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QCD vs N-SYM

» In QCD, the gauge group is SU(3),
fermions ¥ ~ 3.

1 —
Locp = —5 TrF? + iy, D* ¢

» In N SYM, the gauge group is SU(N,),
all fields X = (A, X4, 9”8) ~ adj.

» internal symmetry SU(N), gauginos in the fundamental,
scalars B = —BA
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AdSs x §° & N =4SYM

» AdS:il limite A — oo e’ quello di stringa classica.

L &

folded circular pulsating  higher modes plane waves

» CFT: teoria delle perturbazioni intorno a A = 0.

4 OVerlap nel ].].m].te BMN [ Berenstein, Maldacena, Nastase, 02 |
R
A= ]—2 = fissato, J— o
| 4 Integrabﬂita' ClaSSica su Ad55 X 55 [ Bena, Polchinski, Roiban, 03 ]

Integrabilita” a livello di Acpr



Integrabilita’ e limite planare

» Operatori quasipartonici sul cono-luce [ Korchemsky at al., 04 ]

Oagi(z1,--»z1) = [Tel{X(zm) - X(zLm)},
@fun(Zl, . ,ZNC) = eil,...,iNCXil (Zl Tl) Ce XiNc (ZNC Tl).

» Dall’analisi di operatori a 3 gaugini (max. hel.) a due loops
inN=1,2,4 [ Belitski at al,, 05 ]

» 1loop ® universale — catena integrabile XXX_
» 2loops, QCD, integrabilita’ rotta dai termini non planari
» 2loops, SYM, integrabilita’ non-rotta da 8 # 0

9D dipende semplicemente da N/

Conclusione: integrabilita” legata al limite planare.



» Il settore di gauge e’ universale

Il contenuto di materia puo” essere descritto uniformemente

> 1 gaugino, nessuno scalare

hy =0, hy = 0.
> 2 gaugini, 1 scalare complesso
hy=g, hi=% o' =26 .
> 4 gaugini, 3 scalari complessi

82 AB _ 1 _aBcD
hy=ﬁg, hy = == pr=ze€ Ycp



» L'invarianza conforme e’ regolata dalla g function

2
,3(82)2—%%—51 (%) +

» QCD, B # 0, invarianza conforme solo ad 1 loop
» in SYM,

2
—(4-N)(2-N) (gZNC) e

ZNC
,BSYM(gZ) = _(4_N) g87r2 8 2

inoltre
=2 11 =4
BYNE =por,  pNGE=0

invarianza conforme
SUSY chi e’ responsabile dell'integrabilita’ ?
limite planare



The wrapping problem

Higher order Bethe Ansatz is asymptotic !

» BA equations are asymptotic: correct up to O(g2%) for
length-L operators

» wrapping: interactions with growing range !

» Sector dependent details

Example: Konishi operator K = Tr®® ¢ su(2)
Descendant in su(2): K' = Tr[Z, X][Z, X]
Wrapping starts at 4 loops !



» The 4 loops anomalous dimension is not known !

y=4+12¢% —48¢* +3368° +74g" + -

vs = —16 x 318

=16 (B8 +18¢;)

= — (5 4 5643)

74 = —2584 + 384 (3 — 1440 (s

74 = —(2607 + 28 (3 + 140 (s)

[ Rej, Serban, Staudacher, 05 |

[ Beisert, Eden, Staudacher, 07 ]

[ Staudacher, Lipatov et al., 07 ]

[ Zanon et al., 07 ]

[ Mann, Keeler, 08 ]



Bethe Ansatz in SYM, cronologia

» 1-loop, su(2) @ so(6)

» 1-loop, psu(2,2/4)

» 3-loop, su(2)

» oo-loop, asintotico, su(2)

» oo-loop, asintotico, psu(2,2[4)

» oo-loop, non asintotico ?, su(2)
(incompleto ma intrigante)

» Dressing, psu(2,2|4)

[ Minahan, Zarembo, 02 ]

[ Beisert, Staudacher, 03 |

[ Serban, Staudacher, 04 |

[ Beisert, Dippel, Staudacher, 04 |

[ Beisert, Staudacher, 05 ]

[ Rej, Serban, Staudacher, 05 ]

[ Beisert, Eden, Staudacher, 07 ]



» Variabili spettrali

x(u):g<1+ 1_2u—g22>
xﬂu)zx(u:l:é)

» cariche conservate
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» Long range Bethe equations
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Proprieta’ generali delle splitting functions ad 1 loop

» La parte dovuta all’emissione reale e’ calcolabile dal
processo elementare

y y
TL A
A

» Senza fattori legati a SU(N), Ppy ~ Vg

crossing (C) 2 (x) = (B)(l - X),
Gribov-Lipatov VAB(x) = (=1)FA25 Ly Vpa(x7h),

» Tutte le V, si ottengono, per x < 1da Vy,



Twist-2: Ereditarieta’ LBK a livello di P

» Sviluppando P(N; a) nel coupling fisico / cusp anomaly

1 1 .,
aph:a(l_ECZQ'f‘E yat4---)

» Tutte le correzioni logaritmiche sono ereditate da 1 loop

14 1~
= —S3—=-Y_ B
P> 79375 3+ By,

14 34 1~
Ps = —5 S5 + EY_5+B3+<' 553

N 1 . ~ 1 log N
+. Y_4— E(5_4+52_2+Cz-§5—2] ~ e

» Qualche struttura iterativa e’ visibile



Twist-3: Ereditarieta’ LBK a livello di P

» Sviluppando P nel coupling fisico

gzh _ N aph
P

» Ereditarieta” dei logaritmi analoga a twist-2

Py
P,
P3
Py

—@-Ggt+ 53— (DG +G) &+

—285;

355 —2%1,13 + (- (—253)

481 -Ag+By+2¢ - (355 —2%113)
log N
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» Forma generale del kernel RR

P(N) = S;- (aph +?1) +B
A O(1/N?)

