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Hepryp6arusueni KX II-momepon = AAGPAKNAOHHLIE CeUYCHAR
aIpPOHOB IPW BHICOKNX DHEPTHAX

B.B.Ammcosuy, JI.I'.Jaxro, B.A.Haxonoi

ARHoTanus

C noMompi0 3aTpaBOYHOTO IOMepoHa neprypbarusroi KX /I 6rian
BHIYMCIeHH IM(ppakIMoHHEe cedeHHs paccessma pp(pp) m mp. Hc-
HoNB3yeMasd MOAENb §a3upyeTcs Ha KBAPKOBOM CTPYKType aApOHOB,
OBEeTOBOM 2KPARMPOBAHMA M S-KaHAJILHOW YHNTAPM3AIMM aMIVIATY [
paccesHUsA B aHKOHANLHOM NpUGIMKerun. IlapaMeTpH 3aTPaBOYHOrO
noMeponra P u Tpexpemxeonnan suarpamva PGG (G — peaxesosas-
HEIJ I'T100H) GUKCUPOBAJIUCH JAHHEIMYA IPHM YMEPEHHO BBICOKMX dHED-
TMfX; AN CBePXBLICOKMX 2Hepruil mamm mpejickasanus. Bemruwna
MHTEPCCHTa 33aTPABOYHOrO IIOMEePOHA HAXOAUTCA B COTMACHM ¢ HaH-
HEIMM 51 MAJIBIX & Ty GOKO HEYIPYTOTO PacCessms.

Abstract

With the bare pomeron of perturbative QCD we calculate the soft dif-
fractive cross sections in pp (or pp) and #p collisions, exploiting the quark
structure of hadrons, colour screening and s-channel unitarization of the
stattering amplitudes in the eikonal approach. Parameters of the bare po-
meron P and the three-reggeon block PGG (G is a reggeized gluon) are
fixed by the data at moderately high energies, while for superhigh energies
predictions are made. The intercept of the bare pomeron is found to be iy
remarkable agreement with the low-z 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 superhlgh
energies. A perpetual item of the agenda is the description.of the pomeron.
in terms consistent with QCD (see, for example, ref. [1] and references -
therein). Although the growth of the QCD coupling constant at large dis- .
tances prevents, generally speaking, the direct use of perturbative QCD for'
the description of soft processes, still it looks as if the pomeron, being al-
most a point-like object, provides us with an exception. In this case the
bare pomeron of perturbative QCD [2,3] seems to be an appropriate object
for use as a guide to the description of diffractive processes at high-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 momentum j. The singularity in the channel with
vacuum quantum numbers (pomeron) dominates at high energies. The
perturbative QCD-pomeron in the leading logarithmic approximation aps
pears as a composite system of two reggeized gluons while the singularity
is a set of regge-poles coming from the righthand side to the point j = 1.
(BFKL-pomeron [2]). The constraint on the intercept of the leading pole -

The BFKL-dynamics reveals itself in the stall-z deep inelastic processes;
at moderate C,?z the structure function F) should behave as z~2. The globa.l
fit- which is performed in ref. [4] and is based on the new measurements
of FZ, by ZEUS and Hl-collaborations [5] provides the valie &' = 0.3.
The numenca.l solutlon of the BFKL-equation [6] mimics 27%3 behaviour,
a.lthough it gives a larger value for A.

There are reasons to believe that a successful descnptmn of soft diffrac--
tive processes is possible' with- a pomeron whose characteristics are close
to those of the BFKL pomeron. The point is that the phenomenclogical
pomeron used at moderately high energies for the description of the diffrac-
tive processes is a small-size system (see refs. [7,8] and references therein).
This is réflected in a small value of op as well as in large masses of the’
résonances which are ca.nd:da.tes for gtueballs, Mg ~ 1.5 +2.2 GeV. As a
Vresult the integration in the gluon ladder of the pomeron is carried out over .
large momenta, where the running coupling constant «, is not large.

The attempt to work with the BFKL-like pomeron but with small A
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for the description of 7p and pp-scatterings at moderately high energies has
been made in ref. [9]. The pomeron, being a gluon ladder (fig. la), has
two types of couplings with quarks of the scattered hadron: with one quark
(fig. 1b) 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 reggeized
gluon, correspondingly, see fig. 1c). These two couplings cancel each other
at small interquark distances causing colour screening. The small size of
the pomeron reveals itself in a small magnitude for the colour screening
radius, r.;. 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
010t (7p) and o1, (pp) at /3 ~ 20 GeV [8] (040t(pp)/0tor(7p) ~ 1.6). However
the growth of the total pp/pp cross sections at /s > 30 GeV requires the
value A > 0 [9], and this depends on the necessity to take into account
s-channel rescattering processes. This procedure does not converge at small
A of the order of 0.1: the more rescatterings are taken into account the
larger the value of A needed for the input pomeron. The description of
pp and 7p diffractive cross sections oy, oer, 05" and o%ube presented in
this paper is performed with the full set of s-channel rescatterings taken
into account in the eikonal approximation: it gives A = 0.29 just as for the
BFKL-pomeron in the deep inelastic HERA experiments.

