Q SORBONNE
b UNIVERSITE

Workshop: “Exactly Solvable Quantum Chains”
International Institute of Physics, Natal, 25 Juin 2018

Conformal Fishnet Theory in Four Dimensions

as Integrable Non-Compact Spin Chain

Vladimir Kazakov

Ecole Normale Superieure, Paris

Collaborations with

O. Giirdogan

J. Caetano and O. Giirdogan

D. Grabner, N. Gromov, G. Korchemsky

N. Gromov, G. Korchemsky, S. Negro, G. Sizov
D. Chicherin, F. Loebbert, D. Mueller, D. Zhang

E. Olivucci

arXiv:1512.06704
arXiv:1612.05895
arXiv:1711.04786
arXiv:1706.04167
arXiv:1704.01967
arXiv:1708.00007
arXiv:1801.09844



Outline

« Exactly solvable conformal field theories (CFT) in D=4 dimensions?

« Aunique all-loop integrable 4D CFT: planar N=4 Super-Yang-Mills (SYM)

« Integrable deformations destroying supersymmetry,e.g. ¥-deformation of N=4 SYM

« We propose a new family of integrable non-supersymmetric 4D CFTs: g,V 2015
Double scaling limit of N=4 SYM: strong ¥-deformation & weak coupling

« Leads to non-unitary, logarithmic “chiral” CFT, d ominated by specific, integrable
(computable!) multi-loop 4D Feynman graphs

“ . ’ Gurdogan, V.K. 2015 I
“fishnet’” A.zamolodchikov 1980 brick wall Caetano, Gurdogan, V.K. 201 mix of both
(Yukawa ¢ interaction) B
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- Integrable 2D lattice models, (1+1)D non-compact SU(2,2) spin chains '

|” |” (spiderweb) graphs

e Anomalous dimensions from “wheel” and “spira

(computable via QuGantum Spectral Curve)

romov, V.K. ,Leurent, Volin 2013

e Exact 4-point correlation functions and OPE data



y-twisted N=4 SYM and double scaling limit

« Lagrangian of N=4 SYM has N_ X N_matrix gauge, scalar, and fermion fields:
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« y-twisted N=4 SYM Lagrangian: product of matrix fields — star-progigg:crass,er

—%emjk'ym Jfl JB Frolov, Tseytlin

—1
— (qB,A) Beisert, Roiban

Lunin, Maldacena

AB—+AxB=qapAB where ap=ce

JA g4 ghesoe) - Cartancharges _
of R-symmetry 1> 7273 - twists

« PSU(2,2|14)—SU(2,2) x U(1)? - breaks R-symmetry and all supersymmetry

* Double scaling limit: strong twist, weak coupling  curdogan, v.x. 2015
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Gurdogan, V.K. 2015

Special case of “fishnet” CFT, (Feynman rules)
- Single coupling:  ¢:=¢; — fixed, &1 =& =0

Ne
Llo1, ¢2] = Str (0"0}0us1 + 0 obouds + 262 ¢l phe1 o) -

Zero dimensional analogue:

7; l Z l Kostov, Staudacher 1995
* Propagators —=2—m—— —2>-mpCg: -1 N
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., “anti-chiral” vertex
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* Very limited number of planar graphs

* No mass or vertex renormalization in planar limit!
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Double trace terms
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« £ dosn’t run in planar limit, but tr? couplings do run. Still CFT at critical point!

 Double-trace counter-terms should be added

2
Lor =oF 3 tr(gid) tr(alel) — a3tr(p1d2)tr(dhel) — adtr(préb)tr(padl),
=1

« Beta-function quadratic in double-trace coupling (agrees with general arguments)

Pomoni, Rastelli 2009 Grabner, Gromov, V.K., Korchemsky ‘17

b =a©) +b(O +e(©af  where /i —dac=1, 2= V1- V14 a¢t

« Asin4D, itis anon-unitary CFT at any ¢, if we tune the double trace coupling
€2 ¢ 3 65i¢10  19¢12 ieg, Wilhelm
a%’i = i? - 5 T T 48 - 10 +0 (514) erbrYZrl,thl'onfgvl,GV.K., Korchemsky ‘17
« The other double-trace coupling also tuned to the critical value a3(¢) = ¢

to renormalize the only type of divergent graphs: W

+65+




Caetano, Gurdogan, V.K, 2016

Operators, correlators, graphs...

