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AdS/CFT duality

S

 [Maldacena, Gubser-Klebanov-Polyakov, Witten (1997)]
« Type IIB superstrings on AdS; x S° are dualto 4d A=4 SU(N) SYM
» Energies of string states = Conformal dimensions of SYM operators

e Parameter relations:
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» Free superstring theory corresponds to a planar limit of SYM
gy — 0 = N —

« Energy of string = Conformal dimension A
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Strong-weak coupling duality

—
* Quantitative check is difficult since it is a strong-weak duality

_Classical string for o’ <<1 — A1>>1

_ Perturbative SYM for A<<1 — a >>1

« Sitill very difficult to solve quantitatively for a general value of A
* Need Nonperturbative method

e Breakthrough : Integrability has been discovered
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Wirapping problem
 High-order Feynman diagrams connect operators
farther away

 When the length of a composite operator is shorter
than the order of the perturbative expansion:
unphysical(“wrapping”) interactions appear
—> nonperturbative results valid only when the length
IS Infinite

"
v 2 ® .
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— Szmmeﬁes and Specitruim

o Symmetries: SU(2|2) x SU(2|2) [Beisert]
+ Each “SU(2|2)" ( mjbmjb)

e Spectrum: a tensor product of two Fundamental Rep.
A= (0,1) & (1,0) = (¢, %", %°)

(7,

) =Dy ® XL DXL D D,y

e Focus on one SU(2|2)
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= o]

matiix from Symmetries

* Two particle S-matrix A po A pq
time
o -
I
o Commutativity with SU(2|2) [Beisert] L - p2

===> space

g%a, (@8
[S(p17p2)a ( Gag fg&g )] =0

Yang-Baxter equation [Arutyunov-Frolov-Zamaklar]

Full sector BAE can be derived
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Symmetries
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B-deformed SYM

e Superpotential:

W = tr(ePopypZ — e TPy Z4)



New AdS/CFT correspondence

e (Maybe) dual to type IIB string theory on TsT
transformed AdSs x S° (Lunin-Maldacena)

e Classical string analysis show that it still has giant
magnon solution [Bykov-Frolov] and dyonic magnon
solution [Bozhilov-CA]

e (Maybe) all-loop integrable: Bethe-ansatz was con-
jectured [Beisert-Roiban]

e \What is the S-matrix, then?
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Weak coupling of the g-deformed SYM

e Konishi operator

Tr(¢Z¢Z), Tr(¢pZZ)



Fiamberti-Santambrogio-Sieg-Zanon perturbative results
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Beisert-Roiban Bethe ansatz equation
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BAE cont’'d

p1 + po = 4np

p1 = p+ 270, p2 = —p + 27p3

AP — 2i0(F+2mB,~p+210) <U(15 + 278) —u(—p + 278) + 'L)
u(p+ 278) —u(—p + 278) — i

Fiotal(B) = E(p+ 278) + E(—p + 273)



perturbative solutions of BAE

P =po~+ g%p1 + 9*Po + ¢°p3 + ...

Erotal(3) = 2+9%E1(8)+g*E2(8)+9°FE3(8)+9°E4(B)+. ..



zeroth order

iy _ COt(F —7B) + cot($F + 7p) + 2i
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higher order solutions
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wrapping order correction
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Bajnok-Janik Liischer formula for su(2) Konishi operator
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S-matrix

)+ .+ 2
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S-matrix cont'd

e /. antisymmetric rep. (¢ bound-states in the mirror
space)

e Related to S-matrix in physical space

S (2t 2%) = ST (2%, 25)[1 & 3,2 « 4]



deformed S-matrix elements

e Bosonic bound-states:

S(Ef)ﬂ _ S(m?l
J Y

[
\.I—‘

o, 20

e Fermionic bound-states:

SUNIT = BN =241, 30

e~ IS =301, 4



Luscher corrections
e Kinematic factor:
<z>4 25648 N
zT (2 +02)*

e S-matrix part: only leading order is enough

e Residue calculation due to a pole at ¢q = 4
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summation over /¢

ABLyscher = 9°| — 54(1 4 A)3(=543A)¢(3) — 360(1 4 A)3¢(5)
81(1—-3A)2(1+ A)*
(1434)? |
AEwrapping




Other approach

e Y-system [Gromov-Vieira-Kazakov]

e can be extended to the g-deformed SYM [Gromov-
Maslyuk]

e one-impurity Luscher correction is correctly derived



Conclusion

the g-deformed SYM is probably all-loop integrable

may need some nontrivial boundary condition

some relevant S-matrix amplitudes are known

many open questions:
— exact S-matrix

— derivation of asymptotic BAE



— TBA

— strong coupling Luscher correction
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