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C nOMoIItblO 3aTpaBO'IHOrO IIOMepoaa nepTyp6aTimRo:i KXLI 6h1nH 

Bhl'IHcneHI:l ,l(H~paKI~HoHHbIe Ce'leHHH pacceHHHH pp(PP) :Jf. 7rp. 11c­
nonL3yeMaJI Mo~enb 6a3HpyeTcJI Ha KBapKoBoit CTpyKType a~pOHOB, 

naeTOBOM axpaHHpoBaHHH H S-KaHanLHOH yHHTapH3a~ aMnnHTY~ 
pacceJlHHJI :aaib:oHanbHoM npH6JIHjfl:eRHH. II~paMeTphI 3aTpa:aO'IHOro 
nOMepOHa PH Tpexpe,l()ReOHHaJI ~arpaMMa PGG (G - pe,n;jI\e30BaH­

HhIii rnIOOH) cjnlKCHpOBaJIHCb ,l{aHHhIMH npH YMepeBHO BhlCOKHX aHep­

rHrrx; ,n;JIJI CBepXBbICOKHX aHeprHH ,l{aBLI npe).tCK83a.HHJ1. BenHlfHHa 

HHTepCCIITa 3aTpaBO'IaOrO nOMepOHa HaXOAHTCJl B cornaCHH c ,n;aH­
HbIMH ,n;nJl MaJIhIX x r ny6oKo Heynpyroro paCceJIHHJ.I. 

Abstract 

With the bare pomerOll of perturbative QeD we ca.!culate the soft dif­
fractive cross sections in pp (or pp) and r.p collisions, exploiting the quark 
litl'ucture of hadrons, colour screening alld s-channcl unitarization of the 
scattering amplitudes in the eikonal approach. Parameters of the bare po­
meron P and the three-reggeoll block PGG (G is a reggeized gluon) are 
fixed by the data at moderately high energies, while for supcrhigh energies 
predictions are made. The intercept of the hare pomeron is foulld to be in 
remarkable agreement with the low-x data for deep inelastic scattering. 
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In the latest decade the enigmatic structure of the pomeron attracts 
much attention in the study of diffractive ;processes at high and superhigh 
energies. A perpetual item of th~ agenda. is the description ,of the potneron.. 
in terms ~onsistent with QCD (see, for example, ref. [1] and references, 
therein). Although tlIe growth of th~QCD coupling constant at large dis­
tanees prevents, generally sp'e~g, the direct use of perturbative QeD for' 
the description of softprocesses, still it looks as jfthe pomeron, being al­
most a point-like object, provides us with an exception. In thlsc8Se the 
bare pomeron Qf perturbative QeD {2,3] seems to be an appr«?,pp.ate ~bject 
for use as a guide to the description of diffractive processes at higb;and 
superhigh energies. 

The behaviour of amplitudes for hadronic diffractive processes is. de­
termined by singularities of the t-channel partial waveS in the complex' 
plane of the angular mo,nentum j. .The singularity in the cha.nilel witl\ 
vacuum quantUlll nUmbers (pomeron) dominates at high energies. The 
perturbative QCD-pOJ;r:teron in the leading logarithmic approximafiol}..ap 
pears as a composite system of two reggeized gluons while the singularity 
is a set of regge-poles coming from the righthand sjde to the point j = 1 
(BFKL-pomeron[2]). The constraint on the intercept of theleading pole. 
is: ~ :::; jO(~}ll' ~ 0.3 [3]. 

The BFKL-dynamics reveals itself in the small-x deep inelastic processes:.' 
at moderate Q2 the structure function F2 should behave as x-a. The glop~ 
fit· whiCh is performed i'h ref. (4}.and is based on. the new measurements 
of F;p by. ZEUS· ~d, Hl-collaborations [5] provides the vallie d" :::; 0.3­
The :quInerica1so1ution.of the BFl(L-equation [6] mimics x-O•3 behavi9ur, 
although it gives a larger value for ~. 

'Th~re are reasons to believe that a successful description ofBOft .dift'rac- . 
tive processes is 'possible' with,a pomeroll whose characteristics are close 
to those. of theBFKL pomeron. The point is that the phenomenological. 
pomeron used at moderately high energies' for the description of the dDfrac­
tive J?rocesses is a small-size system.;(see refs. [7,8] and referenooS therein): 
Tliis is, teftected in a smAU ftlne of tip as well as in large masses of the' 
resonanca which 8J;'ecandic:\ates for glueballs, Ma "" 1.5 -:- 2.2 GeV. As a 
're.8uIt'the integration'Pl the gluon ladder of the pomeron is carried out ov~r , 
~large momenta., ' where the running coupling constant a, is not, la.rge~ 

