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1. IlftRODUC!IOlf 

The QCD, a pretending theory of strong interaction having a con
ventional success in the hard-process description has some uncertain
ty in an intermediate QI. region. This uncertainty arises because it 
is difficult to separate exactly the gluon bremsstrahlung contribution 
(logarithmic corrections) and nonperturbative higher-twist contribu
tion (power corrections). Up to-day an experimental separation of 
such contributions is extremely hard, as is obvious from uncertainti 
es of experimental values of A Q(..l) • On the other hand, the higher
twist theoretical analysis is rather complicated /1/ and the main 
question is whether a factorization property conserves in higher 
twists/2f • Therefore, a consideration of higher-twist effects in 
terms of phenomenological models (a constituent interchange model 
(CrM)/3/ , diquarks/4-14/etc. /15/ ) seems to be interesting now. 

The nucleon diquark model with a dominating scalar (ud)-diquark 
/5-9/ developed i~ general by the Stockholm group/5-7/ for explain
ing the scaling breaking in different hard leptonic and hadronic pro
cesses is, as we think, more attractive and fruitful. 

Available experimental data on proton production in hard-proton 
. collisions/16-20/ indicate an important dynamical role of diquarks 
/10-14/ • A large-pJ. deuteron production in pp -collisions/21/ 
which can be interpreted as a result of simultaneous double quark
diquark cOllisions/22/. is also interesting. 

There are also indications to a significant diquarks role in rea
listic hadronic models/23/ (where hadron statical properties in QCD
vacuum are defined by quark-, gluon-condensates and instantons) and 
in lattice calculations as well/24/ • There the mass differences in 
scalar and vector channals are in practice fully determined by ins
tanton contributions (e.g., the mass differences WlA- mp, 1I1,p -'"11" 
eto./23/). It is also important that in a nucleon the diquark 
produced by instantons can be only scalar and isoscalar, and the radi
us of such a scalar diquark is 't~ c: '(jMht = 0.2 ... 0.3 Fmf25 f , close 
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to the value 'ttl 0.2 Fm obtained from experimental data on hard 
processes/12-14 I 

The differencc'H of U - and d -quarks distributions in a nuc
leon can be equally explained by the quark clusterization to a (ud)

diquark/9 1 . .. 
In this letter we consider the dynamical role of diquarks in pro

duction of single nucleons, symmetric nucleon pairs, a,nd K -hy • 
perons in hard proton collisions. As we will see, the presence of a 
scalar (ud)-diquark in a nucleon allows us to describe the P / rr+ 
ratio and the absolute values of production cross sections of protons 
and protons pairs in pp -collisions in a wide energy region, as well. 

2. LARGE· P.L. BARYON PRODUCUON AND PAr+-RATIO 

It is known that the problem of large-pl. baryon production in 
hadronic collisions cannot be solved in the framework of the elastic 
quark scattering model/26/ • As a result, phenomenological higher 
twists models appear: CIM/3 / , diquarks/1O-14/, etc./15/ 

It seems that one of the main tests for these models in hard nu
cleon collisions is the R =p/n+-ratio at large angles in eM-system. 

An R ':- P/n~-ratio analysis was already made in the region 
(19.4 ~ is ~ 62 GeV).Strong scaling breaking with respect to 
R=f/n+ '" l/pi (proton production - J./p12 and that of Tft- -mesons 
"'" i/pJ ) was explained by power corrections, i. e. in general by 
diquark/1O-14/ ,subproton in Cilil /3 / form factors or by triple 
quark collision process /15 / • 

Reduction to the IHEP (Serpukhov) energy region gives a more 
extraordinary effect: the scaling breaking becomes so strong that the 
R -ratio increases rather than decreases with Pl. increasing (Su

lyaev' s group data: /19,201 )! In fact, R':- PIn~>i beginning from 
P.L.:::: 1.8 GeV/c (Xl.. 0.3. 8-t.M = 90°), i.e. a number of protons 

becomes greater than that of n~ -mesons (Fig. la)! 

For analYSing large~pL hadron production processes we use the 
nblack-boxn model by Field and Feynman/26/ • Similarly to works/10
-13 / , we consider that 

(~),J = ( ~)~f Il(Gt 
) , 

~ ~ (1)
stfl(! 

~ 

l(Qr) :: Q12-.o1. 
1 .. €1¥~ ::- ~'"+(l-+u 

The diquark distribution function is chosen in the following form 
i. 

G<l(x)-=GX(1- X), \Gd(l()ciX::l. (2) 

o 
At small .x this distribution function differs from that of the 
stockholm diquark model and from that of ref./14/ where GIA(X)-l!.K,1frx 
with X ...... O. 

The fragmentation function of a (ud)-diquark to a nucleon is 

chosen according to the Field and Feynman jet model/27/ 

1)~4) (l) = l>:~) (2')::; 0.4 [t - (J + 3«(1- z.r)z] 
i 

\ dz Z>!u4) (c:) = (11,.)= <n.. >=0.4, 
o 

where the parameter a .. 0.57/28/ ' <tip) (<. H K» is the mean 
multiplicity of protons (neutrons) in a diquark jet. 

To describe 1T~ inclusive production in pp -collisions, Field 

-Feynmann jet model fragmentation functions/271 were also used, 

where a .. 0.74 at is .. 1.1.5 GeV and a.. 0.94 at Vs~20 GeV. 


It is well seen from Fig.1 and Fig.2 that the main contribution 
to the large-pL proton production is made by a quark-diquark subpro
cess; at f5. 11.5 GeV energy diquark-diquark scattering becomes 

also important. 

