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PERIPHERICAL PROCESSES 2! 3 and 2! 4 IN QEDAND QCD IN p(�p)p HIGH-ENERGY COLLISIONSA. I. Ahmadov a;b*, Yu. M. Bystritskiy a**, E. A. Kuraev a***aJoint Institute for Nu
lear Resear
h141980, Dubna, Mos
ow Region, RussiabInstitute of Physi
s, Azerbaijan National A
ademy of S
ien
esAZ-1143, Baku, AzerbaijanRe
eived January 24, 2011Di�erential 
ross se
tions of pro
esses with high-energy p(�p)p 
ollisions � 
reation of a s
alar, a pseudos
alarand a lepton pair � are 
onsidered in the Weizsä
ker�Williams approximation in QED in the QCD framework,pro
esses with 
onversion of the initial proton (antiproton) to fermioni
 jets a

ompanied with one gluon jetand the state of two gluons and a quark�antiquark pair (without a rapidity gap) are 
onsidered in the frameworkof the e�e
tive Reggeon a
tion of Lipatov's theory. The pro
ess of 
reation of a Higgs boson a

ompaniedwith two fermioni
 jets is 
onsidered. The azimuthal 
orrelation in the pro
ess of two gluon jets separated bya rapidity gap is investigated. The gluon Reggeization e�e
ts are taken into a

ount. Some distributions areillustrated by numeri
al 
al
ulations.1. INTRODUCTIONMotivation of this paper is the 
onstru
tion of re-alisti
 formulas and the estimation of the 
ross se
-tion with 
reation of two jets in the proton (antipro-ton) fragmentation regions and one or two additionaljets in a multi-Regge kinemati
s. Appli
ation of QCDmethods to the des
ription the peripheri
al pro
essesin the high-energy proton (antiproton)�proton s
atte-ring is based on the proof of the gluon Reggeizationphenomenon, whi
h was done in Refs. [1℄ in 1973-1976.For this, we use the e�e
tive Regge a
tion [2, 3℄ of 
on-version of two Reggeized gluons R to some set of realparti
les P;Q (one and two gluons separated by a rapi-dity gap, two gluons or a quark�antiquark pair, withoutrapidity gap and a s
alar (Higgs) meson).The paper is organized as follows. After a short re-view of QED pro
esses in Se
. 2, we 
onsider pro
essesof a single and two gluon produ
tion in Se
. 3 and a lep-ton pair produ
tion in Se
. 4, assuming the absen
e ofa rapidity gap between the 
ouple of parti
les 
reatedin the pionization region. Measuring these pro
esses*E-mail: ahmadov�theor.jinr.ru**E-mail: bystr�theor.jinr.ru***E-mail: kuraev�theor.jinr.ru

provides the possibility to 
he
k the RRP;RRPP , andRRq�q verti
es of a e�e
tive Regge a
tion theory [3℄. InSe
. 5, the azimuthal 
orrelation between two gluon jetsseparated by some rapidity gap is 
onsidered. In Se
. 6,the produ
tion of a quark�antiquark pair is 
onsidered.In Se
. 7, the Higgs boson produ
tion is 
onsidered. Inthe Con
lusion we dis
uss the main topi
s of our ap-proa
h and give the results of numeri
al 
al
ulations.2. QED PROCESSESIn the early 1970s, the pro
esses of 
reation of someset of parti
les were intensively studied [4, 5℄. A diffe-rent me
hanism of pair produ
tion in ele
tron�positron
ollisions was 
onsidered. The relevant formulas 
anin prin
iple be applied to proton�proton (antiproton)
ollisions. Produ
tion of some set of parti
les in thepionization region in high-energy p(�p)p 
ollisionsp(�p) + p! p(�p) + p+ F (1)is des
ribed by (see [3, 6℄)732



ÆÝÒÔ, òîì 140, âûï. 4 (10), 2011 Peripheri
al pro
esses 2! 3 and 2! 4 : : :p1p2 q1k p01p02q��q+ p1p2 q1q2 p01p02P; Sà b 
P; S P; SFig. 1. Feynman diagrams for 
reation of two jets (a) and one jet (b) by two Reggeized gluons, 
reation of P - and S-mesonsby two-Reggeized gluons (
)�s1d�ds1 �pp!ppF = � �2��2 ln2� sM2p � f �s1s ����

