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1. INTRODUCTION

Experimental data on high-energy hadronic interaction have been

succegsfully described in the quark-gluon string model (SM)/1'8/ in
the last years., SM is based on the idea of topological expansion
(TE)/9/, which ia equivalent to the 1/NF expansion in QCD with

_ /10/
NF/NC_ const

. The Reggeon exchange corresponds to the planar di-
agram, but the Pomeron exchange is described by the cylinder-type di-
agram, It is also assumed in the SM that hadrons are produced as a
result of disintegration of colour strings formed due to confinement
after colour exchange in hadronic collision/11_13/' The cut of the
planar reggeon graph of TE corresponds in the SM to annihilation of
valence qg-pair followed by formation of colour string by a pair of
gpectator quarks, The cut of the cylin&rical graph of TE contains two
gg-strings which decay independently in the leading 1/N approximation.

The TE for the reaction with baryons has no foundation. Neverthe-
leas a pair of quarks (called diquark D) in the colour 3-state is
congidered in the SM analogously to g in a meson., But this approach
is not valid in the case of pp annihilation if it is accompanied by
destruction of diquarks.

Rossi and Veneziano/15/ have proposed to associate pp annihila-
tion at high energies with annihilation of string junctions (SJ) as is
ghown in Pig.1 (SJ is denoted by the dashed line). Thg concept of 3J
has naturally appeared in the gauge-invariant representation of wave
function (WF) of the nucleon/15'16/. In the string model SJ is point
where strings are connected together/17/ if the baryon has a form of
Y. Unfortunately, this gualitative pattern is not supplied with any
calculation scheme., From the SM point of view graphs in Fig.1 a,b,c
correspond to formation,in the final state,of one, two or three gq@-

-strings. These strings mainly decay into meson states because produc-
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tion of DD pairs is suppressed. One can see that the diquark can be
trested ae a colour triplet only in the case of graph in PFig.la.

Prom the point of view of unitarity diagrams
in Pig.1 a,b,c correspond to contributions

J
of Regge trajectories MJ, Mg and My (nota-

tion of ref./166 to the elastic scattering

3 18
a amplitude, Bilon end Harrari/ / gave the
first estimation of the intercepts of these
—————— ] [ [' trajectories before the conception of SJ
; E E hed been introduced. Using the Chew-Pignotti
——————— apprbach/21/ to the dual multiperipheral mo-
b de1/19’20/ they obtained

[ ol (0)=20g0)~1 +4° @

L dygl0= 2 oLg(0)-1+24° @

Ly3(0)=2ckg(0)-1+3g%

Fig.1
Here CLB(O) ig the baryon trajectory intercept; & is reggeon
-particle coupling constant which is connected through bootstrap con-
dition with the secondary reggeon intercept/19’2o/: O<H<0) =
2 oy (0) -1+ 8%

If Q(H(o)'—‘* 0.5, O(B(O)n o, then/18/

9 = 0.5 o
O(MJ(O) = ~0.5, O(Hg(O) =0, O{MO(O) ; inat
fkese results pf pepaer/18/ lesd to & wide spread opinion tha

the experimentally observed energy dependence of annihilation cross
section fiﬁﬁ;OC E'-g corresponds to the contribution of the three-

~gheet graph in Fig.1 ¢, and that this energy region ( E<12 GeV) is

an asymptotical one/1'5’6’15’16'22'24/' Put the Chew-Pignotti model
L]

is obviously oversimplified, the multiperipheral model is too crude,
thus more profound investigation of contributions to Qjmnn of graphs

in Pigel is needede.