» Operators with M magnons ¢, in the “vacuum” of @1

(’)L,M(a:) = tr (?2¢1¢1¢1¢2 e qu) (ac) 4+ permutations

L fields
* Correlators (0(z) ©(0)) ~ |x|—2L—2’Y(€) anomalous dimension
“‘wheel” graphs - divergent! Need ¢ = 4 — D regularization
tr(oy ()] UV- reduction

C
=§2LM(§I+€A?E_1+...+TM+finite>

BMN “vacuum” ‘

(non-protected)

vE) = Y oyeHM

splderweb graphs M=1

Multi-magnon ‘
spiral graphs ‘

e 4-point functions, computed explicitly  Grabner, Gromov, v.k, korchemsky, 2017
V.K., Olivucci 2018

tl’[¢1 (5171) ¢1 (332)] Gromov, V.K, Korchemsky (to appear)

Typical “fishnet” structures
in the bulk of graphs. Integrable!

trpl (z3) 8 (xa)]



Fishnet CFT at any D

« Bi-scalar CFT can be defined at any D

Ly = Notr[—¢} (8,0") 70, — ¢}(8,0%) 7“5 + €2 o] phpr o]

» D-dimensional “fishnet” graphs generalize 4D “fishnets”

D, 1
J11e N

<jk>

z; — x4

1
<1;[> |z, — x|D/2 D=4 w=1>0 /lzl d*z;
' log |z — zx

* Anisotropic “fishnet” at D=2, w=1/2 <« Lipatov’s reggeized gluon model (BFKL)

1
|z — 2k

» Interesting fishnet model at D=2, w=0 with propagators

* Integrable conformal SO(1,D) spin chain



Gurdogan, V.K. 2015, V.K., Olivucci 2018
Gromov, V.K, Korchems_ky, Negro, Sizoy 2017

Fishnet wheel graphs and integrable SO(1,D+1) spin chain

i : x) € I{l)
» Operator generating a wheel (fishnet) graph
s U A L ~ 3
O W N ) 1 ~ (1)
[ \ o)) L=t z'l;I1 (z; — zi4+1)P/4 (y; — 2)P/4 L

 Integrability: graph-generating operator emerges at special value
of spectral parameter of Transfer-matrix in physical irrep on 4D conformal group
« R-operator in principal series representation:

/
dPx11dPxor & (z , T 1 2
[R12®)(z1,20)(w) = [ e = | Riow)

_D_ D D —u+-D
(22,) "3 (23,2 " (2%,) 2T %(a?,,) T3 o )
T T2 Tr

Zamolodchikov 1980
Derkachev, Manashov

Derkachev, Manashov , Korchemsky
Chichetin, Derkachev, Isaev

u= —D/4 + ¢

1 x2 z3

[Tr.(u), T1,(w')] =0

A1 Y2 Y3
Hence integrability of bi-scalar model is demonstrated explicitly in all orders!

* Non-compact spin chains not well studied. We use Quantum Spectral Curve!



AdS/CFT and Quantum Spectral Curve (QSC)

AdS5/CFT4 duality: g—1/g

4D CFT (N=4 SYM) ‘ string (2D) sigma model on AdS5xS5
Maldacena 1998 world sheet
Gubser, Polyakov, Klebanov 2000
1 1 Witten 2000 %
_ 1D didid DO A1t L
L = thr[—ZFMuFMV_EDM¢i DM¢Z+Z¢ﬁDg¢a]+‘C’mt AdS time 7—1 U
O(z) = Tr [DDWWDDW .. ] (z) q)/ \U\\U o>
x) = ] (= o
“+permutations CD)

anomalous dimension ¥(g) ‘ AdS energy

* Integrability in planar, ‘t Hooft limit (short history):

1-loop integrability
Classical finite gap solution ‘ Y-system ‘ TBA ‘ QSCO

Asymptotic Bethe ansatz

) lb
Ya,s('U,) O @] f
O O
O ¢ 0 Hasse i
© 0 © 0 Bombardelli,Fioravanti,Tateo diagram '
S

Minahan Zarembo 2002

Kazakov, Marshakov, Minahan, Zarembo 2005 Gromov. V.K.. Vieira 2009 iroznov,v.t.,KIozak,Vlelrazoog Q-functions ™\
Eden, Beisert, Staudacher 2006 ! ’ rutyunov,rrolov Gromov, V.K.,, Leurent, Volin 2013