!Ftot (s1)�1 +O� 1ln(s=M2p )�� ;f(z) = (2 + z)2 ln 1z � 2(1� z)(3 + z); (2)where s1 is the invariant mass square of the produ
edset of parti
les F .In the 
ase where a lepton pair is 
reated outsidethe proton fragmentation regions, the 
ross se
tion ofthe pro
essp(p1) + p(�p)(p2)! p(p01) + p(�p)(p02) ++ �+(q+) + ��(q�) (3)(see Fig. 1a) has the formd�p�p!l�lp�p = 2�4� d2q1d2q2d2k1dx�3 �� d�1�1 q21q22(q21 +M2�21)2(q22 +M2�2)2F; (4)where M is the proton mass,s� = �
�1x(1� x) ; 0 < x = �2�1 < 1; �1 � 1; (5)
 = m2 + q22 + q21x+ 2q1 � q2x; (6)
1 = m2 + (k2 � q2)2 + q21x+ 2q1 � (q2 � k2)x; (7)q21q22F = q22q21

1 � x�x
2
21 �� �(q21 + 2q1 � q2)(q22 � 2k2 � q2) ++ 2(q2 � q1)(m2 + k22)�2 : (8)Here m is the lepton mass, x1 = 1 � �1 � 1 and �q1are the energy fra
tion of the s
attered proton and its

momentum transverse to the initial proton dire
tion p1(the 
enter of mass of the initial parti
les understood),1 + � � 1, q2 are similar quantities for the s
atteredproton (antiproton),x�1 + m2 + k21s�1x ; �k1and (1� x)�1 + m2 + k22s�1(1� x) ; k2 = q1 � q2 � k1are the 
orresponding quantities for negative and po-sitive 
harged leptons from the pair 
reated; m is themass of the 
reated parti
le.For the two-photon pro
esses with 
reation of apseudos
alar and s
alar parti
le, we use the 
orrespon-ding subpro
ess
(q1; �) + 
(q2; �)! P (S)(see Fig. 1b,
) with matrix elements des
ribed in termsof triangle Feynman loop diagrams with quarks as in-ternal fermions:M

P = 2�NP gp�mq (q1e1q2e2)IP ;(q1e1q2e2) = ���
�q1�e1�q2
e2� ;M

S = 2�NSgS�mq [(q1q2)(e1e2)� (e1q2)(e2q1)℄IS ; (9)where e1;2(q1;2) are the polarization ve
tors of photonsand NP;S are the 
olor fa
tors:NP = N
�49 � 19� = 1;NS = N
�49 + 19� = 53 : (10)733



A. I. Ahmadov, Yu. M. Bystritskiy, E. A. Kuraev ÆÝÒÔ, òîì 140, âûï. 4 (10), 2011Performing the loop momentum integration, we obtainIP;S = 1Z0 dx 1Z0 y dydP;S (1; 1� 4y2x(1� x));dP;S = 1� y2x(1� x)M2P;Sm2q �� y(1� y) �x q21m2q + (1� x) q22m2q � ; (11)
where MP;S and mq are the masses of the produ
edparti
les and the quark mass. We 
an use the Goldber-ger�Treiman relation gPmq = 1F� ;with F� = 93 MeVbeing the de
ay 
onstant of a 
harged pion, and a si-milar relation gSmq = 1F� ;F� � F�:In inserting these matrix elements into the matrixelement of 2! 3 the pro
ess, the 
ombinationM

F (e1 ! p1; e2 ! p2)=s = m

Fis used. We obtainm

P = �NP�F� [q1;q2℄zIP ;m

S = �NS�F� (q1;q2)IS ; (12)where we 
onsider the four-momenta of the virtual pho-tons to be essentially transverse two-
omponent Eu-
lidean ve
tors:p1 � q1;2 = 0; q21;2 = �q21;2 < 0:The 
ross se
tions of the pro
esses of a single mesonprodu
tion in the pionization region ared�pp!ppP = 2�4� d�1�1 dN1dN2CP sin2 �;d�pp!ppS = 2�4� d�1�1 dN1dN2CS 
os2 �; (13)where � is the azimuthal angle between two-dimensio-nal ve
tors q1 and q2,CP = ����NPF� IP ����2 ; CS = ����NSF� IS����2 ; (14)