Below we consider a natural mechanism in the QCD perturbative
theory (PT) leading to the three-sheet configuration of the type
shown in Fig,1 c. It can be a result of exchange by two gluons in the
decuplet colour state/254see Fig.z).(3q)00§3akia}final state can be
considered as three qq colourless states independently decaying in-
to hadrons (in the SM). The last‘stage is not described in PT of cour-

gse, As the strings decay with a unit probability one can consider the

8 8¢10} cross section of the process BB"(37%‘0}(37}”-@
<3 3 (denoted below CfS{TQP calculated in PT to be
8 E{ﬁﬂ equal to the cross section for three-sheet

Fig.2 events, It is clear that in the lowest order
approximation this cross section is energy independent,

It is intgresting that Cj{jo} is sensitive to the minimal dis-
tance between any pair of quarks in the baryon and Ciﬁ(ﬂ*o in this
distance tends to zero. This is the result of colour screening, The .
spatial part of the three-~quark decuplet state is antisymmetrical  so
the value of Cjﬂol is determined by gluon momenta of about inverse
minimal distance between quarks, This leads to more appropriate condi-
tions for PT validity than in the case of Ci;tcalculation in the do-
uble gluon approximation/11'26’27/, where gluon momenta of about in-
verse hadron radius are esgential., Strong dependence of (fjt10} on the
minimal interquark distance is especially important for NR-annihila-
tion if the nucleon containg the diquark of a small radius, Such pos-
gibility is Jjustified by calculations/zs/ in the instanton vacuum, by

analysis of deep inelastic reactions/29_32/ and large f%
ses/33"36/.

proces=

The paper is organized as follows. The formulae for 1o} cal-
culation are obtained in Section 2. Section 3 contains the results of
numerical caléulation. In Section 4 this results are discussed and com=-

pared with the experimental data and with the dual topological approach.



2. FORMULAE FOR 6{1 0}

The colour wave functions (WF) of baryons in the initial state
(Fig.2) are antisymmetrical but they are symmetrical in the final
state, Thus the problem is reduced to calculatioun of the diagrams of
the type shown in Fig,3.The corresponding cross section ¢an be written

in the following form:

y A @), 4
= s _d i
6{40}’256973 D,‘(qfw‘gz) § {,1 ?J')
8 810}
_ 3 4 _ 3
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Fig.3 1 4
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where
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R™ (9,09,
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<\K,TRY ‘ QXP(% &t %qu)\ 1R Y. > (5)
Here Mé_ is the gluon mass which effectively takes into account
A

A are the Gell-Mann colour matrices; c{s is the

the confinement;
QCD coupling constant; ngR and.ngR are the three-quark WFe, depen-
ding on apin, isotopspin and spetial coordinates with theYoung sche-

mes [IIJ and a nd Yclw)are the single and

-
d%cuplet colour WFs; T: are the spatial coordinates of gquarks in the

)
,respectively; Hé{} a

three-quark c,m,; q. gre the gluon transverse momenta., The indices
q +

& r—— e mma

]
1
i

|

“42¢ec1ty - number the quarks in the three-quark WE

{10} denotes the sum over all possi

the sum over

ble states of three quarks which

are in the decuplet colour state, The expression for E S Ay

/\n(

in for-
) T
. « Due to
yometry of all expresslons in the brackets in formula (5) one can re

place the sum over V’
STR by the sum over ¥rp with any Young scheme

of three-guark ayatem,

mula (4) differs from (5) by substitution of

Then (5) can be rewritten ag follows

Re{,...a.,
Qo) =55, (Wil exp - 7)1 W)

Lsi‘ ly

Z( ('}UN,A“"‘\{/UD}><\V(10}' 3 ““vl \”}>.

(10}
Using symmetry of Yét} and antisymmetry of YQUO}

gent (6) in the form

R

where

(6)

‘one can trepre-

yer oy

s t4) =6R (g, g,y C

(7)
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+ 3 . -
F(@,q,8,) =y, |exp(:_§0; 7;)(%:‘2) (10)

is the three-particle formfactor.
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The same formulae (7)-(10) are valid for R

Aot A\ T
substitution of A —(A ) in (8).

