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1. Introduction
Experimental data on Boft hadronic processes are described

well in the framework of the quark-gluon striné model (QGSH)/rq(
The basis of QGSM is the topological expansion (TE)’mg’Hhich

corresponds in QCD to the 1/N expanaion (N=Nc. Nc/Nf=const)/‘°/.

The space-time picture of particle production, corresponding to
the cut of each sheet, is assumed in QGSM to be connected with
decay of chromoelectric tube (string)/“-“/.

Unfortunately, theoretical foundation of TE in QCD exists
only for meson-meson interaction. The equality of NC to the number
of quarks in a baryon does not allow to uee 1/N expansion in the

744437 The quark pair in the

reactions with baryon participation.
colour anti-triplet state (called diguark.,D) is esimilar to
anti-quark. Thus, baryon is considered in QGSHM as the
diguark-quark meson. However, the rigour of thie prescription is
very questionable, since there are no prohibition for conversion
of the diguark into colour sexstet eshate i e the dizuain
destruction. The universality of the baryon and meson

“3%/ and coneiderations on the minimal

Regge-trajectory slopes
energy string configuration for baryon glive some arguments in
favour of a baryon being a two-body q-D system. However, this
concerns the structure of the nucleon wave function (WF), rather
than the concept of diquark as an entity participating in the
hadronic reactions.

The processes accompanied by the diguark destruction are
beyond the QGSM. The examples are the NN annihilation or the
baryon number flow over large rapidity gap. Indeed, both the
diquark momentum distribution F(x) in the WF of the incident
baryon and the function of diquark fragmentation into barvon D{(2z)
(we mean “valence” baryon) decrease steeply &as the momentum
fractions x or 2a respectively tend to zero. Thus, if the diquark
is not destroyed it produces the baryon in the projectile
fragmentation region. Hence, the only way to throw a baryon far
away from the fragmentation region (of course, excluding sea NN
pairs), or to cause annihilation in the high energy RN
interaction, is to form such a colour string configuration, ‘where
digquark cannot be treated as an indivisible object.
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In view of troubles with straightforward generalization of

the 1/N expansion to the baryonic reactions, Rossl and

754,137
Veneziano

suggested to classify diagrams according to their
topological properties. The crucial point of their approach was a
concept of the colour string junction (SJ). From the point of view
of TE, the space-time pattern of §SJ corresponds to the
interception of three sheets. In the string nodel/‘o/, where a
baryon has a form of Y, SJ is a point, where three strings are
coupled.

The asymptotice of high energy NN annihilation in this
approach”***” is connected with §5J-s8J annihilation.
Correspondingly, the baryon number can be thrown over a large
rapidity gap by means of the SJ transmission”>°”. From this point
of view, SJ is a part of the diquark, which igs destroyed, if SJ is
removed.

A consistent quantitative approach to the above described
processes is as yet lacking.For this reason, it is worthy to use
the methods of the QCD perturbation theory. Strictly spiking, in
soft processes one uses perturbative QCD beyond the region of its
applicability. Yet, remarcably, it successfully reproduces the
most important qualitative and quantitative features of soft

hadronic interactions: weak energy dependence of o small value

of ratio ¢ _ /o, ., strong correlation of ¢ "dthml the hadronic
size, etc. 0f course, perturbative QCD can be used only
for the estimation of the definite string configuration production
cross section. The decay of the strings 1is essentially a
nonperturbative process, which can be described by a
phenomenological approach. It is generally assumed that the
history of creation of a string doee not influence its decay. This

assumption is justified by the agreement with the experimental

- 33

data of the s-channel factorization relations 7237 for the Regge
trajectories.

Mechanisms of EN annihilation along this approach were
considered in papers/zbdar It was found that asymptotic

724/ is described in the Born

contribution to the annihilation
approximation by the two-gluon exchange in the colour decuplet
state. The final state (3q1t°>— (361;3> has a topology of three
sheets, 1. e. corresponds to annihilation channels.This

contribution is energy-independent and it hae been estimated at
about 1 + 2 mb.