and the Weizsä
ker�Williams enhan
ed fa
tors aredN1 = q21d2q1(q21 +m2p�21)2 ;dN2 = q22d2q2(q22 +m2p�22)2 ;js�2�1j =M2P;S + (q1 + q2)2: (15)We use the expression of the squared four-ve
tors ofmomenta transferred to the a lepton pair:q21 � �(q21 +m2p�21);q22 � �(q22 +m2p�22): (16)These fa
tors, being integrated, produ
e the �large lo-garithmi
� fa
tors1� Q2Z0 dN1 = ln q2m2p�21 � 1; m2p � Q2 � s: (17)3. QCD PROCESSES. CHECK OF RRPVERTEXUsing Gribov's pres
ription for the Green's fun
tionof the ex
hanged gluon in the pro
essp(�p)(p1) + p(p2)! jet(X1) + jet(X2);we express the matrix element in formMpp!j1j2 = 4��sq2 hX1jJ�tajp1ihX2jJ� tajp2i �� 2sp�2p�1 = 8��ssq2 �a1�a2 ; (18)�a1 = 1�s� hX1jJqtajp1i;�a2 = 1s� hX2jJqtajp2i; s = (p1 + p2)2 �M2p ; (19)where ta are generators of the 
olor SU(N) group, andwe use the gauge 
onditionsq�hX1;2jJ�jp1;2i = 0and the Sudakov parameterizationq = �p2 + �p1 + q?for the four-momentum of the ex
hanged gluon.Quantities (�s�) and s� 
an be interpreted interms of the invariant mass squared of fermioni
 jets
reated by the initial protons:(p1 � q)2 �M21 � �q2 � s�; (20)734
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Fig. 2. Feynman diagrams of a single-gluon jet and a Higgs boson (a), quark�antiquark jets (b), two-gluon jets (
), twogluons separated by a rapidity gap (d)(p2 + q)2 �M22 � �q2 � s�: (21)As was shown in Refs. [7℄ the phenomenon of Reggeiza-tion of gluon Green's fun
tion o

urs in the kinema-ti
s s � jq2j whi
h amounts to repla
ing the ordinarygluon with the Reggeized gluon with the same quantumnumbers ex
ept of the �moving� gluon spin (its Reggetraje
tory). The matrix element of pro
esses with aReggeized gluon ex
hange a
quire the Regge fa
torR = � ss0��(q2) ;where �(q2) = 1� �0q2is the traje
tory of the gluon Regge pole (spe
i�ed be-low).The matrix element of the 
reation of an additionalgluon has the form (see Fig. 2a)MPP!j1j2g = s (4��s)3=2q21q22 hX1jJq1tajp1i�s�1 �� hX2jJq2tbjp2is�2 fab
C�e
�(k); k = q1 � q2; (22)

with C� = n��n�+����; n� = 2p1ps ; n+ = 2p2ps ;n2+ = n2� = 0; n+n� = 2;whereC� = 2 �(n�)� �q+1 + q21q�2 � ++ (n+)� �q�2 + q22q+1 �� (q1 + q2)�� (23)is the e�e
tive vertex of 
onversion of two Reggeizedgluons to a real gluon, with the propertiesC�(q1; q2)(q1 � q2)� = 0; C2� = 16q21q22(�q+1 q�2 ) ;(q1 � q2)2 =M2g = �q+1 q�2 � (q1 � q2)2: (24)In the framework of the fermion-jet model, we repla
ethe set of parti
les 
onsisting of the jet developed bythe initial proton with an on-shell proton and addi-735



