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1 Introduction

The modern theory of strong interactions (QCD) involves a number of unsolved
problems, for instance, the problem whether glueballs exist or not. Among them,
there is the problem of analytic properties of physical amplitudes. In a series of
papers [1], Ohme has shown that for gauge theories quantized on the basis of BRST
algebra [2] the confinement conditions can be formulated so that physical amplitudes
do possess the analytic properties and conditions of crossing symmetry established
carlier [3]. In particular, the forward mp scattering amplitude has two nucleon poles
and two cuts corresponding to direct and cross processes. The problem whether

double dispersion relations are valid or not remains still open in gauge theories.

Below, the Ohme’s result is used to construct a model of the amplitude of
scatiering of a hadron A on a proton. This model allows one to determine the quark-
gluon structure of hadrons total cross sections on the experimental basis, avoiding

controversial questions on the pomeron multicomponent structure [4-6].

2 Universal Riemann surface of the forward scat-
tering amplitude

The notion of universal Riemann surface of forword scattering amplitude for hadron-

hadron processes at high energes arises when one introduces the well known variable
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where s,u are usual Mandelstam varables and M, are the masses of colliding par-
ticles. Thresholds of any elastic hadron-hadron process corresponding to the direct
and cross reactions in the s-plane transform into the points v = 1. The thresh-

olds of all inelastic processes (direct and crossed) lie on the cuts (—co, —1], [+1, +00).



They make the Riemann surface of a scattering amplitude as a function of v infinitely-
sheeted. This property of the Riemann surface can be modelled by particular choice

of the uniformizing variable, the same for all hadron-hadron processes,
w(v) = 1/ - arcsin(v). (1)

The Riemann surface of function w(v) is just what we call the universal Riemann
surface.It has three branch points: two of the square root type in the points v = *1
and of the logarithmic type at infinity. The function w(v) is suitable for taking
account of the crossing symmetry of amplitudes of hadron-hadron scattering. We

choose the latter so that the equality
ImF4 = o + ofy" @

be valid on the upper edge of the right-hand cut of v plane; then, the condition of
crossing symmetry is:

Fi(v) = £Fs(-v). (3)

Besides, the amplitudes obey the condition of reality

1) = —Fa(v"). 4)

Tn the w-plane, a physical sheet of the v-plane is mapped into the strip |Rew| < 1/2,
whose boundaries are images of cuts of the v-plane. We call it the physical strip in
the w-plane. Nonphysical sheets of the v-plane transform into strips |Re(w £ n)| <
1/2,{n=1,2,---). This clearly demonstrates that the universal Riemann surface is
infinite-sheeted.
Let w = & + iy. Then, owing to eq. (3-4), on the boundary of the physical
strip we find
FL(1/2+ ig) = FFa(~1/2+ ). %)



Let us expand the amplitudes F+(w) into Taylor series centered at the center at the
point wo = iyo. Their convergence radius is determined by the distance from the
point wo to the nearest pole corresponding to the resonance on an unphysical sheet.
The same parameters of those expansion determine both the real and imaginary
parts of amplitudes F.(w). Below, we will use only the imaginary parts of ampli-

tudes (the total cross sections) that can be represented by the following converging
power series

) 1 2n—2 n
ImF . (1/2+1y) = Z (5) s (y),
n>1
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ImF_(1/2+14y) =Y (é) " (), (6)

n>1
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Expansions (6) satisfy equation (5). It is instructive to compare the argument of
expansions (6) with commonly used expressions, for instance: (%)%, s0 = 1GeV?

in refs. [4,6,8] and (p/20)* in ref. [9] (here after p is the momentum in the lab.

system). However, when one attempts to compare two different parametrizations of
total cross sections in the region ~ 100 GeV /c, the function In{(p/po) arises naturally.
Let us derive it from formula (6). From (1) it follows that y = In(v + V2 =1). For
s> M?2, we have y ~ In(2p/u). In this case, the function (y — yo) ~ 1/7ln(p/po)
is the argument of expansions (6). Here the quantity po has a clear mathematical
meaning— it is the center of the expansion into the Taylor series, and at the same
time, physically, it makes p dimensionless. We stress once more that formulae (6)
are valid in the vicinity of point yo, and they cannot be used to estimate the behavior
of cross sections when s — co; discussions on the pomeron structure refer to the

region where they are not applicable.