This annihilation contribution to the pp total croaé section
is compengated by another mechaniem having two-sheet topology.
Both contributions correspond to different cuts of the four-gluon
diagram with {10}-{10} colour state in the t-channel, called a
decameron. Nevertheless, decameron contribution to the difference
of pf and pp multiplicity distributions does not vanish. The
analysis”>* of corresponding data up to ISR energies has lead to
0“0}:1.5t0.1 mb, in a good agreement with the perturbative
estimation. )

It is impossible to extract this small constant tail from the
existing (up to 12 GeV) data on annihilation cross section, which
demonstrate energy-dependence of 1/75 . The preasymptotic
annihilation mechaniems hiad are connected with presence of slowed
down valence quarks in the WF of projectile nucleone and that
explains the observed energy dependence. The probability of
diquark destruction during the interaction was estimated in the
one-gluon approximation. From the point of view of unitarity some
of the preasymptotic annihilation mechanisms are included to the
Pomeron, others can be treated as a nonplanar corrections to the
w-Reggeon. The calculations/za/ show that these preasymptotic
mechanisms can explain an order of magnitude of the measured
annihilation cross section at energies about 10 GeV.

In present paper we consider from the same point of view the
Ph interaction with proton flow over large rapidity gap to the

central region. The corresponding diagram is shown in fig. 1. The
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Fig. 1. The lowest order Fig. 2. The final estate

diagram with one-gluon configuration of colour
exchange and diquark stringe., corresponding to

destruction. diagram in fig. 1.

proton valence guark is slowed down and ie located in the central
rapidity region. One-gluon exchange converts the fast colour
antitriplet diquark D(;) into colour sexstet state D“”. The
nonperturbative stage of final state interaction is connected with
formation in the QCD wvacuum of the octet colour string

(chromo-electric tube) in the rapidity interval between valence
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quark and hadron h and of sextet colour &tring in the interval
between quark and sextet diguark. In the leading 1/N approximation
the hadronization of this system looke the same aes in the case of
string configuration. shown in fig. 2. The dotted linee in fig. 2
correspond to the colour triplet etringe:; hadron h ie represented
here as a system of colour triplet-antitriplet.

Hadronization of string configuration, shown in fig. 2
obviously givee rise to a baryon with the same rapidity as the
quark in fig. 1 has. The probability to find a slowed down valence
quark in the WF of the incident nuclecn is closely related to the
growth of 1hc1u31ve spectra in the central rapidity region with
energy/S/, so it is fixed by the data.

Thue, the processes with baryon number flow to the central
rapidity region give a straightforward information concerning the
role of diquark destruction. An analysis of the experimental

s27-200
data

central rapidity region "at ISR energies, carried out below,

on the reactions pp — p(P)X and pp — p(p)X in the

demonstrates a good agreement with the predictions of the
mechaniem, shown in figs. 1,2. The contributions other than the
diquark destruction are too small to explain the data.

Because of uncertainties in the hadronization of a string
configuration with SJ located in the fragmentation region,
straightforuard calculation of the contribution: of the diagrame in
fig. 1,2 wu bho nuvleon f£low over the whole roaridity interval intn
the hadron h fragmentation region ie not yet possible. One can
predict, nevertheless, the energy-dependence « 1/7e of this
contribution at the fixed value of the Feynmann variable x, what
is in agreement with the high-energy data on the processes n+(n‘)p
—~ p(p)X. The impossibility of selfconsistent description of both
reactions in the standard version of the @QGSM, was emphasized in
paper ,20/ .

Present paper is organized as follows. In sect. 2 we estimate
the contribution of the mechanism, shown in fig. 1, to the
inclusive croes section of the reaction ph - pX (h = p,p) in
the central rapidity region. The results of the calculations are
compared with the experimental data in sect. 3. The considerable
probability of the diquark destruction influences eome parameters
of QGSM. This probley is discussed in sect. 4. In analogy to
decameron contribution to the high energy  baryon-antibaryon
annihilation, baryon number can be transferred by one gluon only.
Contribution of gluon mechaniem to baryon number flow does not
depend on rapidity. It is & subject of sect.5.

In Conclusion we considere sOme topics for future
investigation: i) We propose a new mechanism for baryon-antibaryon
pair production which differs principially from Schwinger-like
tunnelling from vacuwam. This mechanism is characterized by long
range rapidity correlations. It is present, in hadronic
interactions but is absent in e'e” collision. ii) A by-product of
precent consideration is an effective way of spin polarization
flow over large rapidity gsp. iii) In & proton-heavy mnucleus
interaction a large portion pf incident diquarks, up to 2/3, are
destroyed. As the result, the hard part of proton momentum spectra
gets poorer. This explaine, may be, the observed high value of

nuclear stopping power.

