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1. Lipatov’s effective action and correlators of Reggeon fiels

The Lipatov’'s effective action for reggeized gluogs., formulated as Regge Field Theory
(RFT), can be obtained by an integration out the gluon figlolsthe generating functional for the
Stlv, A

erisl — / DveSrlV. 7] (1.1)

where
1 . o
SEff = —/d4X <4G?1VG5V +1tr [(er(VJr) - %Jr) thg+ (ﬁf(vf) - (%77) Jreg]) ’ (1-2)
with 1
C(R)
hereC(R) is eigenvalue of Casimir operator in the representatiotr {,2T°) = C(R) 5%® see
[1, 2]. The form of the Lipatov's operatdD (and correspondingly?) depends on the particu-

lar process of interests, in the simplest case it has th eform d? inelered exponential for the
longitudinal gluon fields in an arbitrary representation:

1 .
Tr(ve) = édio(vi) = V:O(Vs), jrega= 07 By | (1.3)

xE —
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+

The effective actiort” of the interactions of reggeized gluons, calculated to one-loop precision in
[2], has the following form:

. +
r=y (@il SRl (S ---@Em) = — BB+ B, (Kxayb)_ BE -,

b
nm=1

(1.5)
whereZ.. are the reggeized gluon fields and shorthand notations for the integragothe vari-
ables in the action were used. The vertices in the action depend on sonityriapedval n which
is an analog of the ultraviolet cut-off in the relative longitudinal momenta arisitige regulariza-
tion of teh corresponding integrals in Eq. (1.2). Physically it determinesahe\of the cluster of
the particles in the Lipatov’s effective action approach, see [1]. Tieetafe vertices (kerney K
in Eq. (1.5) represents the processes of multi-Reggeon interaction imtehaf the high energy
scattering amplitude. For the calculation of the correlators of the Reggkofields, we will use
the following generating functional for Reggeon fields:

Z[J] = /Dc%’exp(lr[c%’]—|/d4x\]f‘<%’il - |/d4ij_‘<%’i‘>, (1.6)

see [2], with some auxiliary currends introduced. The Schwinger-Dyson equations for the corre-
lators we obtain now taking derivative of the field’s variatiorZgd] in respect to the currents and
taking them equal to zero at the end. In doing so we obtain the following glezguation for the
arbitrary correlators of the theory:

<BIBD B s= Y (R < B2 BB B (L)
n=1

1In the language of high-energy perturbative QCD these vertices atéBke kernels of the integro-differential
equations for the objects of interests or, equivalently, they can be evedids analog of the different parts of a Hamil-
tonian in Balitsky-JIMWLK approach, seein [3, 4, 5, 6].
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Taking the derivative on rapidity from the both sides of the equation we Wilio the BFKL like
equations for the correlators, this is the way how the BFKL calculus is arisitige formalism of
Lipatov’s effective action.

2. On correlator of two reggeized gluons

The correlator of two reggeized gluons to leading RFT order was obtairjeil
0%, < A2 (X", x AR (Y ,y ) >= —18%5(xT)d(y ) 6% (x, — Y1) +
+ /dzzl/dzfdzzll Kﬁf'ia(xﬂzl;zf,zu;xg <A?ﬁ(x*,zl)Aﬂz(zj,zlL)Ail(y’,yL) > +
+ /dzzl/dzfdzzlL KP2a(7 -7 2000, x1) < A(xH,20) A%z, 20 ) AR (Y Ly L) >,(2.1)
where the following representation of the Reggeon fields was applied:
B (X7 xx1) = AL (XT,X) + 2 (XX X)), Zy(xXT,x =0,x.) =0 (2.2)

and
’%)*(X+7X_>XL) = A(X_aXL) + ‘@*(X—‘F’X_axl)’ ‘@*(X—F = O,X_vxl) =0. (23)

