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1. Introduction 

Experimental data on soft hadronic processes are described 

well in the framework of the quark-gluon string model (QGSH)/1-7~ 

The basis of QGSH is the topoiogical expansion (TKl/&,P/ which 

corresponds in QCD to the 1/N expansion (N=Nc' Nc/Nr=const)/10
/. 

The apace-time picture of particle production, corresponding to 

the cut of each sheet. is assumed in QGSH to be connected with 

decay of chromoelectric tube (atring)/u-1
"/. 

Unfortunately, theoretical foundation of TK in QCD exists 

only for meson-meson interaction. The equality of Nc to the number 

of quarks in a baryon does not allow to use 1/N expansion in the 

reactions with baryon participation./1
•.•

5
/. The quark pair in the 

colour anti-triplet state (called diquark.Dl is similar to 

anti-quark. Thus, baryon is considered in QGSH as the 

diquark-quark meson. However, the rigour of this prescription is 

conversion 

-t:.!'-.e ;!!.:£U.(A.Lh 

and meson 

very questionable, since there are no prohibition for 

of the diquark into colour sexstet Rt .... t... i ~. 

destruction. The universality of the baryon 

Regge-t"rajectory slopes/tcv and considerations on 

energy string configuration for baryon give some 

the minimal 

arguments in 

favour of a baryon being a two-body q-0 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 diquark destruction are 

beyond the QGSH. The examples are the NN annihilation or the 

baryon number flow over large rapidity gap. 

diquark momentum distribution F(x) in the WF 

Indeed, both the 

of the incident 

baryon and the function of diquark fragmentation into baryon D{z) 

(we mean "valence" baryon) decrease steeply as the momentum 

fractions x or z 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 NN 

interaction, is to form such a colour string configuration, 'where 

diquark 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, Rossi and 
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 model/~e/, where a 

baryon has a form of Y, SJ is a point, where three strings are 

coupled. 

The asymptotics of high energy NN annihilation in this 
approach/~ ... ~,./ is connected with SJ-SJ annihilation. 

Correspondingly, the baryon number can be thrown over a large 

rapidity gap by means of the SJ transmission/2°/. From this point 

of view, SJ is a part of the diquark, which is 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 "'tot' small value 

of ratio "'.tl"'lol' strong correlation of "'tol with the hadronic 
size, etc .. ·;.;.,:::;..::::::.: Of course, perturbative QCD can be used only 

for the estimation of the definite string configuration production 

cross section. The decay of the strings is essentially a 

nonperturbative process, which can be described by a 

phenomenological approach. It is generally assumed that the 

history of creation of a string does not influence its decay. This 

assumption is justified by the agreement with the experimental 

data of the a-channel factorization relations /2B/ for the Regge 

trajectories. 

Mechanisms of NN annihilation along this approach were 

found that asymptotic 

described in the Born 

considered in papers/z .. -zdV It was 

contribution to the annihilation /2 .. / is 

approximation by the two-gluon exchange in the colour decuplet 

state. The final state (3q}~0 ,- (3q};o, has a topology of three 

sheets, i. e. corresponds to annihilation channels.This 

contribution is energy-independent and it has been estimated at 

about 1 + 2 mb. 

2 

This annihilation contribution to the pp total cross section 

is compensated by another mechanistr. hJitving two-sheet topology. 

Both contributions correspond to different -cutfJ of the four-gluon 

diagram with {10}-{10} colour state in the t-channel, called a 

decameron. Nevertheless, decameron contribution to the difference 

of plf and pp multiplicity distributions does not vanish. The 

analysis/
26

/ of corresponding data up to ISR energies ,has lead to 

a <to>= 1. 5±0. 1 mb, 

estimation. 

in a good agreement with the perturbative 

It. is impossible to extract. this small constant tail from the 

existing (up to 12 GeV) data on annihilation cross section, which 

demonst.rate energy-dependence "' 1/,s. The preasymptotic 

annihilation mechanisms /
25

/ are connected with presence of slowed 

down valence quarks in the WF of projectile nucleons 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 preasympt.otic annihilation mechanisms are included t.o the 

Pomeron, others can be treated as a nonplanar corrections to the 

w-Reggeon.The calculations/25
/ 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 

ph ~n-r.erac"t.lon wi"t.!1 pro"t.on tlow over large rapidity gap to 

central region. The corresponding diagram is shown in fig. 1. 

the 

the 

The 

(3} {6} 

: 1 r~ {3} 

{8} 

Fig. l. The lowest order 

diagram with one-gluon 

exchange and diquark 

destruct. ion. 