2. Formulae for ph — pX inclusive cross section
The contribution of the diagram of fig. 1 to the inclusive
crogss section of the reaction ph — pX in the central rapidity
region can be estimated as
do
Iy (ph » pX) = K o W(y.s): (1)

(G

Here K is the spin-igospin factor; W(y,s) is the nucleon

vealanrmra anarlk ranidity Aietrihntian in the WF ~f the inrcrident n-h

system. Factor Lo is the crose section of the process D(;ﬁ —
D{6}HB>, estimated in the one-gluon exchange approximation (fig.
1). It should be emphasized that notation COPN stands here for
quantity somewhat different from that in paper/zs/. Namely, in the

case of h=N and nucleon considered as q-D system we imposed in"**

a condition of keeping the diquark in the colour triplet state
after interaction. But here we sum over all the possible octet
final states of hadron h. Thus we obtain

- 2
- a & e
o = = f = <D -1 LA exp(iqr)ID__> *
> 4 E‘ (a),Eun €3> izt L >
2 _\ﬁ nh .
<D A e -igr => o -igr
(QI _E’ ; xr:( 1qrj)|D(s>' <h|k!:l AL exp( 1qu”h<a>) *

"h

(h""lx}::l A exp(132)) 1h> - (2)

Here o ie the QCD coupling constant; A = ia((ia)r) for

quarke (anti-quarks); n, ie the number of quarks or anti-quarks in
hadron h.



The summing over D i.e. space and spin-lisospin parts of

ey’
the sextet diquark WF can be carried out without restrictions

imposed by the Pauli principle. The sum over colour part of the

sextet diquark WF is equal to (i,j.k,1 are the quark colour
indices)
C irRle cfR I R Lol
(E)<1.3|(b}} <{8}Ik,1» = 3 (ék 61 + &) 6k). (3)

Using this formula together with relation

<1, 313N = %7 “iik

and summing over WF of the hadron h in the octet colour state, we
obtain
[+ ]
i 2 dz‘ -2 +2 4
0‘_6) = 3* as nh -r _+4. [I—Fn(q )] [I-Fh(q )]' (4)
q
]
Here

F (3% = <ilexp[id(F, -T)]1i>:
(i=D,h) are the double-quark form factors of diquark and
hadron h.

Note, that expreseion (4) is infra-red convergent. That is a
consequence of hadron h being colourless and the fact that the
long-wave gluon connot resolve the inner structure of the compact
diquark. ’

Let us use the nonrelativistie oscillator functions to

2
calculate the form factors FJq ).

F (3°) = exp(-aq®), i=D,h, (5)
2

uD_2/3rD .
r’/2 . if h = p. p

dh = pz
Zrn/3. if h = n

2 . R :
Here r, is the mean diquark radius squared; rp(rn) is a mean
. R 2 R
charge proton (pion) radiune. The proton form factor Fz(a ) is
practically independent on the diquark radiune if rp ie fixed.

Now, expression (4) is easily transformed to

4 2

Oisy T390y, J(an.ah) (6)
J(a.b) = a In (222) 4 b 1n (2B

Constant a is determined from the cross section of process

hN — h“)N“) calculated in the one-gluon exchange approximation

_ 8m 2
a(hN - h(s)"(ﬂ)) - 3~— 0(3 th(ap"ah)‘ (7)
This expression should be normalized to s difference ﬁTN', o??—
0;: rather than A because the cut of the two-gluon graph )

does not contain colourless two-particle intermediate state.
Now, there is ample evidence that the ocumpact diquark
component of the nucleon WF is dynamically enhanced for some

rcasons. That are the deep inelastic 1lepton scattering data

. ~31-34 X 9538 -

analysis . processeg with large p, bPproton production 95728 s
. . : AP

calculations in the instanton vacuum model lagtly. Thus, we

are enforced to consider two types of the nucleon WF: i} the

symmetrical oscillator WF for which r.= v3/2 rpt 0.7 F (variant
I); ii) we add the 50% admixture of compact diquark of
radine r = 0.4 F (variant II).

The numerical calculations in (86} for these two variants lead
to

_ 15 mb (1)
o..(h = p,p) = (8)
11 mb  {II)-

We fixed o{pp - p“}pm)) = 30 mb. To relate cross sections of
different processes we have taken the running QCD coupling
constant aﬁ(qz) in the one-loop approximation. 1f L 0.4 F, the
value of a is 15% smaller than that deduced from Eq.(7).

