N 1 3 (4—vg—2log?2)
(n+%)2 2(n+1) (n—l—%) (n+%)2 (n+1) (n+%) 2(n+1)?
1\ 1 w(n+%) P(n+1) (—4+3vg+2log2)y' (n+1)
X¢<"+2>+4( PESE EQ(H;) "

(4=3vp—2log2)(n+1) ¥ (n+3)¥ (n+3) w1 (n+1)
* <n+%)2 a 2(n+1) * n+3

All the sums in (B.6) can be found in the literature (see [67] and the references therein)
except for the last two ones. In what follows we are going to find these sums using the
formula (C.52) derived in [67]

i" 1 —_ Ly v(m+3) _ <7¢ <;) + 710g2) ot (B.7)
= 2

4 1 1 1 79 1
+ (<log2— 4) Y (2) — 810g2+310g22> 2 — 3log42+3m7r4—8Li4<) .

Then, by changing the summation order on the left hand side

= m m
> L 12 Zw +1) Zw +1)Z %Jr (B2)

n=1 (n—}—l>2 (n+1) = m+2 m=1 +2 n=m (n—l—l)

o > ;lme( <m+;>+¢’(m+1)):

o (pl+ 0w (1+3) i+ D+ 1)
:;( I+ * I+1

+

D=

and adding one term to the sum there, we obtain

+Z°° (wa + 1w (1+3) L P+ 1)) _

1
— I+ % I+3
79 1 1 1
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One can see that the left hand side of (B.9) already contains one of the sums to be found.
Let us transform the first sum on the left hand side of (B.9)

o0y (143) £ 1 I gm)

=2, 2

T 2 T
1=0 I+3 n:O(n—l—%) m= Mt3

, (B.10)

where we again changed the order of summation over n and m. Then we apply a slightly
modified formula (23) from [67]

n

n 1
fﬁ:; ‘W;OW*W””W <n+2> +2w<n+2>—2w<n+3)_

N — e (3) -2+ 20 (5) (B.11)

which leads to the following identity

Jioq/}(l'f'l)w/ (H'%) :_Jiow(l—i—%) i (l+%)+ 49 4+87E10g2+ (B.12)

= I+5 = [+1 180
2 1
+16(—1+log2)log2— 3 log42+§7r2(—3’yE+2(1+(—6+10g 2)log?2))
1 7
—16Liy4 (2) ——5(—4+3’7E+610g2)<3.

Our strategy is to derive a second, independent equation for the sums above and solve
them as a system of linear equations. To achieve this we will use the formula similar to
(C.50) from [67] but with the different sign factor

+oo +o0

PY(l+m 17 )
>3- R B13)
m=1[=1

lm (I+m) 1440

Our next step is the following: we split the summation over m in (B.13) into the summation
over odd and even m, namely

400 +o0 +00 +00 . 400 .
z¢l+m) _ 1 U421 1 v+ 2))
;112; (I+m) ;(2;’—1[:1( 1) I(1+25-1) +2j ;( 1 l(l+2j)> ’

(B.14)
Thanks to the formulae (C.47) and (C.48) from [67] we can perform the sums over [ in the
right hand sides of (B.14). After conducting some intermediate summations over j with the

usage of the sums from [67], we obtain the following equation

& (w(u;)w’ (1+3) +¢<l+1>w’<l+1>) _

I+1 l+3

=0

11 1 1
%ﬂ' +37 12 +1og2(—12 4 5log2)) + 57;;(16 + 72(=2 4+ 2log 2) — 21(3)+

1 1
+3 (—48 + 241og? 2 + log* 2 4 24Li4 <2) —21(—3 + 2log 2)g3> : (B.15)
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The second sum on the left hand side of (B.15) contains exactly one of the sums to be found,
whereas the denominator of the second one is [ 4+ 3/2 instead of [+ 1/2. This can be overcome
by using the properties of polygamma functions and we are able to express

Pl + 1) (I+1) X+ 1)y +1)
Z I+ Z I+

—87Elog2—810g22+7§3.