It is seen that expression (9) vanishes 1

oKy a
) 550

£ any of gluon momenta

i 9)
tends to zero. This provides infrared stability of 600}. Using (

: if the mean internal distance
one can see that Q(qf..qq)also vanishes
for any quark pair tends to zero.

The colour factor

8 = o
a(,...d" d, e Ry
1)
(: =;g;§;i=4 (: (:

this
jg caléulated in the appendix and is equal to C = 160/9. Using

the form
value and expressions (4), (7) one con write 6{10} in

2
s

G-t [t S G Rt
(1o =1
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Let us use two types O
late 6 } in NF colligion. In the first case (denoted by I) we
{0

f the nonrelativistic nucleon WF to calcu-

use the symmetrical oscillatory gpatial WF, for which
F(@,,8,0) = expl~ G20+ 00008 .31}

2 uares radius.
where ('ZP> ig the proton mean 8q

: /28,30-36/
e we take into account the poseibility ’

In the second cas

i
that the compact ud -diquark with S=T=0 is dynamically enhanced in

4+
the nucleon WF. The WF \VSTR is written in this case 88

. m .
) ¥ ' (14)
(\VSTR =A “’1,23*’%,31 %,42)
i i 3 : three-quark
Here A is the normalization factor; \K,Jk is the q
WF with the quarks J, k in the state 8=T=0. The spatial part of

‘Y. ., is taken in the form
\,Jk

\P:.,jk(.zﬂ"wza)‘ (%)é(%ﬁ)aexp(‘ d?i[b?a)’ (15)

- — - presd . = -"’Z .
where = ; +(?J+"zk)/2 ;T =Y

[
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Calculating FII(Q1’ Q2, Q3) we neglect the interference terms of ty-
pe <%,23]2XPG§3{€;)|%,51> and <‘|@)31|Y,,33> . It can be
justified by spin-isospin suppression of the interference terms by the
factor 1/2, and by a small value of the spatial overlap integral in
the case of the compact diquark.

The values of parameters 0(, j% in (15) are related to the

2
mean squared radius of the proton <“C?> and the diquark <'Z;> o

U= 9 g2 +(1--£)a £=—:ﬂ"—; -_3
TR (1B - e’ Prisky

(16)

WF (4), (5) leads to the following expression for the formfactor

i
F710,,0,,05) = é(E,gg‘*Fz,af*Fs,u)': an

where

(@ -5&)2} '
32p

It is worth noting that results of fitting of baryon Regge trajec-

(18)

- 12
F = exp gkl » (1-£0G -Gl

tories in the string/B’.?/' and estimation in the instanton vacuum model
/28/ show that the scalar diquark has a mass about 0,2 GeV, i,e, even
smaller than the constituent quark mass ~ 0.3 GeV, Thus the use of the
nonrelativistic approximation for the quark WF as a bound state of
the quark with a mass ~ 0.3 GeV and the diquark with a mass
~ 0,2 GeV is of course unjustified., Formulae (17),(18) are the con-
venient parametrization taking into account small size of the diquark,
Evidently, higher order corrections do not drastically change the
energy dependence of 650}. It is shown in paper/BB/ that in the lea-
ding logarithmic approximation exchange of two reggeized gluons in de-
cuplet colour state corresponds to the Regge trajectory intercept

ol yyop(0) =1-3ks 2T

. One can fix the value of 0(5 of the pomeron

comparing the results of the leading 1ogarithmic apprdximationlag/ for




the Pomeron intercept ofp(0) -1 =12ln 24 A7 and the £it/?0/ s

the experimental data o{p(0)—1 =~ 0.3 . Then one obtains ol (0)- 1z
~-0.05.

