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1 Introduction

Hadron-hadron scattering

A+B—> A+ B

Mandelstam variables

S = (pA +pB)27 t = (pA _pA’)27 U = (pA—pB’>2

Regge kinematics

s> —t~m?, t<0

Regge asymptotics

M) =Y & a® ()" o

Regge trajectory and signature factor

dr(t) = 3O + 520t + ...
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Regge family
S = ji(M?)
Optical theorem

~ ImM(s,0)
S

Ot

Pomeron contribution

UtN(S/mQ)Aa Py,=1

Pomeron trajectory

jpt) =1+ A+ 45t +...., Ak 1

Pomeranchuck theorem

Pomeron family = glueball states

What will be with these states at the high

temperature 17




2 BFKL Pomeron

Leading logarithmic approximation

o

M4 (s,t) = SZ (s Ins)" ay,(t)

n=0

Region of applicability

2

ozslns~1,ozszi—7r—>0

Born amplitude

2s

M4E (5,0 Born = g TS 4 ON 4/ Aa N 9T BON s

Gluon reggeization in LLA

ABB/( t) = MA B/(Sat)|B0?“n s )

Gluon Regge trajectory
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Gluon production amplitude

w1 w2

52
~.C(qn, qn-1) —
g2/ e q

S7
Mo 14pn ~ PAE ng;ClC(QQ,q1)

Reggeon-Reggeon-gluon vertex

q2 ]
q2 — 41 7

C(QZ) Q1) —

Impact parameter coordinates

0 o,

Pk = Tk + Yk, P = Tk — 1Yk, pk—z— P =1 "

Balitsky-Fadin-Kuraev-Lipatov equation (1975)

, Lo as N
p2) =Hi2¥(p1,p2) , A=———EF

BFKL Hamiltonian

1 *k
Hyp = In |[p1p2|* + —In |p12|* D105
P1P-

1

— In |p12]*pip2 — 40(1)
P1D2




3 Remarkable properties of the
BFKL dynamics

1. Mobius invariance (L.L. (1986))

apr + b
cpr + di

P —

Eigenvalues m(1 — m) and m(m — 1) of two Casimir

operators with

1+,+n 5 1+, n
= — 14 —_ = — VvV — —
M= TWTy, M= W=y

for a principal series of unitary representations.




2. Holomorphic separability of the BFKL
Hamiltonian (L.L (1989))

His = his + hl,,

1 b S 1 3k
hia = In(p1p2)+—— Inp12 p1p5+—— Inpi2 pip2+27,
P1Po pP1P2

P12 = pP1 — P2

3. Holomorphic factorization at large N, (L.L.
(1989))

\P(ﬁla 527 7/771) — Zar,s \Pr(pla ) ,On) \IJS(pi e p;kb)
7,8

h+ h* -
H = 9 9 h:rz::lhr,r—i—l




4. Duality symmetry (L.L. (1999))
Pror+1 — Pr — Pr—1,r

5. Integrability (L.L. (1993)). Integrals of motion

qr — Z Pkika Pkaks Pk, 1k, PkiPks---Pk,

k1<k2<...<k‘r

6. Equivalence with the integrable Heisenberg model
(L.L. (1994) and L.F., G.K.(1995)) with the spins M

M} = ppOy, M =0y, M, = —pi.0k




4 Pomeron wave function

Holomorphic separability

2
1
Hiz =h+h™, h= Z [lﬂ Pr T p_ In (p12) pr — (1)

r=1 r

Mobius group generators

M =p.0,, MV =8, M7 =—p2 0,

Casimir operators

5 2
M* = <ZM(T)> = pia D1 D2 -
r=1

Eigenvalue equations

M*f, = =m(m=1)f, ~, Mf ~=m(m-1)f, ~

m,m m,m’ m,m

Conformal weights

m=1/2+iv+n/2, m=1/2+iv —n/2




Pomeron wave functions

~

f N(—> —. =\ ( P12 )m( IOT2 )m
m.m \F 1y M2 O) — " m
’ P10 P20 P10 P20

Pomeron energy

w2 = G - E~ 5 &m = w(m) + @D(l B m) - 2¢(1)

m,m

BFKL Pomeron intercept

A=4N 9

s

Violation of the Froissart bound

o~ s> >cln’s




5 Pomeron at a finite

temperature

Invariants in the t-channel c.m. frame

t =4E%, s = —2(p)*(1 — cos0)
Periodicity of fields at a finite temperature

1

P(x4) = P(wq + T)