— 16 + 8y + 16log 2— (B.16)

Substitution of the identities (B.12) and (B.16) into (B.9) and (B.15) respectively gives
us the following system of equations

X () (1+L) | w1y 41
b (_ (r3)vr(t+g) 4 ol e L —font 8L, (1) +

+1(yp — 4+ 41og 2)Cs + L log* 2 — 1610g2 2 + 161og 2—
—8yplog2 — 172(2 + vp(3log 2 — 3) + log 2(7log 2 — 12)),

X (l+3)v(1+3) | )y 04+1)
123( E= s I+1 = 3607 +8L14( )

(B.17)

—I(3yp — 4+ 41log2¢s + +log* 2 + 161og? 2 + 8yp log 2 — 16log 2+

+272(24 3yp(log2 — 1) +log 2(5log 2 — 12)) .

Solving the system of equations (B.17), we find the answer

i"w(lﬂ)w'(z“) __ﬁ_ﬂ2log22+log42 . (1
2

7
= 8L - — = B.18
2 7 % %0 3 3 + 8Liy ) 2’YEC37 ( )

o (I+3)y (1+4 4
Z ( 2[)+1( 2) :%+2F210g22+7"2’7Elog2_1410g2<3—7’)/E<3—47T210g2—

=0
2 2 2
-7 7E+14§3+7+1610g 2+ 8yglog2 —16log2.

To sum up, substituting the result (B.18) into (B.6) we derive the coefficient in front of

4! in the small v expansion of (B.1)

1 4 log2 1
e <7r +r log2——(3+1—0—|— g2 +12Li4(2>> . (B.19)

C Computation of double sums in the BFKL limit of Checkerboard CFT

The particular case of double sums from [42] for d = 2 and a1 = a3 = a; and g = @y = ay
is decribed by the expressions

Il (al, ag, 5) == A%(al)Ao(ag)A0(2 — CL12)A0(CL2 + 6)A0(2 — a12 — 5))( (Cl)
X [3F2((5, 1—a;,—1+a2+ 5, 2 —ayg,a + (5; 1)}2
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IQ(al, as, (5) = Ag(ag)Ao(d)Ao(—l + a1z + (5)140(2 —ag — (5)140(3 — a1 — 2&2 — 5)><
X [3F2(a1,2—a12—5,1—@2,2—612—5,3—@1 —20,2—6;1)]2 s
Ig(al, as, 5) = Ao(al)Ao(é)Ao(?) — 2a19 — 5)A0(2 — a2 — (S)A()(—l + a1 + 2a9 + 5)
X Ao((lm) [3F2(a2, -2+ 2(112 + (5, -1+ a2 + (5,(112, -1+ a + 2a2 + (5; 1)]2 s

where a2 = a1 + az. We are to analyse the sum (I; + Iy + I3)(a1,a2,9) in two cases (we
exchanged a; and ag as (I1 + Iz + I3)(a1,a2,6) does not depend on it)

A

a1:1+u,a2:—1—u+A+,5:2—A+—§, (C.2)
and
A
a1:1—|—u,a2:1—u—A+,5:A+—§. (C.3)
Let us first focus on the first case, and prove that the limit
. A
lim (h+L+13)(-1-u+A4,14+u,2—-Ay —— (C.4)
A+—>O 2

is finite for arbitrary w. The singularities in A} come from the prefactor of I; and from the
hypergeometric function in I3. Namely, we obtain for I

b(taesitiean )

(Lr? T T(e+2) TO-2) (3F2 (—u,l—§,2—A;z,l—u—A;l))QJrO(Ai).

Ar TU+u)T(1-u-4) 1(%) 2 2

(C.5)
To get the small A} expansion of I3 we need the expansion of the hypergeometric function

in it, which is

2

_ A /A u+ 1 A A A .

A A A
3F2 <1—2,—1—u+A+,—2+A+;A+,—u—+A+;1)

Substituting into the formula for I3 gives us

A (1+uw)? I'(-uw) T(ut%
L[ —1—utAy 14u2-A, —= ) = —
3< YT S, iru + ) Ay Tl+u)T(1—u-

2
r(i-2 A A A 2
Xm<3pz <_u,1_,2_;2,1—u—2;1)> +0(AY).