3. RESULTS OR CALCULATIONS

The following procedure has been used to determine the value of

O(s. First the experimental Vvalue of the total cross section

& §

ot ~ 39 mb is compared with the results of the Born approxima-
o N

tion

M I 2 2
(qot)=8ﬁdﬁj(%ﬁy%">7/‘£) (19)

or with

o
(BN = B2 [y Tia o, 12) + 4T (a, b, ME) + ,
0 é é

(20)
J(b, b, M)|:
where a=1ﬂd+{/32 ; ( ;"%ﬁ sxf)« e_““‘)
bs1/8p;  ixu,2)= Jdt EeR '
We fix here (72)=08 Fm ; My= mg
denoted below by the index {8}. The value of m’s for the diagram in

. This value of g(s is
Fig.3 is related to 0(3{8} through the one-loop approximation for-

mula

o(_f,w} = 0‘28} ln (@){m} //\)//n ((9){@}//1 ) (21)

Here <¢>153’ <? >{1 o} are the mean gluon transverse momenta ob-
tained from formulae (19), (20) and (12), respectively. ’,[_"h’e QCD para-
meter A is fixed by expression O(S{g}z 6"/7'(33"2"";-)-% ((Q)lgj//] )-

To deétrmine <?’>{8}, {10} Ve use two methods: 1) straightfor- ,
ward calculation of (7,), ii) determination of the "mean momentum" .
from‘the result of averaging of (Zﬂi). The curves for (i} obtained
by the first method are shown in Fig.4. The second variant leads to

smaller values of (7). Nevertheless difference between two varlants

8 .

(

for 0(5{10} which are shown 1in }ig.5 1is negligibly small.

] T T T i

Fig.4. Value of (t;)-mean transverse
gluon momentum depending on the di-

2 1/2
quark radius <'Z_-D> . Dashed lines

3 show values of (2}-obtained in variant
<&
g I: |py>={und)> . Signs 8 and 1C de-
note calculations of (?) for 6‘:01;
and 11 O} o
Pig.5. Mean valuee of o(s o
Soli;i and dashed curves correspond
~ to variants II =and I.

Usging these values of ols one obtaine the crose section 6“o}which

is ghown in Fig.6 as function of the diquark size ("Z_i)z(in variant II).

4 4

[

Pig.6. Values of 6{101 calculated

5,;,2_‘ in variante II (solid curve) and
©y 1 I (dushed line).
- 2
)
0t 02 03 04 Q5

It is seen that 6&0} =~ {10 2 mb if ('7.';)'}- ~ 0.6 Fm, but

when <’L;‘)> decreases, 6{1;'-0) fells due to diminuation of integral
in (12). In gddition, a decrease of ('Z;) causes an increase of <2),
which leads to smaller o(s « Note that in spite of neglecting the in-
’cerfe’rence,the resz;]/.ts of both vari;a/r:ngts 6{10} and 6{103 are close
in value if (7.;) 2%\/_3./2 <Z:> .

interference terms.

. This confirms smallness of



We also investigate sensitivity of 65{10} to some parameters, If
one fixes My = 0, the absolute value of Cs{jo}falls by about 20-30%
T
in comparison with Fig.6. We also calculate GS&O} with
(’Ze>’/2 0.7Fn and ®BL . with M_=2m,.m ti
P = 0,7 Fm ean {10} = g e cross section
changes within 30-60%. Thus we conclude that our predictions have
uncertainty up to about factor 2.
The value of Cjﬁo} determines the cross section of three-jet
events, To obtain contribution to the annihilation cross section
88
anns one should multiply 6{10} by a factor exp [—3<Yl,n.>\h/,¢ /"\/,”]a
where \ML /&%H is the ratio of nucleon-to-pion production probabili-
ties in the central rapidity region, v4,/ﬂ¢h 2~ 0,03 in the FNAL-ISR

energy interval; {ng) —'1‘-2&(550) is the mean multiplicity of pions.

