Yangian Symmetry
of N=4 SYM

Alekgander Barug
ETH:zurich

Joint work with
\. Beigert and M. Roggo

Zakopane, 29.05.2016



- Table of contente

J

. Introduction and Motivation™

2. Yangian Symmetry

3. Correlation Functiong in Pictureg
4. Conclugions & Outlook

“Shortened due to overlap with Jan Plefka’s lecture



|\

Maximally superaymmetric gauge theory in 40

[ gauge field A,, 4 gpinore ¥, 4 conjugate gpinore ¥,
6 gcalarg b

pau(2,214) - symmetry algebra of the action



Integrability in N=4 SYM

-
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Spectra of local operatorg
Increaged

symmetry algebra:
Yangian

Wilson loops

Scattering amplitudes




Yangian Algebra

[nfinitely many levele of generators.
Level O - original peu(2,2. [ 4):

[Jaa Jb} — fc(;bt]c

Level [ - firet higher level Yangian generatore:
[Jaa jb} — fc(z,:bjc

Coproduct (action on multiparticle states)

A(J,) = id @ Jy + J, @ id



(nﬁnn‘elg many levelg of generaforg
Level O - original peu(2,2. [ 4):

[ch Jb} — fcfb‘]C

Level [ - firet higher level Yangian generatore:

Coproduct (action on mu(hparﬂole ofates)
id @ Jy + Jo @ id +

A(Ja) =

[Jaajb} fc(bzbj

fa bCJb ®_:J
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Motivation (for advanced)

We know how Yangian generatorg act on

gpin chaing m

scattering amplitudeg E Eé

Wilson loops O






~ Yangian Action
N

S = /d%Tr(...)

Due to the trace, the action ig cyclic:
Tr(ABC) =Tr(CAB)

However:
J(ABC) # J(CAB)



S = /d%T;(...)

Due to the trace, the action ig cyclic:
Tr(ABC) =Tr(CAB)

However: ¥
J(ABC) # J(CAB)



'“ ngmefrg of the EoMg

[they are no longer eyclic)

lep[egf evel- generafor

A(P*"Y=DAP*+ L™ AP, — Za“w@a A Quo

Eagiest equation of motion:

0Dy, Wga] — ige® o[ @, W] = 0



ngmefrg of the EoMa

fheg are no longer eyclic)




’“ ngmefrg of the EoMg

fhey are no longer eyclic)

ete...



'“ ngmefrg of the EoMa

[they are no longer eyclic)

[nfroduomg the gingle fild action:

1
PH(DP) = 59 P (@™ B, }

(

PH(Toy) = Egaa emam{\lfb ®,,}

B
we obtain achematically:
P(Dirac) =0



'“ ngmefrg of the EoMa

[they are no longer eyclic)

[nfroduomg the gingle fild action:

1
PH(DP) = 59 P (@™ B, }

A )
PF(WU,o) = Egaaﬁemom{\lfb ®,,}

we obtain achematically:
P(Dirac) = {®, Dirac)




- Symmetry of the EolMe

[they are no longer eyclic)

[nfroduomg the gingle fild action:

1 m
PH(DP) = ~g*n*{®™, ®,,} &
2 AR
tg @&\ O
“(‘I’aa) — , ZB 570.m{\1,f?y’ m} @\(B\(\\B.Q(\géﬂ“
‘b\\
AN

we obtain achematically:
P(Dirac) = {®, Dirac}




Off-ghell?

-

For level-O aymmetry generatore we have:

0=JS = / (JZ,) 555

Varying again w. r. 1. o a field:

N
.\\Q}gg‘(\'\\ “’?55 8(JZ) 85,
NES 57, ' 7. 07,

Oft-ghell equality regarding behavior ot eoms under J.



Beneralize to level-| generators:

A B 5(jk’Za) 0S Y - ) 35S o ;
5Zc 5Za I fmn <(J Za)5Za A 5Zb 5Zc> (J Zb)

Ho[ dQ Oﬁlgh@“-’

\/anigeg on ghell






Brief recap

Yangian algebra appearg in many obgervableg in N=4 SYM.
At the firet level, the Yangian generatore act bilocally

(here - in color epace).

Cannot act with them on the action, but they are an on-ghell
symmetry of equationg of motion.

We put forward an off-ghell equality we believe equivalent to
the invariance of the action.



Correlation Functiong

(tree level)

[t JS =0 and J leaves the Pl meagure invariant
the correlation functiong are aleo invariant
(Slaunov-Taylor / Ward identity)

J < Zl(ﬂjl)ZQ(ﬂfg)Zn(In) >= Z < Zl(ﬂﬁl)(JZZ(ZEZ))Zn(QZn) >=(



~ Ara Gratig Artig®
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Introduce graphical notation:

S=|+g |||+’ |||[+...

2=. +g || |T...

*Art for art’e eake



E xample:
Propagator [nvariance -

Level-O generator J acting on a propagator:

_I_

J

Level-O magic formula .7 ; 5 | 5((;]22 o) 555 — 0 gt O-th order:

—_—

+ | =0

+




Invariance under level-!

Draw level-[ magic formula

Draw action of Yangian generator on the correlation function
Local action cancelg eagily - tricky part ie the bilocal part of
the coproduct

Level-O ig a eymmetry, we can move it around

Dual coxeter number of peu(2,2(4) vanighes:

b bcd = hoy =0



* Final recap

4 Vangian of pau(2,214) - correct symmetry algebra
of planar N=4 SYM.

A (nvariance of equationg of motion under level-!

A Cannot act on the action, but existe a way to
cireumvent it.

i Bauge-fixing (BRST) - compatible.

4 Implieg invariance of the correlation functiong.







ic relationg for Yangian generatorg
Ward identitieg




Thanke for your attention!




