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The S-matrix in fundamental (4-dim) rep
is completely determined (up to scalar factor) from
su(z2l2) symmetry [Beisert os]

This S-matrix has an even bigger symmetry:
Yanglan [Beisert o7}

Just a mathematical curiosity?

No!

S-matrices in higher-dim. reps (i.e., for bound states)
cannot, be completely determined from su(2l2) symmetry;
but can. be determined using also Yangian symmetry!

{Arutyuonov & Frolov 08; de Leeuw 08; Arutyuonov, de Leeuw & Torrielli ‘09}




For conventional factorizable S-matrices,
there is a well-known “fusion” procedure i,

. . . . Reshetikhin
for constructing higher-dim S-matrices  “ijmmsa

from elementary ones

For AdS/CFT S-matrices,
this fusion procedure seems to fail

The symmetry approach (su(zl2) + Yangian) is the only

known procedure of obtaining higher-dimensional
AdS/CFT S-matrices

These S-matrices are useful for deriving TBA equations, etc.










Determinant-like operators in dual CF T4

[Balasubramanian, Berkooz, Naqvi & Strassler o2, ...}

Without string attached:

Ji1INV | VN
€ir-in L1 YJN

gauge invariant, even though no trace

With string attached:

; “INVUL L YN -1 N
vacuum: it b D Rl P b

excitations: €} INY" YN ZX T Z)N

TN T J1 JN—1

Boundary S-matrix describes how excitations reflect from ends













su(2l2) generators:

rotation LJ° R/ a,be (1,2}
supersymmetry Q2 QI a, 8 € {3,4}
central C,C' H

su(2l2) algebra:
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Action of su(2l2) generators on ZF operators:

1

Ly Al(p) = (020 — 50000)AL(p) + AL(PIL,, L Al(p) = Al(p) L,
1

RS Al(p) = (9702 — 50800)A5p) + ALD)RY, RS Al(p) = Al(D)RY

Qe Al(p) = e aspAl(p) + Al(p) Q|

QL AbE) = 2 [beaseal(p) - AP Q]

Ql* Al(p) = €P?|ceawe™ Al(p) + Al(p) Ql“}

Qle al(p) = ¢#/2 |ddgAl(p) - AL Ql°]
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Motivation from QISM: g-invariant R-matrix

monodromy matrix To(u) = Ra1(u) - - - Ron (u)

algebra  Rap(u —v) To(u) Ty(v) = Tp(v) Ty (u) Rap(u — v)

coproduct
I site — 2 sites: Ray1(u) — Ra1(u)Rgo(u)
1.€.,
A(To(u)) = Ta(u) © Ty (u)
transfer matrix wilae= g 0 ()













For su(2l2):  Evaluation representation [Beiserc o7

A 1 1 1 1

2 R s A S R L sl
il o= 2zguJ U 2(:13 —|—x+—|—$ +:1:_>

Nontrivial coproduct, e.g.

i 1 it 1
—|——2-L2 X Lcl T 51[401 ®L2 A1 5@;7 & @’yl (il §Q’7’1 & ng

Can re-express in terms of ZF operators:

{ il i) 1
L21 AJ{ (p) i —§zgu A; (p) iy AJ{ (p) ]L21—§A1(p) I[‘421 1 514;(19) (]qu 1 LQQ)
1 1 1 1
+5c44(0) Q3" — 5cAl(p) Q) — SaAl(p) QF — 5adl(p) QY
! |
L' Al(p) = Al@L! 540 L',

Yangian generators J4 commute with 2-particle scattering]!







Determine boundary S-matrix by demanding that unbroken
su(1l2) generators J* commute with 1-particle reflection:

I Al(p)[0) 5
Can first reflect Af, then move J* to the right J#|0)z =0

Or first move J# to the right, and then reflect At

Consistency = linear equations for S-matrix elements

R4 (p) = r(p) diag(e™ /%, —/? ,1,1)







3. Yangian symmetry of fundamental
boundary S-matrix

Assume conserved (“boundary Yangian”):

i
Q=L, + 5 (Lzl]Lll — L,'Ly* — £3Q3l il §4Q41)

Action on ZF operators:

1 1

QA = (- Sigu+ o — ad) Al (p) + A (p) (Ly' — L,?)

+eAj(p) Q5" — cA(p) Q' + Al(p) Q
QAi(p) = Al(p)Q
QAf(p) = dAY(p) Qs + Af(p)Q
QAi(p) = dAY(p) Q' +Ai(p)Q
All the symmetry generators on RHS are conserved !
“coideal property” [Delius, MacKay & Short o1]




3. Yangian symmetry of fundamental
boundary S-matrix

Assume conserved (“boundary Yangian”):
~ A 1

Action on ZF operators:

il % I ad>A*< Ao LY

....................................

Q Al (p) :.Q@Mﬁ
T

QAl(p) = dAl(p) Qs+ Al(p) Q!

QAl(p) = dAl(PQ, +Al(PQ:

All the symmetry generators on RHS are conserved !
“C()ldeal propertY” [Delius, MacKay & Short o1}
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4. Bulk S-matrix in 2-particle bound state rep

2-particle bound states form an §-dimensional
(atypical totally symmetric) representation of su(2l2):
4 bosons + 4 fermions

ZF operators

Bulk S-matrices

Al(p1) Bl (p2) = S4B (1, p2) B} (p2) Al (p1)

B} (p1) B (p2) = S5 (p1. p2) BY, (p2) B (p1)




Action of su(2l2) generators on ZF operators:

14 By () = 3N /B (p) + By ()34 J4 =L}, RS
Qi Bi(p) = e P2|(Q)FBL(p) + (-1)7Bi(r) Qs
Qe Bl(p) = €2 (Q) Bk + (-1 B(p) Ql]

Aot tor M =10 L 4 Ibosonic
T | for J =5,...,8 fermionic




Action of su(2l2) generators on ZF operators:

T4 Bl (p) = (34) KBl (p) + B (p) J4 J4=L}% RS

...............................

QL Bl(p) =
Ql* Bl(p) =

) /Bl (p) + (-1)7 B} (r) Q]

_J 0 forJ=1,...,4 bosonic
T | for J =5,...,8 fermionic

Explicit 8 x 8 matrices (J4) /, (@), (Q!*)

can be obtained using superspace formalism




Sup C rSp ace fO rmallsm [Arutyuonov & Frolov 08}

Represent su(z2l2) generators by differential operators
on a vector space of analytic functions of two bosonic
variables w, and two fermionic variables 6, :

I waﬁﬂwb - %52100826 ] RF = HQ% ~ %5597%
OURIE 830, + be“beagwb% , Ql* = dwa% + ceabeaﬁﬁﬁaiw
Basis vectors |€;) for fundamental (I =1) rep:
et =itniiiille ) = 0
Basis vectors |ej) for 2-particle bound state (; = 2) rep:
w1wWw1 Wo2W2 |€4> il 9394

el = el les) = wiws, les) = ik

les) = wibs, le) = w1by, le7) = walbs leg) = walby
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