Let us estimate now the function W(y,s) in expression (1). We

use the following parameterization 74107 for the momentum
digtribution of quarke in the proton
—an(O) $-1
alx) = C x (1-x) , (9)

where x is a fraction of proton momentum carried by a quark;
o= e (D) - ZGN(O) - 1;
aR(D) = 0.5; aN(O) = -0.5;

FCl-a (0)+3)

5 FOmTCa,100)

= 0.85-

Then the probability of string configuration in fig. 2 with
valence quark having rapidity y {(in c.m. frame) is found to be
:«y 1-0 (0)
W(y,s) & Cl(VE" ") . (10)
T 2
where m_ = (m"+ <(p’&2))’fz
Strictly speaking, one should take into account the

possibility of formation of supplementary qq-strings, coupled to
L]
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the sea qq pairs in the projectile nucleon WF. This is achieved by

means of substitution of factor C‘ by Cen‘ where

n
w

_ in 1)
Co" - Ecn o, (
n=141 n

Here o is a contribution to o, connected with the cut of n
Pomerons/“/; C, is a normalization factor in the formula for
x~distribution of quark at x » 0 in the case of existence of n-1
supplementary sea aq pairs. This formula is obtained/lO/

of change /3 — 3-ntl in formula (9). At ISR energies where some

by means

data exist now, the quasi-eikonal model for a:n leade to
estimation C.” 1.

We evaluated m: % 0.4 GeV in forwula (10) putting mq ~ 0.3
GeV. <(p1)*> x 0.15 (GeV/o)™.

It should be emphasized that expression (10) for W(y,s) (with
substitution C‘ — Con) seems to be highly reliable, because it
also determines the growth of the inclusive cross section with
energy in the central rapidity region. This growth is connected in
QGSH/S/ with large contribution of the topological diagram with
underdeveloped cylinder and is sensitive to a probability to find
a valence quark in the central region. Function W(y,s) in form
(10) with m: = (.4 GeV and Cen = 1 describes well the growth of
the inclusive spectra at y=0 in the energy intervals of ISR and
ISR - Gnn& ~nllider Thur. W(v.r) can be considered as determined
directly from the experiment.

We conclude with the estimation of spin-isospin factor K in
(1). Let us wmake some simplifying assumptions: i) only the N and A
are produced in the central region; ii) production of s-quark is
suppressed by factor 1/3; 1ii) the relative probabilities of u
and d quark flowe are equal to 2:1. Then factor K 1is estimated
as K = 0.5.

Finally, the cross section of the proton flow to the central
rapidity region p+p(p) — p+X estimated by using expressions (1),
(8) and (10), is equal to
%% (ph — pX) = ( 17%9! )1 a.(O){ exp(y[l—al(o)]) +

4.7 b, (I)

& exp(—y[l—a.(O)])} * { , (12)

3.5 mb, (II)

where

0, if h
€= 1, ifh=p. *

[}
L-1}

The croses section of the process p+p — P+X is obtained from (12)hy

means of substitution y — — y (proton momentum corregponds

positive y).

3. Comparison with the experimental data

To determine the cross section of proton flow to the

central
rapidity region one should consider the difference Ade/dy =
do{ppspX) /dy~de(pp+pX)/dy in order to remove the sea NN paire. The
experimental points shown in fig. 3 in the energy interval ¥s = 23
+ 63 GeV have been obtained by means of integration of the
da@a/?7/parameterized as A exp(— BpT) with parameters fitted
n?7 Another parameterization in the form A exp(-BpT— Cp:),
which has alsc been used in’27f results in the close (within about

10%) values of the cross section.

46
Ady

(mb) -

& do(ph - pX) _ dO(eh - pX)| - (mh)
i Y y

2-1 - ‘5:. 5:0
L

1-4 o -‘:_"-.,_ T .,

0'7 . 'o.... | I

I
0.0 1 1 1

15 30 45 VS GV

Fig.3.Diffetence of p and p production cross sections at y=0
S22

in pp collisjon at ISR . Curves I and II correspond to

expression (12). Dotted line shows the contribution of diquark
. 0.,

fragmentation” intoe proton. Dashed line indicates the

contribution connected with the difference of quark fragmentation
probabilities into p and p.



The fit of the data in fig. 3 by the function Ado/dy=b(va) "
vield parametere b=8.7*6.4, 3=0.46*0.21, which are in excellent
agreement with estimation (12). Two corresponding curves plotted
in fig. 3 characterize the theoretical uncertainty.