Sulyaev's group data/19,20/confirm the hypothesis/5-71 of a small 
diquark size (the form factor parameter t1z .. 12 (GeV/c)2). But our 
choice of the diquark distribution is, as one can see from data 
(Fig.1), especially for )(.L.'-0.25. more preferable than in/6,13. 14/ • 
The use of the diquark distribution /6.13.141 results in a perman~nt
decreasing plrrt - ratio /12-14/ with Xl. increasing, whl.le at is· 

11.5 GeV R -Pin'" is a growing function of Xj. 

The quark-diquark configuration probability in a nucleon, obta
ined by us, is equal to about 7~, note, however, that the value of 
thl.s probability is defined by approximate relationshl.p (1) between 

elastic .::ross sections of ~, - and ,cI- subprocesses /141 • 
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Fig. 1. 	 R= P/rrt -ratio in pp-collisions.a) .sC.M" 900
: • - FNAL 

data/16/ at {5", 2..3.4 GeV (EL .. 300 GeV), A ,~ -IHEP 
(Serpukhov) data/19,20/ at is • 11.5 GeV (EL '" 70 GeV). 
b) -3~H" 450

: • - ISH CERN, data/18/ at rs. 62 GeV 
(EL Q< 1900 GeV). 
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The result of calcuations 'of pp -ppX processes/29/ (sym
metric -proton-pair production) according to the formula in work/30/ 
for the double inclusive cross section, which in general must be ap
plied carefullY/31/ , is shown in Fig.2. The main contribution to 
the cross section of production of proton pairs with transverse mo

) 

menta opposite and equal in valUes is given by diquark-diquark scat

tering. 

Thus, a simple diquark model describes absolute values of 
pp-px. 1 pp -pp X crOI:1S sections in a wide energy region 
rather good and also correctly reproduces the scaling breaking for 
the R -= P/n+ -ratio. 

Calculations for the .R-= Pin'" -ratio by a modified CIM /32/ 
made in/20/ show only qualitative agreement with experimental data 
/16,19,20/.~ough,quantitative agreament in eIM oan be reaohed by 
an appropriate choice parameters, but correlations measured by 
ABCDHW and H608 collaborations in CERN ISH between forward and trig
ger protons (~tH • 10+40°/33/ • Qep.c" 900/34/ ) require a large 
angle scattering of two valence quarks, rather then that of three 
valence quarks as in the CIM/3/and triple quark collision model/15/ • 
This is probably indicated/221 by data /211 on large-pJ. deuteron 
production in pp -collisions. 

Another test may be done by measuring large- pJ. if-hyperon 
cross section~ in proton collisions. In the dominating scalar (ud)-di
quark model the ratio AO/p _ K+/ii- = 0.3+0.5 must almost be indepen
dent of p.L and is_ 

3. SU10IlBY 

The simple nucleon model with a scalar {ud)-diquark rather well 
describes absolute values of cross sections of processes of the in
clusive production of single protons and symmetric proton pairs with 
large- pJ. in Pi> -collisions in a a Wide energy region ( rs. 11.5+ 
+62 GeY) and also correctly reproduces the strong scaling breaking 
for the R=p/n-+-ratio. The data at rs 11.5 GeV/19,20/ confirm 
the hypothesis/5-7/ of small diquark size. 

Fig. 2. Invariant "cross sections of protons and symmetric-proton
pairs production. Calculated curves: 1 - pp ""t pX at rs • The measurement of the Jt/p -ratio at large pJ. would be a good]23.4 GeY; 2 - pp _ pX, 3 - pp "'ppX at is. 11.5 GeV, 	 test for distinguishing between the scalar {Ud)-diquark model and 
4 - a prediction for pp _ ppX at 'IS. 23.4 GeY. 	 other higher-twist models. 
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KHM B.T. 
gHKBapKH KaK HCTOqHHK 6apHOHOB C 6onbWHMH 
P i B ~ecTKHX HyKnOHHb~ coyAapeHHHX 

E2-87-75 

06c~aeTCH o6pa30BaHHe HYKnOHOB, CHMMeTpHqHb~ HyKnoH
Hb~ nap H A0-runepoHoB c 6onbmHMH pi a pp-coyAapeHHHX 
B paMKax MOAenH HyKnoHa C AOMHHHpyro~M CKanHpHhlM (ud)-AH
KBapKOM. fiOKa3aHo, qTO AnH 06bHCHeHHH CHnbHOrO HapymeHHH 
CKeHnHHra B OTHOmeHHH p/n+ He06XOAHM yqeT BhlCWHX TBHCTOB -
AHKBapKoa. B AaHHOH MOAenH npeACKa3bmaeTCH npu6n~eHHoe 
paaeHCTBo A0 /p ~ k+/n+. 

Pa6oTa BbinOnHeHa B Jia6opaTopHH TeopeTuqecKoH cPH3HKH 
Ol1.HM. 

llpenpHHT 06'be.o;HHeHHoro HHCTHTYTa H.o;epHhix uccnenosaHHii. ,l(y6Ha 1987 

Kim V.T. 
Diquarks as a Source of Large-Pi Baryons 
in Hard Nucleon Collisions 

E2-87-75 

The production of nucleons, symmetric nucleon pairs, 
and A0-hyperons with large pi in pp-collisions is discus
sed in the framework of a dominatiing scalar (ud)-diquark 
nucleon model. The necessity of making allowance for hig
her twists-diguarks for explaining strong scaling breaking 
in p/n+ ratio is shown. The approximate equation A/p~k+/~+ 
is predicted in this model. 

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