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N=4 Supersymmetric Yang-Mill Theory

(Superconformal 4d gauge theory)

[Maldacena; Gubser,
Klebanoy, Polyakov;Witten]

\4

Type IIB superstrings in AdSsxS?

(Two dimensional conformal sigma model)
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N=4 SYM

L~tr (Fi,+ (D,®)? — [®;, ®;]° + VT, D, V)

The conformal symmetry  SO(2,4) ~ SU(2, 2)
And the R symmetry SO(6) ~ SU (4)

Combine with the N=4 supersymmetry

To make a superconformal PSU(2 2‘4)

symmetry with symmetry group




Spin chains in N=4

tr ((I)lq)g(Dg)Q((I)l)S .o )




Spin chains in N=4

tr (@1@2(D3)2(q)1)5 .. ) ( ) >




Spin chains in N=4

tr ((I)lq)g(Dg)Q((I)l)S “ .. ) ( ) >

Dilatation operator

O (z) = (e 7182 1 p Op(x)




Spin chains in N=4

tr ((I)lq)g(Dg)Q((I)l)S “ . ) ( ) >

Dilatation operator Integrable Hamiltonian of a
PSU(2,2|4) spin chain

[Minahan, Zarembo; Beisert]

O (z) = (e 7182 1 p Op(x)

ren ren 5AB
(O™ (@05 ) = =

H is nearest neighbors to leading order in perturbation theory, next to nearest
neighbors at next to leading order etc...
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2d S-matrix in N=4

“etensescs)
/ A\

Particles (or magnons), Vacuum

o0
Particles can scatter, e.g. S(P’ k) [Staudacher]
@0

Particles transform in PSU(2|2)"2 extended [Beisert]




2d S-matrix in N=4

Q,..:i?iﬁ

- S(p:k)

PSU(2,2|4) > PSU(2|2)"2 extended

S-matrix (up to a scalar factor) and
| magnon dispersion relation
[Beisert; Aryutunoy,
Frolov, Zamaklar] amost fixed by symmetry




Bethe Equations

[Staudacher; Beisert, Staudacher; Beisert, Eden, Staudacher;
Beisert, Hernandez, Lopez; Arutyunov, Frolov, Zamaklar]




Explicitly




The Zhukovsky Map
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Konishi as 2 magnon state:

ceed) - |6aod)




Konishi as 2 magnon state:

A (22)9) Ceed) - [See¥)

4 loop result(s):

[Keeler,Mann]

[Fiamberti, Satambrogio,
Sieg, Zanon]




45

4.0

= | &

Konishi as 2 magnon state:

ieod)
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[Beisert, Eden, Staudacher]

[Keeler,Mann]

[Beisert, Eden,
Staudacher]

[Kotikov, Lipatov, Rej,
Staudacher, Velizhanin]
[Fiamberti, Satambrogio,
Sieg, Zanon]

' [Rej, Serban, Staudacher]



YM,small g (; _ p>

M
A=J 1+ Asin® 2L 4.
+;\/ + Asin® -+

Strings, large g @ J\>
J



From oo to finite volume

[Beisert; Aryutunoy, Froloyv, Plefka, Zamaklar; Hofman, Maldacena; Vicedo]

€ (P) = \/1 +)\Sin22—2? = \/Xsing + 04+ O(1/V)

[Papathanasiou, Spradlin;
Chen, Dorey, Lima Matos]

0€(p)

[Aryutunov, Frolov, Zamaklar]
Janik, Lukowski]

'Minahan, Sax; Hatsuda, Suzuki]
Gromov, Schafer-Nameki, PV]




From oo to finite volume

[Beisert; Aryutunoy, Froloyv, Plefka, Zamaklar; Hofman, Maldacena; Vicedo]

See more in Benoit ||

0€(p)

[Aryutunov, Frolov, Zamaklar]
Janik, Lukowski]

'Minahan, Sax; Hatsuda, Suzuki]
Gromov, Schafer-Nameki, PV]
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Scaling limit

[Beisert, Kazakov, Sakai, Zarembo]

Cuts Stacks Cut of Stacks

Bethe Equations > (8-sheet) Riemann Surface

Time to go to the string side!




AdS i

(0n)” + fermions




AdS it

Description of the full

theory in Pedro lll this
afternoon

X
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Classical motion QS( > g(O', T) - PSU(Q, 2|4)

Fat Comnection JA(g; ) such that dA— AAA=0

[Bena, Polchinski, Roiban]




Algebraic Curves

Classical motion QS( g(O', 7') - PSU(Z, 2|4)

Flat Connection

[Bena, Polchinski, Roiban] JA

Monodromy and
quasi-momenta

[Kazakov, Marshakoy,
Minahan, Zarembo; Beisert,
Kazakov, Sakai, Zarembo]

Classical Strings

(g;x) such that dA—ANA=0

— O(z) = Pexp / A(g; )

Eigenvalues {e'P*,...,e"P®} are
conserved... for any x!!

Algebraic Curves




Algebraic Curves

Classical motion QS( > g(O', T) - PSU(Q, 2|4)

Flat Connec

[Bena, Polch MOre in COUPle Of

minutes in Benoit |

[Kazakov, Marshakoy,

Minahan, Zarembo; Beisert, ) ip1 ips
Kazakov, Sakai, Zarembo] Elgenvalues {6 ooy € } are

conserved... for any x!!

Classical Strings > Algebraic Curves



Quantization

Quantization

Discretization!

Cuts should be the condensation of the Bethe roots of
some String Bethe Equations.




Quantization

After lunch in Pedro I

Cuts should be the condensation of the Bethe roots of
some String Bethe Equations.




Semiclassics

Ch__> z:m

QZ] Polarization ij

Mode number n
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[Gromov, PV;Vicedo, to appear]

Semiclassics




[Gromov, PV;Vicedo, to appear]

Semiclassics




[Gromov, PV;Vicedo, to appear]

Semiclassics

P




[Gromov, PV;Vicedo, to appear]

Semiclassics




Integrability in AdS/CFT

Summary of the state of the art
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Knowledge
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You are here
(Today)




