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To construct thé strong interaction theory that has to solve the 
problems of dynamic structure hadrons and nuclei the study. of light
nucleus production processes in elementary particle collisions may 
give a valuable information. Prom th1s point of view, the data on pro
duction of light nuclei (deutons, antideutons, tritons, etc.) in pp 
-collisions/1,2/ and in e+~-annihilation/3/ are rather attractive. 

Extremely interesting results were obtained in first experiments 
aimed at 'studying large-p.1 (0.5 ~ p.1 ~ 3.7 GeV/c; ~c,f'90o)deuteron pro
duction in 'pp-collisions at 70 GeV energy/2/ ·carried out by Sulyaev's 
group in lHEP (Serpukhov). The fact that such friable system as the 

deuteron is formed in hard hadronio collisions in a rather big amount 
is already astonish1ng itself.But the most intriguing and unexpeoted 
thing turns out to be that the ratio of deuteron and proton producti
ons is independent of f~ (Fig. 1)1 

I I I P i 'g. 1. The ratio of deu
ff r rl .~ teron and protonp • ~ 

. /,J. productions in pp-collisions 
.' '1 at -&eM- 900• • - Sulyaev' s 

1.1 ~kl1I ,.~~ .. group data/2/. Calculated at 

, ~ 1I .... iS • 11. '5 GeV curves: 1 -' 
16 ... with <Je 1/p3;roJ 2 

\~5'1lf with de /V ·!.lp2., 3 
.•••.'t with ?L. const ; 4 - the 

I- 2. 3 .. ~ (Gw/c) predicted curves at 23.4 GeV. 

In the same work/2/ it is shown that the obtained data do not 
c~ntradict the fusion mechanism of large- p.l. protons and l?-eutrons 
produced in equal amount in pP -collisions. It is clear that 
a physical understanding is needed of the mechanism of nucleon 
p~ production in one direction with close momenta which then formo 
observed deuteron. 
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We propose a mechanism based on the d~quark nucleon model/4-8/ 

in which a scalar (ud)-diquark plays ~ dominant role, as well as on 
the model of simultaneous double collision of two pairs of constitu
ents of colliding hadrons/9/. 

Our treatment is the followi.ng. In the pp ....pX process quark
diquark (Fig.2a) and diquark-diquark (Fig. 2b) subprocesses are domi
nant/8, 11/. In the pp ~ppX symmetric proton-pair production process 
diquark-diquark acattering (Fig. 2b) is also important/8/, though 
there is also a contribution from a process when a simultaneous do
uble col~ision of colliding proton quarks and diquarks occurs (as 
is shown in ~ig. 2c). It is easily seen, that the diagram shown 
in Fig. 2d is a contribution to the production af a nucleon-pair in 
one direction, i.e. the simultaneous double quark-diquark collision 
results in two (ud)-diquarks emitted in the same direction which 
form nucleons with similar momenta. 
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F i g. 2. The subprocesses 
diagrams giving 

contributions to the B = N , 
AO -baryon production in 

hard NN -colI1sion: a) the 
quark-diquark subprocess; 
b ) the diquEll'k-diquark sub
process; c),d) the double 
quark-diquark collisions. 

The cross section of production of such nucleon pairs with
 
equal momenta has the follo~ng form:
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..here W is the probability of (ud)-diquark being in a proton; 
G (~t,~~ is two-parton quark and diquark distribution !Unotion: 

(, 

/8/ G(:Xt,X l ) z: b 'X,xl ~(1 - :t.--:tt) , 
then 

G-d (x.)"" 
f 

)~xl '-(';(, ",) = ~x( I -:x:) , 
CI· 
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for simplicity we consider the quark and diquark with the total 
proton momentum; K is the coefficient characterising a double col
lision probability depending in general on the nucleon sizes, ener
gy,etc./ 9,10/; for further estimat10ns we choose K( fS = 11.5 GeV)= 
= 1 mb-1 and K( {S = 2).4 GeV) = 0.25 mb-1• The choice of paramet

2risations of the functions and M = 12(GeV/c)2, ~ = 0.70 parame
ters in (1) is dictated by a good description of the data on large
p~ proton and symmetric proton pair production in pp-collisions in 
the range from IhEP (Serpukhov) fS = 11.5 GeV energy to ISR CERN 
íf = 62 GeV energy/8/. 