 QSC: full setof 256 Baxter Q-functions for PSU(2,2|4) symmetry, with special analyticity
 The most advanced tool describing exact spectrum of anomalous dimensions of N=4 SYM




Gromov, V.K., Tsuboi 2010
Gromov, V.K., Leurent, Volin 2013

Quantum SpECtraI Cu rve Of N=4 SYM V.K., Leurent, Volin 2015

« QSC egs. closes on a finite number of Baxter functions of spectral parameter Q;(u)
« The multi-index I labels Hasse diagram - N-hypercube (N=8 - rank of PSU(2,2|4) )

Q12

GL(2)

GL(4)
« Parametrize all 2N Q-functions through one-index Q-functions Q1, Q2,...,Qn

through determinant formula ¢, )y=—"— det ;. (u+1;2""“‘ 1)

C(’U,) 1<m,n<k 2
° (] - i . k-1 .
Plicker QQ CSeIatlons on each face: ot =TT @ (u+i2=E+1)
PN 2
Qalu+%) Qo(u+%)
Y 4 D _ VAN — 2 2
Krichever, Lupan, Wiegmann, Zabrodin, 1994
“““ QD T V.K., Sorin, Zabrodin 2007

G rassman ia N Stru Ctu re l Gromov, V.K., Leurent, Tsuboi 2010, 2011



Tsuboi

(K| M)-graded Q-system and Heizenberg spin chain
2 o an P

GL@) | GL(1]2)
» Nicest formulation of solution for spectrum of GL(N) Heisenberg spin chain:
impose polynomiality of Q-functions YA /
Ik
Qr(w) =i [ (u—ui™)

J=1

. Qp(u —1i/2)
Qp(u) =1, Q12 N(w) ~ul mmm) Energy =L +idulog Q;:(Z+z'§2) |lu=0

« “Tilting” the hypercube, i.e. fixing two diametrically opposite Q-functions on
Hasse diagram we get Q-system for Heisenberg gl(K|M) super-spin chain!

Q12. k(u) =1, Qr+1.K+2.. K+mu) ~ ul
and all other Q-functions are (twisted) polynomials.

QK K41,. K+Mm(u+i/2)

e Thentheenergy is Energy = L+i8,log :
QK K+1,.. . k+Mm(u—1/2)

|u=0



Quantum Spectral Curve of AdS/CFT

Gromov, V.K., Leurent, Volin 2013
V.K., Leurent, Volin 2014

« 8+ 8 Q-functions on (4|4) Hasse diagram (with nice analyticity on defining sheets)

P, Q*
P, Q3
Ps Q?
P, Q'
Qy234=1 Qs678=1
Q, P4
Q, ) p3
Q; P2
Q,
singie-index Q-functions Hodge dual

singie-index Q-functions

« Q-functions live on infinitely branching Riemann surface with fixed equidistant cuts

/
iy

‘t Hooft coupling



Qantum Spectral Curve: large u, y-twist and RH conditions

Gromov, V.K.,, Leurent, Volin 2013
V.K., Leurent, Volin 2014

» Large u asymptotics fixed by PSU(2,2|4) Cartan charges {A, Sy, S5|J1, 2, J3}
« y-deformed QSC

M. iwu , —M,
Qj ~ u™, Py ~a, " u 0 {z1,20,23,24}€SU(4)

N 1
Mb=§{+J1+J2—J3, +J1—Jo+J3, —Ji+Jo+J3, —Ji—Jo—J3}

M; = %{+A—Sl—52, +A+51+852, —A-S51+852, —A+S51-52}
* Monodromy around branchpoints (inspired by classical finite gap solution)
given by “gluing” relations at the main cut:

Q. ~Q%?, Qu~Q!, Q~Q*, Q.~Q° Gromov, V.K. (2010) - in classical limit
Gromov, Sizov, Levkovich-Maslyk (2015)

_____________________________________________________________________

u —e U u
tilde o—=e bar
0—‘I@' o—e
*—e *—e

« These Riemann-Hilbert conditions fix all physical solutions for Q-system and also
conformal dimensions A(g?) (finite set of operators with given charges)



