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The existence of admixture of six-quark states in the wave 
function of the deuteron is considered now as an established 
fact and many attempts have been made 111 to estimate qualitati
vely the magnitude of this admixture. In particular it has been 
noted 121 that this admixture would possibly manifest itself 
in the processes of elastic scattering involving deuterons at 
high values of the momentum transfer. 

With this purpose we analyze in the present paper the experi
mental data of ref. 131 on the elastic pil -scattering at the 
energyy8:=63 GeV in the interval of transferred momenta 
0.3<t< 1.8 (GeV/c) 2 • The data were described by the authors 
of ref~131 within the framework of the Glauber theory with the 
account of inelastic shadowing. It was found out that the con
tribution of inelastic shadowing depends significantly on the 
momentum transfer approaching the maximal value of 40% at 
0.3.s; t_s I (GeV/c) 2 ; at t >I (GeV/c) 2 its magnitude is less 
than 8-10%. 

The idea about the possible manifestation of the admixture 
of six-quark bag in elastic pd -scattering is related with the 
existing opinion 141 that its radius must be of. the same order 
of magnitude as the radius of proton, i.e., much less than the 
size of deuteron. 

As a consequence the cross-sections of elastic scattering 
of protons on deuteron and six-quark bag would have different 
t -dependence. The difference discussed should manifest itself 
in the differential cross-section of pd-scattering at sufficient
ly high values of the momentum transfer. Therefore we will 
consider the data of ref. 131 as belonging to the region 
t .:;:: I ( Ge VIc) 2 • 

Let us consider the process of elastic pd -scattering within 
the framework of quark model with the account of the admixture 
of six-quark bag in the deuteron. The amplitude of this process 
is 

1cQ) = 2~ r dbe t<iti <lfp. vs .p d+v ti .P 11qln6.ti 1. ,;ni.Pp,v a.p d +v ~.P6q> c 1) 

. 1' . du I tr (q) ... I 2 ... • w1th norma 1zat1on - = rr J , where q 1s transverse momentum 
dO - -

transfer, l;l=s1 , i =1,2,3~lsi=B'k, k=l, ... ,6 is a set of radii-
vectors of quarks in colliding systems projected in the impact 

2 

parameter plane. The deuteron wave function with admixture of 
six-quark state is normalized by the condition 

- - 2 2-+ 2 ... 2 2 ... 
JlvB.Pd +v~.PIIq I d r = 8 fi.Pdl dr + ~JI.P6ql d r + (2) 

- 2-+ 
+ 2y8~ JI.Pd .Peq I d r = 1. 

We have mentioned above that the size of six-quark bag is 
of the same order of magnitude as the radius of nucleon. On 
the other hand, the existence of core in the nucleon-nucleon 
potential does not permit nucleons to be at very small distances 
in the deuteron. Therefore the overlap integral in equation 
(2) is a small quantity which may be neglected in comparison 
with two first terms 161. In this approximation the normaliza
tion coefficients 8 and ~ are relateg through equation 8 = 1- ~. 

The profile function r < b, I iH, I iii> has the following 
structure 

-+ -+ "=. 
f'(b,lsl, I sl) 

8 3 ... ~ -+ 
1 - n n (1 - y (b - s k - s J )) = 

k=l i-=1 

33 ... :; ... 113 -+:;-+ 
1 - n n (1 - y (b- s k - s 1) n n (1 - y (b- s k- s 1 )) k= 1 1=1 k=4 1=1 

a ... --. :... e .... ~ ..... 
.. 1 - n [1 - r (b- sk, Is I >l n [1 - r (b - sk, Is I)] , .,_, P .. _. n 

where 
... - . 3 ... ~ ... 

r (b- 8 k • 1 8 1 > = 1 - n c 1- y(b - s k- s 1 )) • 
P I= 1 

... :; .. 8 ... ~ ... 
r n (b - s k• I s I> .. 1 - n (1 - y < b - s k - s 1 )) 

fal 

(3) 

are the profile functions corresponding to the scattering of 
the incident proton on quarks of proton ([' p ) and neutron ([' ) • 
After introducing designations n 

