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Outline

Fishnet CFT was discovered as a special double scaling limit of ¥-deformed
N=4 SYM : strong imaginary v-deformation & weak coupling

Gurdogan, V.K. ‘15

Integrability of planar A=4 SYM theory becomes in this limit manifest and allows
to compute many non-trival quantities: anomalous dimensions, amplitudes, some
structure constants...

Fishnet CFT dominated by planar graphs with a regular lattice structure — fishnets:
Integrable via SO(2,D) conformal spin chain

A. Zamolodchikov 1980

A. Zamolodchikov proposed a general construction of integrable planar graphs,
based on Baxter lattice and star-triangle relations

We propose generalized Fishnet CFTs at any D, generated by any such Baxter
lattice
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y-twisted N=4 SYM and “fishnet” limit -
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« y-twisted N=4 SYM Lagrangian: commutators — g-commutators i, stracat
[A,B] - [4,Blg= qap AB - — B A o e
dAB i gk A 5 Lunin, Maldacena

where gqap=c¢ 2 I = (g 4)7"
Y1, V2, V3 - twists J{, J4, J4 € sO(6) - Cartan charges of R-symmetry

« Breaks R-symmetry and all supersymmetry: PSU(2,2|4)—-SU(2,2) X U(1)3

4-scalar term -i_ztr ([X, Z2)4[X, Z]y) = =X =27
2 ( 1 q=ez"
= g°tr (2¢° ZXZX + 2 > ZXZX — ZXXZ - ZZXX - ZXXZ - zzxx)+
1X
e X z\s\ K /\ X /\
« y-twist is a topological factor on a planar graph:
it produces quasiperiodic b.c. on cylindric graph |
o ——
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Planar graphs have maximal number of faces (for the same number of
vertices.
Planar graphs can be drawn on the sphere without slf-intersections.



Chiral CFT and Dynamical “Fishnet”

 Double scaling “fishnet” limit: Strong imaginary twist, weak coupling: curdogan, 115

g— 0, v — 100, £ = ge_i'yﬂ'/2 — fixed, (17=1,2,3.)
« Chiral CFT from double-scaled y-twisted N=4 SYM:
L= th"[——aﬂﬁbza;@Z + “PAaalp ]+ Lint 3 flavors of bosons and fermions

Lint = Ne tr[51 Pob3dod3+E3 P3b1b3d1+E3 P1bod1do+
+i4/€2€3 (¢3¢1¢2+$3$1152)+i\/§1§3(¢1¢2¢3+$1$Q¢3)+i\/§1§2 (231 +Padady) |-

* Planar Feynman graphs form a dynamical fishnet:
3 systems of parallel lines, quartlc vertlces SO|Id lines — bosons, dotted lines - fermions

7 f&‘/f

V.K., Olivucci, Preti 2018

> SNc-=-=-- Lvf=- :
/ ! \\ lines should be

YF ¥ Y Y Y7 N disentangled into two
Yukawa vertices

A challenge: to uncover the underlying integrable spin chain.
A step towards understanding of full N=4 SYM integrability.



Gurdogan, V.K. 2015

Special case: bi-scalar Fishnet CFT,

* Only one double-scaling coupling turned on

Missing “anti-

N¢ - — - -
Llg1,¢2] = °tr (0461001 + M P20ud2 + 267 $182162) - chiral vertex

* Propagators - ) —>
RCEE

A=4 SYM planar graphs reduce, in the bulk, to (very few!) fishnet graphs
L WA S ¢ 4 S -

// h / >
AN TN —>
WX 7 - R
\ AN \
e No mass or vertex renormalization! Coupllng a does not run!

» Local operators
O(x) = CH#ntr |9y ... 0y ($1)"(92) (31)" (§2)V] () + permutations

anomalous dimension
* Correlators  (O(z) O(0)) ~ |o|~2A0=27(&)




V.K., Olovucci ‘22

“PT”-invariance and reality of spectrum

T-transformation “P”-transformation (transpose)
£(¢17 ¢2) — ‘C(¢17 ¢2) ¢1 — ¢7i ) ¢2 — ¢g

PT-transformation leaves the action invariant;:

T “P??

tr(pradide) —  tr(dedidedr) —  tr(didedide)

Operators get in general transformed, e.g.

PT

tr(p1910201) —  tr(d1010201)

Conformal dimension gets complex conjugate (non-unitary theory!):

[(O(2)0(0))] (OFT(2)OFT(0)) = |z| 24"

The spectrum consists of real dimensions or of complex conjugate pairs!