The rapidity-dependence of the 1nclu51v? cross sectione has
“#%“ in the interval -0.4 £y < 0.4. The results

are presented in the form of ratios

been measured in

R - = delperp(@)X]/dy .
pCp)> def pprp(P)X] /dy

In order to test prediction (12) for the y-dependence of

(13)

baryon number flow let us parameterize Rp(;) in the following form
(the projectile proton hae positive rapidity):

do (o, oy - Ty
Iy (pp » pX) = 6a‘+ e

do = _

v (pp » PX) = &

do (- ; s o7

av (pp » pX) = S + 3 @& (14)
do -Ty

3y (P > PX) o+ e T ey

The firet terms here result from the NN pair preoduction from the

vacuum. Other terme include the contribumtion of baryon flow to the

central rapidity region. The factor & takes into account the small

difference between the charged particle inclusive spectra in PP
and pp collisions and is close to unity.

The £fit of the experimental

data”®®’ shown in fig. 4 by

formulae (14) gives

“\*»51 T = 0.768 * 0.22
' 'xk\ﬁmtk & = 1.01 * 0.02 (15)
oy T f3/a = 0.3 * 0.03
3 An
x KRR 172
' 253 G
; “ Fig.4. pata’®® on the ratio

R - (y) defined in (13). The
pip?
_”’,Lwrr~'”"*+ﬂ curves are the results of the fit

by means of expressions (14) with

[RR J

i - ] ] parameters (15).

The found value of 7 is consistent within the error bars with
the predicted one (12). The ratio of charged particle spectra in

pp and pp interactions/zpi is aleo consietent with the value of &.

10
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The value of parameter o« in (14) is Xnown from the data/z°/:

do/dy(ppspX) = 1.7 * 0.1 mb at v8 = 53 GeV.Thus, one can de-
termine the parameter a=(.51 * 00.06. which is also in agreement
with estimation (12). Thus, both the gets ="

well with the considered model of the proton flow over large

of data agree

rapidity gaps.
Note, that it is hard to explain in another way the

s27.20/
observed

high yield of protons in central rapidity region.
This ISR data cannot be understood in the frame work of QGSM with
indivisible diquark. Calculation of the baryon spectrum has been

performed in such approach in papers a0

Thongh the central
region vy = 0 has not been considered there, the diquark

fragmentation function DZ(z) used in/‘n/ gives too steep decrease

of the baryon spectrum with the energy: da/dyly o & e’ (we mean
the valence protons).

It is interesting that there exists some additional
contribution to the difference of p and p spectra ado/dy in QGSM
*“, i.e, in the pame way as is

predicted by (12). Nevertheless, it is not connected with diquark

which decreases with energy as &

destruction. Indeed, the gquark fragmentation functions D:‘P%z)
are different for p and p. Thus, in the case, when one of the
projectile valence guarks has x £ 0, the probabilities to find a
sea p or p in neighbourhood of quark in the rapidity scale are
slightly different, even it diquark 1s not destroyed. 1In anoviner
words, one can say that existence of projectile quark in the
central region distorts the sea.

Both contributions are plotted in fig. 3 . We can see that
one of them too steeply decreases with energy, but another one is
negligibly small. We omit here the details of the calculation

which are well described in 74%”  Few comments echould be made,
nevertheless .

— We use slightly different value of parameter aP, which
controls the NN pair production in the colour triplet string
hadronization. Instead of the value a = 0.07 used in 7*°7, we fix

28/

a= 0.055 from the data” on do(pp—pX)/dy. This value agrees

well with the results of paper 707

— In the reaction pp + pX both protons contribute to the
central region, so the results of caleulations”*®” at v6 = 20 GeV
should be doubled becaunse the fragmentation of only one of the
projectile protone has been taken into account there.

Another evidence in favour of considered mechanism comes from
an analyesie of the data on difference between the cross section of

11
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reactions n'p + pX and w7 p + pX in the rion fragmentation
N S4Z. 48
region . The observed considerable difference is much larger

than predicted by the triple-Regge formalism:

A de/dx - S
5 da/dx)NNw x~ N (l—x)so/s ) (16)

where ado/dx and Edo/dx are the difference and the sum of the n'» P
and 7~ » ¢ inclueive cross sections. Factor N=x 1. Imposeibility
of Joint deescription of these data in the approach, where p(p)
comes/ii?m the pion fragmentation only, was claimed aleso in
paper .

Unfortunately, we are unable to calculate accurately a
probability of the proton flow to the pion fragmentation region x

+ 1. The energy dependence at fixed value of x should be « 1/vs,

i.e.ﬁhe aﬁme as ie given by relation (16). The fit +to the
42-43

data at x = 0.5 with power dependence aﬁ gives 3 =
-0.58+0.11.