_ ....... ~ a ... :; .... 
r P (b, I sl, I sl) .. 1 - n [1 - r P (b- s k , Is})] , 

k=l 

- -+ -+ ,. II r n (b, lsi, Is}) = 1 - n 
k .. 4 

-.. .. ... 
[1 - r (b- sk. I s l>l 

equation (3) may be written as 

... ... :;, - .... ... :;, - ... ..., :; 
r(b , I sl , h I> .. rP (b, I sl, I s I> + r n (b , Is I, I s I> - (4) 

--+~ -+--+-+ ~ - r P (b. lsi, Is J) r n (b, lsi, Is J) • r-~~~~ -·-- · ~ 
~ : •• ..f 
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In equation (4) the first two terms describe the scattering of 
quarks of the projectile proton on quarks either on quarks 
of a protonCfp), or on quarks of a neutron Cf0 ), whereas 
the third term describes the scattering on quarks of both pro
ton and neutron. In the range of momentum transfers t >I (GeV/c)2 

two first terms, corresponding in the usual Glauber formalism 
(not taking into account the quark structure of nucleons) to 
the single scattering are negligibly small in comparison with 
the third one. Neglecting them and substituting equation (4) 
in (I) one obtains 

... i8 ->tb _ ...... => ....... 4 
5=(q)=-{dbeq <t/I,p,l/ldl-rP(b,lsl,!sl)r (b,lsl,lsl)ltfr ,1/ld> + 

2rr n p 

~:-+ - --+ib _ __, ...... 4 --+-+....,. 

+1§_ {doe q <I/JP,~ql-rP(b,{sl,lsl)rn(b,lsl,lsi)II/JP,I/I6 q > + 
2rr 

(5) 

+2iv8/3 fdbei-qb'<!/1 1/1 1-r (t,I;II;Dr (b,I;II;DI!/1 ,1/1, > 
2rr p' d P n p .,q 

In this expression we have neglected the contribution of 
the third term in comparison with two first terms following 
the same reasons as in the case of normalization condition of 
the overlap integral. Thus we qbtain the ampiitude in the form 
nf ;::l ~11m ()f ~mnl i t'11rl~c ,...nrrocnnnrl.:nn i~"' rhn· 

.... - - -L- ------o -- ----

proton on the deuteron and six-quark bag. 
Let us consider in detail the first term 

corresponding to pd -scattering 

i8 ... iqb - -
J Ccu = - r dbe <1/1 1/1 I - r r II/I 1/J > pd 2rr p' d p n P' d 

~~n~~n~~~~ ~~ ~h~ 
--~----~ ..... (:) .................. _ 
of equation (5) 

(6) 
...... 

=- ~ {dbeiqb I <1/1 1<1/1 If lf><flf 11/Jp>II/J >. 
2rr · t d P P 0 d 

The summation over f in (6) means summation over the full 
system (I If>< f I = 1) of intermediate states of three quarks 
of the in~ident proton between rescatterings on quarks of proton 
and neutron. It should be noted that the account in the sum of 
the states differing from the ground state of the proton cor
responds to the account of inelastic shadowing. Taking into ac
count that the latter is small in the region of considered 
momentum transfers and neglecting it we obtain 

1 <cv=-~ fdbei"iiii<I/Jdl<!/1 1r (b,I;I,I;DII/Ip> x pd 2rr P 
(7) 

- -+ -+ :;: 

x<I/Jplr0 (b, lsl,lsl)II/Jp>ll/ld > 
4 

Let us write the wave function of the deuteron as a product 
of wave functions of proton and neutron, depending on relative 
coordinates of quarks, on the wave function of relative motion 
of proton and neutron ... 

