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1  Gluon reggeization

Regge kinematics of scattering amplitudes
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Elasic amplitude in LLA of QCD
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Gluon Regge trajectory in LLA
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Multi-Regge amplitudes (F.,K.,L. (1975))
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2 Effective action approach

Gluon and Reggeized gluon fields
vu(z) = =T (x), Ax(zr) = —1T*AL(x)

Local gauge transformations

30,(a) = = (D (@) 30(@) = —X(@) ¥(z), 6Ax(z) = O

Effective action for reggeized gluons (L., 1995)
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3 BFKL equation (1975)

Balitsky-Fadin-Kuraev-Lipatov equation
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EW(p1,p2) = Hia W(p1, p2) , o ~ 5%, A=—— < F
BFKL Hamiltonian
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Mobius invariance and conformal weights (L. (1986))
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4 BKP equation (1980)

Bartels-Kwiecinski-Praszalowicz equation
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Holomorphic separability at large N, (L. (1988))
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Holomorphic factorization of wave functions
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5 Integrability at N. — oo

Monodromy and transfer matrices (L. (1993))

t(u) = L1Ls...L,, = , T'(u) = A(u) + D(u),

U+ Pk Pk Dk

[T(u), T(v)] = [T(u),h] = 0, Ly = :
—PrPk U — Pk Dk

Yang-Baxter equation (L. (1993))
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Duality symmetry (L. (1999))
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6 Pomeron in N =4 SUSY

BFKL kernel in two loops (F., L. (1998))
w=4a x(n,v) +44*An,v), a=g*N/(167%),
Hermitian separability in N = 4 SUSY (K.,L. (2000))
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Maximal transcendentality (K.,L. (2002))

G(M) = 3C(3) + 0" (M) — 20(M) + 24 (M) (¥(1) - W(M)),
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7 Maximal transcedentality for ~

Three loop anomalous dimension (K.,L.,0.,V (2002-2004))

v(4) = a1 (j) + a*2(5) + ays() + ..., (G +2) = —451())

)+ 2
72(]8+ ) =281 (S2+5-2) =25 21+ S3 + 53

v3(j +2)/32=—12 (S_311+S_212+ S—221)
+6 (S_41+S_32+S5_93)—38_5—-2535 35— Ss
—257 (35 3+ 853—-25 51)—59(S_3+53—-285 51)
+24 8 5111 — S1(8S_4+ 525 + 45,5 5 +257)
— 51 (38, —128_31 —108_55 +16S_511) ,
A & (=)
Saber () = Y = Spepn(m), Seap(i) =Y.

me m
m=1 m=

Integrability of the RG equations in N =4 SUSY (L. (1997))
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8 Maximal helicity violation

BDS amplitudes in N =4 SUSY at N, > 1 (2005)

At = N T T T %2 T f(py,, pig, s Ps,) > f = f5 My

Invariant amplitudes
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9 Elastic BDS amplitude

Its Regge asymptotics at s/t — oo

Ma—s = T(t) (;j)ww T'(¢)

Reggeized gluon trajectory

() = _7K4(a) In = +/Oa da’ (7K4(€a’) +ﬁ(a/)>
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Reggeon residues
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10 One particle production
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k() <1n2 AT e 7 —g2>——/ —1n3 (”K(a/) + 5(3,) +5(a’)>

16 ,LL2 —tQ

12



11 Steinman relations

Overlapping channels

(s1,82) (2= 3); (s1,82), (52,83), (S012, 52), (5123,5) (2 — 4)
Dispersion representation for Ms_,3 in the Regge anzatz
Moy_5 = c1(—s)7(t2) (—gp )T (B)=3(t2) ) (—5)3 (1) (—g,)I(t2) =i (t2)
Violation of the dispersion representation for Ms_.4
Mg # di(=5)7 (=s012)72 77 (—s1)7" 772 4da(—5)7* (—s123)72 771 (—83)72 772
+d3(—5)7 (=s012)"" TP (—52)2 77 + du(—5)7 (—5123)" 0 (—s2) 27
tds(—5)72(—s1)1 792 (—s3)P3 72 | G = j(t,)

Important relations
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12 Regge factorization violation
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13 Mandelstam cuts in j9-plane
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Figure 1: BFKL ladders in Ms_,4 and Ms3_,3
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14 BFKL equation in octet channels

Factorization of infrared divergencies in LLA

LLA LLA BDS
hm Mty = fyd lm% My~

Renormalization of the intercept in the ss-channel

t 1
Ay = (E—|—1n—22 - —)
[ €
BFKL hamiltonian for the partial wave f;,
2
PP 1 1 1, 1
H=In pips| >+ 5 p1p21ﬂ|/)12| -+ = pipeIn|pra]—— + 2y
p1 + P2 pip; 2 Pip2

Eigenfunctions and eigenvalues

n iv+n/2 p* iv—m/2 |n‘
U, = (—) (—i) , En, = 2Re Y(iv 4+ —) — 2¢(1)
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15 Multi-gluon states in octet channels

Equation for n-gluon composite states

n—2

1
5(h +h)U =EV, h=1In(Z;70) — 2¢(1) + Indy,_1 + Z Pk kv
k=1

Pair hamiltonian of the spin chain
h172 — ln(212281) + 1n(Z122§2) —2In Zlg — 2¢(1)
Monodromy matrix

A(u) B(u)

t(u) = Li(u)La(u)...Ln—1(u) = C(u) D(u)

Integrals of motion and Baxter equation for the open spin chain

[D(u),h] =0, D(w)Q(u) = (u— )" Qu —1)
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16 Three-gluon composite state

Integrals of motion for three gluons

A= —i(Zip1 + Zapa), G = —Z1Z12p1po

Two independent eigenfunctions

vt — 7 i D(p)D(p — A) (Z1/Z2)" A AL N
Ag 2 i C(p— Ay + DT (p—A_+1)7 2 4

Holomorphic factorization of the wave function

U = ZC\IJ (Z1, Z2) V5 (27, Z3)

Quantization of A and ¢ from the single-valuedness for W

lim W, lim W
Z]_/Z2—>1 Zl/ZQ—>OO
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17 Discussion

Effective action for reggeized gluons.
Integrability of BFKL dynamics in LLA.
Remarkable properties of NLLA in N = 4 SUSY.
NNLLA corrections to the BFKL kernel.

BDS amplitudes in the multi-Regge kinematics.
Breakdown of the Regge factorization.

Mandelstam cuts in the planar amplitudes M,, for n > 5.
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Integrable open spin chain for scattering amplitudes.
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