In the Regge phenomenology one describes the production of
rarticles in the central rapidity region by means of the

.. Py
Mueller” - Kancheli ™*® diagram, shown in fig. 5. The double

b SN Pomeron diagram does not contribute
w,w,D to the baryon - antibaryon cross
P &—¥————
P section difference. The ramaining
h —— Regge singularities are the w- and
Fig. 5. The Mueller - P -poles and those, which contribute
Kancheli disgram for to the annihilation cross section.
proton production in However, their relative residues
the central rapidity are quite different and should be
region. deduced from some dynamice model.

The baryon number flow over large rapidity gap was considered
also in paper/‘7/ in the frame work of multiperipheral model with
baryon exchange. It was prescribed to the inclusive Cross séction
(arbirtrarily to some extent) the same energy-dependence as is
observed in the annihilation. The crudely estimated cross
section” turns to be close (two times larger) to one found
here. The authors”**” connacted erroneocusly this mechanism with
the w-P Mueller - Kancheli diagram. In fact, this diagram
corresponds to the case of valence quark flow to the central
region without diquark destruction, which was'considered above. It
contributes to the difference betuween proton-antiproton production
cross secti?ns due to dissimilarity of fragmentation functions

P P, s s
Dq(z) and Dq(z). The contribution of this mechanism was found to

12

be negligibly small. Actually, the multiperipheral baryon
exchange/‘7/corresponds to w - P Mueller-Kancheli diagram, where o
is a nonplanar correction to the o - ReggeonHZS/. Thie is jhst the

mechanism shown in fige. 1.2 and considered in sect. 2 of present

pPaper.

4. Some consequences for QGSHM
Considerable probability of the diguark destruction given by
(8) can result in noticeable change of some QGSM parameters.
Determination of the diguark+proton fragmentation function

A48/ N
Dg(z) containg some arbitraryness. In the approach which
exploits the cascade equations the result depends on choosing of
4,40/
the equation cores. Another appreoach uses some smooth

interpolation between the two Regge-asymptotice z + 0 and z -~
1.The relation between the momenta of the produced baryone and
mesong is not fixed and  can be changed not contradicting the
baryon number and total momentum conservation sum rules. The main
criterion of correctnese of the diguark fragmentation functions is
a quality of description of the particle momenium spectra in ph
colligione. However, +the posasibility of diquark destruction
results in more hard fragmentation functions Ds(z). Indeed, the
string configuration in fig. 2 produces during hadronization
mainly soft protons with x =& (0.5, because the valence quark
carries in average only about 10% of the baryon momentum
(including supplementary qq sea pairs). On the other hand this
mechanism provides considerable contribution to the high momentum
part of the pion spectrum. Let us estimate this contribution.

The quark momentum distribution 1inside a diquark can be

parameterized as
£op(x) = & x"(1-x)". (17)

Use of this expression with n=2.5 and the fragmentation
function Dﬂ(z) from paper/‘/ allows to obtain a good description
of pion spectra/“/ As the distribution (17) decreases steeply at
x » 0,1, the string configuration in fig. 2 cannot produce a
proton with xpzdl.

Note that the distribution (17) in the region l—xFZ 0.05 is
similar within accuracy of about 20+30% to that which can be

obtained for the relativiestic two-body diguark WF

a(m2+p2)
q 1 ] , (18)

J N T
B O0Py) X o exp[ T (1)

13



with parameters mqt 0.27 GeV, a x 1.5 + 2 GeVZ, Such WF

corresponds to the diguark with the radius ry ~ 0.4 =+ 0.5 F.

We can conclade now. that the hard part of +the baryon
spectrum is determined mainly by the mechanisms with indivisible
digquarks. At the same time productiorn of high momentum pions
results mainly from diquark destruction. Naturally, the esituation
becomes reversed when one considers the soft part of the spectra

(in the c¢.m. frame).

5. Gluon mechanism of baryon number flow.
As was mentioned in the Introduction, the behaviour of the
annihilation cross section at asymptotic energies is governed by

n . 24,265/
the decameron exchange, introduced in  papers .

An analysis
of the experimental data on the difference between PP-PP
multiplicity digtribntions demonetrates that decameron

contribntion is energv-independent up to ISR energies Ye = 50GeV.