1/1 0 = 1/1 Peep T'fp)!/10 <en ,T'f0 )1/J(S), (8) 

where (~ P' T'f P), (~ 0 , T'f 0 l 
in proton and neutron, S 
and neutron in deuteron. 
introducing designations 

are relative coordinates of quarks 
is the relative coordinate of proton 
Substituting (8) in equation (7) and 

.... ---+ 8 -->-+-+ 
rpp(b- 2) =<!/In ,1/lp l9b, lsi' {s)) 11/Jp,I/J p > 

(9) 
-+ -- ... s -.... .... ... 

rpn<b + 2 > = <1/1 0 ,1/!P 1\(b, lsi, lsDII/Jp, 1/1 0 > 

we obtain 

~~ ~ ~ 

-+ 18 ... iqb - -+ 8 - -+ s ... 2 2 ... 
j=pd (Q) =- '2;" {db e r pp (b -2)rpn(b+ y>l!/1 (8)1 d s. (to) 

Substituting in (10) the well-known relation 

... 1 ... -+ii .. 
r(b) =- I dqe-iq f(q), 

2m 

one oota1nes .... -+ 
..... t(b- s~ 

j=pd.(Q) = _ _!§_ {dbeiqb (~) 2 (Mle- 2 
1 

rctl) X 

2rr 2m (II) 

... ... s .... 
-i(b+ 2)~2 ... ... 2 2-> 

xJM 2e f(~2 )\I/J(S)\ dS 

i8 ... ... 
2;'PP(: )fpn <i> fS(t\)d

2
t\ 

... ... 
=-i8fpp<-fHpn<f> <r-2 > 

where 8(,£\) - form factor, <r -2 > - the average inverse square 
of the neutron-proton distance in•deuteron and 

-+ i ,.. lqb - ... ... :; 
fpp(n,'Q) = 2,; f dt:i e <1/lp(n)'l/lp jr(b, lsi, Is I) lrlf>(n) ,1/JP>. 

In order to calculate the amplitudes fpp (Q), fpn (CO 
tion (12) and the amplitude of scattering of a proton 

(12) 

in equa
on the 
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six-quark bag S:p8q (CV we take for the wave functions of three
and six-quark systems the wave functions of the relativistic 
harmonic oscillator 161. It should be noted that making use 
of the same formalism in ref. 171 allowed one to describe suc
cessfully elastic pp -scattering in a wide range of _primary 
energies and momentum transfers. The expression for ~p6q(~ is 
given in the appendix and the same for fp(n)(~ may be taken 
from ref. 171 • 

Let us now discuss the results of numerical calculations. 
First of all we would like to note that equation (II) describes 
within the experimental errors the magnitude of the cross 
section of pd -scattering at t > I (GeV/c) 2, where as had been 
said above the inelastic shadowing was neglected. Further as 
was expected the cross-section of the scattering of proton on 
the six-quark bag decreases slower than the pd -scattering one 
as t increases- see Fig. I, where we have plotted the ratio 

2 da da 
R(t) = {3 ((i't)p6q I (dt) pd for three values of parameter which 

determines the size of the bag. In the region of momentum trans
fer t > 2.5 (GeV/c) 2 the cross section of pd-scattering is 
negligibly small in comparison with the p(6q) -scattering one. 

d oS:. d + f3S: pe 2 d 
In Fig.2 we display the quantity d: =I P S:., q I (d:)pd 

p 
Fnr R =() ()<; <3nrl t-hron .,,...,,,,nco n.f= t-'hn n..,r..,Tnnt-n,.. .... Tt- .; ....... ,...,..,......, - .. - -- . -·---- - - -~·- r-- -···---- - ~ 

-- ......... ____ .... 
that the results of calculations corresponding to a=ap/2 agree 
with experiment. The curve corresponding to a=ap agrees with 
experiment within the limit of two experimental errors. And 
the deviation of the curve corresponding to a=2ap from expe
rimental points at t > 1.6 (GeV/c) 2 is larger than two errors. 
At once all curves differ considerably from each other as t 
increases. 

In Fig.3 we have presented the results of calculations per
formed for a=ap and three different values of the parameter 
{3. One can see that the value {3=0.025 agrees with experimen

tal data, the value /3 =0.05 agrees with the data within the 
two standard errors, whereas the curve corresponding to {3=0.07 
deviates from experimental significantly. 

