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Introduction

> Fishnet graphs are conformally invariant
Feynman integrals with regular structure =
integrable lattice model

o There are many fishnet theories:

= Scalar fishnets — biscalar theory
@ Dynamical fishnets - gamma-deformed SYM,

chiral-O CFT



Biscalar fishnet

Yukawa fishnet

“Dynamical” fishnet
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Introduction

> Fishnet graphs are conformally invariant
Feynman integrals with regular structure =

integrable lattice model
o Similar graphs appear different SYM(like)

theories
> There are many fishnet theories:

= Scalar fishnets — biscalar theory
= Dynamical fishnets — beta/gamma-deformed

SYM



Kazakov, Gurdogan
Gamma-deformed SYM:

1 1 . - .
L= NCrTI‘ _ZF;LVFMU - §D#¢jD}L¢% + 217[)& ADaawéﬁ + ﬁint

Lins = Neg Tr[T{0], ' Hol, ¢/} —gem glgle’e)
o3 D¢ + e 5751754@@53- 4 @'eg;jkeéfjkmﬂwkqﬁq’pj
3N gl + e 2 Ty + e e Ty gl
WhU? Tr(®[®g, Bs]) — Tr(@1PyPse’™ — 01 DyPoe ™)

DS-limit: strong twist + weak coupling




Kazakov, Gurdogan

The Lagrangian of chiral CFT in DS-limit:

1 ' O L\ O )
Loy = NcTr (—58“45;8,_,,&53 + 15 (6")4 ul%) + Lint

Certain Yukawa and 4-scalar interactions survive only

Line = No Tr €] 0]610%0° +€3 010 0°0! +6F 6] 00! 6 +iVEts(19 v + Uyol i)
+iVaE W60 + G16l0s) + ivVaEWR ! + basli) |
Special cases:

E1=86 =& - beta deformed SYM (SUSY!)

E=6=0,E=E#0 -




. _ Gromov, Kazakov
Lagrangian of biscalar CFT: Bork, IR et al

Lonain = Ne tr ( §10°01 + ¢30% 02 + (47)° 6% 1050162 )

Lagrangian of biscalar CFT at arbitrary dimension: we (0,D/2)

Lonain = N Tr ( 91(0%)“ 1 + ¢5(07) P12 ¢y + (4m) P12 €2 pidsdipn ),

Lagrangians are not complete at the quantum level so they should be
supplemented by a counter-terms:
Lo~ Y (&) T[0T [O))) okken®

j=1
Non-trivial beta functions — the conformal symmetry is broken

But fishnet theories are integrable and conformal at the fixed point!
3i¢6 65i¢'0  19¢12
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Olivucci, Kazakov
Korchemsky
Bork, I.R et al

~ Te(t%2) Tr(£98) A(z, £)

colour-ordered

double-trace  4(: 6d:

vertices ! ’

b1910]¢]

single-trace 4 dotted lines denote

vertices doubled propagators
w=1

Graph-building operator:
(D(l)(.flf@) = %Lq)(Z_Q)(.fE@)

ZCAJ ga,J(u,v)

J - spins, A - scolmg dimension




Korchemsky

Amplitude after LSZ reduction:

[, wed) L
A(z?&:) N f(;ijsin(WJ) f_ d ,J) — &4 2,1(2) e=1-2u/s

| . 2’ S P(2) Py (z)
Kinematical part: Q,(2) = —5 sinh*(mv + i J/2) Z J2— kP + 12

V2 (402 —|—(J—|— 1)? )(J—I—l)
9 J+4T

Norm p(v, J) =
Eigenvalue of the

graph-building hv.J) — €' — (VQ N J_Q) (UQ Gk 2)2) Y

operator: 4 4

. . 1
Solutions: Ui:i§\/i2(\/Jg+2J+4g4+l+1)_JQ_QJ

Ji:—lzi:\/:lz4\/£4—z/2—4z/2—|—1




Korchemskuy,
@8 Single-trace contribution from Feynman diagrams: |.R. and Bork

Ay~ (—Hy — 1)+ (—Hy g0 — 3GH_ — 4G +3) +...
d=1u/s
: : . 62 63 64
It is possible to reconstruct amplitude 401 — (_1 40— — f— — — 0(55)) ¢!
taking residues by scaling dimension 23 4