N 

h 

*-
L----:* .. ·<l>SJ 

==============~-*-
Fig. 2. The final state 

configuration of colour 

st. rings. corresponding to 

diagram in fig. 1. 

proton valence quark is slowed down and is located in the central 

rapidity region. On~-gluon exchange converts the fast colour 

anti triplet diquark D<;;> into colour sexstet state D<cS>. The 

nonperturbative stage of final state interaction is connected with 

formation in the QCD vacuum 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 string in the interval 

between quark and sextet diquark. In the leading 1/N approximation 

the hadronization of this system looks the same as in the case of 

string configuration. shown in fig. 2. The dotted lines in fig. 2 

correspond to the colour triplet strings; hadron h is represented 

here as a system of colour triplet-antitriplet. 

Hadronization of string configuration, shown in fig. 2 

obviously gives 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 nucleon is closely related to the 

growth of inclusive spectra in the central rapidity region with 

energy/9
/, so it is fixed by the data. 

Thus, 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 

data/27- 29/ on the reactions pp -+ p(p)X and pp -+ p(p)X in the 
below, 

the 
central rapidity region ·at ISR energies, carried out 

demonstrates a good agreement with the predictions of 

mechanism, shown in figs. 1,2. The contributions other than 

diquark destruction are too small to explain the data. 

the 

Because of uncertainties in the hadronization of a string 

configuration with SJ located in the fragmentation region, 

straightforward calculation of the contributiow of the diagrams in 

i .i.H . i , £ \,v ~1~~ "'- -·- ~1 ---
&1\A.'-.LCOVJ.& .a...a..""" :;."":~::' "t,!".:;, ~'!'!"~.::;!_~ ~~~i_~!_'f:!." :!_~-t~V"V.Kd in+.n 

the hadron h fragmentation region is not yet possible. One can 

predict, nevertheless, the energy-dependence « 1/~s 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 

reactions in the standard version of the QGSH, was emphasized 

both 

in 
/SO/ 

paper 
Present paper is organized as follows. In sect. 2 we estimate 

the contribution of the mechanism, shown in fig. 1, to the 

inclusive cross 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 

probability of the diquark destruction 

of QGSH. This preble~ is discussed in 

sect. 3. The 

influences some 

sect. 4. In 

considerable 

parameters 

analogy to 

decameron contribution to the high energy baryon-antibaryon 

annihilation, baryon number can be transferred by one gluon only. 

Contribution of gluon mechanism to baryon number flow does not 

depend on rapidity. It is a subject of sect.5. 

4 
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In Conclusion we considere fJ(>Ifle topics for fut .. ure 

investigation: i) We propose a new rr1eehar1iF;rn for ba.ryon-antibaryon 

pair product,ion '.7i1ich differs principially from Schwirwer-like 

tunnelling from vacuum. This mechanism is characterized by long 

range ra:pidi ty correlations. It ie present in hadronic 

interactions but .. is absent in e+e- colliFJion. ii) A by-product of 

present consideration is an effect,ive way of spin polarization 

flow over large rapidity gap. iii) In .9 proton-heavy nucleus 

interaction a large portion of incident diquarks, up t,o 2/3. are 

destroyed. AfJ the result, the hard part of proton mo111entum spect.ra 

gets poorer. This explains, may be, the observed high value of 

nuclear stopping power. 

2. For•ulae for ph ~ pX inclusive cross section 

The contribution of the diagram of fig. 1 to the inclusive 

cross section of the reaction ph -+ pX in the cent,ral rapidity 

region can be estimated as 

da 
dy (ph .. pX) 'l: K a<

6
,W(y,s)· (1) 

Here K is the spin-isospin factor; W(y,s) is the nucleon 
'UDl,g,n~Q. f"'U1~'t"lr r~n-i.-:lt't"-.r .rli~+...,ihllt-1,.-..n in +h~ Wlt t--.'f thfO!o i nf""ififO!ont. n-h 

~- - ~ . 
system. Factor a<es> is the cross section <)f the procefJB D<i>h ~ 

D<..,h<a>, estimated in the one-glu<:m exchange approximation (fig. 

1). It should be emphasized that notation a<Ci> stands here for 

quantity somewhat different from that in paper/25
/. Namely, in the 

case of h=N and nucleon considered as q-D syBtem we imposed . /25/ 1n 

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 

0' 
(Ci} 

2 
cts dzq }: 2 ·~ex .~~ 
-4 f- <D- I I: A exp(1qr.JID > * ..,.. (3) \. \. ((i) 

q <d>,<S> i=t 

r, 
2 "(1 h •. 