Using expressions for the three fields correlators:
02 < AL(XT, X )A(YT, Y1 )A®(Z 2 ) > = (2.4)
= /dzdewIdzwlLKj‘_“fis(wL;x‘,xL;wI,wlL) < A (xH W ) AR (YT Y AR (2 2 ) AR (wp,wy ) >
and
02 < AL(XT, X )AR (YY1 )A®(Z,2,) > = (2.5)
B /dZWLdWIdZWMKi?—a(XJFaWL?WLWuJXL) < AT, W )AT (W, )AR (YL )AR (2,20 >
and different expressions for the correlator of four Reggeon fields

< AR W )AT (YT, Y )AR(Z, 2 ) AR (W, ) > = (2.6)
= 10%%5(x") (W )Do(Wy, Wy ) < ATLA® > +15%%25(x")d(2 )Do(W,,21) < ATA® >

or

< AT (X, WA (YT Y )AR(Z, 2 ) AR (W, Wy ) > = (2.7)
= 15(x")8(wy ) DM (W Wy ) < ATA® > +15(xT)0(Z )D¥®2(w) 7)) < AZA® >

we obtain different answers for the correction to the usual Reggespagator. The functiondg
andD in the expressions are usual bare and full propagators of regggireas:

<AL (XX )A (Y yL) >=18(xT) 8(y ) 8% D(x,y1) (2.8)
whereas the following correlator can be considered as correction totredator above:

< '@i(x+7x_7XJ_)Ail(y_ayJ_) >= Ig—ial(x+ax_7XJ_;y_7yL) . (29)
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Now, for the different representations of the four reggeon correl&m. (2.6) and Eq. (2.7), the
different answers for th&?® correction are obtained. We have correspondingly:

i i 2 5aa @)Y dy N
G (p, pL,poXY) = > (1 — Y /0 yy(e Y- 1)) (6% —Gol)
1

and

. aay —2&(p?)Y - -
gj:al(p+’ P, pi;x_;Y) — 20 (ee(pi)Y . 92£(pi)Y _ / L dy (e—y _ 1) (G_,Oo _ GO_XQ)

2

P ey Y
2.11)
where
asN ) p2
e(p?) =~ 3o [ A (2.12)
4 ki(pj__kj_)z

is the trajectory of the propagator of reggeized gluons. The new patgagf reggeized gluons
now acquires the following form:

DP(x ", x ", Xyt Yy, yeY) = DXL,y Y) + GER (X X Xy YL Y) 90 (X xsy Ty YY),
(2.13)
with 2% as a correction corresponding#. field in Eq. (2.3).

3. Conclusion

The formalism of the Lipatov’s effective action, based on the notion of ¢lggeization of
the main QCD degrees of freedom, is a powerful tool applied for the céilmagaof amplitudes
of different physical processes in high-energy QCD, see [7, B main "brick" of the approach
is the Eq. (2.8) propagator of reggeized gluons, which form was olataimaay years ago, [9]. In
the contribution we demonstrate that the approach formulated as RFT mowiddinear unitarity
corrections to the propagator which are not related to the propaga#jgstory, Eq. (2.12), but
which are non-linear in their origin. Namely, the important future of the boginessions Eq. (2.10)
and Eq. (2.11) is that they contribute to the final propagator with the sigasitepto the sign of
perturbative terms obtained from the expansion of the exponential withafeetory function at
the each perturbative order. It means that these corrections areyumikes but the unitarity of
the propagator is achieved by adding of the non-linear terms to the usyagator and not by the
perturbative corrections to the gluon’s trajectory, it is also a new restiiedormalism. It turns out
also that the expressions obtained are depend as well on the longituatindinates that violates
the only transverse coordinates dependence of the usual Eq. (@@gator. The change of the
propagator’s form, in general, depends on the way of truncaton ofi¢h@rbhy of the correlators,
it is more drastic if we account the one loop QCD correction in the expres$&iorihe three and
four Reggeon correlators, see Eq. (2.10) in comparison to Eqg. (2.11).
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