4 + 6 96

and J, expanding it by z=-1and A _ (_3@(3) ) 0> 80 115 +O(55)) &

bootstraping

Constant contribution from Feynman diagrams:

(3 2 49 72 2t
02 |2 6 (2 T w((_ =, "%
A_—S%W{f+f Qf%3)+£ ( 8+f3+45

2
A_ = 32in* [52 + (g + %) &%+

(363
+

from the exact amplitude:




Amplitude in Regge limit:

Z—)OO 52

Korchemsky19

Az, €2) = / dv [F(v, J)(2/2) — F(v, J)(2/2)"] + (= = —2)

752

Leading contribution from twist-2 operators:  J; = —1 + \/1 — 42 £ 4\ — 12

Result from the exact amplitude

1 1
Awir==f -
—1

This result can be found from
direct computations of
Feynman diagrams

log(z/2)*+!
(2n+ 1)n!(n +1)!

ALLO ~

Agreement!

V1 — 22 e*™ qg(z, L)

g = 1,
ay = 4 — 2Lz + 1,
ay = 2L%2% — 2L (2:1'3 + .’.!T) 3 (2r - 1) (71'2;1'2 + 3)

'ZrL (?’?
Anea = Z n' n+l

n=>0

2n(n —1)(n+2) + 7%(n + 1))
Agarn = = S 12t :
NELA Z (2n+ 1)n! (n+2)! '

n>0




I.R., Bork et al

For the strong coupling limit it is useful to use the following amplitude

L) e
Az 1/8)= zz[osmw/@f 36 e

27 sinh? (mv +imJ/2) !,—l
= / / /d!ld.‘) 7 )’ I Y(2,v,J),

/¢ = 0

) (1 — -

,s(2) = 2 (2mi)?
2] 1,2

. ' (@ (Z,l,—i—w)_@ (Z,l.—i+iwf)+
2 2 2
J J
+Zl+’((1)(2 1. 1—|—2+n/) iy (Z.l.l—l—;—fw))).




I.R., Bork et al
In the high energy limit this integral can be evaluated by

steepest descent method after residue by scaling dimension
L=log(z+

47 72 L exp (%\/WQ-FLQ) 1/¢§ -
+ ...
ivz2—1 (24 L2)"/4sin (;‘/%)
3.
log™*(2)

Az, 1/€) = 1] jm (14+7/6) ex (wm)

Z— 00

Az, 1/§)=¢7"

A(z,1/€) ~

+ ...

3

A(l/f) eXp (27T/$) \/_ 4+

Agy ~ —64i € expl(m/€)




Korchemsky

6d amplitude:

d.J oo |
A(z, f) — /023' sin(7.J) / v ? (%)

—00
z=1-— 2u/5

Kinematical part:

Eigenvalue of the hv, J) — ¢4 = (1/2 n J_Q) (yg n (J + 2)2) s
’ 4

graph-building operator: 4

(v, J) = v* (4v +(2i:;737) )(J—!—l).




For 6d case perturbative IR, Bork et al.

expansion for single-trace From 4D integrals to 6D integrals

contribution
*i;( 5 0°0-0 - 00-0
+ o | = 4
Easy to see it in alpha-representation

6D dotted bubble amplitude equals
to 6D SYM planar boxes!

Agd fishnet — 1/8Agd scalar boxes

(2,8 = —AD *(2,€)

Non-renormalizable and non-
conformal 6D (1,1) SYM contains

2 Q <> O 3 =2 1 CFT subsector?




I.R., Bork et al
@8 LA-coefficients for 6d boxes and fishnets:

Coefficients from exact amplitude: PT calculations of 6d boxes:

1
rBY — Z
LLA _ 1 e B = o

SO T TA

wia  20-1)
U Tk

avvea _ 20 =1 +2) + (1 + 1)
@ N +2)!