Nowadays, the process of nucleon fusion to deuteron is unknown. 
One usually considers that the production cross section of adeuteron 
having p momentum out of a pair of nucleons is described by an ap
proximate formula/ 12,1)/: 

6J (p) = X (p). 6Ph (p) , 
(2) 

where 6d, 6pn are invariant inclusive cross sections of deuteron 
and proton-neutron pair production, respectively; ~ (p) is the 
fusion coefficient. The experimental information of ~ (p) momentum 
dependence for p< 2 GeV/c obtained from hadron-nucleus interaction 
is somewhat contradictive/13/ . but the data for n> 2 GeV/c indicate 
a 'strong dependence on P: 1/p", n ~ )/14/ (though, perhaps, the 

meohanisms of faat deuteron production in proton-nucleus and proton
proton colliaiona are d1fferent). 

On the other hand , assuming 6p = 6", , formula (2) can be re
written as follows/2/ : 

6J(P) =x(p)· R(%) 'di~ d,;(P/z) , 
(J) 

where R(P) is the correlation coefficient: 

R (p) ~ 6iIC 6Ph (p) 
6~(P}' bh ( P) 

(4) 

as soon as a pair of nucleons ia formed independently, R • 1. For 
symmetric proton paira ( ~ em lO 900, az1muthal angle <p 1800) 'in10 

pp-colliaions the correlat1on coefficient R"" 1 at p~~ 1 GeV/c and 
exponentially increases at p~ ~1 GeV/c /15/(Fig. ), as one shauld 
expect, at single hard scattering of constituents, diquarka/8/, and 
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F i g. 3. The corre1ation coef- , 

f;J.cient R =- 6in • 'PP/Ó: 
of proton pairs at tS =11.5 GeV, 
~ em 11I 900• • - Su1yaev' s 

group data /f5/ for symm.etric pro
1 2 S fJ.(~~)	 ton pairs. Curves: 1 - cp. 1800 

(symmetric pairs); 2. - <.p ~ 1800• 

sUbprotons/15,16/. In a doub1e quark-diquark co11ision mechanism 
the corre1ation coefficient R for nonsymmetric pairs of protons 
with equal P.1( -a em = 900, cp ~ 1800) a1so ãncz-eeaea beginn1ng 
from pJ.~1.5 GeV/o (Fig. 3). At the same time the data/2/ indicate 
that de (p). R(P) ~ conat , It means that a(p) sharp1y fa11s down 
with momentum increasing ( ~ 1/R(P/2» at P ~ 3 GeV/c. 

~he d/p -ratio predicted at p~ = 2 GeV/c for fS = 23.4 GeV 
is about 2.5 orders smal1er than the d/p -ratio at ~ = 11.5 GeV 
(note that the d/p '- ratio is fal11ng down ({3 11I 23.4 GeV) wi th P.L 

inoreasing 1ike P/trr" -ratio ( ff :I 23.4 GeV». 

Concerning the mechanisms of 1arge-p~deuteron ~roduction via sub
protons (in CIM/15,16/) or trip1e quark co11is10n/9 , it is obvious 
that such mechaniams	 give a strong d/p -ratio fa11ing down with p~ 

increasing at any energy.	 . 

For a complete understanding ofdeuteronproduction pecu1iarites 
the measurement of corre1ation coefficient for nonsymmetric pairs 'of 
protons ( Cf 'I: 1800; ..s em • 900) in pp-co11isions is necessary. In 
the doub1e quark-diquark co11ision mechanism one has to expect the 
corre1ation coefficient to be independent of the azimutha1 ang1e ~ 

outside ~. 1800 region. 

An abso1ute value of such a proton pair corre1ation coefficient 
would give know1edge about doub1e quark-diquark co11ision pro~ess 

probabi1ities,as we11 as about two-parton quark-diquark distribution 
tunction having a more information than a conventionalone-parton dis

tribution function. 