It is followed from the above said that in order to draw 
more strict and confident conclusions about the magnitude of 
the parameter {3 and the size of six-quark bag it is necessary 
to measure the cross section of pd -scattering at values of t 
considerably larger than 2.0 (GeV/c) 2• In Figs.2,3 open circles 

show the results of calculations of the quantity <:;)pd 
defined by expression (10). For these circles we plotted SO% 
and 100% error bars. All the theoretical curves lie beyond 100% 
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errors of the "theoretical experiment". If one takes a =a P, 
then the results of calculations agree with theoretical predic
tions with 50% accuracy for f3;;;; 0.024 and with 100% accuracy 

for f3 ~ 0.048. For all that, since <~; \d « <~; )peq in the 

region of t considered, the absolute magnitude of experimental
ly measured cross section will allow one to estimate the para
meter (the magnitude of six-quark admixture); and the slope of 

~. the size of the six-quark system. 
dt 

We are undebted to K.G.Gulamov, L.I.Lapidus, A.V.Tarasov 
and V.V.Uzhinsky for the interest and discussions. 

APPENDIX 

We take the wave function of a six-quark system as a solution 
of the relativistic harmonic.oscillator 

1 1 6 2 <e.P>
2 

1{16 <e l' ..• ,e 6 ,P) = 
5 

exp1- I <e 1 -2.\ 
2 

)1, 
q (rra) · 2a i= 1 md 

where ei (1 =1, ••• , 5) - Jakobi coordinates, p -momentum, 
md- mass. 

Substituting ifseq<e 1' ••• ,e5 , P) 
the integrations we obtain: 

into (5) and performing 

8 
.J ;+, p6q \'U = 

_ 01+: •• +07 (D1+ ••• +b7)J 
ve X k 

n 1, ••• ,n 7 =o n 1 1 ••• n7 t 

(O<n1 + •.• + n 7~ 8) 

llJ. +n2+ns +2(n4+n6 +ne) + Sn7 n1+ ..• +11 7 x(~) 0 
1
G

2
G

8 
G

4 
x 

21T 

, 
q2 1Detw21 q2 q2 

-- + + ~ 

x e 4 loetw11 24(1+qo/~)aP 12(1 +<12/nr"Jaj, 

X 

v IDetW 0 DetW1 I 

n 1 +n2 +n8 +2(~+n6+n 8)+8n7 +1 (-1) 

[(1 + q2/m2Xl + q 2/m'2)] 6 [(f + qo/m 2X1 + q 2/m '~] 2 
d d p p 

X 

where md=1.868 GeV/c2, m'4 =3.22 GeV/c2, mp =0.934 GeV/c 2 , 

m~ =1.61 GeV/c2 (mc12 = (2.\-l)·m:/,\). 
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Gl = apyl+~ 
1 • { 

-->2 
when n1 + n6 + De + n 7 ,f. 0 

when n1 + n 6 + ne + n 7 = 0 

I 
). 

.. 

i 
"> 

apv 1 + q 
G2 = ffiF , 

{ 

-->2 
when n 2 + n 4 + n 5 + n 7 f, 0 , 

p 

1, when n 2+n 4 +n 5 +n7 =0, 

Ga= apyl+ !~' 
{ 

... 2 
when n3 + n 4 + n 6 + n 7 f, 0 , 

1, when n 3 + n 4 + n 6 + n 7 = 0 , 

(

cu 
DetW2 = Det C21 

Cat 

C21 Cal ) 
c22 c s2 

Cs2 Cas 

... 2 

G 4 =a yl+~; 
md 

n a2 
1 

Cu =-[--+ 
(n 5 + ne) a2 n7a2 
-~-=--- + --] + El • 

Tt T2 Ta 

C - [ nsa2 n7a2 
21-- -- + --] 

T2 Ts ' 

C - [naa2 n7a2 
31-- --- + --] 

T2 Ta • 

C 
n a2 'n ' 2 22=-[_2_ + '4+n5'a 
Tl T . 

n a~ 
Ca2 =- [_4_ 

T2 

2 

n7a~ + --] 
T ' 3 

2 n3a 
r~-- + Cas ==- t '£t 

(n4 +ne)a2 

T2 
where 

... 2 

n7a2 
+ ----] 

