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Effective action sefup

Construction of the Gauge-invariant action for the gluon-reggeon interactions local in

rapidity interval (yo — 1, yo + n) similar to the Gribov’s RFT for the calculation of the
production amplitude in the multi-Regge kinematics.

L. N. Lipatov, Nucl. Phys. B 452, 369 (1995); Phys. Rept. 286, (1997) 131.

L v . -
Seff = _/d43j (ZGMVGZL + ir [(A_|_(V_|_) - A—l—)];'_eg + (A—(V—) - A—)Jreg])

1
At (vy) = ;3:& O(xi,vi) = V4 O(xi,vi),

| 1
Jhga = @83143, O_ Ay =90, A =0,

where C'(R) is the eigenvalue of Casimir operator in the representafion R, C(R) = N in

the case of adjoint representation
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Effective action: diagrammatic approach

¢ In simplest case:

) oT = peol e,

) xr

+ / /
0y = Petlin dt i

are usual ordered exponentials;
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Effective action: diagrammatic approach

¢ In simplest case:

) OT — pal dd’ et

) x

+ / /
0y = Petlin dt i

are usual ordered exponentials;

@ correspondingly there are new gluon-reggeon vertices in the action which can be used
for the diagrammatic construction of the amplitudes with gluon and reggeon fields
involved.
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Effective action: diagrammatic approach

In simplest case:

D) oT = perl e,

) x

+ / /
0y = Petlin dt i

are usual ordered exponentials;

correspondingly there are new gluon-reggeon vertices in the action which can be used
for the diagrammatic construction of the amplitudes with gluon and reggeon fields
involved.

Publications:

L. N. Lipatov, Nucl. Phys. Proc. Suppl. 99A, 175 (2001); M. A. Braun and M. I. Vyazovsky, Eur.
Phys. J. C 51, 103 (2007); M. A. Braun, L. N. Lipatov, M. Y. Salykin and M. |. Vyazovsky, Eur.
Phys. J. C 71, 1639 (2011); M. Hentschinski and A. Sabio Vera, Phys. Rev. D 85, 056006
(2012); G. Chachamis, M. Hentschinski, J. D. Madrigal Martnez and A. Sabio Vera and etc.
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Effective action approach

¢ Another form of the action:

1 . _ .
Serf = — / dt - (ZFﬁVFC/L“/ 4 otr [V+ J+(v+) — A+],;|'eg + v J (vo) — A_jreg})

1
Jg,:(Vi) = @O(ﬂvi#ﬁ)aﬁ Af
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Effective action approach

Another form of the action:

1 ) . _ _
Serf = — / d* - <ZF51/F5 + tr [V+ J+(v_|_) — A+]ﬂ'€g + v J (vo) — A_jmg])
1
JE(ve) = —— O(a*,vy) 07 AF

How we can interpret the action? Consider, for example, the transition amplitude of two
t-channel “gluons” A_, A in the finite (small) inferval of rapidity:

M_ 4 (A—gi) G(Ver) (<5iA+> :

where, correspondingly, there are the following boundary conditions to LO precision for
the interacting classical gluon fields:

Viea(yo+mn) = Ar, Voglyo—n) = A
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Effective action approach

¢ We consider the Lipatov’s effective action as gauge invariant non-linear action which
describes inferaction of the gluons with Reggeons (new degrees of freedom).
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Effective action approach

We consider the Lipatov’s effective action as gauge invariant non-linear action which
describes inferaction of the gluons with Reggeons (new degrees of freedom).

How we can independently find the form of J& (v ) currents? We assume for this current
that under a variation on the gluon fields these currents reproduce the Lipatov’s induced
currents

5 (v JE(ve)) = (Fva) jird(ve) = (Sva) 5*(va)

which posseses a covariant conservation property:

(Dxidva))” = (Deg*(va)® =0
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Effective action approach

We consider the Lipatov’s effective action as gauge invariant non-linear action which
describes inferaction of the gluons with Reggeons (new degrees of freedom).