The attempt to work With the BFKL-like pomeron but witJt smaIl·~ 
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for the description of 1rp and pp-scatterings at moderately high energies has 
been made in ref. [9]. The pomeron, being a giuon ladder (fig. la)~ has 
two types of couplings with quarks of the scattered hadron: with one quark 
(fig. lb) and. with two of them (the last type of coupling occurs actually via 
the three-reggeon vertex PGG, where P and G are pomeron and reggeizE'd 
gluon, correspondingly, .see fig. Ie). These two couplings cancel each othE'r 
at small interquark distances causing colour screening. The small size of 
the pomeron reveals itself in a small magnitude for the colour screening 
radius. rcs. This leads to approximate fulfillment of the additive quark 
model rules, and the experimental data are fitted reasonably well. Moreover, 
colour screening effects are able to explain the deviation from additivity in 
(Jtot(7rp) and (Ttot(pp) at Va f'J 20 GeV [8] ((Jtot(pp)/(Ttot(1rp) ~ 1.6). However 
the growth of the total pp/PP cross sections at Va > 30 Ge V rE'quires the 
value ~ > 0 [9], and this depends on the necessity to take into account 
s-challnel rescattering processes. This procedure does not converge at small 
~ of the order of 0.1: the more rescatterings are taken into account the 
larger the value of ~ needed for the input pomeron. The description of 
PP and 1rp diffractive cross sections (Ttot, (Tel, (T~r;Jle and (T1Jj}le presented in 
this paper is performed with the full set of s-channel rescatterings taken 
into account in the eikonal approximation: it gives ~ = 0.29 just as for the 
BFKL-pomeron in the deep inelastic HERA experiments. 

Bdow we present first of all the formulae for the diffractive cross sec­
tions, then we make some comments on their derivation and the assump­
tions which are made. The following formulae describe total, elastic and 
diffi'active dissociation cross sections of colliding hadrons A and B: 

u,o,{AB) =2Jd'h Jdr''P~{r')lIr'''P~{r") [1 - exp (-~XAB{r" r", b))] , 

u,MB) = Jd'b {J dr' ~(r')dr"'P~{r") [1 - exp (-~XAB{r', r", b))] r(1) 

(2) 

(T~ri(/~)(AB) + (Tel(AB) = Jd2bJdrl'P~(rl)drl'P~(r")drlip~(r') (3) 

[1 - exp (-~XAB{r" r" ,b»] [1 - exp (-~XAR(f" r", bll] , 
single (AB) single (AB) double (AB)(TI/ D (AB) = (Tel (AB) + (T DD(A) + (TDD(lJ) + (TDD = (4) 
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2.I cfb .I dr' <p~(r'Jdr" 'I'~(T") [1 - exp(-~Y,'B(r', r", h)) 1 
TIl(' last expression, (1HD(AB), stands for full hadron diffradion. HpfP 

dry71,B (r) are the quark densities of colliding hadrolls A and B which (]('I)('ud 
on t.he transverse coordinates: 

(5) 

d 2() d2 d2 d2 {2(,..... ..... ..... ) 2(1'<Pp r = rl' 1'2 1'3 U 1'1 + r2 + 1'3 <PI' 1'\. r2· r:d; 

1'i is tIl(' transverse coordinatf' of a qnark, and the wav(' function sqnarpd y~\ 
ha.... been integrated over longit.udinal variables. The profil('-fundiou \IR 

corr('sponds to the int.('raction of quarks via pomerOll exchange as follows: 

Functions SA,B stand for tlH' pomeron-quark interaction; they an' df't,('r­
min('d by the diagrams with diff('r('nt couplings of the BFKL-poIIl('roll with 
quarks as is written below: 

(7) 

The te'nn p( b- rj) d('snilws tll(, diagram wherf' the pom('ron couples to OlH' 

of the' hadron quarks (fig. Ih) whilp tht' terms proportional to pxp( -rf),.2 ) 
are related to th(' diagram I (' with the pOIll('ron which coupl('s to hvo 
qnarks of the hadron. This diagram is a thrpe-reggeon graph wIU,rt, G is 
the reggpizpd gluon. Functions Srr and 8 tpml to zpro as 11~j I -t 0: this 

" Foris th(' colour screening phenomenon illher<'nt to the BFKL-poIlleron. 
the sak(' of conv(,lliencp, w(' IH'rform calculations in tll<' ems of thC' colliding 
quarks, snpposing that hadron momentum is shar('d eqnally betW('<'ll its 
quarks. Then 

h2 ]
p(b) = I? , exp - 1,.' (8)[47r(G + 2"Q p In Sqq) 4(G + 2"a" In Sqq) 



where the vertex 9 depends on the energy squared of the colliding quarks, 

9' =.% +g? (:q:)" (9) 

Such a parametrization of g2 corresponds to the two-pole presentation of 
the BFKIrpomeron with io = 1 and il 1 + Ll. Here and below So = 1 
GeV2. 