PT

Similar to non-unitary PT-invariant quantum mechanics

Bender & Boettcher ‘98

H = p*/2+ 2° (iz)°



Caetano, Gurdogan, V.K, 2016

Operators, correlators, graphs...

x
tr(py ()] UV- reduction

BMN “vacuum” ‘

(non-protected)

“‘wheel” graphs - divergent! Need e = 4 — D regularization

C
=§2LM(3\2+6$1+...+TM+finite)

o0
& =Y ou&tM
. _ ) M=1
spiderweb” graphs "} - Typical “fishnet” structures
Multi-magnon ‘ in the bulk of graphs. Integrable!
spiral graphs

Gurdogan, V.K. 2015
: Caetano, Gurdogan, V.K. 2016
. . . . . B , Zh ’19
e L=2 4-point functions, explicit computations O

Basso, Ferrando, V.K., Zhong '19
tripi1(z1) ¢1(x2)]

Grabner, Gromov, V.K, Korchemsky ‘17
V.K., Olivucci 2018

\ G 0 V.K., Olivucci, Preti, "19

Gromov, V.K, Korchemsky '18
Gromov, Sever ‘20

tl’[d); ($3) ¢1]-_($4)] s

e Amplitudes, Yangian symmetry

Chicherin, V.K., Mueller, Loebbert, Zhepg '17

. . . p o o

e Basso-Dixon-type 4-point functions Korchemsky “19 R AL
X Loebbert et al ’20°21’22’ : /

Duhr et al ‘22

Basso, Dixon
Derkachev, V.K., Olivucci
— X I X ’ ’
Gm,n (ml’ X253, 334) 1 ® Derkachev, Ferrando, Olivucci
Dercachov, Olivucci
X Kostov ‘23
4




Gromov, V.K, Korchemsky, Negro, Sizov (2017)

Dimension of tr(¢1)> and periods of wheel graphs from QSC

Broadherst 1980 - =9 Ahn, Bajnok, Bombardelli, Nepomechie 2013
’ S
I ( \ E.Panzer, 2015 Gurdogan, V.K.’15 (any number of spokes)
\ ]
\ -7, . .
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ot 2 + 2 B 80 ) +0 (525)
° N umeriCS Of h|gh precision: Gromov, V.K, Korchemsky, Negro, Sizov (2017)
Re[A(£"3)] Im[A(£°3)]
o—\ s Baxter eq.
st A—1)(A - 3
i BV 8 2) g taluti)tatu—i) = 0
ob 3 os 4u2
: o1 53, 03 04 0 Quantization condition
5} -1.0 QQ(O, 6) Q4(Oa _g) + QQ(O7 _g) Q4(O, E) =0

« Generalization to any number of spokes&magnons possible  cromov, sever 19



A.Zamolodchikov 1980

A. Zamolodchikov “Fishnet” graph Integrability
 Feynman is graph dual to Baxter lattice (intersecting straight lines on the plane)

« Dash all the faces connected through the common vertices forming
sublattice type I, leaving blank similar complimentary sub-lattice of type II.

« D-dimensional integration variable :L'j in the middle of each blank face

« Neighboring vertices connected by propagators Gp (), g, o) = |2 — |7 k=)

[T d°zm [I Gplzj,xp ajm)
meL; <jk>€L]

 We can move a line past intersection
due to star-triangle relation
(a version of Yang-Baxter relation):

[ dPz V(a,b,c)
|»’C10|2a|ﬂ?20|2b|$30|2c |z12|P—2¢|wp3|P—20|23, | P—20°

D D D
A ii If we choose anglesas a=—_a, bt=_8, c=—v
by — 02 (F (5 =0 (5—c)
12 Vit = F (@) (@)1 (o)

(a—l—b—l—c = D, .TZU =




V.K., Olovucci ‘22

Loom for fishnet CFTs from Baxter lattices

» Baxter lattice for general Fishnet CFT: M intersecting lines with M slopes

add parallel lines
at any positions
(loom)

Connect the vertices at
even (white) faces by
appropriate propagators

Construct Fishnet CFTM)

with all such Feynman graphs _

(related by star-triangle)

A= — -

QB=/ [1 d°zm I Gp(zj ok, or)
meL; <jk>€L;