This fact and the Cross section valne Juetifies the
R 24,
calculations in the perturbative QCD
It is natural to believe that there exists decameron

contribution to the Mueller-Kancheli diagram shown in fig. 5. The
corresponding inclusive Qro8s section is energy- and
rapidity-independent. Unfortunately, it is ha;d to propose any
rigorous 2aleculation of the cross section value. We give here a
acrude estimation only.

Lat us considere the lowest order perturbative graph shown in
fig. 6. which corresponds to the cut of the Muellar-Kancheli
diagram of fig. &% with D-P axchange. The corresponding string

configuration shown in fig. 7 demonstrates, indeed. that baryon is

P — {10} {10} —F p — {8}
g_E:{a} (B} Bk 51 Tz} {8}
g) & 81 o | _:ﬂrgv
h —— {8} ¥ h D— {8}
Fig.8. Perturbative Fig. 7. Final state Fig.R.
QCD graph with etring configuration Mueller-Kancheli
tranesformation of corresponding to the diagram
the projectile graph in fig. 6. corresponding to
3-quark system into fige. 6, 7.
colour decuplet
state.
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produced with the same rapidity as gluon has. To estimate the
fig.6 cross section wWwe suppose that it is suppressed in comparison
with contribution of graph in fig.8 in the same manner as the cut
of decameron in comparison with Pomeron, i.e. by a factor about
1/20. Some justification of this assumption comes from the fact
that upper blocks are the same in both cases.Moreover, any number
of gluons with rapidities smaller than the produced baryon has, are
allowed to be emitted in figs.6,8. On the other hand, the graph in
fig.8 corresponds to the higher order corrections of 1ladder type
to the two-gluon contribution to the Pomeron. These corrections
are responsible for the Pomeron Reggeization and can be evaluated
from phenomenology. QCD motivated/‘m‘O/ analysis/SO/ of the
experimental data found that the contribution of this perturbative
corrections to the pp total cross section is about 10 mb &t ISR

energies. Finally, one should take into account the spin-isospin

factor of about 0.5 for proton production. Gathering all the
factors together we obtain an estimate do(ppspX)/dy = 0.1 wmb for
the contribution of graph of fig.6. Comparison with the
experimental data in fig.3 shows that the relative decameron
contribution is emall +till the ISR energies, but 1t becomes

conslderable at SppS collider and future accelerator energies.

6. Conclusion
The process of baryon number flow over large rapidity gap |is
bejond the QGSM as it is accompanied by diquark desintegration.
From the polht of view of the Mueller-Kancheli diagram it is

goverenad by the same mechanisms as the antiproton-proton

annihilation is. But if an experimental investigation of the latter

process is practically impossible at high energies, the former is
highly suitable, particularly for collider mashines. R

We ascertained here two new mechanisms for the incident
baryon number transfer to the central rapidity region at high
energies. One is connected with possibility to find a slow valence
gquark in the WF of high energy proton and with destruction of a
diquark-spectator by means of converting it into the sextet
colour state. In another words, the valence quark is a carrier of
baryon number in this case (from the point of view of topological
expaneion the quark is excorted by SJ). The most intriguing
possibility is the second one: the carrier of baryon number in
this case is a gluon (SJ in the topological classification).
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Let us consider now a few consequeces.

1. There exists a new mechanism of baryon-antibaryon pair
production from vacuum, different from the well — known Schwinger
one. It ie clear that the perturbative Pomeron” *®”
containe & decameron impurity among the ladder-type graphs. An
example ie shown in fig .9. Inelastic procees corresponding to the
cut of thie graph is a result of hadronization of string
configuration eshown in fig.10. As the SJ-S57 ralr emerged, the
barvon-antibaryon pair ehould be produced with the same rapidities
after hadronization. The probability of such configurations is
suppressed by an order in comparison with production of “ordinary"

colour triplet stringe, decaing mainly into qq pairs. Thue, the

v - -
5 Ne—gT
D

A8 Ne—f——

S v,
Fig.9. Decameron Fig.10. Example of Fig.11.Mueller
impurity in the the final state - Kancheli
perturbative Pomeron. string configuration diagram
Dashed line denotes corresponding to the corresponding
the cut. graph in fig.9. ‘ to figs. 9,10.

vield of NN pairs produced by this mechanism is of the same order
as that from Schwinger-like tunnelling from vacuum. They

can be distinguished due to long range rapidity correlation
inherent in present mechanisnm.

