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Motivation

It Is known that there are several realizations of Yangian. Howeve

equivalences (or isomorphisms in precise) among them are not completely Higher generators Good Notso good
established. This is an attempt to give an equal suffrage for them to jqin the Min One level-I, Minimal set
integrability business, especially in the AdS/CFT. D1 | Alllevel-1 /" | cubic Serre relations
L Simple roots of Level-1  Bridge |
. : : D2 | Simple roots of All levels Repr. theor lots of relations
Realizations of Yanglan RTT i Everything nice ICéoproduits top down
- Minimal Realization (Min) [Cf' TOIStOy(ZOOZ)] Y | RTT Is a sophisticated formulation but the relations to the others are not so obvious.

In addition to therankg-sets of Lie alg. generato(#;, H;, F;), only one level-1 generatas
sufficient to define the whole Yangian(g). For exampleg = sl(4) case,
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The coproduct\(~,) is non-local and not simple expression.

Forsl(4) case, the isomorphism from Min to D1 is given by

B, = [[F, B, F]

The Lie algebra generators are mapped to themselves.

- Drinfeld’s First Realization (D1) [Drinfeld(1985)]

The YangianY'(g) associated with a Lie algebgais generated by the levéltie algebraic
generators/+ and thelevel-1Yangian generatorg” with A =1, - - -
the following relations,
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The unfriendly RHS of Serre relation (last one) is required for the compatibility of copro

A(JY) =

~ . h
JA®1+1®JA+§fABCJB®JC

J

The generatorsz in D1 Is corresponding to D2 generators
(1, 2;, hi1) Up to quadratic Lie alg. terms. Fof(sl(4)) case,

E\i = :C;jl — %({Hw i} + Z {F57 [Eﬁﬁ E’L]})

p=1,2,3

and similarly forE’s andﬁ[i’s.

- Drinfeld’s Second Realization (D2]Drinfeld(1988)] \

In 1988, Drinfeld proposed aewrealization which is more suitable for the representa
theory. This formulation includesll levelsof simple root generators,
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Ty with »=0,1,2,--- and +=1,---  rankg

hi,r

The defining relations are not cubic as D1 but quadratic at most, and it looks like a 1

,dim g, and satisfying

r thaVhich is thebestformulation?

The Yangiart (psu(2|2) x R?) is generated by the standard Chevalley-Serre Ha5ig7;, ;)
with associated O-X-O diagram and one Yangian genelaier 31 The non-trivial rela-
tions are
duct, P 4
(B, Y =K Zia '(1+U%C
h2

{Ly, By} = ({F321, Fs, Foy p—{ Faon, Fao, By} +{F1, F3, K })

whereF;; = [F;-, Fj, Fiji, = |[F;, F}], Fy| andh = 1/ig. ] > 3

L would fill the gap betwee D1/Min (bottom-up) anc(RTT (top-down).
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- Minimal Realization of AAS/CFT YangiarfMolev-TM]

Comparison

D1/Min Is bottom-up construction and easy to treat, but not suitable for repr. theory.

Application for AAS/CFT Yangian

(22) x R?| [Beisert(2005,2007)}—

It was shown that the magnon scattering on the infinitely extended world-shéésin S°
target space is described by two copieswf2|2) algebra.

Furthermore, one of the central charge®f the extendec su(2,24)

psu(2|2) x R® algebra ¢, b= 1,2 anda, 3 = 3, 4) ORO-0O0O0ORO
R Q% {Q%,Q%} = ePeyP
P K su(2|2)
(Saﬁ I ) X {Cp ’ } {Saa’ Sbﬁ} _ Eab€a5K Q_@_O
gives the all-loop magnon dispersion relation. HRrd. are 1 5 3

thesu(2) generators an@, S are the supercharges.
In addition, the S-matrix has bonus Yangian symmetfrigssu(2]2) x RY)!

J

N

tio

quantizationof the loop algebrd/(g)||u|| with the identificatiom ~ u'z

J

The relation between D2 and RTT Is explained by Gauss decompositior

of T'(u) [Brundan-Kleshchev(2004)]. For the simpléstsi(2)) case,
I 0

0= (5 1) (%0 afon) (1)

and it is related to the D2 currents as

- RTT Realization (RTT) [Faddeevs school (1980s)
Yangian is also defined by the YBE associated with a rational R-matrix. In fact, plu
Yang’'s R-matrix?;»(u) = 1 — Pppu~! with the following RTT relations, we obtain the defi
ing relations ofY (gl(V)):

ng(u — ”U)Tl( )TQ( ) — Tg(v)Tl(u)ng(u — U)

N
th u) ®e; @1, Thlu) =Y tij(u) @1 e;
1,7=1 1,7=1
£ (u >—5m+t< Tt e V(g ra) O

Y(g)
wheree;; IsaN x N matrix units. The coproducts are nicely expressed as
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n Levendorskil's Realization (L) of AdS/CFT YangianMolev-TM] \
This realization is similar for D2, but only includes level-0 and -1 as well as Min (or D1
particular, the generatdr, ; plays a role ofhe Boost Operato(seex).

atural hz 0 h] () — [h;,la hj,()] — [h;,h h;’,l] =0
h; 15 L jEO — :DAz'jf;i X 5 1 0
. @i, @] = 0 Diihiy = 5Z%Dm(h’ + 5hio) DA;j = <Ol 0 +§>
P + ] + +
T, T — [T, x| = £=DA;; ZIZ,L- T _
7;1 ]O [ Z,O ],1] 2 ]{ ,0 j,O} D:dlaq—|—17—17—1)
hz 1 [T L 1»37]',1“ =0
_[:Ufl, :C;O], [x?fo,xio]] = P* :level-1 centers
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It is hard to construct D2 from Min (or D1) in direct. For this purpose,

the following realization interpolate these realizations with the map,

1Ly, B } = —(ﬁh + Hy + ﬁg)

A
= Hi — Z(z{ng, R+ {S°

I QMQ} _ {Sluv Qul})'
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Now we are ready to construct D2 with the use of the boost operat
h; ;. The higher charges are inductively constructed by,
+ h/

Liri1 = [ i1 @r]

for 1 =1,3
372i,r+1 — :DA12 [h’u, xz,r] hiy = D[z L rs z_()]-

- D2 of AdS/CFT Yangian [Spill-Torrielli(2008), Molev-TM]

+DA

~

IMGter elementary but technical induction, we would obtain the following set of D2 realiz
of Y (psu(2]2) x RY).
[hiﬂa, h]'75 = () [CIZ;-I:T, ZL"]_,S — 57;jD_1h2 r+s [hz 05 .CC;I?T] — ::DAUZC;%T
[hiﬂ“—l—17 ZE;_;] o [hiﬂ“) $i5+1_ — L hDAzg{hz ry L ] S
[wf?,zﬂ—lv xj?s] o wf?,:fr? ‘/E;’I?S—I—l: — - hDAZ]{xz T j:s
25, 25 = [z, a:jES = for i+ =4
[xfr, [a:jfs, mftﬂ + [mj:, [:I:jfr, xft] = () for j=1,3
(21, 250 [155, 25| = P&, infinitely many central charges!
D2 realization associated with—®—® basis was proposed by Spill-Torrielli(2008). )
N
e The relation tcRTT formulation is still open problem.

-

e Need to includésecret Symmetiy (— Alessandro’s talk.)
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