It is interesting that our mechanism of 1arge - p~ deuteron pro
duction in pp-co11isions can be almost an ideal source for H-d1hy
perons (B = 2~ ·s • -2, Q = 0)/11/. The account of strangeness sup
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pzeaaãon 1eads to the factor 13 = o.~ 1 + 0.3 in the H/d = p.• deH/~d 

production ratio. But the «..H "f'usion" coefficient for the 
H-dihyperon can be greater than ~d ' because the H-dihyperon is a 
more bounded system (the six-quark state/11,1~/) than the friab1e 
deuteron. 

r Actua1i ty of the H-dihyperon search comes from the fact that some 
mode1s predict the H-dihyperon stabi1ity with respect to strong de-o 
cays/11-19/ with 1ifetime 't '" 10-8s/20/

J.' 
There are. a1so first indications to experimental detection of 

the H-dihyperon in proton-nuc1ei interactions/21/. 

SUDARY 

The proposed mechanism of simu1taneous doub1e quark-diquark co1
1ision can describe main features of 1arge-p~ deuteron production in 
pp-co11isions at (5. 11.5 GeV (IHEP, Serpukhov!2/). The predic
tions are made for ·the energy {S 11I 23.4 GeV. 

The test of the proposed deuteron production mechanism demands 
the measurement of the cross section of 1arge equa1 p~ proton pair 
production at f ~ 1800 

• It gives information about the doub1e 
quark-diquark co11ision role for such nuc1eon pair production. 

The possibi1ity of the H-dihyperon production in pp-co11isions 
~ the framework of the doub1e quark-di~1ark co11ision mechanism is 
nóted. 

We sincere1y thank A.E. Dorokhov, V.N. Evdokimov, S. Fredriks
son, N.I. Koche1ev, B.Z. Kope1iovich, E.M. Le~1n, 

G.I. Lykasov, B. Markovsky, R.M. Sulyaev and Yu.N. Uzikov for fruit 
fu1 discussions. 
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E~peMoB A.B., KHM B.T. 
Ponb AHKBapKOB B o6pa3oBaHHH AeHTpOHOB 
H H-AHrHnepoHoB c 6onbmHMH p B ~ecTKHX 

.L 
HyKnOHHhlX COYAapeHHHX 

E2-87-74 

llpeAnaraeTCH HOBhrn MeXaHH3M o6pa30BaHHH AeHTpOHOB H 
H-AHrHnepoHOB c 6onbmHMH p .L B HyKnOHHbiX coyAapeHHHX nyTeM 
OAHOBpeMeHHOro ABOHHOrO KBapK-AHKBapKOBOro COYAapeHHH. 
IIonyt~eHo xopomee onHcaHHe AaHHbiX no aHoManbHOMy BbiXOAY 
AeHTpOHOB c 6onbmHMH P.L , nonyt~eHHhiX B CepnyxoBe. Ann 
npoBepKH npeAnO~eHHOrO MeXaHH3Ma Tpe6yeTCH H3MepeHHe ce
'leHHH o6pa30BaHHH HeCHMMeTpH'IHOH napbi npoTOHOB I vcM = 90°, 
¢ :f 180° I c paBHbiMH p .L B pp-coyAapeHHHX. 

Pa6oTa BhmonHeHa B Jla6opaTOPHH TeopeTH'IeCKOH ~H3HKH 
OIDUI. 

llpenpHHT 06'he,II;HHeHHOrO HHCTHTYTa H,ll;epHhiX HCCJie,II;OBaHHH. ,ZJ;y6aa 1987 

Efremov A.V., Kim V.T. E2-87-74 
Diquarks Role in Large-p.L Deuteron 
and H-Dihyperon Production in Hard Nucleon 
Collisions 

A new mechanism of large-p.L deuteron and H-dihyperon 
production in nucleon collisions by simultaneous double 
quark-diquark scattering is proposed. A good description 
of data on anomalous large-p.L deuteron production obtain
ed in Serpukhov is presented. For testing the proposed 
mechanism the measurement of production cross section of 
nonsymmetric proton pairs (vern = 90°, ¢ :f 180°) with iden 
tical p.L in pp-collisions is needed. 

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