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Abstract
Starting from the gauge invariant effective action in the
quasi-mulfi-Regge kinematics (QMRK), we evaluate the effective
reggeon-gluon vertices: Rgg, RRg, RRgg., Rggg., RRggg., Rgggg
where the on-mass-shell particles g are gluons, or sets of gluons
with small invariant masses. The explicit expressions satisfying the
Bose-symmetry and gauge invariance conditions are obtained.
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Quasi-multi-Regge kinematics: notations

Process under consideration: Gluon-gluon collision in the large-/s
regime (c.m. system).

The main contribution o the total cross section stems from QMRK
of the final state particles. The final state particles compose several
groups (clusters) with arbitrary numlber of partons with fixed masses M;
(i=1,2,....n).

These clusters are produced in the multi-Regge kinematics with
respect to each other:

Pi+Pp=Q1+Q2+..+Qy,

s =2PsPp = 4E? > $; = 2Q;Q11 > |ti]| = ]qf| ,1=1,2,...n—1;
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other jets

Figure 1. QMRK: notations. n-jet production.



Leading logarithmic approximation: BFKL

"Clusters” are single gluons:
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The gluon Regge trajectory j = 1 + w(t):
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Production amplifude in the tfree approximation:
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where I' y - and I~ ! | are effective Rgg and RRg vertices.



LLA BFKL cross section grows rapidly
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One of the possible ways to unitarize LLA results—application of
Effective High-Energy Theory: gauge invariant action describing
gluon-reggeon interactions (Lipatov, NPB(1995)).



Kinematics

Infroduce the light-cone vectors:

Derivatives:

. 1 i

Oxv(p) = ~ip~o(p) , 7-v(p) = —zo(p) 07A(q) = —*Alq) , ¢

Momentum fransfers:

g1 = Pa— Py, qn—1 = Pp— Pp



The Sudakov decomposition:

qi Gn—1
— n— _
Q1ZQ1_L+777J ; qn—1 = Qgn—1, + 9 n+7q :q:_lz()

The Sudakov variables for produced particles are:

_|_ —
p, _ D;
pi:7n —1—7n+-|-pu
The reggeized gluons are offmass-shell parficles lying on Regge
frajectories. Inifial, final and produced particles are on-mass-shell

(massless) particles.



Momenitum conservation

- in the fragmentation regions:

n
Pi—q—=pr+p2+...+pn: PX:ZP;F» | < pif
i=1

Pp—qn1—p1+p2+..+pn: PB_:Zpi_v 41| < p;
i=1

- In the central regions:
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Interaction of the gluons and reggeons is described in terms of the
effective action with fields:

gluon field: v, = =T}

reggeon field: Ay = —iT*A%
T T = ifucT® , Tr(T°T°) = %5“”
Action:
S = /d4a: Lygcp + Lind]
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Induced part

Ling= LE g+ LI
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Lipatov’s Effective Lagrangian

L 02A_(z)+

o)

1
LI (vg, Ay) = —Tr{ §8+

ot

P exp (—g/ v+(:1:’)da:'+>
1 g v IN ol —

+—-0_ [73 exp (/ v_(z")dx )
g 2J -

'3§A+($)} =

.
1 1 1
=Trd |ve — guy—vy + §°Vp—V v, — ] O2A_+
\ 0., o, 0,
1 9 1 1
- qU_—U_ —v_—v_ — .| O*A
+ _v qu 8_1} + g~v 8_1} 8_1} p +}

In @MRK, momenta of reggeons are transverse —g? ~ ¢, and the
following kinematic relation is implied for the reggeon fields

8_A+ — 8+A_ — O



Induced vertices
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Figure 2. Induced Ry, Rgg, Rggg, Rgggg vertices (up to four-gluon ones).



Explicit expressions for the induced verfices:

Rg-VerTeX: AVozl: — @<O|£9R |,058Aj:(q)> _ iqi(n:t)l/oé*aoc
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Recurrent relations:
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‘ Effective vertices’ “LEGO” |
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Figure 3: Consfruction of effective Rgg ((a,b,c,d)) and RRg (e) verfices:
Induced vertices from the Lagrangian plus any allowed (within QMRK)
combination of propagators in the ¢t-channel.



Four types of Rgg vertices are possible:

e Left margin:
’Yﬁgbj (PA7 a; PA/, b; qs, C) = gfabc FVV T (PA, (]2)7
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Gauge invariance:
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For on-mass-shell particle A: P35 =0, (e(Pa) - Pa) = 0:
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e Right margin:
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o Left central:
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Figure 4. Effective vertex RRgg.
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Gauge- and Bose-symmetries:
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Figure &5: Margin Rggg right vertex.

1 €2
\/\/\/i—f

A




Figure 6: Margin Rggg left vertex.
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Figure 7. Central RRggg vertex.
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Figure 8: Margin Rgggg right vertex.
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Figure @: Margin Rgggg right vertex.
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‘ Cross sections for jet production in QMRK |

Sudakov decomposition

S
¢ =a;Ps+BiPa+4q;, , ¢, - Pa=q; -Pp=0, d*q = §d04idﬁz'd2qz'
Invariant masses of jets:

(Pa—aq1)° = M} ~ —son
(1 — 612)2 — M22 ~ —sagf

(Qn—l + PB>2 — M72;, ~ Sﬁn—l
with the QMRK-ordering:
G KK .. Ky, Bro1 K Pp2< .. <01, M ~M* < s,

s1=(Pa—q2)° ~sa=(q1 —q3)° ~ ... ~8p_1=(qn_2+ Pp)* > M?*



The differential cross section of the n-jet production:

d0_2—>njet _ SL‘M2—>n‘2dF7(7Jjet)
S

The phase volume for the n jets containing n; , i = 1, ...,n produced
particles in each jet:
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The amplitude for 2 — n:
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The differential cross section:

n—1
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with the infermediate gluons reggeization factor:

— -\ 2(w(g))—1)
H (372)



‘ Conclusions, applications and discussion |

e A systematic self-consistent approach to derivation of the Feynman
rules directly from the effective reggeon-gluon action is given; the
results are presented in a convenient form for numerical simulations.

e All vertices satisfy the Bose-symmetry and gauge invariance
conditions. The verfices of higher orders can be constructed, step
by step, using the known ones given above.

e The obtained results can be used in analysis of heavy flavors
production at high energy (e.g., Kniehl, Vasin, Saleev: PRD (2006))
and understanding of evolution, gluon saturation and unitarization
phenomena at high energy (e.g., Hatta: NFA (2006)).

e Complete results and details of derivation: NPB 721 (2005) 111,



