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Drinfel'd twist
[1e)

Drinfel'd twist

@ symmetry transformations act via Leibniz rule

9 (F(x)g(x)) = (9uf(x)) g(x) + f(x) (5,8(x))

e formalized by the coproduct

u(f @ g)(x) = f(x)g(x)
Xu(f @ g) = p(AX)(f @ g))
AX)=X®1+1®X

@ Drinfel'd twist: F € U(g) ® U(g) introduces new coproduct
Ar(X) = FAX)F!

pr(feg)(x)=poFHfog)
Xpr(f @ g) = pr(Ar(X)(f ® g))



Drinfel'd twist
oce

The star product

o L r is called star product
pr (f @ g) (x) = f(x) x g(x) # &(x) » f(x)
@ remains associative
(fxg)xh="fx(gxh)
@ generalize to forms

wAeX=A (Jril (waX))
w A x # ()N AL 0



Examples of twist noncommutative spaces
°

Examples of deformations for A" = 4 SYM

@ focus on spacetime deformations
@ canonical deformation

_ignv .
F=e 2047 0,®0y [X’u ’; XV] = jo"v

e acts trivial on forms

,Ca (dXV) =0

i
@ Lorentz deformation

.F — e*é)\MOI/\MB

x9 % x2 = cosh(A)x? % x® — isinh(\)x3 % x*

e acts nontrivial on forms

L, (dx°) = —idx!
6
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Non commutative gauge theory

How can we define a deformed YM theory on these non
commutative spaces?

o ldea: replace products by star products
@ canonical deformation: [Szabo 2003]

@ generalization not really known beyond canonical deformation

o [Jonke,Dimitrijevic 2011; Ascieri et. al. 2006]
e gauge invariance: perturbatively in def. parameter
e no all order gauge invariance!



star gauge symmetry

@ naive star gauge symmetry

¢ — ilex gl
O — 10y ([e 7 ¢])
= ipr (AF(Ou)e ® ¢) — inr (Ar(0u)e @ )
Fi [Quff(ﬁ]"i"[éf u¢]

@ cannot be made covariant with

OFA, = Oue+iler Al
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star gauge symmetry

e formulation via forms

¢ —ilex d]
[d,£] =0

@ means: exterior derivative commutes with star product

do — i[de* @] + i[e ¥ do]
A—de+ifer A
D¢ =do+i[A% ¢
o formulate manifestly via forms!

@ formulation via forms of YM includes Hodge star operator



Deforming the Hodge star operator

o deformed algebra of forms causes hodge star operation to be
deformed

o deformed top form gives deformed levi-civita symbol:
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Deforming the Hodge star operator

o deformed algebra of forms causes hodge star operation to be
deformed
o deformed top form gives deformed levi-civita symbol:

P qx0 A, dxt Ay dx? A, dx3
=dx* A, dx” A, dx? A, dx?

o deformed hodge star:

* dxM Ay L. A dxPE

(-7

1. Mk 4 B
(4—K)! Nk+1~--#4u Hhdx* A dxHe+t

extending star linearly to arbitrary forms restricts twist to be
in Poincaré algebra



Yang Mills action

o transformation of field strength G =dA —iAA A

0 (G) = ifer G
de (xG) = ix[e* G] = i[e* xG]

@ deformed YM action and its gauge transformations

Sneym = T /tr G A %G
YM
i
IASNCYm = —%_z/tr [ % G Ay %G|
YM

@ gauge invariant if star product is cyclic under integration;
requires the twist to correspond to a unimodular r matrix

@ leaves 14 algebraically distinct cases in the Poincaré algebra



What we achieved

constructed star gauge invariant YM action

all kinds of fundamental and adjoint matter
constructed deformed N’ = 4 SYM for these twists
proved twisted superconformal symmetry of the theory

proved planar equivalence theorem to map from deformed to
undeformed diagrams



Outlook

@ construct and calculate two point functions of gauge invariant
operators

@ obtain twisted Bethe equations and integrable structures in
deformed theory

@ generalize construction to the full conformal algebra
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