4, DISCUSSION OF THE RESULTS

Unfortunately, there are experimental data on the annihilation
cross section/23/ ci;:i only up to 12 GeV. It is now impossible to
extract the energy independent contribution (about 1 - 2 mb) we are
interested in from the data in such a narrow energy interval. The
experimentally measured cross section falls with energy approxiﬁately

as s 0

. Some justification of our results comes from comparison

of pp and pp ISR data /38/. The inclusive cross section of par-
ticle production in the central region in the pp interaction is
about 3 - 5% higher than in the pp one/41/. This value is in agree-
ment with the above estimate of the cross gection for three-jet events
if one assumes that nonannihilation multi-jet events in pp and pp
collisiong have the same cross section, The data on topological cross
section difference in pp and pp collision A6n=6:ﬁ— 6::’)

at ISR energy/41/ have too large errors to draw definite conclusions.
Nevertheless, one can see that A(§n ig concentrated at n > <nPP>'

nz_?")A6h =
>(n
vaﬂge is in agreement with our estimation of the three-jet production

The cross section of such events 1 - 2 mb, This

10
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cross section. Nevertheless this conclusion requires stronger statis-
tical justification. ~

Besides the weak energy dependence of the three-jet cross sec-
tion the colour-decuplet gluonic exchange is characterized by consi-
derable quark transverse momenta on the string ends. These momenta
are determined by transverse momenta of gluons and incident quarks,
which are both determined by the inverse diquark radius (see Fig. 4).
Thus transverse momenta of the ends of the strings are about 0.8-1.2
GeV/c. This is displayed in a fast growth of mean transverse momenta
of produced particles with increasing XF « A similar sea-gull effect
is lmown ?n nonannihilation processes /B/, but it is much weeker

there.

-

B = {6} ™

i

AT \

] ) o
Fig- Te Fig- 8.

Let us now consider the contribution to CSann, which has
energy dependence S"O'S within the framework of SM. It can be
related to the graph shown in Fige. 7. It is agsumed that each collid-
ing particle contains at least one slow valence quark and pair of
qq has small effective mass Mﬁq < 1 GeV. The gluonic exchange
leads to transition of the diquarks D end D  into sixtets {6}
and {57 correspondingly. From the point of view of SM this results
in the final state string configuration shown in Fig. 8 (the dashed
lines denote the colour strings). If effective mass of the qq-pair
is sufficiently small, Maq < 1 GeV, then this string configuration
can decay into mesons only.

Diagram analogous to one shown in Fig. 7 gives contribution to

pp-scattering also., It describes the events with sﬁ/pair production

11



in the central rapidity region. These diagrams give the same contri-
bution to the pp and Dp total cross sections. This corresponds
to the Eilon-Harrari hypothesis /18/, that annihilation contributes
to the Pomeron.

It is.pdssible also annihilation mechanism analogous to one
shown in Pig. 7 but with gq-pair annihilation. Its contribution
to annihilation cross section also drops with energy as sr1/2. From
the unitarity point of view this is nonplanar contribution to the
&)-Reggeon.

Both mechanisus shovn in Fig. 7 and gluonic colour decuplet
exchange are characterized by high tranaverse momenta of gtring
ends ~ 1/’{0. It has been noted ~bove that this leads to a congi~
derable sen-gull effect which tis nctunlly seen in the pp annihila-
tion data at energies Elub 2= 12 GeV. At the same time the gea-gull
effect in nonannihilntion events is mich vieeker 723/ and maximal
wilues of (f}) are about C.3 ¢ 0.4 GeV/c.