Quantization of energies

El =2 lT

Regge kinematics in the s-channel

s>>T% ~ —t >0

Cylinder topology and momentum quantization

F+ ), k) =2miT




Rescaled variables

0 . (1)
1 1
Ly (1) _ Pz Dy

Temperature constraints

[
0<Imp<27r Imp<l):§

Gluon Regge trajectory

o) =~ NP L ) = A+

Holomorphic trajectory

ol 1

ox T 5 [0 +ig) + (1 —ig) — 2(1)

Green function

G(7012) = G(p12) + G(p1a)

Holomorphic Green function

T
G(,Olz) — —7;—)\ + In (2 sinh %)




6 BFKL equation at finite T

Schrodinger equation

HioW =V His = his + hi

Holomorphic Hamiltonian

2

EEDY [Q(qr) + pi G(P12)pr]

r=1 r

Small-T" expansion

2k
P12

k:
h12:h ZBQkZ[ ‘|'1+1

r=1,2

pr (2k) T

|




Eigenfunction expansion for ¢) = 0

1 m(m—1)

Uin(p12) = P13 |1 = 575 pis + O(pis)

Integral of motion:

A=4Siﬂh2%p1p2 3 [A7h12]:()

Eigenvalue equation for t = —4\@\2

m(m — 1)

] U(p12,Q) = U(p12, Q)

4sinh? 212

Eigenfunctions

(e — 1) F(1Q +m,m;2m;1 — e)

Us(p, Q) =1 ™ (p, Q)




Pomeron wave function

Y aU(p, Q) Y(p, QY)

r=(m,l—m)

Periodicity to the shift

p— p+2m1

Energy

E=eén+e,

Holomorphic energy

em = P(m) + (1 —m) — 24(1)




7 Integrability of the BFKL

dynamics
Conformal transformation

pr = 1n pj,
Integral of motion and Hamiltonian in new variables

o 0

A — (A 2
(/012) ap/l 8,0/2,

1 1
hio = 1H(P/1 p/2)‘|‘]7 10%(0/12) p/1+p—, 10%(0/12) p’2—2¢(1)
1 2

Operator identity

1 0 0 0
5 lw (1+z§> +¢<—z£>] —Ilnz+In 5

Pomeron wave function

~

1 o P12 e 1o Plo m
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Monodromy matrix for n Reggeons at N. — o0

t(u) = Ly(u) La(w)...Ly(uw), [tr (t(uw)),h] =0

L-operators

L, — p p

—ePPpr U — pg
Integrable Heisenberg model with the spins
My =0, , M, =e "0, , M_=—el 0

Balitsky-Kovchegov equation for non-zero 7T’

8Nﬁ1,ﬁz - /d2p0 |Slnh p12‘

s

oY 2T 4‘s1nhp ‘ ‘smhp%’

Wz 5 %5 — 5 5 — N5 6 V56




8 Discussions

1. A non-zero temperature in the c.m. system of the
t-channel leads to a cylinder type topology
of the impact-parameter space in the s-channel.

2. The Regge trajectory of a gluon and its Green
function at a finite temperature have the property of
the holomorphic separability, which implies
a similar property of the BFKL Hamiltonian.

3. The intercept of the BFKL Pomeron
does not depend on the temperature.

4. The Pomeron wave function is constructed
in an explicit way with the use
of the conformal transformation p = In p’.

5. At a finite temperature the BFKL Hamiltonian
coincides with the local Hamiltonian
of an integrable Heisenberg spin model.

6. Is the BFKL dynamics integrable for the case
when the impact parameter space is
an arbitrary Riemann surface?

7. Is it possible to find a relation between
the BFKL and string dynamics?