A,B : senzalogaritmi

» Molto piu” semplice che nel caso delle ¥

1 k
’)’(N) = Qph log N + Z m Z A.m logm N
k>0 m=0

» spirito del teorema LBK



DIS and splitting functions

The parton model

» The naive version of DIS
eP — eX

is described in the parton model by distribution functions
without evolution f(x, Q%) = f(x)



» The collinear emission is absorbed in the pdf’s evolution

f(X) f(X) % x/z
o FRT
P(2)

Dokshitzer-Gribov-Lipatov-Altarelli-Parisi evolution
equations

GRS =52 [ Up(3) 5.

fx, t+dt) :f(x,t)+O£L:r)P®th+---,

» The kernel P(x) is a splitting function



Splitting functions and anomalous dimensions

» The DIS cross section involves the hadronic tensor

W(v, ) /d4ze_”7z p|]< ) (-%) IP).

which can be expanded on the light-cone in the DIS regime

1(3)7(-3) =S @z 2O 1)

» The splitting functions are related to anomalous
dimensions of twist-2 operators with Lorentz spin N.
Schematically

/01 dxxN "1 P(x) = —27r



Twist-3 s((2)
» Extension of KLOV at twist-3, 4 loops

0= TI'(D ¢JD §0D+(p) ny +ny+n3
L 1- g2
i B s xk — xj xk xj eZiﬂkj
X - + X 2 !
k S . S
Xk x]-

» Generalized KLOV principle
» 4 loop results in closed form !

7 = 4si,
’)’éz) = =2 (53+251 52)

[ Beccaria, 07 ]

=N

7:5’3) = 555+65253_853,1,1 +4S411_45213+

+51 (455 +254+8531),



(4) (4 no dressmg) (4,dressing)
T = 73 :

7§4,dressing) = —-88518;3.

(4nodr)
35

% Sy 47516415525 — 5534 — 29543 — 2185, — 5561

—4051,1,5 — 325124 + 245133 + 325142 — 325214+ 205253
4405332+ 45241 +245313 +445322 + 245331 +365412+ 365421
+24551,1 +8051,1,1,4 — 1651132 +3251,1,41 — 2451222+ 1651231
—24813,1,20 — 2451321 —2451,41,1 — 2452122+ 1652131 — 2452212
—2453001—245231,1 — 2453112 —2453,12,1

—245321,1 — 2454111 — 6451,1,1,3,1-

where S, are computed at N/2, the half-spin

> GL reCiprOCity OK \/ [ Beccaria, Marchesini, Dokshizter, 07 ]
cusp anomaly OK /



5[(2[1) sector: universality of O = Tr DY(A?)
» How can we extend the multi-loop analysis
oY) S DY)

» The sector s[(2|1) D sl(2) and contains three-fermion
operators

L
@(Zl,---,ZL) = TI'H@Z'(Zi),
i=1
8(2) = ip(Z)+09(Z), Z=(50)

» SUSY universality [ Beccaria, 07 ]

Theorem: Y**(N) = Ywist—2(N + 2)

» GL reciprocity OK / [ Beccaria, 07 ]



Sector su(1,2): 3-gluons O = Tr DY (A?)

A more difficult example in full glory

» At one loop we consider operators in light-cone gauge

On = Tr {8 Ad? A8} A},
N = n+ny+mn3
» Itis not a closed sector beyond 1 loop
» We must work in the full psu(2, 2|4) theory

» Identify the correct superconformal multiplet
» Decompose V&* where

{‘P, :>‘on Xa; Faﬁ: Pdﬁ'} ~ VF



» General superconformal primary
A,B

lafl[A1,A2,23])7

» The decomposition is [ Beisert, 04]

(VE® VE® VE)s = P cn [V + Vakr1,n43] »
-0
kez

» Three-gluon operators are descendants in the module

v — VN+4’1 )
2N = YN 41,N0,0,0]

» Apply the long-range Bethe equations to the state with
quantum numbers



» New generalization of the KLOV principle:

[ Beccaria, 07 ]

n=7%+1eS,=Sa(n)

7

"

&)

> Recently extended to 4 loops

» GL reciprocity
cusp anomaly

2
451+ —— +4,
n+1

asy_ass_ 22 2% 2
n+l  (n+1)2 (n41)3
2
e Gy, Y

555+ 65253 —4523+4541 —853,1,1
+ (4S§+254+853,1) S1

—Sy+4522+4531 458,483 257 +35,
n+1 (n+1)2 (n+1)3

65 4
(n+1)*  (n+1)5
45, 48 6

85 32
Gr 2 Ty Py PR

—254+8S52+8531

[ Beccaria, Forini, 08 |

OK /
OK +/

[ Beccaria, Forini, 08 |



Closed formulae and Hyperintegrability ?

» Higher order gluon condensates Tr F [ Beccaria, Forini, 07 ]

2L-3 2L-2 L-1 L-2 L-3

Y(g) =L <2+3g2 + ch(L)an> .

n>2

4 Hypermagnets [ Beccaria, Staudacher, Rej, Zieme, to appear |
n |~ m
O=Tr{ppD"D" ¢}

» Sum rules for higher twists in s((2) [ Beccaria, Catino, 08 ]
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