)
2)

r(2) 202
(C.7)
Hence the singularities in (C.5) and (C.7) cancel each other and we see that
A 0
(I + I + I3) —1—u+A+71+u,2—A+—§ =0(AY). (C.8)
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A similar analysis applies to the second choice of parameters (a1, a2, d), see (C.3). The
singularity in I; now comes from the hypergeometric function, whereas the singularity in I3
comes from the prefactor. Following the same steps as for (C.8), one can check that

A
lim (I + I + Ts) <1—U—A+,1+U,A+—) — 0(aY). (C.9)
A+—)0 2

Taking into account that the limits (C.8) and (C.9) are finite for any u, we can now
address the question of the small u expansion of these quantities. This procedure yields

(I + L+ Iy) (—1—u,1+u,2—§> _ (C.10)
:;+i(¢ (ﬁ) +¢<1—§> —2¢(1)> + 0@,
(I + I + Iy) <1—u,1+u,—§> _ (C.11)
_;2+z(¢ (?) +¢<1_§> _2¢(1)> + o).

D SoV representation of Feynman diagrams

D.1 2D rectangular Fishnets

We present in this appendix some of the details of the derivation of (5.11) and (5.22) in
two dimensions. For brevity, we will state several results without presenting their proofs,
which can be easily adapted from those of [23, 32, 33]. Once the 2D case is understood, it is
relatively straightforward to treat the 4D case in a similar fashion, following [15, 16].

We work in a slightly more general setting than what was presented in section 5 where the
four fields have a spin. This means that for each field 7, we now have two complex numbers
A; and A; whose difference is an integer: they encode the scaling dimension A; + A; € C
and the spin A; — A; € Z of the field. The scalar propagators are replaced by the spinning
ones according to

|22 TR AR AR here = [z]el? (D.1)

— [7]

Thus, the kernel of the graph-building operator is now

%52

Wieunl ANz on) =TT ok — 2o600) 722 Yok 2k ] 7252
k=0
L%]
< T war — 226) 2% [yor—1,26] 7224, (D.2)
k=1

where yo = 0. The simpler case A; = A = Ay = A, was treated in [32]. The main subtlety
in our setting is that we can only diagonalise the product AyApn, see equations (D.22)
and (D.23) below, but we are still able to find vectors that transform nicely under the action
of Ay alone, cf. (D.10) for instance.
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For future convenience, we have to introduce some notation: for v € C, we set 4 =1 —~.
For v and 4 two complex numbers whose difference is an integer, we also define

Aww=”ﬁ%@. (D.3)

This function satisfies A(y)A(¥) = (—=1)7~7 = [~1]7. Then, for F' a function (or an operator)
depending on (Aj, Ag, As, Ay), we define
r_
F'=F|

and F=F|, (D.4)

A1,A2)(A3,A4)° A1,A3)4(A2,Ag)

For (u,u) = (% +iu, — 2 +iu) with m integer” and u real, we define the following two functions:

LAy A Ay AL A Dy
a(u)_~7+T u—?—i—T u, (D.5)
Ay Ay - Ay Ay Ay Ay
These functions satisfy the following properties:
atb+Nyg=d +V+ A =a+b + A =d +b+A3=1, (D.7)
and .
(6,6) = (a,0). (D.8)

The eigenvectors of AxA’y and A’y Ay are built iteratively using some “layer” operators

IIx(u) (as well as the variants ITy (u), IO_IN(u), I’y (u)). These are defined for N > 2 by

(Y1, yn|y() |21, .., 2n-1)
O T Ala(u)AG(w)
ior Wok—1.2]22 (2251 — Y2k 1] [yor — 2]
L%J ~/ 7/
. A () AF (W) (D.9)

e [Yak2ken] B [2oe — yar)” (Wlyar 1 — zop] W7

where the normalisation ensures that

o

HN+1(111)191N(U2) = IInq1(ug)lIy(uy). (D.10)

Moreover, it holds that

o

ANHN(u) = )\N(u)H’N(u)AN_l (D.ll)
with
\ (u)_<A(A3)>W <A(A1)>L21J AQy [0S A@ @) N s even
N A(Ay) A(Ay) A('(w) © | Aa(u)) if N is odd

(D.12)

"To be precise, m € Z + %, where o € {0,1,2,3} is (fixed and) such that a —a € Z and b — b e Z. For
simplicity, we shall assume that the parameters Aj, Az, Az, and A4 are such that o = 0.
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We also need to construct left eigenvectors. To that end, we introduce the following

conjugate “layer” operators for N > 2:
B ZN>
[~ 1] Aa’(w)) AV (w))

- 5]
= [zo] " / -
kl;[l [22k—1.26) 24 [yak—1 — 205—1]" W [29 — yog_1]¥ W
|

- (1% A(a(u) Ab(w) |

X .
i1 22k 2k11] 722 [yok — 226)" W (20641 — yor)HW

(Wi,...,yn—1|En(u) |21, ..