An ndditional check of tha proposed mechanism is possible if
one investigates long rapidity correlations of trangverse momentn

of produced particles.
APPEIDLX

Using the relitlon

2o (i ISR L = {s~' fia 0y

{10} Ja C;s

t (Ff:‘ emu b «J‘r-‘i7 ’zjii)}'

where i, J are the colour indice2s, one obtaina from formula (9)

B e

'\o/,/\o(z[/‘ oly { oAy X’(z, A%
)\1 A2 )\1 A2_ * 3 }\1

A {1] >
T (L.1)

Expresasion for C:d"’“w after substitution )\“' A toc fermu-~

oy eue o 1 {1}
CH =35 Y

oA “5 “W “3 NV “%

RO

I’ la (B) tukeo o form
. o Aols Dot
I -
W3Aody KMz Rly Az AW, ody Aty {1] .
S S W AR W N W W A (.2)

hfter substitution of (A.1)}, (A.2) into (11) an expression con-
taining 36 terms arised. But only seven terms are independent
Gy = (1212)(2121)
C, = (1212) (1221)
Cy = (1231)(1321)
4 = (1231)(3112)
5 = (1231)(3121)
c, = (1212)(1321)
C, = (1212)(2321).

Here we use the abbreviation ("l‘tstq)clJzJSJV )
1 }
“ 2:'—1 <\f/{ }’ xﬁ A“s ""( [’}><\i/{‘jl x(qiogx xl \1/ {1 >

The factor € in (11) is related to terms C1 + C7 by the ex-

NN

preesion
C =20y - 20, + 4C4 + 4C, - 8Cg + 8Cy - 8C,- (4.3)
In calculation of the terms C, =+ C7 we use the Fipz identity
Ao} “d)[__g igh tqn
_‘i()\)k()\ m 3Sk§\m +2Sm%k'
It gives a possibility to sum over indices“ﬂ,.", {y in expressions

for C, = 07. To sum over the colour indices of quarks we use the

| 13 '




colour WF

<‘1“z'“s|wc_m> = %6:.1213

After cumbersome calculations of Cy - C7 we obtain from (A.3)

the value of C = 160/9.
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KomesmroBuu B.3., 3axapos B.T. E2-84~548
AHHHI'WIALMA AHTHIPOTOHOB B OyallbHOH MapTOHHO MoOeu
H TeopHH Ro3MymeHuil KX

B reopuu sosmywenuit KX Bhiuncnen BKJIa, B cedyeHHe Ppp
AHHHIMIIMIHH, 06YyCIIOBJIEHHbII OBMEHOM [BYMA TJIl0OHAMH B Oe-—
KYIUICTHOM 110 [{BETY COCTOAHHMH. BelnHuyuHa cedeHUs cylecT-—
BEHHO 3aHHCHT Or pasMepa OUKBapka B HPOTOHe H COCTABSET
okoro -2 M., Jror Bkiag cinabo 3aBHCHT OT 9HepruH H omnpe-—
defaer ceverHe AHHUTUISAUHM B acUMITOTHKe . PaccMoTpeH Tak-—
K€ MeXAHH3M AHHHCHIIALWH, OOMHHUDYIOLHHA B NpegacHUMITOTH—
qeckoii obiacty  /E<12 I'sB/, roe ceudenue OhiICTPO nagaeT
C JHeprpedt -1 /\,E.

Padora sunonnena B JlaBopaTtopuu AgepHelx npobiem OUAU.

IpenpunT O6BeMH eHHOrO MHCTHTYTA ALEPHBIX HCCIEZOBAHMIA. Iy6Ha 1987

Kopeliovich B.Z., Zakharov B.G. E2-84-548
Antiproton Annihilation in Dual Parton Model
ind Perturbative QCD

In the framework of perturbative QCD the contribution
to the annihilation cross section resulting from exchan-
ge ot two gluons in the colour decuplet state is calcu-
lated. The result depends essentially on the diquark
radius, and is equal to 1+2 mb. This contribution slight-
ly varies with energy and dominates the annihilation cross
section in the asymptotics. The preasymptotical mechanism
of annihilation is also considered which causes fast
decrease In the cross section with energy(~1,/vﬁ) at the
intermediate energies E <12 GeV.

The investigation has been performed at the Laboratory

of Nuclear Problems, JINR.
Preprint of the Joint Institute for Nuclear Research. Dubna 1987