Below 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
diffractive dissociation cross sections of celliding hadrons A and B:

owi(AB) = 2/dzb/dr'@f‘(r’)dr"go%(r") [1 - exp(—-%xAB(r',r",b))] ,
0
o (AB) = /d')'b {/dr'wi(r')dr'%p%(r") [1 - exp(-—-;-x,w(r',r”,b))]}
@)
T (AB) +ou(AB) = [ & [ ar(ar GE ) @)
[t e (a0 | [1 - s (=gcanti ).

Tup(AB) = 0u(AB) + o355 (AB) + 055 (AB) + 053" (AB) = (4)
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The last expression, oyp(AB), stands for full hadron diffraction. Here
dro? p(r) are the quark densities of colliding hadrons 4 and B which depend
on the transverse coordinates:

droi(r) = dryd®ra6* (7 + #a)pl(r1. 1),

—
<t
~—

drop(r) = d*ridPryd®ra* (71 + 7 + )5 (r1. 2. 73);

r; is the transverse coordinate of a quark, and the wave function squaved %
has been integrated over longitudinal variables. The profile-function y 4p
corresponds to the interaction of quarks via pomeron exchange as follows:

xag(r', v b) = /db’db"b?(b =+ UYSA . )Se(" "), (6)
Functions S, g stand for the pomeron-quark interaction; they are deter-

mined by the diagrams with different couplings of the BFKL-pomeron with
quarks as is written below:

. P -, - P +F o= )2 a
Se(7,B) = p(b— ) + plb — 7)) — 2p(b — = 5 ) exp( ( ]4,,;2) ). (7))
L . . F4R Fi= )

SI,(TJ)) o E,‘zi,m/)(b - l',') — E;#A'p(b - 2 k )OXI)(—-(-—LET-")—-).

The term p(g — %) describes the diagram where the pomeron couples to one
of the hadron quarks (fig. 1h) while the terms proportional to exp(—r7;/r?,
are related to the diagram 1 ¢ with the pomeron which couples m tvm
quarks of the hadron. This diagram is a three-reggeon graph where G is
the reggeized gluon. Functions S, and S, tend to zero as |7%;| — 0: this
is the colour screening phenomenon inherent to the BFKL-pomeron. For
the sake of convenience, we perform calculations in the cins of the colliding
quarks, supposing that hadron momentum is shared equally between its
quarks. Then

[ bz P
b = ] - ’ 8
p(b) 47(G + 3a’pInsy,) xp [ 4G+ 3ol ln Sqq)] ®
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where the vertex g depends on the energy squared of the colliding quarks,
Sgq:

A
S
=g+ (ﬂ) . 9)
83

Such a parametrization of g% corresponds to the two-pole presentation of
the BFKL-pomeron with jo, = 1 and j; = 1 + A. Here and below 55 = 1
GeV2,

Now let us make comments on the formulae (1)-(4). Egs. (1)-(4) in
the case of a pion beam are obtained summing the diagrams like fig. 1d
where all the possible meson states M; and M; 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 le, and just this type of
diagrams with the quark intermediate states is reproduced by egs. (1)-(4).
Analogously the diagrams like fig.1 f are taken into account in eqgs. (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.

Egs. (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, z;. In the functions S we put z; = 1/2
for a meson and z; = 1/3 for the proton, e.g. we assume that hadron wave
functions ¢, (7, z) and ¢, (7, r) select the mean values of z; in the interaction
blocks. A wide range of wave functions is of that type, for example, the wave
functions of quark spectroscopy. But the situation with the diagram of fig.
1c is more complicated. One should perform an integration over the part of
the energy carried by reggeized gluons and pomeron: this spreads the z;’s
of the interacting quarks. However, if the intercept of the reggeized gluon
ag(0) is near 1 (it is actually the requirement of the BFKL pomeron), then
z;’s can be considered as frozen. We have checked by numerical calculations
that this assumption works at 0.8 < ag(0) < 1. for realistic pion and proton
wave functions. In due course, in eq. (9) we put sy, = 8/6 for mp collision
and 844 = s/9 for pp.

Egs. (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



later on.

Egs. (1)-(4) are written in the eikonal approximation for composite sys-
tems. It is well known that certain correlations 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 1d, 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 ¢- and
s-channel unitarity conditions. Attempts to solve it have been intensified
recently [12].