How we can independently find the form of J& (v ) currents? We assume for this current
that under a variation on the gluon fields these currents reproduce the Lipatov’s induced
currents

5 (v JE(ve)) = (Fva) jird(ve) = (Sva) 5*(va)

which posseses a covariant conservation property:

(Dxidva))” = (Deg*(va)® =0

In fact, it is enough for the determination of J?,?(vi) currents’s form.
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Effective action approach: LO equations of moftion

¢ We look the classical solutons in the form of the following “perturbative” ansatz
(light-cone gauge v_ = 0):

Vi =AgA4] + gAilgA4] + - v = Ay + gPlgAL, v+ -0, 0- AL =0
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Effective action approach: LO equations of moftion

¢ We look the classical solutons in the form of the following “perturbative” ansatz
(light-cone gauge v_ = 0):

Vi =AlgA4L] + gAilgA4] + - v = Ay + gPlgAL, V] + -, 0- AL =0

¢ Equations of motion:

) 2
9i0"'Vay = —0;Aat, Vat = Aay,

and
(D4 (8_V7;))a = 0, vl = pbe (V4) pei (ZB_,ZUJ_> , DyU(vy) =0
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Effective action approach: LO equations of moftion

¢ We look the classical solutons in the form of the following “perturbative” ansatz
(light-cone gauge v_ = 0):

Vi =AlgA4L] + gAilgA4] + - v = Ay + gPlgAL, V] + -, 0- AL =0

¢ Equations of motion:

) 2
9i0"'Vay = —0;Aat, Vat = Aay,

and
(D4 <8_Vi))a = 0, vl = pbe (V4) pei (x_,wJ_) , DyU(vy) =0

¢ Self-consistency condition, induced current and definition of the p.; (z~, =, ) function
(third equation):

—0;0- Vi = jr. jf=-U(v;) 80 p}

similarly to CGC approach.
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Effective action approach: current’s form

® So, whatis U2® operator? From Lipatov’s effective action we have:
6 (v+ JF) =8t (v4s 0,07 AT )| = =001 tr[ T, OT, OT ] (87A])

that in the case of adjoint representation gives:

5 (vy JT) :% (0v1) tr[fa 0 f, OT] (02 Af ) = % (ovy) Ut (92 AF)
that provides
U = tr[faO f, O]
and
0; 0_ pl, = —%c‘ﬁAﬁ{, pl = %8:1 (0" A%) |

(connection with CGC approach).
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Effective action approach: RFI calculus

Bare Regge Field Theory (RFT) calculus: inserfing classical solutions in the effective action
Seff(A+, A_) =T = — / d*x (silg, Ay, A_] + gsalg, Ay, A_] + )

we obtain effective action in ferms of Reggeon fields A, and A_, this action can be
considered as generating function of the Reggeon interactions vertices:

n,m =20
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Effective action approach: RFI calculus

Bare Regge Field Theory (RFT) calculus: inserfing classical solutions in the effective action
Seff(A+, A_) =T = — / d*x (silg, Ay, A_] + gsalg, Ay, A_] + )

we obtain effective action in ferms of Reggeon fields A, and A_, this action can be
considered as generating function of the Reggeon interactions vertices:

D= 30 (Arap gl At )
n,m =20

This effective action consists a lot of parts of new Reggeon-Reggeon vertices. But, in
general, the LO precision is not enough. The non-trivial results are revealed after the
one-loop corrections calculation.
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Effective actfion approach: one loop expression

¢ We define:

Qa Qa Qa Qa Qa Qa
v, —>vicl—|—ei, v_,_—>v+cl—|—5+

and expand the light-cone Lagrangian

around the non-trivial classical solutions.
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Effective actfion approach: one loop expression

¢ We define;
U?? — ,Ugcl + 8?7 ’UEL{- — ,Ufbl—cl + 5?[_

and expand the light-cone Lagrangian

around the non-trivial classical solutions.