<D<Ci>l I: A. exp(-iqr)ID- ><hi I: A~ exp(-ich\llh > * 
j = i J .- J <S }. k = 1 ~ <B> 

n 
h -(1 

<h<8 >1 I: At exp( iqr\) lh> · (2) 
l=t 

Here 01
9 

is the QCD coupling constant,; A"' X()((( X. ()I) T) for 

quarks (anti-quarks); nh is the number of quarks or anti-quarks in 

hadron h. 
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The summing over D<o-,' i.e. space and spin-isospin parts of 

the sextet diquark WF can be carried out without restrictions 

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

sext.et. diquark WF is equal to ( i, j, k, l are the quark colour 

indices) 

E <i.51{6}> <{6}1k.l> = ~ <6: 6: + 6~ 6~>· 
<6> 

Using this formula together with relation 

< i • j I { 3 } k, = h '\ik 

(3) 

and summing over WF of the hadron h in the octet colour state, 

obtain 
ro 

a 
(Ci) 

4n 
3 "': nh J d:i [1-FD(qz >] [1-F..,<qzl] • 

Here 

F, ( qz) 

0 
q 

<i lexp[iCiri\-i\ l] I i>; 

(i=D,hl are the double-quark 

hadron h. 

form factors 

(4) 

of diquark and 

we 

Note, that expression (4) is infra-red convergent. That is a 

consequence of hadron h bein~ colourless and the fact that the 

long-wave gluon Cccnnot resolve the inner structure of the compact 

diquark. 

Let us use the nonrelativistic oscillator functions to 

calculate the form factors F (q
2
). 

' 
F,(q2

) = exp(-c~,q2 ), i=D.h, ( 5) 

a0=2/3r~ , 

"'h { 

r
2

/2 , 
- p 

2r~/3. " 

if h p, p 

if h 

Here r 2 is the mean diquark radius squared; r ( r ) is 
D p IT 

charge prot .. on (pion) radiuf->. The prot .. on form factor 

a mean 

F
2
(q2

) is 

practically independent on the diquarlt radius if r P if~ fixed. 

Now, expression (41 is easily transformed to 

a 
<<» 

4n z 
3 "'• n.., J(OtD,ah) 

J{a,b) = a ln (a:b) + b ln (a~b) 

(6) 

Constant a is determined from the cross section of process . 
hN ~ h<

8
>N<a> calculated in the one-gluon exchange approximation 

6 

" 811 2 
a(hN ~ h< 8 >N<a>) = 3 "'• n..,J(ap,ah) • (7) 

This expression should be normalized to '' ·Jiff-=7r"!ftC"·~ ,-. hN hN 
r_"j 

.;.I t C• t_ 

ahN rather than a because the cut of the t.wo-~luon l'(raph 
DD lot 

does not contain colourless two-particle intermediate state. 

Now, there is ample evidence that the ,_,vmp,,,~t. diquark 

component. of the nucleon WF is dynamically enhanced for some 

re~sons. That arP the deep inelastic lep~>n Ac~t.tering data 
. /31-34./ . . /95-38/ 

analys1s . processes Wl.th large p proton product1on , 
T -~3V/ 

calculations in the instanton vacuum model lastly. Thus, we 

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

symmetrical oscillator WF for which r
0

= ~J/2 

I); ii l we add t,he 50% admixture of compact 

r ~ 0.7 
p 

F 

of 

(variant 

diquark 

radiuf~ r
0

= 0.4 F {variant II). 

The numerical calculations in (6) for these two variants lead 

to 

CT<<S>(h p,p) 
{ 

15 rob 

11 JDb 

(I) 

(II) 
(8) 

We fixed a( pp .. p <B>p <B> ) 30 mb. To relate cross sect.ions of 

different processes we have taken the running QCD 

constant a~(q2 ) in the one-loop approximation. If r
0

= 0. 4 

value of "',. is 15% smaller than that deduced from Eq. (7). 

coupling 

F, the 

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

use the following parameterization 

distribution of quarks in the proton 

/4,40/ 
for the tr101Ytentum 

-a.(O) [3-1 
q(x) = C

1
x (1-x) (9) 

where x is a fraction of proton momentum carried by a quark; 

[3 = "'•(01 - 2aN(0) - l; 

"'•( I)) = 0. 5; aN(O) = -0.5; 

ro-01 1 o l +m 
c,= r([3)r(~ "' !Ol) ~ 0.85· 

R 

Then the pn.,bability of string configuration in fig. 2 with 

valence quark having rapidity y (in c.m. frame) is found to be 

mT ·• 1-a (0) · 
W(y,s) ~ C

1 
(:fs q ey) R , (10) 

T (2 TZ)l/2 where mq = m + < (p 4 > . 