T ' 
3 

a2 
n7 ] + E 3' + --
Ts 

T 1 = a(l + ~) + a , 
md 

q2 q2 
T.2 =a (1 + -) + 2a, T3 = a ( l + -) + 3a , 

rna m~ 

a - slope parameter of the quark-quark scattering amplitude 

Cu Cz1 Cat C41 

DetW1 = Det ~~ C22 cs2 C42 

Cat Cs2 C 33 C43 

c4t c 42 c 43 c 44 

[ n1 at (n 6 + n8 ) at + n 7at ] , 
c14 = -- + 

Tt T2 Ts 

[ n2at (n4 + n ~at 
C24 = -- + 

Tt T2 

n7 at ] 
+ --

Ts ' 
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Cs4 [ n3at (n4 + ne)at n 7at ] 
--+ + --' 

T1 T2 Ts 

n 1 + n2 + n a n 4 + n 5 + ne n 7 ] 2 7 c =-[ + +- t + I n1t+d, 
44 T1 T2 Ts I = 1 

E 1 = a P + a (n 1 + n5 + n 8 + n 7 ); 

E 8 = a·P + a(n s+ n4 + n8 + n 7) ; 

E2 = ap + a (n2 + n 4 + n 5 + n 7) , 

{ E1, when 
E1 = 

when 1' 

{ E2, when 
E2 .. 

when 1 ' 

{ 
E8, when 

E -3 - 1, when 

n 1 +n 5 +n 8 +n 7 ~o. 

n1 +n6 +n8 +n 7 =0, 

n 2 + n4 + n6 + n 7 ~ 0 , 

n 2 + n 4 +n 6 + n 7 = 0, 

n3 +n 4 +n 8 +n 7 ~o. 

n3 + n4 + n 8 + n 7 = 0, 

The matrix Wo is 
T 1=a+a, T 2 =a+2a, 

obtained from W 1 by the substitution 
T 3=a+3a .. 
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0M6oo 3., ITaK A.C. E2-82-898 
O~eHKa BeJIH'IHHbl TIPHMeCH mec THKBapKOBOrO COCTOHHHH B p;eHTPOHe 
H3 ynpyroro pd -pacceHHH.fl 

B paMKaX MOp;eJIH COCTaBHb~ KBapKOB B ~OpMaJIH3Me fnay6epa 
paCC'IHTaHO Ce'l:eHHe pd -pacceHHHH C Y'l:eTOM TIPHMeCH meCTH
KBapKOBOro COCTO.fiHHH, li3 cpaBHeHHH C 3KCnepHMeHTaJ1bHb~H p;aH
H~H npH yll=63 f3B H 3Ha'l:eHHHX nepep;aHHOro HMTIYJlhCa 
t >) /f3B/c/2 ,!J;JlH BeJIH'IHHbl llPHMeCH meCTHKBapKOBOrO COCTOHHHH 
I10J1Y'l:eHa O~eHKa ~ < 5%, lloKa3aHO, 'ITO HaJIH'IHe 3KCnepHMeHTaJib
HOH HH~opMa~HH o ce'l:eHHH pd -pacceHHHH npH 3Ha'leHHHX 
t>.2 /f3B/c/ 2 I103BOJ1HT HaJIO~HTb Ha BeJIH'IHHY napaMeTpa ~ 6onee 
CTpOrHe orpaHH'leHHH • a TaK~e C,ll;eJiaTb HeKOTOpb!e 3aKJIIO'leHHH 
o pa3Mepax mecTHKBapKoaoro MemKa, 

Pa6oTa BbmonHeHa B lla6opaTopHH Hp;epHb~ npo6JieM OHHH. 

npenpHHT 06beAHHeHHOro HHCTHTYTa RAePH~X HCCfleAOBaHHH. AY6Ha 1982 

Omboo Z., Pak A.S. 
An Estimation of the Value of Six-Quark 
in Deuteron from Elastic pd -Scattering 

E2-82-898 
State Admixture 

The pd -scattering cross-section has been evaluated within 
the framework of the constituent quark model in Glauber's 
formalism with allowance for the six-quark state admixture. 
The comparison with the experimental data at vs-=63 GeV and 
momentum transfer t >I (GeV/c)2 for the six-quark state ad
mixture has yielded~<5%. It is show that availability of 
the experimental data on the pd -scattering cross-section at 
t > 2 (GeV/c) 2 allows one to impose stricter limitations on 
the values of the parameter and draw some conclusions on the 
size of the six-quark bag. 

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