Dl
Gp (), wp, 0jy) = |z — a7 (O™




Alfimov, V.K., Olivucci ‘22

Generalized Fishnet CFT: Kinetic Terms

All Feynman graphs of the loom are EXémple Qf Mf3: |
connected by star-triangle relations. 6 f'e"f with dimensions
To accommodate all these graphs within a AX ;Z
Fishnet CFTM, we need M(M-1) scalar fields v -
(two for each crossing) Az=7 —a—b

D

A _
2
X u Avgb
A, =a+b
X U

Kinetic terms are defined by dimensions:

M(M—1)/2
Ne¢ — _
j=1



Alfimov, V.K., Olivucci ‘22

Generalized Fishnet CFT: Interactions

Construct the vertices: start from the largest one and consequtively XY —w
replace pairs of fields by the “dual” fields (according to star-triangle): vz — «

General FCFT®) has 18 vertices: ZX v

1 sextic tr (XYZXYZ) Each vertex has its
iIndependent coupling fj

O quartic tr (woYZ) tr(wZXa) tr(XYva)

tr XY o) tr(XYoa) tr(YZao)

tr (YoYv) tr(wZwZ) tr(uzZXuZ)
2 cubic tr (vwu) tr (wova)

There are also double-trace terms...



V.K., Olivucci ‘22

Summing Feynman graphs for Generalized Fishnet CFT

All Feynman graphs for a given planar correlator are connected by
star-triangle relations: the “neighbors” differ by explicit factor yv(G — &)

/

V(B — B = V(a,b,c)
I

1

V(B = B) = V(a,b,c) ~

/

Correlator is the sum of all such graphs. Any of these graphs is given
by a single “base” graph times the product of factors due to star-
triangle transformations from BO to B:

b

= > ( 11 ‘51) V(Bg — B1)V(B1 — Bs) ... V(B — B) X
BeBy \IcB*

Yangian symmetry!

V.K., Levkovich-Maslyuk, Mishnyakov (in progress) a Smgle non-trivial graph

to compute



Alfimov, V.K., Fdrrando, Olivucci, to appear

Checkerboard FCFT#)

4 4
CD o _ o _ B
£J(D )|w4:0 = Netr {_ Zl X;0"iX; + €7 X1X0X3X4 + 65 X1 X2 X3Xy| | ,Zl w; = D
J= j=

Loom FCFT with 4 slopes but only two interaction terms turned on

Transfer-matrix

Derkachov, Korchemsky, Manashov ‘01

Chicherin, Derkachev, Isaev’12



ABJM from FCFT)

e Reductionto FCFT®): take wsq = 0
3
EJ(DCD) |wy=0 = Netr [ Z JOYIX; — XaXa + €2 X1X0X3X4 + €3 X1X2)_(3)_(4]

— Netr [ Z X;0%X; + (£182) X1X2X3X1X2X3]

—

triangular lattice

« ABJM FCFT® emerges in particularcase D=3, w;=wy=w3=1



Alfimov, V.K., Ferrando, Olivucci, to appear

Particular case: “BFKL” fishnet CFT

* Fix the 2D Checkerboard parameters (angles of the loom) as follows

(BFKL) _ N.Tr [Zl(_gﬁ)uﬂzl + Zo(—00) " Zy + Z3(—00)"Zs + Z4(—00) " Zy+
+47 5%21ZQZ3Z4 +4r f%ZlZ2Z3Z4}

u— 0
« Typical Feynman graphs constructed from R-matrices:
—u—1
a’ I
ORaw REPRE = (a2 T B (02)" (a2)" T = 1wk 4 O(u)
a b Chicherin, Derkachov, Isaev ‘03
—u+1

RBEEL = (p2) " og(22,) (p2) + (p7)~*log(22,) (p}) + log(pZp?)

L
YBFKL * BFKL > _3
H = E R atl s (h,L+1 =hr1)

Lipatov spin chain for interacting reggeized gluons



4-point correlator for Checkerboard FCFT*#

 S0O(2,D) spin chain of length=2. Solvable via only conformal symmetry!