Strictly speaking, one should take into account the 

possibility of formation of supplementary qq-strings, coupled to 

7 



the sea qq pairs in the projectile nucleon WF. This is achieved by 

means of substitution of factor C
1 

by c.rr' where 
n 

00 a. 
c.rr = E en a'n (11) 

n=i. 'L n 

Here an is a contribution to a. connected with the cut of n 
'Ln 'Ln 

Pomerons..-
41

..-; en 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 qq pairs. This formula is obtained..-40
..- by means 

of change~-+ ~-n+1 in formula (9). At ISR energies where some 

data exist now. the quasi-eikonal model 

estimation eeff ~ 1. 

for 
n 

a. 'n leads to 

We evaluated mT ~ 0.4 GeV in formula (10) putting m ~ 0.3 
T 2 q 2 q 

GeV, <(pq) > ~ 0.15 (GeV/c) 

It should be emphasized that expression (10) for W(y,s) (with 

substitution C
1 

-+ Ceff) 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 

QGSM"9
/ 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 
T 

(10) with mq = 0.4 GeV and c.rr = 1 describes well the growth of 

the inclusive spectra at y=O in the energy intervals of ISR and 

!':::P- ~::;::'~ ~"llin., .. 'l'hnR. Wlv.R) <"'>In be considered as determined 

directly from the experiment. 

We conclude with the estimation of spin-isospin factor K in 

(1). Let us make some simplifying assumptions: i) only theN and A 

are produced in the central region; ii) production of s-quark is 

suppressed by factor 1/3; iii) the relative probabilities of u 

and d quark flows are equal to 2:1. Then factor K is 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 

d 1 G.eV l-01 (0){ 
d; (ph-+ pX) ~ ( -:ra-) • exp(y[1-0IR(0)]) + 

{ 

4. 7 mb, 
£ exp (-y (1-0I• ( O)])} * 3. 5 mb, 

where 

£ 
{ 

0, if h 

1, if h 

p 

p 

8 

(I) 

(II) 
(12) 

.. II 

~ 

• 

The cross section of the process p+~' --;. f,+X is oht.ain~d from ( 12) by 

means of substi t.ution y ----t - y (pre, ton momentum corresponds to 

positive y). 

3. Comparison with the experimental data 

To determine the cross section of prt.;tcm flow to the eentra] 

rapidity ref!. ion one shc,uld eonBider th~ di fferent;;e 6da/dy 

da(pp .. pX)/dy-da(pp .. pX)/dy in order t.o remove the sea NN pairs. The 

experimental pt)ints shown in fig. 3 in tJhe energy interval -tS = 23 

+ 63 GeV have been obtained by means of integrat.ion of the 

data..-
27

/parameterized as A exp(- BpT) with parameters fit,ted 
in/27~· Another para111eterization in the form A exp(-BpT
which has also been used in.-27

'. results in the close (within 

lCI%) values of the cross section. 

in pp 

6~----------------------~ 
(m~) '-\ t r 

\• 

2.1 L \. 

d6(pb • PX) 
dy 

dC5(ph · pX) 
dy 

(Mh) 

1.4 

9,7 

•.. . '· 
• ····-......... I 

'·... .. .,_ r-·-.. _ 1 t 
"•"'\·'--.. ___ ·--~~l------- .. -__ _ 

•, ·---........ 
··.•.. -·······-·-·--·-·-·--·----.. . . ··. .. .. .. .... 

!J=O 

--·--·--............ .. 