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

Double Scaling in QSC

« Consider “vacuum” operator Ovac(z) = tr(¢1)>

in bi-scalar model. Construct QSC in DS limit:
£ =gk, Where k = e~ 113/2 0o, g — 0

« Extra “Left-Right” symmetry for such operators o0 0 -
Q =-hQ,,  P*=—xP, X=(8 1o o
1 0 0 O

* Analyticity: asymptotics uw — oo

. 3
P, K'Y w2\ e .
Pal | T v R ko) L e s
53 o K/iu u%
4 KT u% _____________________________
short cuts in lower half-plane
A T u
Q1 u2 | .
Q|| w28 | 4o/ | |
Qs | | ,-%+2 ) ——>
Q4 u_%+3 ! . 1

* Double scaling limit of QSC Baxter functions:
At week coupling, cuts generate poles — the only source of smgularltles at flnlte u:

2 2 4
2
u? —4g® =u—= 2——394——596+0(98)

~

« QSC gluing relations become for this state Q1 =-8Qs, Q2=5Qa



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

Solution for L=3 “vacuum” operator /.

tr(¢1)3

In double scaling limit, QSC gives two 2" order Baxter egs.

((A —1)(A-3) &3

tati
et —2) a(w)+a(u+i)+alu—i) = 0 Qa2

for QQ('U', 5), q4('U', &') and for QI(uag) = q2(u7 —5) ) Q3(’U,, g) - (M_(’LL, _6)
The gluing conditions, after exclusion of constant 3, become

Q1Qs+Q2Q3=0
which at u=0 is equivalent to the following quantization condition

92(0,€) g4(0,—€) + ¢2(0,—€) q2(0,6) =0

These g-functions should obey “pure” large u asymptotics

20, €) ~uS P2 02y gy ) w2 Py

Solved numerically for anomalous dimensions with virtually arbltrary precision at
all relevant couplings

Perturbative solution in ¢ gives the exact periods of “wheel” graphs



L=3 BMN vacuum and all-loop wheel graphs

"~ : \ Gromov, V.K, Korchemsky, Negro, Sizov (2017)
l
_ / Ahn, Bajnok, Bombardelli, Nepomechie 2013
Broadherst 1980 < — E.Panzer, 2015

—12¢°¢(3) 4 £12 (189¢(7) — 144¢(3)?)

8
+¢18 (—1944((8, 2,1) — 3024¢(3)° — 30244(5)«3)2 + %2(3) + 6804¢(7)¢(3)
61275¢(5) 925911¢(11) \
+ 7;5 +2707%¢(7) + 59947%((9) — 3 ) Riemann (multi)-zeta numbers

524($ 4¢(8,2,1) + 518472¢(9,3,1) + 5184072¢(10,2,1) — 148716¢(11,3,1)
—1061910¢(12,2,1) 4+ 62208¢(10,2,1,1,1) — 93312¢(3)¢(8,2,1) — 288¢(3)°

807567°¢(3)3 5 29 5.5

8 2
9504m°C(3)” _ g7074¢(5)(3)2 — 202572C(7)C(3)2 + 244944(T)C(3)2

175
2, 2910394712¢(3) 5, D 29376 4
+186588¢(9)¢(3)“ + 5637605 25927¢(5)<¢(3) + 35 " ¢(5)¢(3)

+129607*¢(7)¢(3) 4 298404¢(5)¢C(T)C(3) + 28771272¢(9)¢(3)

+72y72¢(3)* — 77760¢(3)* -

+

10 8 6 |
_5555466¢(11)¢(3) 4 57672¢(5)3 — 71442¢(7)2 + 139513;25«5) 729317;55(7) _ 19959; ¢(9

11997974¢(11 1073841372¢(13 4607294013¢ (15
RELLILHE N 317013 013((15)) o (¢2)

» Generalization to any number of spokes L is in work
(Baxter equation is available)



Numerics for L=3 “BMN vacuum” tr(¢1)3

A -2
Re[A($"3)] Im[A("3)]
ok g A—2n~ iv/2¢3/2
\ 15}
5 :
i ) 1.0
of > 05
- < SNSRI S N S S
- ! 0.1 0.2, 0.3 0.4 0.5
of -05F
5 -1.0
¢ :
S T S N S -15}F
0.1 0.2 0.3 0.4 0.5 [

« Around ¢&3=0.2 dimension becomes imaginary: phase transition, finite
convergence radius.