R-matrix: product 2-spin chain 4-point correlator
of 4 propagators (graph-building operator) Y/ o
OLI bl y, z = \\\ —

———\\\ \\
R b Se-"
a -\
\\__ \\
2 S
mn X =

o - > (&&) =5

Diagonalization of Bethe-Salpeter operator n S
r — OO

fixed by conformal




Alfimov, V.K., Ferrando, Olivucci, to appear

General 4p correlator and particular cases

« Kite integral computed as double sums of ratios of Gamma functions

/
Y z’
o
= / / — I\ — —
T anas = [ [Py (o=l ly - Py - oo — )72 - o
X y  _ C|:B—y’2(D_5_2a1_2a2)
Grozin
Derkachev et al’21 (L —1 an(a)an(a r2 —gq
C(:T‘,D (2 ) 0( 1) D( 2) (I]_+IQ+I.3), a()(a): (2 )
(D —2) ap(2a; + 2a2 + 0 — D) I'(a)
— % F(n2+n+1.)r(.2+-n—r5+k’) T(m-}—ﬁ—.g—k‘) ﬂ[,,:l(n+£71)r\(1l+072)
h:;) U,,Z “ ¢ — Zr(n'_z,-) r(D+n_n12—6+Af)x n! 2
I—'(DJrnfrt]fr.'zf()Jr.f.) (,,(“,m,]‘) 1 .
x F(nl+n>+r)fffk) F'n+ar+az+k) T (U+N+A)‘ (4.19)
_+rx, Ii——+(r1+(f1+(5+1\)r(——(11—()—la) r{1)+(11+f,')
Izig "Ma Z .U D—ay—ax—0—k) F(rr+nl+(}+ﬁ)r(ﬂ_(; _,l.-)x
I'(’.[)+r£—c1_1+11) (D —2ay —as— 56— k) 1 (4.20)
T(az — k) F(nfDJrQal+a;+(5+l;)1"(%+n+k)‘ '
_+°° " —|—n—n1+1.) I’(m—l—ag—%—k) ND+n—a —as—0+k)
13,;) ”"2 u Tar—k)  TD+n-a—am+h) Ta+ato—h
y T(2a; +ag+6—-D—k) T (32 +n—2a;—2a—5+k) 1 (4.21)

P22 +n—20—ay—0+k) TQRa+2a+0-D—k) T(Z+n+tk)



Alfimov, V.K., Ferrando, Olivucci, to appear

Particular case: “ABJM” Fishnet CFT

« ABJM D=3: 1stand 2" double-sums are hypergeometric functions;
3'd double-sum is infinite sum of hypergeometric functions.
The perturbation theory up to 3 orders for the anomalous dimension:

/ / 1 (2 5V2log(v2+1) 2
£ y a= 912 3 —5
( 1 G 4 log 2 5Liy ﬁ) N 510g2log(\/§+ 1) 5log” 2 n 5
N L _ _
210\ 73 72 2275 V2ro 163275 96+/27°
lug(\/§ + 1) log 2
2275 7o '
_ 1 (2i(Lis (*F) ~Lis ()  6Glog2  33log”2 L] 35¢
212 T3 e 83 9673 324275
:C y ) - 1 : 1
AL () . 10vZlog 2Lis () L 65log’2  10v2log?2log(v2 +1) |
a4t O (v) ! " ’T"’ 2427 e
—5t+t_Tc+0(y)= - o
V2 oy ¢ L Blos(v2+1)  25log2 5 VaLi; () 2\/_10g2100(\/_+1)
()'\/iﬁ?‘ 18 \/5'_."1’3 1872 e T
2 : CDlog?2  ddlog W3 .
C — (&52) +(16\/5 rl)luc H_441002+(4\£ ‘1) 1)
5 i 244/ 273 974

* Inverting the x-expansion we find the perturbative series:

v = +ival (1 - MC) + ZC + 0 (¢%)



Alfimov, V.K., Ferrando, Olivucci, to appear

Particular case: “BFKL” Fishnet CFT

« For the BFKL-like choice of the parameters of Checkerboard FCFT,
in the limit u—0, we reproduce the analog of BFKL pomeron spectrum

h(A) =1+402In2 +Y(A) + (1 — A))u + O(u?)
« The equation for anomalous dimensions takes the form

n=42¢(1) —yp(A) —¢¥(1 — A)) rescaled coupling constant

Z!
(5152)2 — U (17-:; W?)




Comments and Prospects

We constructed Loom Fishnet CFTs based on Integrable planar graphs
(dual to Baxter lattices)
Fermions and arbitrary spins can be included into Generalized Fishnet CFT™)

Certain double trace counter-terms can occur in the action of Fishnet CFT™™)
They are important to cancel divergencies at cylindric topology of graphs

Computation of scaling dimensions, OPE coefficients and n-point functions
Generalized fishnet amplitudes. Yangian symmetry of the loom FCFTs
Supersymmetrize the loom?

Can we lift some of these Fishnet CFTIM) to the full-flagged susy gauge theory?
Condensed matter and quantum physics applications for Fishnet CFT?
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