---·---·--·-
II 

. . . .. 
-------------~~~~~"-

9.9 
15 39 45 69 

Fig.3,Diffetence of p ~nd p production cross 

collision at ISR"27
". Curves and II 

rs (G'!V) 
sections at 

correspond 

Cp~l, 
about 

y=O 

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

fragmentation/
40

-' into proton. Dashed 1 ine indicates the 

contribution connected with the difference of quark fragmentation 
probabilities into p and p. 
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The fit of the data in fig. 3 by the :function l.da/dy=b(-(s)-r~ 
yield parameters b=8.7±6.4, ~=0.46±0.21, which are in excellent 

agreement with estimation (12). Two corresponding curves 

in :fig. 3 characterize the theoretical uncertainty. 

plotted 

The rapidity-dependence of the inclusive cross 

been measured in /2&/ in the interval -0.4 ~ ~ ~ 0. 4. 

sections has 

The results 

are pref"ented in the form of ratios 

R pc p) 
_ da[pp~p(p)X]/dy 
- da[pp~p(p)X]/dy 

(13) 

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

baryon number flow let us parameterize Rp(p) in the following form 

(the projectile proton has positive rapidity): 

da -
dy (pp ~ pX) 601 + ~ eTy 

dO' 
dy (pp ~ pX) "' 
da -
dy (pp ~ pX) 6a + (1 e Ty (14) 

da Ty -Ty 
dy (pp ~ pX) = a + ~(e + e ) · 

The first termf" here result from the NN pair production :from the 

vacuuno. Other terllll3 include the contribution of baryon flow to the 

central rapidity region. The factor 6 takes into account the small 

difference between the charged particle inclu~ive epectra in pp 

and pp collisions and is close to unity. 

R, 

1.3 
-~ ........... 1 

r----------+ ~ ........ 
Ct:: 1.1 Ill 

I : IHtU 

.., 

1.11 ' ' 
D ' 

!zu I 

'I 

The 
data/28/ 

fit of the experimental 

shown in 

formulae (14) gives 

T = 0.76 ± 0.22 

6 = 1.01 ± (1.02 

~/CI = 0.3 ± 0.03 

fig. 4 by 

(15) 

Fig.4. Data/ 28 / on the ratio 

R - (y) defined in (13). 
p<p> 

The 

curves are the results of the fit 

by means of expressions (14) with 

parameters (15). 

The found value of T is consistent within t.he error bars with 

the predicted one (12). The ratio of charged particle spectra in 

pp and pp interactions/29/ is also coneistent with the value of 6. 

10 
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If 

The value of parameter a in (14) is known from the data/28/. 

da/dy(pp~pX) = 1.7 ± 0.1 mb at -(6 53 GeV.Thus, one can de-

termine the parameter ot=0.51 ± 0.06, which is also 

with estimation ( 12). Thus, both the sets/27'
28

/ of 

in agreement 

data agree 

well with the coneidered model 

rapidity gaps. 

of the proton flow over large 

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

observed/27'28/ high yield of protons in central rapidity region. 

This ISR data cannot be understood in the frame work of QGSH with 

indivisible diquark. Calculation of the baryon spectrum has been 

performed in such approach in papere 
/40/ 

Though the 

region y ~ 0 has not been considered there, the 

fragmentation function o:(z) used in/.O/ gives too steep -· of the baryon spectrum with the energy: da/dyly=o ~ s 

central 

diquark 

decrease 

(we mean 

the valence protons) . 

It is interesting that there exists some additional 

contribution to the difference of p and p spectra Ma/dy in QGSM 

which decreases with energy as s-•/• i,e, in the same way 

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

destruction. Indeed, the quark fragmentation functions 

are different for p and p. Thus, in the case, when one 

as is 

diq_uark 

oP' P'< z > 
q 

of the 

projectile valence quarks has x ~ 0, the probabilities to find a 

sea p or p in neighbourhood of quark in the rapidity scale are 

slightly different, even if diquark ls no~ aes~royea. in tlnu~~~r 

words, one can say that existenc~ 

central region distorts the sea. 

of projectile quark in the 

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 /•o/. Few comments should be made, 

nevertheless . 

which - We use slightly different value of parameter aP, 

controls the NN pair production in the colour triplet string 

hadronization. Instead of the value a = 0. 07 used in /•o/, we fix 
/28/ ~ 

from the data on da(pp-+pX)/dy. This value a= 0.055 
p agrees 

well with the results of paper /30/ 

- In the reaction pp ~ pX both protons contribute to the 

central region, so the results of calculations/•O-'" at fs = 20 GeV 

should be doubled because the fragmentation of only one of the 

projectile protons has been taken into account there. 