(D.13)

2

N ‘

We have
= (D.14)

(e}
En(u)Ent1(uz) = En(uz)En41(w),

and .
EN(U)AN = )\N(H)AN,LE?V(U_) . (D.15)

Moreover, assuming u # v and N > 3, it holds that
1 ° o
— H’N_l(v):N_l(u) . (D16>

ENWING) = -

Let (u| and |u) be the left and right eigenvectors for N = 1, they are
(D.17)

1
(uly) = — and (ylu) = ———.
[yo1]*' (W [y01]®' ()

We have
(D.18)

(u1| E2(uz) = (uz| Ea(w), Hz(u2)|§1> = Hz(u1)|132>7

and, assuming u # v,
(D.19)

For N = 2, we define
\_S' —1luy=-1)=ny(ua if N is even
N 1( N 1) N( N) ; (D20)

(u1]Z2(ug) - -
if N is odd

<u17"'>uN|/:{ ° o ° —_
(u1]Z2(ug) - - - En—1(uy—1)En(un)

and o
Oy(uy)dy_1(uy_1)---Ho(ug)uy) if N is even ‘ (D.21)

|u1a"~auN>:{ o o
My(uny)y_1(uy—1)---Ia(ug) |uy) if N is odd

Using the properties of the “layer” operators stated above, it is straightforward to show that
these functions are completely symmetric under permutation of the parameters ug, ..., uy.

And that they are eigenvectors of AlyAn:
N

suy) = [ plwg) Jui, ... un)
k=1

(D.22)

A/NAN |u1, e
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and

N
<u17"'7uN‘A{NAN: Hp(uk) <U1,...,UN ) (D23>
k=1
where A A)
a)A(a
= AADA(A3)—————~. D.24
p= AB)AWBY) (D.24)
They also satisfy the following orthogonality relations:
) N
<U1, <o 7uN|V17 cee 7VN> - Mg\])(ula <. ,UN)_l Z H 5(uk - Vo‘(k’)) ) (D25)
ceGN k=1
where up — % + iuk, Vi = % + ivk,
d(u—v)=0mnd(u—v), (D.26)
and the measure is
(2) -N 2 (mi —my)?
g (ul,...,uN):(27r) H (ui—uj) —i-f . (D27>

1<i<j<N

From this, we conjecture the resolution of the identity
N Z / 1@y, un) ..., uy) (ug,. . uy|dug . duy =Id . (D.28)

The analogous resolution of the identity for the usual SL(2,C) spin chain (relevant for the
Basso-Dixon diagrams computed in [33]) was proved in [68]. This was done using techniques
that were first applied in [69] to the SL(2,R) chain. We expect that these techniques can
be adapted to the present situation, but we have not done it and we will content ourselves
with assuming that the statement holds, as was originally done in [23, 32, 33].

Finally, we need the reduction of the eigenvectors when all the external points coincide:

e
)

+

(i, uylz, o 2) = A(Rg)ELEIE] (A(An) A(ay)

N-2

x A(A)ELFLE [y — o)t bv-1—byambyoa—e (D o9g)

and

N-L ES
2
yl H Yok 2041] H Yo 1.2k 2 U, ..., up) —
=0 k=1
— [z — gl NN

< A(Ry)? LNJWJ(

Ao
x [N aaray ﬁ( (al u’“))>m (A(a/(“’“)))b . (D.30)
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Combining the previous results, one obtains

Inor—1(y,2) = (D31)
= A(AZ)L%J [ %52 (A(A4)A(A3)) Erulibrad A(A1)|.¥J B [20 — y]Yj\ETO — z]%N y
N—1 +oo N )
X [*1]NLTJ(A1+A4) Z /NMN(ul,...,uN) H fN’QLfl(n;Uk‘)dU1 ...du]\]7
mi,...,mN=—00 R Pt}

where n = (y — 20)/(2 — 20),

e[ (24552 ) (525%). o

T (22 3] (34252 o
and .