« What happens to the string dual?



Perturbative expansion and numerics
for operators of length L>3

* More solutions, for operators L=3+4n+2 O =tr (qﬁ% (¢£¢2)n) + permutations

s 3 e 31 4 97\ .10, . (27¢3 5359\ 15 219¢3 155 . 4911\ 1g
AT =527+ 3 +Tz§+<3C3_T)€ +Z< 2 )5 +( 2 2 16 )5 T

A{f- 5 __ (AL 5)*

3 6 i 9
AL= _9_£+7§ ~223i¢
216 10368

12 [ (3 17029 > 15< 1424867 31z'g3>
T (432+1119744 T 214990848 31104 T

Im(4)
Afjl— 9 __ (AL 9)*

« At L=3+4n dimensions are real (until tt

¢6 17612 891¢18 27465624
Az = T—5— -

2 64 4096 131072

_ §_23§12 18 (15283 (3 54 (65C
Arp = T+ te <36864 >+€ <384

« Numerics:

« Large ¢ limit also studied.

L=3 2 _ 3, [ 1
(ar=s 22 = 26+ Lo t0 ()

31 p \x \
 Described by a classical integrable system 2,\:\ e,

of 3 non-compact spins

63



Logarithmic multiplets

Gromov, V.K, Negro, Korchemsky, Sizov
Caetano

« Mixing in multiplet of operators of length L=5: protected
O1 =tr (61¢201), Oz =tr (¢3dod1¢h), Oz =tr ($1d267¢h),  Oa=tr (¢2076L).
@1 P T~ _,_\’_,_{_’,_

(5} » > >

* Non-unitary mixing matrix. “Diagonalisation” means bringing to Jordan form

0 &€ 0 0 01 o O
d A _ 1 ]0 0 ¢ o]_ 00 0 0 1
K Ci®) = ~Vij04 (@), V=320 -4 0 & _U'(o 0 (=i o )'U
0O 0 0O oolo i
: L : _ £\3
« Lower block contains usual operators with dimensions A= =5+ 2; (4—) +...
s

Gurarie 1993

* Upper block is Jordan cell, 227500 T 1 T o )
it gives log-conformal correlators: O O4z(0 =



Wheel graphs at any L and dimension of trl¢1()]"

(L) = ~vN(L) ¢or_3 E2X4H+PN(L) 4L 405D,

2L — 2
¥$a2(L) = —2(

_ Broadherst 1980
r_1 ) (213

) 2 [ L @eL-2) (Lt -1 (L) (4L -2
YA(L) = rz(L){_Z (L— 8 ( i )':“"’C'"“l_2'+ fE )(214—1)(

i1=0 J1 J1 -7

. . ) . . L+j1—-2 .
I'2L — 57 — 4o — DI'(L + 51 )I'(L + j2) L+ k+ jo—4 )
D DI e CURCR VAR AR S ( I )u Cornit)
el LG+ DG + DL = )DL = j2) | = k—1 L+jotk—3. 3L—j1+k—4

J1+i2<2L-3 9L =1 — a1

L+k +J“_J -2 o~ . . -
— ( (2CL45—k—1, = 2CL4ji—k—1, ) | + 2C204j142-3, + 2CL44o—1,  CLji—2, — QL4ji+52-2,

k L+ja+k—2, L+ja+k—1, 2L—j1—j2—2 L+j1—1, 3L— fl—-'» 2L—j1—j2—3
2L—j1—ja—2 2L—j1—ja—3 2L—j1—j42—3
1~2L— - JL+A—4) 2L +k —4 2L +k—4
+ o 3C2r—k—3, + 2C21—k-3,) — 2 ( ) + ( ) 2 —k—3,
[Z (( [ C‘_)L—e—k—‘; gzL—H.'——L) k—1 k41 C‘_)L—e—.f.-—:_:.
5 1
2L +1

+ 2C2r—3, —4(L — 3)C2r—3, + Cop—a, — 42 -2, +4C|;—< + 2(3r,—4, +
204, 2L—3.  2L—1 203 202, L
2 | |