Another evidence in favour of considered mechanism comes from 

an analysis of the data on difference between the cross section of 
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reactionF...> rr+p -. pX and n p -+ PX in the pion fragw.entation 

region/
42

"
49

/. The observed considerable difference is much larger 

than predicted by the triple-Regge formalism: 

(
t. da/dx) _ 
:1: da/dx NNw- N "1'(1 x)so/s • (16) 

wherei>da;dx and :1:da/dx are the difference and the sum of the rr+ .. p 

and n ..,. p inclusive croBs sections. Factor N ~ 1. lmpossibili ty 

of .ioint description of these data in the approach, where p(p) 

comes from the pion fragmentation only, was claimed also in /90/ paper 

Unfortunately, VIe 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/Ys, 
i.e.the same as is given by 

data
142

-
431 at x = 0. 5 with 

-0. 56±0.11. 

relation (16). 

power dependence 
The s, fit to the 

gives t> 

In the Regge phenomenology one describes 

particles in the central rapidity region 

Mueller/
45

/- Kancheli/""-' diagram, shown in 

t.he 

by 

fig. 

production of 

means of the 

5. The double 

p -~--.,----> w,w,ID 
p +--- ---

IP 
h --- --~ 

Fig. 5. The Mueller -

Kancheli diagram for 

proton production in 

the central rapidity 

region. 

Pomeron diagram does not contribute 

to the baryon - antibaryon cross 

section difference. The ramaining 

Regge singulariti"ls are the w- and 

P -poles and those, which contribute 

to the annihilation cross section. 

However, their relative residues 

are quite different and should be 

deduced from some dynantics model. 

The baryon number flow over large rapidity gap was considered 

also in paper/
47

/ in the frame work of mul tiperipheral model with 

baryon exchange. It was prescribed to the inclusive cross section 

(arbirtrarily to some extent) the same energy-dependence as is 

observed in the annihilation. The crudely estimated cross 

section/
47

/ turns to be close (two times larger) to one found 
/47.,.. here. The authors · connected erroneously this mechanism with 

the w-IP 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 between proton-antiproton production 

cross sections due to dissimilarity of fragmentation functions 

DP(z) and DP(z). The contribution of this mechanism was found to q q 

12 

be negligibly small. Actually, the multiperipheral baryon 

exchange/
47

/ corresponds to w - 1P Hue ll~r-Kanchel i diagrnm, wtH~re ,_,, 

is a nonplanar correction to the w - Reggeor/
25

/. This is j~~st the 

mechanisllt shown in figs. 1, 2 and corwidered in Beet. 2 of preBent 

paper. 

4. Some consequences for QGSH 

Considerable probabili t.y of tlw diquark destruction given by 

(8) can result iu noticeabl<e change of some QGSM parameters. 

Determination of the di<1uark-+prot.on 

D~(z) contains some arbitraryness. In 

fragmentation function 
the approach_,.,. .. / which 

exploits the cascade equations the result depends on 

the equation cores. Another approach/
4

'
40

/ uses 

choosing of 

some smooth 

interpolation between the two Regge-asymptoticB z -+ 0 and 

1.The relation between the momenta of the produced baryons 

mesons is not fixed and can be changed not contradicting 

baryon number and total momentum conBervation sum rules. The 

z -+ 

and 

the 

main 

criterion of correctnesB of the diquark fragmentation functions is 

a quality of description of the particle momentum spectra in ph 

collisions. However, the possibility of diquark destruction 

results in more hard fragmentation functions D~(z). Indeed, the 

string configuration in fig. 2 produces during hadronization 

mainly soft protons with x ~ ll.!>, because 1:ne va.Lence quari< 

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 inside a diquark can be 

parameterized as 

fq/D(x) =A xn(1-x)n, (17) 

Use of this expression with n=2.5 and the fragmentation 

function n" ( z) from paper/"/ allows to obtain a good description 
q 

of pion spectra/44
/. As the distribution (17) decreases steeply at 

x ~ 0,1, the string configuration in fig. 2 cannot produce a 

proton with xF~ .• 1. 

Note that the distribution (17) in the region 

similar within accuracy of about 20+30% to that 

obtained for the relativistic two-body diquark WF 

~D(x,pT) ~ Yx(1 x) exp[ 

2 2 
a(mq+pT)] 
x(l-x) ' 

13 

1-xF~ 0.05 

which can 

(18) 

is 

be 



with parameters m ~ 0.27 GeV. 
q 

a ~ 1.5 

corresponds t.o t .. he diquark wit .. h -the radius 

We can cone lude rtf)W. that the hard 

~ 2 

r ~ 
I) 

part 

GeV-2
. Such WF 

0.4 + 0.5 F. 

of the baryon 

spe,-,trum ie determined n1ainly by the me,-,hanisms with indivisible 

diqn;o,rkFJ. At t.he FJam<e t,ime production of high momentuWl pions 

results mainly from diquark destruct,ion. Naturally, the situation 

be corneD reverf..ied when one considers the soft part of the spectra 

(in the c.m. frame). 