Kazakov, Bork, Vlasenko13

All are in perfect agreement with one, two and three loop
computations!




Kazakov, Gurdogan

The Lagrangian of chiral CFT in DS-limit:

1 . s~ Ly .
£¢,¢, = N.1Ir (—§aﬂ¢}8#¢j + Zq,bj (O"u)d uwé) + Lint

Certain Yukawa and 4-scalar interactions survive only

Line = No Tr €] 0]610%0° +€3 010 0°0! +6F 6] 00! 6 +iVEts(19 v + Uyol i)
+iVaE W60 + G16l0s) + ivVaEWR ! + basli) |

Special cases:

G=6=6

LD /(4m)Pr? = Z Z (Odzj E)tr( Ofﬁl)tr(oj(lﬁl))




Amplitude:
dJ e v, J
Az ) = / 2i sin(wJ) / ~ du ( )54 vyd 1(2)

Eigenvalues of graph-building operator )

Kazakov, Olivucci, Preti

(G (52 o) e

8(.](‘]—}— 2) —41)2)54 ('ch‘JzojroT ~ r (T“lfm TI (f”‘f‘”) (262)
1602 + 802(2 + J(J +2) +2€2) + J(J + 2)(J(J +2) — 452)J

additional fermionic contribution
Solutions:

16 16 1
J+2 J+1

16 16 1)
J+2 J+1 o




Fishnet diagrams for beta-deformed:

— <

Fixed point: o2 (€) = V32 + 0(6Y)
One-loop amplitude from Feynman diagram:

1 1—z z—1 72
W) ~ 4 [ 21002 _ oy _
AW(z) ~ € (210g ( 5 ) 2log< 5 )+ 5 +m)+(z—> z)
Result from the exact amplitude:

Re[A(z = —1)] = ¢! (%2 — 0+ 3%2 + 0(53))

Agreement!




Fishnet diagrams for beta-deformed:

Fixed point:

Constant part of}he/e;act amplitude:
’JO ”Té-“ __+ 6"‘0(6))

Agreement!




zZ —r OO

2 2
.._3 7]-3/26 2 L§ +‘“’ CcSC A
_zf 2 N E=r:

A=
VZT =1 L(L2+72)* (612 + 272) »

z~ +1

Y .
(J2—4)22£ 26" (£+J)csc(%)

A(z—:ﬂ:lj‘f)—év[d(J/f) J(J2+2)

Constant part at strong coupling

iV3E m
e &

Ag ~




o 6d CFT (?)

6D Lagrangian?

‘Ckr'i'n N Tr [@T(az) ¢j )27 j 1 ;¢ ""711/’” + lijéDiédrl \Ji|
Lin: = (Z'W)D/Q_“ich Tr [z/,’BQSIXQ + Z,qub X2 + 1/73 ”lu’z + q’ ) ug + pelmuta’uons} +

+ (2m)PPEN, Tr | gliold! o + olle®e + plele’e!

(4

)




Conclutions

° We calculated 4pt colour-ordered scattering
amplitudes in weak and strong coupling in the
different kinematical limits for biscalar fishnets in DS-
limits for 6d and 4d (also to beta SYM)

°  We checked it by direct PT-series calculations

°  We found correspondence between series of 4pt
Feynman diagrams in 4D/6D theories

° 6D generalization of beta SYM

23



Questions:

Gravity dual theories and minimal volume
calculations?

Higher number of external fields?

What is the parent theory for 6D theories?
Can 6d fishnet “beta-deformed” SYM be
derived from some 6d SYM?




Thanks for your
attention!




Expansion around z=-1: LR, Bork et al

. , sinh? (v + inJ/2) I Joo\ L Jo
12 57 P 1 5 w o 5 i I 1 2+w + U 2+w

Yy =2u/s
Qs(~1+y) = v Q")(-1)

n=0

ReAP= (=1 4y,6) =D ) ™V (€)1

kD _

(—1)’ Z Rational function™ (J) x S,(J)

00
J=1 n