Now let us make comments on the formulae (1)-(4). Eqs. (1)-(4) in 
the case of a pion beam are obtained summing the diagrams like fig. Id 
where all the possible meson states Mi and M j are taKen into account. The 
assumption that a full set of meson states M;. corresponds to a full set of 
the quark-antiquark states leads to the diagram Ie, and just this type of 
diagrams with the quark intermediate states is reproduced by eqs. (1 )-(4). 
Analogously the diagrams like fig.l f are taken into account in eqs. (1)-(4) 
in the case of a proton beam. 

The diffractive cross sections (1)-(4) for a meson beam were obtained 
in ref. [9], while for the proton beam the final formulae were presented in 
ref. [11]; their derivation will be published elsewhere. 

Eqs. (1)-(4) depend on the transverse coordinates of quarks, though the 
original expressions depend on the fractions of the momenta of the colliding 
hadrons carried by the quark, Xi. In the functions S we put Xi = 1/2 
for a meson and Xi = 1/3 for the proton, e.g. we assume that hadron wave 
functions 1.{J7r(r, x) and I.{Jp( r, x) select the mean values of Xi in the interaction 
blocks. A wide range of wave functions is of that type, ,lor example, ·the wave 
functions of quark spectroscopy. But the situation with the diagram of fig. 
Ie is more complicated. One should perform an integration over the part of 
the energy carried by reggeized gluons and pomeron: this spreads the x/s 
of the interacting quarks. However, if the intercept of the reggeized gluon 
G'a(O) is near 1 (it is actually the requirement of the BFKL pomeron), then 
Xi'S can be considered as frozen. We have checked by numerical calculations 
that this assumption works at 0.8 < G'a(O) < 1. for realistic pion and proton 
wave functions. In due course, in eq. (9) we put Sqq = 8/6 for 7rp collision 
and 8 qq = 8/9 for Pl'. 

Eqs. (1)-(4) can be used at small momentum transfers where real parts 
of the amplitudes are small. Hence we neglected the signature factor of the 
bare pomeron, but it can be easily restored. We shall return to this point 
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later on. 

Eqs. (1 )-(4) are written in the eikonal approximation for composite sys­
tems. It is well known that certain con-elations are missed in this procedure. 
Let us elucidate what type of correlations is taken into account and what 
is neglected in the approach being developed. Interactions of quarks of the 
same hadron and the transitions of these quarks into the excited hadron 
states are included in the diagrams of type Id, and the completeness con­
dition for the quark states results actually in multiple interactions of the 
"frozen" quark state (diagram 1 e). But the t-channel gluon interactions are 
taken into account only in the simplest .form - as a set of non-interacting 
pomeron exchanges. Including pomeron-pomeron interactions is actually 
the problem of finding a solution which satisfies SImUltaneously both t- and 
a-channel unitarity conditions. Attempts to solve it have been intensified 
recently [12]. 

Let us discuss results of the calculation. Total and elastic pp (or pfi) 
and trp cross sections are shown in fig. 2a, b. The parameters of the input 
pomeron have been obtained in the fitting procedure in a broad energy 
range (Vs = 23.7 + 1800 Ge V); they are as follows: 

g: = 7.914 mb, g~ = 0.179 mb, reB = 0.18 fm; (10) 

~ = 0.29, G = 0.167 (GeV /c)-', a'p = 0.112 (GeV /cr'. 

The wave functions tp1r and tpp are chosen to satisfy pion and proton form 
factors at Iq21 ~ 1 Ge VA in the framework of the conventional quark model. 

At high energies total cross sections calculated with the parameters given 
by eq. (10) can be fitted, within 5% accuracy, by the following expressions: 

O'tot(pp) = 1.75 + 2.27In(sqq/so) + 0.32In2(~qq/so), (11) 

O'tot(7rp) = 4.93 - 6.19In(sqq/so) + 0.321n2(sqq/so). 

Numerical coefficients are given in mb. 

Elastic cross sections calculated with eq. (2) are shown in fig. 2b. At 
snperhigh energies they increase as In2 

S as well and can be fitted in the 
form 

O'cl(pp) = -6.13 + 0.797In(sqq/so) +O.16In2 (sqq/so), (12) 

(Jd{'lrP) = 3.05 - 1.381n(Sqq/ so) + 0.161n2 
( Sqq/so), 



'Ve predict t.he following vahlf's for total and C'lastic cross sectionH at 
LHC f'llf'rgy (T!o' (pp) 131 111b, (Td(PP) = 41mh (..fH 16 TeV). The slope 
B for the elastic pp(jJp) cross section d(Td/r/(/ pxp( _Bql,) il'i shown ill fig. I"'V 

2(". 