5. Gluon aechanisa of baryon nuaber flow. 

As was mentioned in t.he Introduction, the behaviour of the 

annihilation cross section at asymptotic energies is governed by 

the decau1eron exchange, int-roduced in papers /24.Zd/ An analysis 

of the experiment~! data on the difference between pp-pp 

multiplicit,y di-etributionf__; demonstrates that decameron 

contributic•n if..i ener~y-independent up t ... o ISR energies -fS ~ 50GeV. 

This fact and 
~4~ 

calctJlations ~ 

the c r•-)f..i F~ sect .. ion 

in thF p<-rt•~r·hative QCfl 

value .iustifies the 

It is natural to believe that there exists decameron 

contribution to the MuellPr-Kancheli dia•ram shown in fig. 5. The 

e0rresponding inclusive ~~ross section is energy- and 

rapidity-independent. Onfortunately, it is hard to propose any 

rigor:·ou-t~ calculation c,f the cross section value. We give h-ere a 

~rude estimation onlv. 

L~t us eonsidere tht? };_)west order perturbative graph shown in 

fig. 6. which corresponds t.r, the cut of the Mueller-Kancheli 

diagram of fig. 5 with ID-W exchange.. The correRponding string 

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

p ]E rtol 
- {8} 

g g 
h ~ {8} 

Fig.6. Perturbative 

QCD graph w i t,h 

tranBformat,ion of 

the projectile 

3-quark Bystem into 

colour decuplet, 

state. 

-=========~~~~··-(!Ol= * f 

f8l~ ,:.s.J 
{81 • 

Fig.7. Final Btate 

string configuration 

corresponding to the 

graph in fig. 6. 
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·*-

p~l-+ 

_(g 
h~-+ 

Fig.8. 

{8} 

f8} 

{8} 

Mueller-Kancheli 

diagram 

corresponding to 

figs. 6. 7. 

produced with the same rapidity as gluon has. To estimate the 

fig.6 cross section we 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 upperblocks are the same in both cases.Moreover, any number 

of gluons with rapidities smaller than the produced ~aryon 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 ladder type 

to the two-gluon contribution to the Pomeron. These corrections 

are responsible for the Pomeron Reggeizat.ion and can be evaluated 

from phenomenology. QCD motivated/ ..... .,/ analysis/
5
0/ of the 

experimental data found that the contribution of this perturbative 

corrections to the pp total cross sect,ion is about 10 Wlb at 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 da(pp .. pX)/dy ~ 0.1 mb for 

the contribution of 

experimental data in 

graph 

fig.3 

of fig.6. 

shows that 

Comparison 

the relative 

with the 

decameron 

contribution is small till the ISR energies, but it becomes 

considerable at SppS collider and future accelerator energies. 

6. Conclusion 

The process ofbaryonnumber flow over large rapidity gap is 

bejond the QGSM as it. is accompanied by diquark desintegrat.ion. 

From the point. of view of the Mueller-Kancheli diagram it is 

goverened 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. 

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 

quark in the WF of high energy proton and with destruction of a 

diquark-spect.at.or by means of converting it into the sextet 

colour state. fi:. another w"ords, the valence quark is a carrier of 

baryon number in this case (from the point. of view of topological 

expansion the quark is excorted by SJ). The most intriguing 

possibility is the second one: the carrier of baryon nuaber in 

this case is a gluon '(SJ in the topological classification). 

15 



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. a is clear that the perturbative Pomeron/4

&/ 

contains a decameron impurity among the ladder-type graphs. An 

example is shown in fig .9. Inelastic process corresponding to the 

cut of t,hifi graph is a result of hadronization of string 

configuration shown in fig. 10. As the s.J-S,J pair emerged. the 

baryon-antibaryon pair should be prod•;ced with the same rapidities 

after hadronization. The probability of such configurations is 

suppressed by an order in comparison with production of ··ordinary" 

colour triplet strings, decaing mainly into qq pairs. Thus, the 

{10} {10} 

Fig.9. Decameron 

impurity in the 

perturbative Pomeron. 

Dashed line denotes 

the cut .. 

{

{8} * :-
{10} ~········-.±.SJ 

{8} i 

{10} ~··········~SJ - { {8} . 