Prana(aw) = "t (400 (A T s
This can also be expressed as a determinant:
Inor-1(y,2z) = (D.35)

. N ||

— AR (4 aag) T I A PR g - gz - 79 x
N1 +00 m i1 /o j—1 u
% [_1]N£TJ(A1+A4) 1<C}§£N <m:z:oo/ (2 —+ 1u> <2 — iu)J fN,2L_1(77; u)(;'/r> .

We presented the formula for Iy, but the previous results also imply

Inor(y, z) = (D.36)

|52 20 = 9"~ [z0 — )%
N!

N243

= a7 (aanaanam)

[—1] | ¥ ](Aa1+A3) %

N-1 =
% [_1]N\_TJ(A1+A4) Z /RN MN(ul,...,uN)FNQL(n;ul,...,uN)du1...duN,

M1,..,MN=—00

A(a(ug)) if N is even

TR Fvar—1(pug) % { A () if N s odd
Fnop(nyuy,...,uy) = i : (D.37)
A(b(un)) AV (uy-1))A(b(uy—2)) - -

D.2 Remark on the 4D formula

It is unclear whether (5.11) can be further simplified. In 2D, one can write it as a determinant,
see (D.35). In 4D, we focus, for clarity, on the particular case Ay = Ay = 1 where

2iu

fneL(riu) = (D.38)
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with v = 172A1 = A?’Qfl. For convergence of the various integrals, we have to assume that

|Re(y)| < 1/2. Following the procedure of [63], we can then recast the integral in the
following form:

v 2V 27y

Inar(y, 2) = Ao(Ag) LTz I -2 L W
det(A)

8 /RN [T, sinh (L“;w) sinh (L“;ria)

where A is a 2N x 2N matrix whose elements are

dzy...dzy, (D.39)

Aiok—1 = Af(xr), Aior = A7 (2r), (D.40)
with gi-lgié(oa) &
A (2) = /Riie PRrRT=ES P E=yt (D.41)
7) (€+iv)
for any € > |Re(v)|, and we introduced ¢ = lnr. Clearly,
Af(z) x O(F0 — ) (D.42)
so that the integrals over the variables xi,...,zy are actually restricted to z; < —|o].

However, we cannot go much further in the computation because det(A) seems difficult to
evaluate, even though the functions Aii are easy to compute.

D.3 Diamond correlators

We consider a graph made of N x L R-matrices; they correspond to the diagrams of figure 17
where, using a conformal transformation, we send z; to infinity and x3 to 0. We call them
By, and they are related to G%IL) through
Bn(y,z) = lim {:U%L(A2+A3)G%7IL)(331, z,0, y)} (D.43)
T —+00
and
T4 x5, ©5, x5,

2N(A3+A4) 2L(A24+A3) 2N(A1+A2) °
Loy L31 Ly

The computation is very close to that of [33], the main difference being that the graph-building

G%2($1,$2,$3,$4) = (D.44)

operator is now made of R-matrices and not just “half” of them, i.e. the triangles. The
eigenvectors are unchanged but the reduction is not the same: now both left and right
eigenvectors are directly evaluated at coinciding points. In dimension d = 2 or d = 4,
the result is
Ao(Al)NLAO(A4)NL’y|_N(A1+A2)|Z|_N(A3+A4)
Bn,(y,2) = - NOV=D)
NI [ngl(A1+A2—k)(A3+A4—k)}

N
X Z H / 5\7 U_1, L, u H lukgmk uk duk, (D45)

mi,...,mN=—00k=1

where d Ay—A d As—A
gm(u) = A, <2 + % + iu> Am (2 + % - iu) . (D.46)
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E Particular cases of By, in 4 dimensions

Some of the integrals By j, can be trivially computed using the star-triangle relation, as ex-
plained in section 6.2. We verify here on the two simplest examples that the SoV representation
does reproduce the correct result. We will also compute the simplest non-trivial integral.