TIl(' ratio of t 11C' total cross SC'ctiOllS (Tfot (pp) / (T/od np) tC'nds to unity at 
far asymlltotic enC'rgi('s this is rC'fipctC'd at tlIC' salIlC' factors ill front. oflnl, s 
ill ('q. (11). In this limit (Td(pp)/(Tfof(PP) -+ 1/2. Tlwsp limit magnitudes 
originatC' hecansp of thC' disappearan("C' of the colonr scrC'enillg radins at 
snpf'rhigh energiC's: effC'ctive colonr s(T('f'ning radius, which is differ('nt in 
P}) and IfP collisiolls, t('uds to zero at asymptotic cnergies. 

As was lIl('ut.ioned ahove, the r('storatioll of the pOllleron signatnre factor 
(or crossing symlllC'try of thp i-unplit.ude) call be done ('asily, and this allows 
011<' to calculate p He A/1m A. Th(' r('sldt is shown in fig. 2d: th(, 
d('scriptioll of the data is quit(' reasonabh,. 

Now let us discuss the process of th(' diffraction dissociation. There is 
a prohlem of th(' definition of (T~';11e because two m('chanisms contrihute to 
the m('asur('d diffractive dissociation cross section: one is the dissociation 
of th(' colliding hadron, 8('(' fig, 3a., and another involves partly dissociating 
pOl11('I'On, fig. 31>. EClS. (3) and (4) provide the hadron dissociation only, 
th(' caknlat('d cross s('ction for th(' proton dissociation is presented in fig. 4. 
The diffC'r('w'C' of thC' lIl('asnr('d valu(' of (T~7te(pp) and the calculated one 
provi<i('s just th(' cross section for til<' partly dissociating pomf~ron which is 
detf'rmilled hy the three-pOllH'rOn diagram. Unfortunately~ the extraction 
of th(' process with partly dissociating pom('ron faces a difficulty: (T~61e(pp) 
caklllatf'd by means of eqs. (3) is very s(,llsitive to the inner structure of 
t IH' coUieiing hadrons. Actually the s<'paration of these two types of process 
should he based on the detailpd study of the 1\1/2 - and t-dependence; it is 
beyond our present consideration. 

In conclusion, the description of (T,o/' (Tel and pin pp/pp and IfP collisions 
has heen performed in the range from moderately high energies to snp('r­
high energies, using the t-channel multipomeron interactions, wher(' colonr 
screening is taken into acconnt. The intercept of the bare pomerOll is dose 
to that of the BFKL-pomeron which was found in the low-x region. of deep 
inelastic scattering. 
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All ('ak1l1ations have been performed using the program of Monte-Carlo 
simulation VEGAS [14]. 

The authors ar(' indebt('d to N.A.Kivel, L.N.Lipatov and M.G.Ryskin for 
useful diF;cussions. One of n8 (VVA) is grateful to R.S.Fletchf'l', T.K.Gaisser 
and T.Stan('v for th(' initiating discussions and hospitality during the visit 
in Delaware Uuiversity. This res('arch has been supported by International 
Science FOlllldatioll l Grant R-10000. 
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Fig.I. (I) Ginon Iadd<'l' diagram of th(' BFKL-polll<'ron; h. c) varions tn)('s 
of pouH'roIl-quark couplings; d) diagrams of soft nmltipk r('scattf'rings 
for t 11(' pion beam writtf'n using t.hf' langnagp of hadron int,('rmt"diatp 
stat.('s; til(' summation is pf'rformed over all allowed Inc'SOIl st.at('s Jli 
ami Alj : f~) th(' samf' rliagrams as in fig. Id hut. writt(,u in tIl(' Iangllag(' 
of qnark l'('scatterings. 
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Fig.2. ExperinH'ntal data and calculated values for pp(pp) and trp collisiolls: 
a) total cross sections, the data at vs > 5000 GeV are Akf'no cosmic 
ray ('xperim(,Ilt; b) elastic cross sf'ct.ions; c) slope paramet('r for pp(PI'} 
elastk scattering; d) p Re AI1m A for pp(pp) scattering. 
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Fig.3. Examples of DD processes which are measured in the experiments: 
a) The dissociation of hadron, b) Process with the partly dissociating 
pomeron - this process has not been taken into account in eqs. (3)-(4). 
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FigA. Calcl1lated value of lT~'lfle (Pp) for the diffraction dissociation of a 
proton (the processes like fig. 3a) and experimental data [131 where 
both processes (like figs. 3 a and b) are measured. 
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