{8} * *-
Fig.10. Example of 

the final state 

string configuration 

corresponding to the 

graph in fig.9. 

:d~ N.__ --

~ 

Fig .ll.Mueller 

- Kancheli 

diagram 

corresponding 

to figs. 9,10. 

yield 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 mechanism. 

It is interesting, that such mechanism is absent 

collisions. Thus, it explains naturally t,he observed 

relative density of NN pairs in the rapidity scale in 

in . -
ee 

enlarged 

hadronic 
interactions at "J"s=540GeV in comparison with e•e- collisions. 

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+p~ ~ p~ + X (arrow 

denotes the polarized protons). If the proton is mainly a system 

q-D, where D has S=T=O. then the valence quark in the central 

region in fig.l,2 carries all the incident proton polarization. 

This mechanism of polarization transmission is dominant at large 

rapidity intervale. The diminution of polarization due to sea NN 

pairs contribution, resonance production ets. should be taken into 
account. 

16 

3. Destruction of incident diquark during proton-nucleus 

interaction proceeds with a high p1obability. Indeed, 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 st.ate in the 

colour space. Thus, the quark-pair finds itself with probability 

1/3 in the anti triplet colour state ( diquark) or wit.h probability 
2/3 in the sextet colour state. Corresponding probabilities for 

real nuclei can be found in/5
t/. In the latt.er case the S,l, i.e. 

nucleon, is formated in the central rapidity region or in 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 

nuclear stopping power -'52
-
56

-' 
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KonenHOBH~ 6.3., Saxapoa B.r. 
Hoawe MexaHH3MY 3a6poca 6apHOHHoro ~Hcna 
~epe3 6onbwoH HHTepaan 6YcTpOTY 

E2-88-493 

0oKa3aHO, ~TO MeAOeHHYH aaneHTHYH KBapK B aonHoaoM ~YHK~HH HaneTa~ero 
npOTOHa BYCOK~ 3HeprHH MO*eT ofpa3oaaTb 6apHOH 1 ecnH AHKBapK-cneKTaTop pac
~nHnCR, T.e. nepewen B CHKCTeTHoe no ~aeTy COCTORHHe. MY O~eHHnH Ce~eHHe 
3a6poca 6apHOHHOro ~Hcna a ~eHTpanbHY~ o6naCT~ 6YcTpoT, nonb3YRCb MeTOAaMH 
TeopHH B03MytleHHM KX,Il. Ce~eHHe aaBMCHT OT MHTepeana 6wcTpoTW Ay KaK eJp(-Ay/2) 
H xopowo cornacyeTCR c 3KCnepHMeHTan~MM AaHHWMM npM 3HeprMM ISR. c,_ecTayeT 
TaK*e HHTepecHaR B03MO*HOCTb nepeAa~H 6apHOHHOrO ~Hcna OAHMM rn~HOM. 3TOT ·• 
aKnaA He 3aBHCHT oT 3HeprHH H 6wcTPOTY H CTaHOaMTCR 3aMeTHYM npH 3HeprHM YHK. 
OpeAnara~TCR TaK*e HoBYe MexaHM3MY AOR po~eHHR 6apHoH-aHTH6apHOHHYX nap H3 
aaKyyMa, nepeAa~H nonRPH3a~HH ~epe3 6onbWOH HHTepaan 6YCTPOTY, TOpM03R~eH 
cnoco6HOCTH.RAep. 

Pa6oTa BYnonHeHa a na6opaTopMM RAepHYx npo6neM OH~H. 

llpenpiDIT 061.e.IUIHeaHoro IUICTHT)'Til RABpilbiX Hccne.tloaaHHA. ,lly6Ha 1988 

Kopellovlch B.Z., Zakharov B.G. 
Novel Mechanisms of Baryon Number Flow 
Over Large Rapidity Gap 

• 

E2-88-493 

It Is shown that slow valence quark In the wave function of high energy 
proton can fragment Into a baryon If the fast dlquark-spectator Is destroyed, 
I.e. Is turned from the antltrlplet to the sextet colour state. We estimated 
the cross section of the baryon number flow to the central rapidity region 
using the perturbatlve QCD. It depends on the rapldlty gap Ay as exp(-Ay/2) 
and nicely agrees with the data at ISR energies. There exists also an Intri
guing possibility of transferlng baryon number by means of gluonlc 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 lnvestlgtaion has been performed at the laboratory of Nuclear 
Problems, JINR. 
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