We will be computing the integrals over the separated variables using the residue theorem.
Assuming, for instance, that

Re(A1) > Re(Az), Re(A4) > Re(Asz), and r>1 (E.1)

means that we can deform the contours in the upper half-plane, and that the relevant poles
only come from one of the Gamma functions.
El L=1,N=1

The simplest integral is straightforward to compute. The sum over residues gives

B11(y,z) =

C Ao(AD)Ap(A) X e ) (=1)"T(Ay + Ay — 241 +n)
T y22-08),2A, 2 TG eosf)(1 1) T(l+n+2TA— A — Ay —n)

,n=0
L]

Ag(ADAg(Ag)Ag(4 — Ay — Ay) X

= 2 ) 28, ZO pom ;)(m +1—2n)
(Al + A4 - 2)m—n(A1 + A4 - 3)n (1)
X AT(m—n+2) C, Lo, (cos0)

Ag(ADAg(Ag)Ag(4 — Ay — Ay) X

- 2(2—A3) 203 > PO (cos 6)
Y 2

~ Ag(Ar)Ag(Ag)Ap(4 — A1 — Ay)
- yQAQZZAg (y _ 2)2(A1+A472) )

m=0

where C’l()‘) are the Gegenbauer polynomials. This result coincides with a simple application
of the chain relation.

E2 L=1,N=2

Let us try to evaluate Bja from the SoV representation (D.45). We first compute the
integrals using the residue theorem:

+oo
Bia(y,z) o< > (ng—mn1)(li —lo+n1 —na)(li + 14 ny —ng)

l1,l2,m1,m2=0

X (l2 +1+ne— nl)S‘l17n1 (7“, Q)Z\lz,nz (Tv 0) ) (EZ)

where
(=)™l + 1D (k+1+n)

A (. 0) = (elH10 _ g=il+1)0y, ~1=2n
l, (7“7 ) (6 e )7’ ”!F(l+”+2)F(2—m—n)’

(E.3)
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where kK = A1 + Ay — 2 = 2 — Az — Ay. Collecting the terms with the same powers of
r and e, one may write

Bl ) y, Z CM, pr ( ire + eiiP0> . (E4)
M,P=0

First, it is easy to see that cps, p = 0 unless M — P € 2N, since there is simply no such term
in the expansion (E.2). However, because a simple application of the star-triangle relation
shows that Bj2(y,2) = 0 when y # z, we actually expect all the coefficients cps,p to vanish.
This seems non-trivial from the representation as a sum over residues.

One may easily verify that cpp = 0 and that

B —2 [(k)D(k 4 P) +P—2 (P—2D)(1 = )T(k+ P — )T(k +1) (£5)
PP TR wI(R) | D(P-1) &= (P-DII+DI(P-1-1) '
P-2
. 2F Z (P—2)(1 — . DI'(k+P —DI'(k+1) ~0. (F.6)
2C-r(=k) = (FP-DI+1)I(P-1-1)
for instance. However, some of the other coefficients are more involved: one has
. ZZ M+1—l) (1 —2n) (M +1—2n)(M + 1+ 2] — 2n)
Nt N T(M —1+n+2)0(M—n+2)
(R+M+n—l)F(/§+M—n) (B.7)

'2—k—nl'2—-rk+n-1)
We checked, using Mathematica, that capro = 0 for M < 20.

E3 L=2,N=1

This integral is non-trivial. On the one hand, using the star-triangle relation, we can
express it as

[Ao(A1) Ao(Ag) Ag(2 — k)] / 2t (E.8)

Bya(y,2) = 25 ;28 w2 (w — )25 (w — 2)2

with Kk = A1 + A4 —2 =2 — Az — As.
On the other hand, from the SoV representation, we obtain

[Ao(A1)Ag(AD]? & o ) (I+ DI2(k +1+n)
Bai(y,z) = > nC 0
2108, 2) y2(2=A3) 2243 l,n:[)r - (cost) ! T +n+2)(2—k—n)?

X[r+¢n+1)+¢(l+n+2)—¢2—-—rk—n)—p(k+1+n)]. (E.9)

Data Availability Statement. This article has no associated data or the data will not
be deposited.

Code Availability Statement. This article has no associated code or the code will not
be deposited.
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