It is intereesting, that such mechaniem ie absent in e'e”
collisions. Thue, it explains nmnaturally the observed enlarged
relative density of NN paire in the rapidity scale in hadronic
interactions at ¥8:=540GeV in comparison with e"e  colliszions.

2. As avalence quark plays a role of the baryon number
carrier, it can transfer the incident baryon polarization over
large rapidity gap, i.e. in the reaction h+pt » pt + X (arrow
denotes the polarized protons). If the proton ie mainly a eystem
q-D, where D has $S=T=0, then the valence quark in the central
region in fig.1.2 carriee all the incident proton polarization.
This mechaniem of polarization transmission is dominant at large
rapidity intervals. The diminution of polarization due to sea NN
paire contribution, reeonance production ets. should be taken into
account.

16

3. Destruction of incident diquark during proton-nucleus
interaction proceeds with a high piobability. 1Indeed, if the
nucleus is heavy enough, fast diquark undergos many colour
exchange scatterings (via one-gluon exchange, for instance). As a
result, both quarks turn into totally unpolarized state in the
colour space. Thus, the quark-pair findes itself with probability
1/3 in the antitriplet colour state (diquark) or with probability
2/3 in the sextet colour state. Corresponding probabilities for
real nucleil can be found in”>'". In the latter case the S§J, i.e.
nucleon, is formated in the central rapidity region or 1in the
nucleus fragmentation region yet, as it follows from the previous
considerations. This phenomenon should considerably influence the
momentum spectra of protons in the reaction pA+pX which is
intensively discussed in respect with the problem of the so called

s /52-56/
nuclear stopping power .
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Konenwosuy 6.3,, 3axapos B.I,
HoBue MexaHmamu 3abpoca GapuMOHHOro uwucna
uepea 6onbwoi MHTepsan GuCTPOTH

€2-88-493

MokasaHo, UTO MeAneHHHH BaNeHTHWH KBApK B BOMHOBOH QYHKUMM HaneTaowero
NPOTOHA BuCOKON 3Heprum MmoweT ofpalosate GapuoH, eCiW AMKBAPK-CNEKTaTop pac-
WeNnunca, T.e. Nepewen B CMKCTETHOE NO UBETY COCTOAHME. Mu OueHWnu ceudeHme
3abpoca GapvOHHOTO uUKMCNa B UEHTPansHyo OGNacTe GuCTPOT, NONL3YACH METOAAMM
Teopnn Boamymennit KXfl. CeueHme 8aBuCHT OT uMTepBana GuCTPOTH Ay Kax exp(-Ay/2)
# XOPOWO COTNACYETCA C IKCNEPUMEHTANbHUMK AaHHuMW npu 3Hepruk ISR, CymecTteyer
TaKWe WHTEPECHan BO3MOMHOCTL NepeAaun GapuOHHOTO UMCNA ORHWM TAKOHOM. 3ToT
BKNAaA HE SaBUCHT OT 3HEPTuM K GHCTPOTH M CTaHOBMTCA 3aMeTHuM Npn 3Hepruwm YHK.
flpepnaranTcA Takwe HOBuWE MEXaHM3Mul ANA powAeHWA GapuoH-aHTMGapuOHHWX nap u3
BaxyyMa, nepegayM nonapuaaumn uepea Gonewoi MHTEpBan GuCTPOTh, TOPMOSAWEN

PaBora swnonHeHa B JlaGopatopumn AapepHux npobnem OUAK.

IMpenpunt O6beauHeHHOr0 HHCTHTYTA ANEPHLIX HeenenoBaHuil. [lyGua 1988

Kopel fovich B.Z., Zakharov B.G. €2-88-493
Novel Mechanlsms of Baryon Number Flow

Over Large Rapidity Gap

it fs shown that siow valence quark In the wave function of high energy
proton can fragment Into a baryon If the fast diquark-spectator is destroyed,
f.e. Is turned from the antitripiet to the sextet colour state. We estimated
the cross section of the baryon number fiow to the central rapidity reglon
using the perturbative QCD. it depends on the rapidity gap Ay as exp(-Ay/2)
and nicely agrees with the data at ISR energlies. There exists also an intri-
guing possibility of transfering baryon number by means of gluonic exchanges
only. This contribution does not depend on rapidity at all and becomes si-
zable In TeV energy region. We propose also new mechanisms for baryon-anti-
baryon production from vacuum, transfer of polarization over large rapidity
Intervals, and nuclear stopping power.

The Investigtalon has been performed at the Laboratory of Nuclear
Problems, JINR. :
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