A. I. Ahmadov, Yu. M. Bystritskiy, E. A. Kuraev ÆÝÒÔ, òîì 140, âûï. 4 (10), 2011tionally modify the vertex of its intera
tion with the(Reggeized) gluon,hX1jJ�tajp1i = Ja� = �u(p01 + P1)taV�u(p1);V� = 
� � p�2q1p2 q̂1; (25)where the following notation entersâ � a�
�:This vertex fun
tion obeys the gauge 
onditionJ�1 q�1 = 0:We also have 1sJa�p�2 = 1�s�1Jaqa1 ;Z d(s�1) d
1X�Ja�p�2s ��Jb�p�2s � == 12Æab 2q21�M2 + q21 ; (26)where d
1 is the phase volume of the proton jet de�nedin (29) and �M is the average value of the invariant massof the proton jet and the summation goes over initialparti
les spin proje
tions.For the matrix element squared averaged over the�nal states in the fermion-jet model we obtainZ d(s�2) d
2 Z d(s�1) d
1X jM j2 = s226�3�3sq21q22 �� N(N2 � 1)M2g + (q1 � q2)2 q21M2 + q21 q22M2 + q22 : (27)Considering the phase volume of the pro
essp(�p)p! j1j2Fwe introdu
e two auxiliary variables the four-momentaof the ex
hanged gluonsZ d4q1d4q2Æ4(p1 � q1 � p01 � P1)�� Æ(q2 + p2 � p01 � P2) = 1: (28)We then haved�3 = (2�)�2d4q1d4q2d
1d
2d
j ; (29)d
1 = d3p012"01 Yi d3ri2"i(2�)3 Æ4(p1 � q1 � p01 � P1);P1 =Xi ri;

d
2 = d3p022"02 Yi d3vi2"i(2�)3 Æ4(p2 + q2 � p02 � P2);P2 =Xi vi;d
j =Yi d3li2"i(2�)3 Æ4(q1�q2�Pj); Pj =Xi li: (30)Usingd4q1d4q2 = s2d�1d�1d2q1 s2d�2d�2d2q2 == �24s d(s�1) d(s�2)d�1�1 d(s�2�1)d2q1d2q2�2 ; (31)we write d�3 in the formd�3 = 127�3s d�1�1 � d�1 � d�2 � d�g d2q1d2q2�2 ;d�1;2 = dM21;2d
1;2; d�g = dM2g d
j : (32)In the fermion-jet model approximation, we obtaind�(3) = (2�)�5�24s d�1�1 d2q1d2q2�2 : (33)For the 
ross se
tion of the pro
esspp! j1j2jg ;we obtaind� = �3s16M2g N(N2�1)R2dL1I(�); dL1 = d�1�1 ; (34)R2 = �s1s0�2(�(�q21 )�1)�s2s0�2(�(�q20)�1) �� �ps [GeV℄��4�s� q2 [GeV2℄ ; (35)I(�) == 1Z0 1Z0 dx1d2(x1+�)(x2+�)p(1+x1+x2)2�4x1x2 ;� = �M2M2g : (36)The fun
tion R2 is tabulated in the Table, the fun
tionI(�) is plotted in Fig. 3.736
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esses 2! 3 and 2! 4 : : :Table. Estimation of the gluon reggeization fa
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Fig. 3. I(�) (see (36)) for the pro
ess pp! j1j2jg4. QCD PROCESSES. CHECK OF RRPPVERTEXWe now 
onsider the pro
ess of the 
reation of twogluons not separated by a rapidity gap,p(p1) + p(p2)! jet1(X1) ++ jet2(X2) + g(k1) + g(k2): (37)For the 
ase of produ
tion of two parti
lesRR! a(k1) + b(k2)(with no rapidity gap between a and b), we obtain thephase volumed�4 = 1211�5 dxx�x d2q1d2q2d2k1�3 (38)withki = bip1 + aip2 + k?; x = b1�1 ; y = � a1�2 :The di�erential 
ross se
tion of ab pair produ
tion

