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Maximally supersymmetric

4D Yang-Mills theory

Definition

o fd“ﬂy [JF? — 1(9@}2 + TPV + V]
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(01(2)02(0)) = (01(2)0,(0)e™ G4+ /
Potential: V(9. V) = 1[®, ®]* + U[®, U]

— ::::eci I — Z=®5+1®6,Y=®3+3®4,X=@1+3q’g

perturbation theory:
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o — 9] O gauge invariant operator: () = Tr(Z7~>X?) H

Conformal field theory: Planar limit: A= ayy N

QZ paint function (01(3)(92(0}) = i}
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NCiz(A) = Cip + ACiy + ACrp + ... PP 040001 O5(0)) = Cr(M)
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Definition
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Potential: \gcp xp) [cp |2 + U[d, V]
7— <I>5—|—ZCI>6,Y <I>3—|—z(I>4,X <I>1—|—Z(I>2

gauge invariant operator: () = Tr(ZJ_QXQ)

Conformal field theory: Planar limit: A= g} u NV
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3 point function
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perturbation theory:
(01(2)05(0)) = (O, (2)O5(0)e FIE2T VIRV
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String sigma model ¢ 550
[Metsasy, Teeytlin '9&]

Zy grading J=gldg=J+ L+ Jy+ J4

action £ = VA (STr(J; A +Jy) — STr(J, A J3))

string energies .  E(X) = E(oo) + _,\+
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PSU(2,2]4)

String sigma model <51 x50

[Metsaev, Tseytlin '98]

Z4 grading J = g ldg=Ji+ Jo+ J3 + Jy

action £ = v/ X (STr(Jy A #J5) — STr(J; A J3))
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S-matrix bootstrap

conserved charges: [A(Q),S] =0 .
‘ final state
PSU(2,2|4) — PSU(2]2)®* x R? \, / y
factorization: R
= so /TN
Y
unitarity:  S(p1,p2)S(p2,p1) =1 initial state

CrOSSing symmetry: S(p1,p2) = S (pa, P1) [Janik '06]

[Beisert, Eden, Staudacher '07]

Uy — Uz — Zei29(p1,pz)
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fundamental S;, = u=Ze(p) cot;—)
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bound-states: 4 Q dimensionalreps @ €N
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dispersion relations: (p) = \/QQ b2 sin? (g)



Spin chaln S-matrix
ground state  Tr |Z7| =Tr[Z2ZZ2ZZ ... ZZZZ]

excited state: Tr [ZZZX_ZZ A AVA
l ________._.Zz;Z:ga ‘PE,QS,DH
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plane wave: N™ ginmy(Z 7 X7 . Z27)
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scattering: [Beisert '04]

ip1ni+ipans “r -~ 7 b1bsy
Yoo T0(Z.. 72 Xoy 2.2 Xoy Z.. Z) + S (12)%82 Y~
V




-

-
wl

. . 1.
Classical scatterings = time delays

two particle classical solution

. " » . .
sine-Gordon e tTe string sigma
1 s U126u1+u2 mOdeI

1 i
cosh 0,z — sinh ;t = v; = —-(0 — T cos p_)
sin - 2

time delays: ANPY
phase shifts S = €i5 [Hofman, Maldacena '06]

6E15(p1:p2) = At

urnr ) \/X( D1 p2)1 51112—?31;?)2

: = ——— | cos— —cos— ) lo
HM \P1, P2 - 9 & Sin2 Pitps
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Asymptotic Bethe Ansatz

Finite volume spectrum “aln

polynomial volume corrections E(py,.ipy) = Z e(p;)

Momentum quantization ;
eszLS(pjapl)S(pjapn) = —1

Asymptotic Bethe Ansatz:

by =p;L+ Y 8(p;.pe) = (2n + 1)ir
k



Wrapping corrections
Leading exponential corrections Q

Vlrtual parthleS  — _'.':::_-_-;_-_-::'_'.:.'.':'.'_'.'.'_'.'.Z----"'

dq -
B(pr,-wpa) = 2 Elps +pe) - / —(8(q,p1)--5 (g, pn)e” “*
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modification of Bethe Ansatz [BZ, Janik ‘0g]
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Form factor equations

final state
| [Klose, McLoughlin] Viva
eneric form factor | /
.-'/ h
[, )
crossed form factor (O|V\ Dy D > N
g ceey Un / / \
permutation initial state

<O|V|pla s Pis Pi+1, apn> — S(piapi+l)<0|vlp1: ey Pit+1s Pis 7p'n,>

crossing (p|V|p1,--, pn) = (0|V|P1,.; Pn, D)

+(PIpa) OV Ip1, s Pn_1)
we need diagonal form factors:

11_1;%<0|V|p19 "Jpnapn + €, "'?ﬁl + 6) — Fn(p17 ---apn)




Finite volume diagonal form factors

finite volume diagonal matrix element

(I, ..., I,|V|I1, ... I,,)

normalization: Kronecker VS. D|rac delta

)
|Il,,...,In)
\/pn pla - 7p'n,

densitity of states: :
y d; :PjL+Z5(PjaPk) = (2I; + 1)im

0D .
pﬂ(p17"'apn):det [ j:| k 5
apz Gb;.:s - 8 (gpk:pl)
two particle case ko
Fa(p,p2) + p1(p) F1(p) + pa(p2) Fa (1) |

L<P23P1|V|p1ap2>,& =
PQ(P&PQ)

Fy(pi1,p2) + L Fi(p2) + L Fi(p1)
L (L + @12 + Pa1) -




Conserved charges and the dilaton

Diagonal form factors of conserved charges

Q|p2:p1>L — (O(pl) T 0(?2))IPQ;P1>L @ /O V(z,t)dx
1
L {p1,p2|VIpa,p1)r = E(O(pl) + o(p1))
form factors: Fl — 01 Fo = (01 + 02)(¢12 4 6521)
1 d 1

Dilaton:  ; (py, p2|D|pa, p1)1 = (€1 + €2) = E(d + €5)

L5
dilaton form factors: Vi = 0(pi, ;)

F, = ¢ Fy = (€] + €)(¢12 + ¢21) + ¢1éap€2 + 910,64



Classical diagonal form factor

P T - light vertex operator
Conjecture: F, = /duldug V[solution(ul, us)| — ...

_ | 1pt subtraction
moduli space of solution heavy 2pt solution

works well for sine-Gordon

dilaton j\l&
: L : _
+ z drOx + 0z0% _
V::(x ) [ +6XK6XK]//// :
z . !
AdS metric  ds? = 2~ (d2* + dz°) "--.::;;;;;;;;;:.,__3 embedding 5

works well for the dilaton coordinates on

Use for something else! Vertex operator?






Conclusion
on heavy-heavy-light Crinr

two particle BMN state =

Diagonal form factors

co o Bup) + LR + LR
HHEE = L(L + ¢12 + ¢21)

incorporates all polynomial corrections in [~}

strong coupling limit
Iightggrtex operator

A

CHHL — _/duldILQV[Sglution(uljug)}
Vol 20t heavy
moduli space