Cor—3C2—2 — Q4 —5 — QS)L—'J,] }

. . . Gurdogan, V.K. 2015
Ahn, Bajnok, Bombardelli, Nepomechie 2013



Eden, Beisert, Staudacher, 2005

Dimensions from Asymptotic Bethe Ansatz

Caetano, Gurdogan, V.K 2016
* In bi-scalar model, rapidities live in “mirror” plane and the double scaled
ABA in SU(2) subsector (made of @1, ¢ )
, L_ 2L 77 W% —% o
(uf +1/8)" =¢ kl?;[juj_uk+ia (uj,up)
Where o is mirror-mirror ABA dressing phase in g=0 limit

(1+4u)T (3 —iu) T(3—iu) M1 +iu—iv)2T (5+iv) [ (3 +iv)
(1+402)T (3 —iv) T (3—iv) FQA+iv—w)2T (3+iu) M (3+iu)

o(u,v) =

M
* The anomalous dimension are givenby A=L-M+2i} u;

* Helps to compute unwrapped magnon graphs entering the mixing matrix:

®1 2
)
I‘Iéii\::{éi: /‘féé\
I I I

160¢(3) 537* 187 2572 L], = L] 418¢(3) = 121z* = 27* 112
1/e 1/e

Iy —1

aliye™ g T 5 12

1/e= - - 5 360 T 9 5

“Minimally connected” Feynman graph Iad|1/6 Is computed directly

Georgoudis, Goncalves, Pereira



Grabner, Gromov, V.K., Korchemsky 2017
Olivucci, V.K. 2018

4-point correlator and exact OPE data

« Exact all-loop calculation of a 4-point correlator (only from conformal symmetry!)

G(z1,z2le3,24) = (tridn(21)d1(22)] trig](z3)8] (za)]) = G¢u, ) cross-ratios

D
(w12$§4) 2 U= x%2w34/(m%3m%4)

_ 2 2,2 92
v = 214753/ (x13754)

Dominated by “wheel” graphs, generated by powers of graph-building operator

TO0 A -w B

{ J Tq1oL

’;I, 41p) T4

2
3T%4

« Solving by diagonalization: eigenfunction is easily fixed by conformal symmetry.
It is 3-point Polyakov correlation function with spin.

H (A,S,n|x1,m2) = hZ];S (A,S,n|:l)1,m2)

« We obtain integral representation for 4-point correlation function A= g + 2iv

(A—5)/2 conformal block
G(u,v) = Z dv pa,s - l_gf/Ah’S(u’v) => Y CA,SU(A_S)/QQA,S(U,Q))
S/2€Z+ ¥ "o A,8 A S/2€Z.,
 Integration by residues at poles (physical dimensions): 1 — 54/hA’S =0
gives the exact OPE over exchange operators tr(¢1ai¢1(¢£¢2)“) + permutations




Grabner, Gromov, V.K., Korchemsky 2017
Olivucci, V.K. 2018

4-point correlator: exact results

1674

(D 4) _ 4
i hd
Dimensions: S AT ST AT+ AFS AT .
- For S=0 it gives dimension of operator  tr[¢1 ()] /7 ::\\‘i
2 ; 6 v =2 77
A2 =4ttt (2 -6y (2)) +0(el0) N

"(3) er (3’
- explicit OPE coefficients (structure constants) for exchange operators, e.g. for D=4
(—1)-ST(S + 2T (35 + 2 -1))°r(S - A+4)

CA o=
&5 23 r(S+1)r (l(S—A+5))2r(s+A— 1)
00 —
« Weak-coupling expansion: ¢ = Zz_ 3 (i€2D)" Gn (2, 2) = F
az AR A n=0 v = (1—2)(1—,2)
1
>‘< 61 = —(Lo1—L10) single-valued harmonic polylogarithms

¢2
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Fishnet amplitudes in bi-scalar model

« Single-trace correlator defined by a single multi-loop graph

K(z1,x2,...z2p7) = (Tr [x1(z1) x2(z2), .. . x20 (x2n0)]) Xi € {¢§, ¢£,¢1, ¢2}
1,6l i’ e
> oo ol P2 "6l
\\ ,?5.. ..‘ \\\ ". -------------------------------
$2 ™~ ol \
\ \_Qg S~ A R
¢;/' \ ¢, <z>;\ ™
o1 \¢T ¢\ \cﬁi """"""""""""""""""""""""""""""""""""
2 Le,. \
¢2 ..... d).l. ¢1 ------ ¢£ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

« Typical structure —
regular square lattice — “fishnet”: ” o N
A disc cut out of square lattice ' | -