(ab = gg; q�q) in the fermion-jet model 
an be writtenasd�pp!j1j2ab = �4s26�dLR2 dxx(1� x) d2k1� �� d2q1d2q2�2 �ab; �ab = P jMRRabj2q21q22 : (39)The expli
it expression for �gg is [3, 8℄ (withMRRgg ==MRRPP ): �gg = P jMRRPP j2q21q22 :It was obtained in Refs. [2; 3; 7�9℄ thatX jMRRPP j2 = G1(a�1�2(k1; k2))2+G2
��0 (k1)�� 
��0(k2)a��(k1; k2)a�0�0(k2; k1) + (k1 $ k2); (40)where G1 = (fd1d2rf
dr)2 = N2(N2 � 1);G2 = fd1d2rf
drfd2
rfd1dr = �12N2(N2 � 1); (41)the proje
tion operator is
��0 (k) = �g?��0 � 2k2 k�?k�0?; (42)anda�1�2(k1; k2) = 4 �1t q�1? q�2? � 1�q�1? �k1 � x�xk2��2 ++ 1�q�2? �k2� �yy k2��1 �xq22�k21 k�11 k�21 � �yq21�k22 k�12 k�22 �� 1� �1 + tx�xk21� k�11 k�22 + 1�k�11 k�22 � 2Dg�1�2? � ; (43)withD = 1+ t�+�xk21tx +1� h �xxk21�x�xk22i+q21� �y+q22� x: (44)Using the relationssaibi = k2i +m2; (45)q = q1 � k1 = q2 + k2; t = q2; � = (k1 + k2)2;t = �(q1 � k1)2 � �xxk21; � = 1x�x (�xk1 � xk2)2;we 
an verify that the gauge 
onditionsDjq1!0 = Djq2!0 = 0; (46)a�1�2(k1; k2)jq1!0 = 0;a�1�2(k1; k2)jq2!0 = 0;8 ÆÝÒÔ, âûï. 4 (10) 737



A. I. Ahmadov, Yu. M. Bystritskiy, E. A. Kuraev ÆÝÒÔ, òîì 140, âûï. 4 (10), 2011are satis�ed. Due to the gauge properties of a�1�2 , thequantity �gg is �nite as q1;q2 ! 0, whi
h provides the
onvergen
e ofIgg(k1) = 1�2 Z d2q1d2q2(q21 + �M2)(q22 + �M2)�gg ; (47)whi
h is presented in Fig. 4a.5. AZIMUTHAL CORRECTION IN THEPROCESS OF CREATION OF TWOGLUON-JETS, SEPARATED BY ARAPIDITY GAPWe now 
onsider the pro
ess of two-gluon produ
-tion, with the gluons separated by a rapidity gap.The 
orresponding matrix element 
ontains three gluonRegge fa
torsR3 = �s1s0��(q1)�s2s0��(q2)�s3s0��(q3)with the momenta of ex
hanged gluonsqi = �ip2 + �ip1 + q1?;s1 � �s�2; s2 � �s�3�1;

s3 = s�2;1� �1 � �2 � �3; 1� �3 � �2 � �1;s1s2s3 = [M21 + (�q1 � �q2)2℄[M2 + (�q2 � �q3)2℄s; (48)where M21 ;M22 are the invariant squared masses of the
reated gluon jets.The matrix element has the formMpp!j1j2jg1 jg2 = s(4��s)22q21q22q23 hX1jJq1tajp1i(�s�1) �� hX2jJq2tbjp2is�3 �� fad
1fbd
2C�(q1; q2)e
1� C�(q2; q3)e
2� : (49)The phase volume of the pro
esspp! j1j2jg1jg2
an be written in the form (in the fermion-jet model)d�4 = (2�)�8�38s d�1�1 d�2�2 d2q1d2q2d2q3�3 : (50)For the 
ross se
tion, we obtaind�pp!4j = 4�4s� dL1�Y d�q21d�q23(d'=2�)(d2q2=�)R3N2(N2 � 1)(�q21 + �M2)(�q23 + �M2)(M2g1 + (�q1 � �q2)2)(M2g2 + (�q2 � �q3)2) ; (51)withM2p1 = �s�1; M2p2 = �s�3; M2j1 = �s�2�1;M2j1 = �s�3�2; L1 = ln s�1M2 ;�Y = ln �1�2is the rapidity gap of gluon jets.For the azimuthal 
orrelation, (performing the in-tegration over d2q2 and setting)M2g1 =M2g2 =M2gwe obtain2�d�pp!j1j2jg1 jg2dY d' = L1�0F ('); L1 = ln s�1M2 ;Y = ln �1�2 ; �0 = 4�4s�M2g N2(N2 � 1); (52)