¢ Effective current expansion:

a cl na 1 5Uba(v+) o 7 c
J(vy) = —U+l0 b(vC )(88 pb)—§ ( e (8¢3_pa)xsim€+y—|—...
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Effective actfion approach: one loop expression

¢ where
(U2*) = trlfa G, Je Oy £y OF + tr[fe Gy fa Ox £, 07
and
ettt Gt f.GE £ 0. £ OT] 4 tr] fa G £ GE £ Oy £, OT
(Us*) = lfaGly fe Gl a0 o OF) + trl fu G, Ja Gl fo Oy fo OF) +
+ tr[fdea: fa G:_I:Fy fe Oy o OZ] + t’f’[ch;_x fa Gj:_z fa O beg] +
+  tr[faGL, fe Gy fa Ox fo OF] + tr[ fe G, fa G, fa Ox £, O, ]
with

r — 5ab + g / d4yGIyaa1 (v‘l'(y))alb = 1+ gGC—I!’_y Uty

and Green’s functions of D operators

where

Classical field —p. 11



Effective actfion approach: one loop expression

¢ Final expression for the one loop effective action:
_ 4 cl .cl a + /. .cl a 2 ra ¢ cl cl

which is functional of the reggeized gluon fields only.
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Effective actfion approach: one loop expression

Final expression for the one loop effective action:
_ / da (LYM( ey — vt T (oSl — A% (92 A )) i ln(l n G(vCl)M(vCl))
v; + +c 7 — 2

which is functional of the reggeized gluon fields only.

The interaction of reggeized gluons A, and A_ is defined as effective vertex of
interactions of reggeon fields in tfeh action:

+ - 52T
(Kgg) = Ky = (Ma 5 AP > ’
T —Y¥/AL,A_=0

we can call this vertex as interaction kernel as well. There are also other kernels, related
to< AL Ay >and < A_ A_ > propagators, in the leading order the contribufions to

these kernels are zero:
+ 4 — —
b - b _
(K§y>0 = (Kgy)o =0

Classical field —p. 12



Effective action approach: inferactions kernels

¢ The contributions to this kernel are provided by the different terms in the action which are
linear with respect to A4, A_ fields. For example, the variation of a logarithms gives:

2In(1+GM)
ab __
Thkey = ( SAT  SAD
+tr Ty Ay, A

=0

52 G 0G O0M 0G oM 62 M
§A2 §AD M §AL SAD i §Ab 5AY i GéA“ §AD
tr -y tx Ty -y Ttz +tz -y

5G S M 5G S M
— M+ G 1+G M) ! M+ G 1+G M)~ !
<5Ab_y + 5Ab_y>( + ) <5Aix + 5Aix>( + ) ]

) (1+GM)~" -

A=0
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Effective action approach: inferactions kernels

¢ The contributions to this kernel are provided by the different terms in the action which are
linear with respect to A4, A_ fields. For example, the variation of a logarithms gives:

2In(1+GM)
ab __
Thkey = ( SAT  SAD
+tr Ty Ay, A

=0

52 G 0G O0M 0G oM 62 M
§A2 §AD M §AL SAD i §Ab 5AY i GéA“ §AD
tr -y tx Ty -y Ttz +tz -y

5G S M 5G S M
— M+ G 1+G M) ! M+ G 1+G M)~ !
<5Ab_y + 5Ab_y>( + ) <5Aix + 5Aix>( + ) ]

) (1+GM)~" -

A=0

¢ Leading order contribution:

K3loy = —06%% 60y 07, = 6% 62y (8;0")
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Effective action approach: propagator

¢ For the kernel

the propagator is defined as

/d4z (k) " (Dg;)+_ — 5% 5y

or
(D), = (D22), /d4 /d4 Dab ) ((Kgfu)_Jr—(K%);Jr) (Df@
where
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Effective action approach: propagator

® The NLO kernel (well known of course):

—2, K20, = zg N / / d’py kL kﬁ— se’ ki (i —yi)
Y (2m)2 J (2m)2 p% (p1L — k1)

provides the reggeized gluons propagator equation after the Fourier tfransfrom:

- 5ab
D _
(p1,p-) = ~ 32773 /

2
P ~ /
d2]€J_ L Dab(pJ_7 k—)a
/ k2 (pL — ki)’

here we used

d4 —vp(z —y)
D(C)Lb(a:7y) - 5ab / (2 ])94 - 2
7r P4
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Effective action approach: propagator

Introduce rapidity variable y = % In (A k_), take into account the physical cut-off of the
rapidity related with parficles cluster size n, infegrate on k_ variable:

~ab 50 2 pi ~ab !
D¢ — — d d“k D¢ :
(pL,m) = = 16”3 / n / L 5 D" (p1,n)

with

2
2 — _OéSN /ko pJ_

as intercept of the propagator of reggeized gluons. Rewriting this equation as the
differential one:

8Dab(pJ_777)
an

= D (p1,m)e(®?)

we obtain the final expression for the propagator;

. sab s\ €(P7)
Dbpy,y) = o (—)
P S0

= With some rapidity inferval 0 < n < Y = In(s/sp) of the problem of inferest intfroduced.
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Conclusion:

Lipatov’s effective action provides systematical calculations of unitarity corrections to the
scatftering amplitudes at high energy in the framework of the regular QFT methods;
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The perturbation theory is based on the knowledge of the classical solutions of equations
of motion (see next talk) and loops contributions to the effective action;
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Conclusion:

Lipatov’s effective action provides systematical calculations of unitarity corrections to the
scattering amplitudes at high energy in the framework of the regular QFT methods;

The perturbation theory is based on the knowledge of the classical solutions of equations
of motion (see next talk) and loops contributions to the effective action;

Addifional source of the corrections are the Regge Field Theory (RFT) loop’s
conftributions. Lipatov’s effective action can be considered as QCD variant of RFT and

provides the base for these RFT calculations;
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Lipatov’s effective action provides systematical calculations of unitarity corrections to the
scattering amplitudes at high energy in the framework of the regular QFT methods;
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of motion (see next talk) and loops contributions to the effective action;

Addifional source of the corrections are the Regge Field Theory (RFT) loop’s
conftributions. Lipatov’s effective action can be considered as QCD variant of RFT and
provides the base for these RFT calculations;

Formulated as RFT, the Lipatov’s effective action provides self-consistent approach for
the calculations of the complex verfices (kernels) of Reggeon-Reggeon inferactions and
correspondingly corrections to the reggeized gluons propagator or any other
correlations functions of interests;
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the calculations of the complex verfices (kernels) of Reggeon-Reggeon inferactions and
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The calculations of the productions amplitudes in the quasi-mulfi-Regge kinematics can
e done in the Lipatov’s effective action frameworks as well, similarly fo the done (work in
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Classical field —p. 17



Conclusion:

Lipatov’s effective action provides systematical calculations of unitarity corrections to the
scattering amplitudes at high energy in the framework of the regular QFT methods;

The perturbation theory is based on the knowledge of the classical solutions of equations
of motion (see next talk) and loops contributions to the effective action;

Addifional source of the corrections are the Regge Field Theory (RFT) loop’s
conftributions. Lipatov’s effective action can be considered as QCD variant of RFT and
provides the base for these RFT calculations;

Formulated as RFT, the Lipatov’s effective action provides self-consistent approach for
the calculations of the complex verfices (kernels) of Reggeon-Reggeon inferactions and
correspondingly corrections to the reggeized gluons propagator or any other
correlations functions of interests;

The calculations of the productions amplitudes in the quasi-mulfi-Regge kinematics can
e done in the Lipatov’s effective action frameworks as well, similarly fo the done (work in
progress);

There are theoretical questions related to the form of the Lipatov’s action (possible
corrections to it), integrability properties and etc.
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Thanks

| am thankful to the organizers for the invitation to this conference. Special thanks to
J.Bartels for his hospitality in Hamburg where this project was inifiated.
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