Table 1: The values of the parameters d,, br(all in mb) and yo in eq. (6).

pp Tp kp np
a; | 84.51+0.18 | 49.77+0.09 | 41.03+0.12 | 83.49+0.36
a; | —4.854+0.36 | 1.9240.19 | 516+£0.25 | —3.48+0.62

a3 15.97+ 0.7 | 1037034 | 7.371£0.48 8.72+1.48
by 8.52+0.17 1.624+0.07 | 3.51+0.12 7.85 % 0.26
by | —13.82+0.79| —2.8+£0.17 | —5.65+0.51 | —~12.74+ 1.24
bs 15.33+ 1.7 27+1.8 5.04+0.97 | 12.36+2.97

Yo 1.71 2.31 1.91 1.71
2 112 82 48 96
Xnp 100 73 38 50

3 Quark-gluon structure of hadrons total cross
sections

Formulae (6) were employed to analyze the experimental data on pp, pp, K £y 1D,
total cross sections [7]. The results are collected in the Table 1.

Twenty four coefficients ay,, b,, are determined by 300 experimental points
and describe the behaviour of cross sections in the interval p € (10, 10°) GeV/c. Val-
ues of yo correspond to p = 100 GeV /¢, at which the correlations between parameters
Gm, b are minimal, In the vicinity of yo, the considered total cross sections have
minima, and the real parts of amplitudes cross over the zero. Twelve coefficients by,

display the simple dependence:

(brn)pp : (bm)vrp : (bm)Kp : (bm)np =5:1:2:4. (7)



The mean ratios are calculated from Table 1 to be as follows:

(%) = 5.37+0.22, (%—’ff) =216+ 0.12, (%ﬁi) = 4.79 4 0.23.
They are in good agreement with ratios (7), except for the last one. Tt differs from (7)
by three standard deviations as a result of large x?/np for np scattering. Therefore,
it is expedient to use it below only for qualitative estimations. Relations (7) are not
new and are written in order to demonstrate that the analysis of coefficients Gy, bm
is important for determining quark and other degrees of freedom of hadrons. It is
known [9] that relationships (7) are obtaned from the consideration of annihilation
components of amplitudes and are proportional to the number of dual diagrams of

scattering of a hadron on a proton
na(Ap) = 2N + NJ (®)

where NZandN§ are numbers of antiquarks i, d in hadron A.

Tt is of great interest but difficult to analyze the crossing even part of the
scattering amplitude. The additive quark model (AQM) [10] predicts the following
ratios

cp,,:or,?:ox,,:anp23z2:2:3.
However, from our Table 1 it is seen that only the coefficients a3 and a3 approxi-
mately follow that dependence. The difference (i )pp — (01 )np = 1.02 0.40 can be
considered compatible with zero, since it does not exceed three standard deviations,
and the description of process np is not quite satisfactory. We will neglect the dis-
tinction between processes pp and np, though, for the coefficient as, this assumption

is valid only due to x*

/np being large in ma.gnitude’. At the same time, the differ-
ence (a1)mp — (a1)kp = 8.74£0.15 is significant and, together with other coefficients,
determines 30 % accuracy of the AQM. The values of coefficients a; from Table 1

do not comport with the AQM predictions, and therefore, they are very important



for choosing new models. Some attempts of refining the AQM are known [11, 12].
All of them suggest that the amplitude should be supplemented with terms bilinear
in quark numbers of hadron A. In this case, the amplitude can be described satis-
factorily under different assumptions on the form of bilinear terms. However, their
clear physical justification is rather difficult.

Below, we construct a new model by using the known idea of quarks being
confined in a hadron by gluons. Then it is natural to assume that the total cross
section of scattering of hadron A on a proton contains a part that describes gluon-

gluon interaction. With this in mind, we set
am=am+ﬂm‘N:+7m‘N:'Nyﬁq» (9)

where N is the total number of quarks; N2 is the total number of nonstrange
quarks in hadron A; and the numbers &, do not depend on the quark content of
hadron A [9]. The numbers a, determine the fraction of the total cross section
corresponding to the gluon-gluon interaction. It is just the gluon degree of freedom
of hadrons A and p that is responsible for them. The assumption on a,, (eq.(8))
corresponds to the hypothesis of Gershtein and Logunov [13]. They argue that the
constant of the Froissart limit doesn’t depend on the guark content of hadron A ,
but it does depend on glueballs and is the same for all processes. The hypothesis has
been verified by Prokoshkin [14] on the basis of similar experimetal data as we use.
In our model one should attribute the Froissart behavior not to the variable y but
t0 yo. That justifies eq.(8). The different numbers (Gm )pps (am)rps (Gm)p determine
®m, P, ¥m-Then, the prediction power of hypothesis (8) can be verified for the values
of total cross sections of hyperon-proton interactions. In ref. [15], the results are
presented on the measurement of total cross sections of £~p and Z7p in the range
of momenta (74.5,136.9) GeV/c. In this range, the total cross sections are varying
slightly, and to compare the predictions of the model given by formulae (1), (6),



and (8), we take the momentum p = 101GeV /c. In this case, the theoretical and
experimental results are as follows:

_ (29.25£05mb)y, (348 02mb)y,

T (9024022mb) " (33.3£03mb)e

Similar data [16] for Ap and ©~p scattering at 20 GeV/c are

Om-

(33.3 £ 0.5mb)y, (34.2 + 0.5mb)y,
Tpp = Tp-p = .
(34.7 £ 3 mb),, (34 % 1 mb).,
Recently, the collaboration SELEX has published the data on ¥"p at p = 609 GeV /c.

[17]. The comparison with predictions of the model is

(35 % 7.5 mb)e

a o~p = .
(37 & 0.7 mb).,

Though the obtained value of the total cross section is not so accurate as in ref. [18],

it should be considered satisfactory. In refs. [4, 5, 6, 11, 18] devoted to the analysis

of total cross sections, the errors of predicted values were not calculated, but they

increase rapidly in the region of extrapolation.

4 Conclusion

A uniformizing variable for hadron-hadron forward scattering at high energies was
proposed on the basis of analyzing the analytic properties of physical scattering
amplitudes [1]. If one represents the scattering amplitudes as Taylor series in that
variable and takes crossing symmetry into account, one can once more be convinced
on the experimental basis that hadrons possess the quark-gluon structure. The
total cross sections predicted for scattering of strange hadrons on a proton are in
agreement with experiment in a wide energy range. The gluon-gluon part of the

total cross sections at momenta p = 100 GeV/c amounts to about 10%.
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Maegckuii M., Memepskos B.A. E2-2001-183
AHATUTUYHOCTh U KBApK-INIIOOHHAdA CTPYKTypa
MOJIHBIX CEYEHUH aJpOHOB

AMIUTHTYObl aIpPOH-aJPOHHOTO YIPYrOro paccesiHUs BIIEpel IPH BHICOKMX
SHEPIUAX H3Y4alTCsd Ha OCHOBE AHAIUTUYHOCTH U IEPEKPECTHOH CHMMETDHHM.
I[MpemioxeHa yHHUBepcaibHas YHH(OPMHU3UPYIOLas IepEMEHHAs U BhIBEIEHBI Gop-
MyJIbI 1JIs1 KPOCCHHT-YETHBIX U KPOCCHHI-HEUETHBIX aMITuTyd. OIHM M Te Xe napa-
MeTpsl B 3TUX (POpMYNax ONPEHENIIOT ISHCTBUTEbHBIE U MHUMBIE (TTOJTHBIE Ceve-
HMS) YaCTH aMILUTUTYA. AHQIM3 STHX [IapaMeTpPOB, ONPENE/IEHHBIX M0 3KCIIEPUMEH-
TaJIbHBIM [JaHHBIM, SCHO YKa3blBaeT Ha KBapK-DIIOOHHYIO CTPYKTYpPY IOMHBIX
ceuenwmii. [Ipencka3aHbl HOJIHbIE CEYSHUS PACCEsIHUS THIIEPOHOB Ha IpoToHax. OHu
COIJIACYIOTCS C BKCIIEPUMEHTATIbHBIMH JaHHBIMU H, B YaCTHOCTH, C HOBBIM H3Mepe-
HHUEM O, (X7 p), nonydeHHsIM Korwiabopauueit SELEX.

Pa6ora BBIIIOJIHEHA B Jlaboparopuu TEOPETUYECKOM uzuku
uM. H.H.Boromio6osa OUSIH.

Tpenpunt O6bEIMHEHHOTO HHCTUTYTA SOEPHBIX MccnenoBaHui. dy6Ha, 2001

Majewski M., Meshcheryakov V.A. E2-2001-183
Analyticity and Quark-Gluon Structure
of Hadrons Total Cross Sections

The amplitudes of hadron-hadron forward elastic scattering at high energies
are investigated on the basis of analycity and crossing-symmetry. The universal
uniformizing variable for them is proposed, and the formulae for crossing-even
and crossing-odd amplitudes are derived. The same parameters in these formulae
determine the real and imaginary (total cross sections) parts of the amplitudes. The
analysis of the parameters determined from experimental data clearly points to the
quark-gluon structure of hadrons total cross sections. The total cross sections for
hyperon-proton scattering are predicted. They are consistent with experimental
data and, in particular, with the new SELEX-collaboration measurement ., (X" p).

The investigation has been performed at the Bogoliubov Laboratory
of Theoretical Physics, JINR.
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