F (') = 1Z0 dx1x1 + � 1Z0 dx2x2 + � (z);z = x1 + x2 � 2px1x2 
os'; (53) (z) = 2pz(4 + z) ln p4 + z +pzp4 + z �pz ; � = �M2M2g :The fun
tion F (') is plotted in Fig. 5.6. THE pp! jjq�q PROCESS. CHECK OFRRqq VERTEXThe matrix element of the subpro
ess of 
onversionof two Reggeized gluons into a quark�antiquark pair(see Fig. 2
)R(a; q1) +R(b;�q2)! q(k1) + �q(k2) (54)is des
ribed by two di�erent me
hanisms: dire
t inter-a
tion and the produ
tion of a gluon with its subse-quent 
onversion into the quark pair [10℄Mq�q = �u(k1)[Atatb �Btbta℄v(k2); (55)738
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Fig. 4. Values Igg (47) (a) and Iqq (61) (b) as fun
tions of the transverse momentum modulus jk1j of one of the gluonsin the produ
ed gluon pair in the 
ase where M1 = M2 = 1 GeV, x = 0:2, and y = 0:3with ta being the generator of the 
olor SU(N) groupin the fermion representation,Xa (t2a)2 = I N2 � 12N ;Xa;b Tr (tatbtatb) = �N2 � 14N ;Xa;b Tr (tatatbtb) = (N2 � 1)24N ; (56)
and [9, 8℄A = 
� q̂1�k̂1�m(q1�k1)2�m2 
+� 1q2 Ĉ; 
� = n��
�;B = 
+ q̂1�k̂2�m(q1�k2)2�m2 
�� 1q2 Ĉ; q = k1+k2; (57)where m is the quark mass and the four-ve
tor C� de-s
ribes the 
onversion of two Reggeized gluons into theordinary gluon whi
h was given in (23). The gaugeproperties ofMq�q , i. e. its vanishing in the limit q1 ! 0as well as in the limit q2 ! 0 
an be seen expli
itly.These properties provide 
onvergen
e of the relevantintegrals over q1;2. We obtain�q�q = 4M4q�qq21q22 [N1(SA + SB)� 2N2SAB ℄;N1 = (N2 � 1)24N ; N2 = � (N2 � 1)4N ; (58)M2q�q = 1x�x [m2 + (k1 + x(q2 � q1))2℄ (59)with SA = 14Sp(k̂1 +m)A(k̂2 �m) ~A;

SB = 14Sp(k̂1 +m)B(k̂2 �m) ~B;SAB = 14Sp(k̂1 +m)A(k̂2 �m) ~B; (60)where we have used the notation~A = 
0Ay
0; ~B = 
0By
0;Ay and By are the Hermitian 
onjugations of A andB. We note that the value �q�q is �nite in both limitsq1 ! 0 and q2 ! 0.The result of numeri
al integration ofIqq = Z d2q1d2q2�2 M4�q�q(M2 + q21)(M2 + q22) (61)is presented in Fig. 4b.The 
ross se
tion of the pro
esspp! j1j2q�qisd�pp!j1j2q�q = �4s26�M2 d2k1�M2 dxx(1� x) Iqq d�1�1 �R2: (62)7. HIGGS BOSON PRODUCTIONWe assume the Higgs boson to be produ
ed in 
ol-lision of two Reggeized gluons through the intermedia-te heavy top quark�antiquark state. By analogy withQED, we have the matrix elementMpp!j1j2H = ��sq21q22 2�sNgH�mt Isq1 � q2 �� hX1jJq1tajp1i�s�1 hX2jJq2tajp2is�2 : (63)739 8*
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Fig. 5. Azimuthal 
orrelation of two-gluon jet pro-du
tion with the gluons separated by a rapidity gap(see (53))For the di�erential 
ross se
tion, we obtaind�dL = �0
; �0 = �4sN2(N2 � 1)29�3m2t jIsj2;
 = Z d2q1d2q2=�2( �M2 + q21)( �M2 + q22)R2 (64)with Is ����MHmt ����2 ; q21m2t ; q22m2t ! � Is(0; 0; 0) = 13 :The quantity 
 turns out to be small, 
 � 10�2 for�s=� = 0:1, ps � (103�104) GeV. Hen
e, the diffe-rential of the Higgs boson rapidity 
ross se
tion �0 israther small: 
�0 � 1 fb, ps = 14000 GeV.8. DISCUSSIONWe have 
onsidered the 
hannel of peripheri
al pro-
esses with 
reation of some state in s0, 
alled the pio-nization region in proton (antiproton)�proton 
ollisionsat high energies. We assume that the initial�state pro-ton (antiproton) develops the protoni
 (antiprotoni
)jets resulting from the intera
tion of the initial proton(antiproton) with a Reggeized (
olored) gluon.The �Reggeization� of a gluon, i. e., the repla
ementof the Green's fun
tion of the ex
hanged gluon by theex
hange of a Regge pole with gluon quantum numbersex
ept the spin, whi
h is repla
ed by the gluon Reggetraje
tory �(q2) = 1 + �sq2� Z d2kk2(q � k)2 ; (65)