Let us discuss results of the calculation. Total and elastic pp (or pp)
and 7p 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 (/s = 23.7 + 1800 GeV); they are as follows:

!]5 = 7.914 mb, g? = 0.179 mb, r =0.18 fn; (10)

A =029, G=0.167(GeV/c)?, op=0.112 (GeV/c)™2.
The wave functions ¢, and ¢, are chosen to satisfy pion and proton form
factors at |¢g%| < 1 GeV? 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:

010 (pp) = 1.75 4 2.271In(s,,/50) + 0.32In%(s,,/50), (11)

Orot(p) = 4.93 — 6.191n(544/50) + 0.321n%(544/50)-
Numerical coeflicients are given in mb.

Elastic cross sections calculated with eq. (2) are shown in fig. 2b. At
superhigh energies they increase as In? s as well and can be fitted in the
form

ou(pp) = —6.13 4+ 0.797 In(s,,/50) + 0.16 In?(s,4/50), (12)

7.(7p) = 3.05 — 1.381n(s,,/s0) + 0.16 In?(5,,/50).
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We predict the following values for total and elastic cross sections at
LHC energy a0 (pp) = 131 mb, o,,(pp) = 41 mb (/s = 16 TeV). The slope
B for the elastic pp(jip) cross section da,;/dq* ~ exp(—Bg?) is shown in fig.
2e.

The ratio of the total cross sections o,((pp)/ o (7p) tends to unity at
far asymptotic energies - this is reflected at the same factors in front of In? s
in eq. (11). In this limit a4(pp)/F(pp) — 1/2. These limit magnitudes
originate hecause of the disappearance of the colour screening radins at
superhigh energies: effective colour screening radius, which is different in
pp and 7p collisions, tends to zero at asymptotic energies.

As was meuntioned above, the restoration of the pomeron signature factor
(or crossing symmetry of the amplitude) can be done easily, and this allows
one to caleulate p = Re A/Im A. The result is shown in fig. 2d: the
description of the data is quite reasonable.

Now let us discuss the process of the diffraction dissociation. There is
a problem of the definition of o because two mechanisms contribute to
the measured diffractive dissociation cross section: one is the dissociation
of the colliding hadron, see fig, 3a, and another involves partly dissociating
pomeron, fig. 3b. Egs. (3) and (4) provide the hadron dissociation only,
the calculated cross section for the proton dissociation is presented in fig. 4.
The difference of the measured value of o5 (pp) and the calculated one
provides just the cross section for the partly dissociating pomeron which is
determined by the three-pomeron diagram. Unfortunately, the extraction
of the process with partly dissociating pomeron faces a difficulty: oﬁ}}gle {(Pp)
caleulated by means of egs. (3) is very sensitive to the inner structure of
the colliding hadrons. Actually the separation of these two types of process
shonld be based on the detailed study of the M?- and #-dependence; it is
heyond our present consideration.

In conclusion, the description of 0,4, 0y and p in pp/pp and 7p collisions
has heen performed in the range from moderately high energies to super-
high energies, using the t-channel multipomeron interactions, where colour
screening is taken into account. The intercept of the bare pomeron is close
to that of the BFKL-pomeron which was found in the low-z region of deep
inelastic scattering.
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All calculations have heen performed using the program of Monte-Carlo
simulation VEGAS [14].

The authors are indebted to N.A.Kivel, L.N.Lipatov and M.G.Ryskin for
useful discussions. One of us (VVA) is grateful to R.S.Fletcher, T.K.Gaisser
and T.Stanev for the initiating discussions and hospitality during the visit
in Delaware University. This rescarch has been supported by International
Science Foundation, Grant R-10000.
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Fig.1. «) Gluon ladder diagram of the BEKL-pomeron; b. ¢) varions types
of pomeron-quark couplings; d) diagrams of soft multiple rescatterings
for the pion beam written using the language of hadron intermediate
states; the summation is performed over all allowed meson states A/
and M;: e) the same diagrams as in fig. 1d but written in the langnage
of quark rescatterings.
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Fig.2. Experimental data and calculated values for pp(fip) and mp collisions:
a) total cross sections, the data at /s > 5000 GeV are Akeno cosmic
ray experiment; b) elastic cross sections; ¢) slope parameter for pp(jip)
elastic scattering: d) p = Re A/Im 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 egs. (3)-(4).



-5 -

T F T CYryrT T T vy erriry T T T TTTTT T T

smgle
& pp(p)(PPh mb

10. -

¢
v_-—_-_‘_——//
O , ! Lt b A1) i TSN NS B W N | oA A baan i 11
10 10 103 104

VS, GeV

Fig.4. Calculated value of o%"9"(pp) for the diffraction dissociation of a
proton (the processes hke fig. 3a) and experimental data [13] where
both processes (like figs. 3 a and b) are measured.
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