« Dual graph with light-like momenta P10 ---------------------- ps
defines bi-scalar amplitude Di=Ti41 — L aob— b s
P = a2 = SEERERE
« Manifestly finite, dually conformal invariant w9°wsw7 """ = a0

* Integrable, Yangian symmetry! A set of linear PDEs ps r e
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Yangian invariance of bi-scalar amplitudes

« Conformal Lax operator

) . b A _ (1 0 ug -1 p 1 0\ _
Laﬁ(“+'“—)—“5aﬁ+;3ﬂpabN (x 1)( "o 'u,_.l)(—x 1)_

Chicherin, Derkachev, Isaev (2012)

SU(4) generators in fundamental generators in irrep (0,A,0) {P; 4y Li v, Di, K )} € su(2,2)
A —4 JAN 2

u_|_E’u,—|— > y U_EU—E XE—ZO'l,l,xy,, pE—Eauaxu
- diagonal action on unity Lag(u,u+2) - 1= Lig(u+2,u) - 1 = (u+ 2)d,g
Chicherin, Derkachev, Kirschner (2009) L1 1
- intertwining 272 L1 (u,v)Lo(w,u 4+ 1) = L1(u + 1,v) Lo(w, u)z73. T
— \
. Monodromy around graph (‘lasso”) &' !
C 1,2] [1,2] xo
.......... T 'f" can be undone e 2
e | | fea by these operations X i
l ‘ + [1.2] (1,2] [4,5] | > o 2] \;_"_‘[172] 1,2]
TS \ 23 D G N S N U
I SRS BRYA SN Y /A ' 7
T BN SR e
l L JM " - ISR SR Y
ST - : [3,4]
[3.4] : [3.4] : : [3.4] : 3.4]

 Feynman graph |G > invariant under action of monodromy around boundary
(HL (57", )|G> ( I1 [5?][6;]) Gy, [F]=us+o

/lEC ZecOut



Examples: Yangian PDE on cross and double-cross integrals

« Expanding in u we get Yangian generators of level 1, etc.

« Differential relation of Yangian symmetry for “cross” integral

A P |cross) = 0
4 S i )Y g 4 03 % uv . J; u I}
4.5]| T +[2°3] ‘ cr — 5 Z [(Lj +n*"D;) Py ,—( ¢ k)] —P, —2P3;—-3F)
o o j<k=1
1 __<_°E’_4]___

{P; 1, Li u, Di, K; .} € su(2,2) - generators of conformal algebra

 For “double-cross”:

12§02

1
4 O S |
A4 Y

4.3]] 2.3 .
: n + mmmm) P, |cross) =0
s B
. 6
~ Z )
Py o =—5 > WL"+n"Dj)Pyy—(j ¢ k)] —PY—2P5—2F}~3P{—4P}

i<k=1
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Conclusions and prospects
* New 4D chiral CFTs from double scaling limit of ¥-twisted N=4 SYM
e Planar limit dominated by “fishnet” graphs, explicitly integrable at each loop order

* Fishnet limit sheds some light on the origins of integrability of N=4 SYM
Wheel graphs from QSC or from conformal SU(2,2) spin chain (L=2,3, L>3 in work)

 Some all-loop 4-point correlation function computed. Exact all loop OPE data!
Grabner, Gromov, V.K., Korchemsky ’17 Olivucci, V.K. ‘18

* Bi-scalar amplitudes are finite and exhibit explicit Yangian invariance

hich bb " h Correa, Maldacena, Sever 2012
Chicherin, V.K., Loebbert, Mueller, Zhong 2017 Cavaglia, Gromov, Levkovich-Maslyuk 2018

Structure constants? 1/N corrections? quark-antiquark potential ....... in DS limit

e Similar observation for DS limit of y-deformed 3D ABJM — 6-scalar chiral |nteract|on
Caetano, Gurdogan, V.K ‘16 - N

(DS)

— 3y1 3 2
Lo =Tr[-orvioy + ylyly3yv2y] %

Torrens, Mamroud ‘17
Zo

« 6D tri-scalar theory: hexagonal graphs

. . . . |
» Basso-Dixon 4-point correlation function ) z3

\

x4

Basso, Dixon 2017

» String dual of fishnet CFT? Sigma-model on AdS; ! Basso, Zhong 2018
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