was proved in Ref. [1℄. The gluon Regge traje
toriessu�er from infrared singularities, whi
h 
an be regula-rized by introdu
ing a �
titious gluon mass m:k2 ! k2 +m2; (q � k)2 ! (q � k)2 +m2:It was shown in Refs. [11℄ that the singular dependen
eof the gluon mass disappears in an experimental set-upwith the emission of (arbitrary) �real� gluons, also ha-ving a mass. This means taking the inelasti
 pro
esseswith 
reation of so-
alled �mini-jets� into a

ount in themulti-Regge kinemati
s. In this way, the expression forthe 
ross se
tion in terms of a Pomeron-pole ex
hangewas developed. The 
orresponding forward s
atteringamplitude was shown in [1℄ to obey the so-
alled BFKLequation.The statement of gluoni
 �mini-jets� is 
urrentlysomewhat problemati
. A

ording to 
ommon know-ledge, the gluon 
olor must manifest itself in developinga hadroni
 jet 
onsisting of pions.In this paper, we used the theoreti
al result aboutthe existen
e of a gluon traje
tory and used the phe-nomenologi
 approa
h in des
ribing its form as [12℄�(q) = 1� �s� q2q20 C; q2 = �q2 < 0;q20 � 1 GeV2; C � 1: (66)We also used some simpli�ed version of generalized par-ton distribution (GPD) des
ribing the intera
tion of aReggeized gluon with proton (antiproton) and 
onver-ging it to a proton jet.The main feature of this �fermion-jet� model 
onsistin absen
e of evolution e�e
ts, whi
h is the essentialpart of GPD approa
h. Simultaneously applying theBFKL and evolution me
hanisms seems to su�er fromdouble 
ounting.The Regge fa
tor written in the form (su

essivetwo-Reggeon and three-Reggeon ex
hanges)R2 = �s1s0�2(�(q1)�1)�s2s0�2(�(q2)�1) ; (67)R3 = �s1s0�2(�(q1)�1)�s2s0�2(�(q2)�1) ���s3s0�2(�(q3)�1) ; (68)where s1s2 =M2F s; s1s2s3 =M21FM22F s;740



ÆÝÒÔ, òîì 140, âûï. 4 (10), 2011 Peripheri
al pro
esses 2! 3 and 2! 4 : : :and M2F is the invariant mass 
reated in pionizationregions, turns out to be a rather e�
ient suppressionfa
tor. In Refs. [13℄ the of gluon Reggeization e�e
tswas omitted.In Ref. [14℄, the pp ! ppH 
hannel of Higgs bosonprodu
tion was investigated. Here, the ex
hange by atleast two (parallel) (Reggeized) gluons must be appliedto provide a 
olorless ppH �nal state. Introdu
ing theSudakov-type formfa
tors also seems to be illegetimate.The 
ross se
tion of Higgs boson produ
tion israther small in our approa
h, d�=dL � 1 fb, but 
anbe measured at the LHC. This result is in agreementwith those obtained in [14, 15℄. Tests of the e�e
tiveRegge a
tion theory developed in Ref. [3℄ provided bythe pro
esses of 
reation of a single gluoni
 jet and pro-du
tion of two gluons and a quark�antiquark pair in thepionization region (without a rapidity gap between the
reated gluon or quarks). In these experiments, theform of the RRP , RRPP , and RRq�q verti
es of thee�e
tive Regge a
tion 
an be tested.Measuring the azimuthal 
orrelation in the pro
essof produ
tion of two-gluon jets separated by a rapiditygap as a test of the theory predi
tion for the multi-Regge kinemati
s 
an also be realized at the RHIC orLHC.We are grateful to L. Lipatov, V. Saleev, andA. Ali for the dis
ussions and 
riti
al remarks.We a
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