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1. Introduction

The idea that hadrons can be considered as bound states
of quarks results in some interesting predictions confirmed in
experiments. The counting rules for elastictﬁ] and inelastié?]
large angle scattering processes have been derived in some
papers, These counting rules define the asymptotic cross sec-
tions behaviour at large momentum transfer q2. their deriva=-
tion is based on the assumption that the quarks binding energr
can be neglected at large q2 and the interaction of free quarks
defines the hadronic process amplitude,

The success of the additive quark model in description
| of the static properties of hadrons[jl as well aa differential

and total cross sections at high energies apparently means

that the quarks in hadron are bound weakly.

LT

The model of strong interaction based on the colored

O "_"I‘?'“'-?I)
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quarks interaction with the octet of colored vector gluons is

asymptotically free. That seems to correspond to the picture,
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given atove, Such a model makes it possible to obtaln predic-
tions more detailed than in[aizl. The interesting polarization
properties of glectroproduction structure functions have been
derived by G.Farrar and U.Jacksonlélfor X-'i. The decay of
charmonium has been dealt with in a number of papers and a lot
of experimentally confirmed predictions has peen obtained (see
e.g.RefP])0

In this work we iuvestigate the behavicur of Lhe structure
functions for the n-quark bound state, in the limit when one of

the quarks carries nearly all the momentum of the incoming
particles (X-—»1i).

Qur results can be used to determine the probability of
finding "nonvalence" quark in the hnadron in the assumption
that one can find many guark bound states in the physical bary-
on and meson, These results can be also applied to the light
nuclei which can be congidered at large momentum transfer as
congisting of correapondent number of quarks,

.Por the octet of baryons the relastionsbetween structure func-
tions are obtained, the differences of strange and nonstrange
quarks massea accounting tor the SU(3)- symmetiry breaking.

The average transverse momentum of the quark with X"{ is esti-
nmated as well,

Ye start from the same assumptions made in Ref.[1'2’61 he

mesons and baryons are s-wave bound states of guark-antiguark

l .
and three quarks, respectively. In the"normaf wave function the
quarks carry the finite fraction of the incoming momentum, their

transverse momenta teing restricted. 7The "exeptlonal" wave
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function (one quark carrying nearly all the momentum of in -~
coming particle) can be generated from the "normel" wave func-
tion by means of free quark inieraciion diagrams, of which
those corresponding to the lowest order perturbzation theory ard

shown in FPig.1., Each propasgator in these graphs has a large
mt

1-% ?
Hence, the application of perturbation theory is justified.lor

. : b L 9
invariant mass (~ m; = u& +m ) when X - 1{.
our consideration we use the time-ordered perturbation thecrw
utilizing the progerties of vertices and propagators in the re-
. . . - mY
gion, we are interested in! 1 R 1-X"P a0 Q"'—p e,
In such a way it szems easier o single out the leading

terms and to investigate the properties of structure functions.

2, Kinematicsand pProperties of Vertices

is2t ug congider, for example, %the diagram of Pig.la. The
20tation is clear frow the figure., In the centre of mass
2rame we use the Tnllowing paranetrisations for incoming and out-

going momente of quarks

- - - -
P=2.P+f, P P =0
P(‘.! =K P *Ri.\. ) Ki P =0

ihe momentum of incoming hadron P has been chosen along the
2 - axis, Je have the following kinematical relations up

to the terms of order -g'-i:

- ,;{i.__:QL = L(ﬂx':t(‘l-x)
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‘{" (2)
where X = - qu . The momenta of of the outgoing quarks
are low in the limit X -» ‘l due to momentum conservation:

Xe,*+ X3 =1— A . The four momenta squares of virtual par-

ticles are large: 2
) m
_K." = (%;*23)(“"&L <+ -——-h;'s‘L)
3

L 23 X2 . 3 (3)
= Ky = -?f- Ma,
2 L
3 % MaL WLL.L
my E’c 3 X, )

3’-—3'.
m}
in the formula (3) and in what follows the terms of order 57'

A and u—‘/.) are neglected,
Let us consu‘er the vertex of gluon emission by quarks
519, T s
Iy 1
‘L W= (Pt) & WVl (91) ) the quarks being off shell
where S& and 51 helicities of the outgoing and incoming quarks,
respectively; C.:, is the gluon polgrisation vector. #e don't

use the colour indices, since they are not important for our

calculatinn +» For the transverse gluon we find!

4 ()=~ LJZ& By {UHZS)[&«.». S ‘é(w €-%)s _ sinB .,9 iy ﬂf"_
(n-15) [sm— 94. ~i(2¢-{,—€y) sinb ild,- Q,\;}) o
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¥or the longitudinal glu..o the current's 2ero component
can be derived from the third component,
As a result, after summing over virtual gluon pnlariza-
tions we have to multiply the third component by :EK} {whero
K is virtual gluon l‘- momentum} to obtzin the effective

longitudinal gluon contribution:

’ t' u(‘e ‘9)5
¥L ‘3):—2045.% L al (5)

!W ) 4.(’P -9)s
(s) —--Z«.SJ -i&—;;——&)[ & S, tin P e J
| 2'

where 8, ¢ § 9;,\“') 6s,,4, are the polar -nd azimvival
angles of vectors TL, ?'_ and ?2- respectively: é,:_;,}g‘-.”..‘.’.'
4

is noncovariant energy of the quark whish is, Jenerally snea-

{7)

king, different from the zero-componeni of fuur vecto. EO‘
In the formulae (4-7) high power:s of sines  are neglected.
#ith an accuracy up to unessential phase factor, the annihila-
tion \;izs'tices of the wpe of :"’s‘u) Es”(P,_) &'y > (Py)
and #‘ (P‘) Q,(l) LPL) can be derived from formulae
(4-7) by replacing Eg_—b 54., Sy +-S¢ and c’t"‘éu 5&"’"5:.
reapectively.

If the virtusl zluon is absorbed in the veriex one has
to replace in all the formulas A ~» — X

One can easily see that the diagrams of the typa .a0wn
in Pig,7" dominates ia the limit Q"—"‘Q (*"I]Jn such dia -
sramga the momentum Is transferad from lef: to right and from
the lcwest quark up to the higheet ons, wh.n the highest guark

1s s%ruck by virtusl photon a22d tire time axis is directed from




e A i i = AR

left to right. Other types of diagrams : e suppressed. In the

diagram c<f rig.1b, for instance, i% =._?L and the correspon-
%,

iing propagator 1

1
6;‘5&,_- Gf; 2, 6’1. 32—

is ~mall as compared to the corresponding propagator in the

->
4 1a =
*ig, 1a where _EF; P}

1 1 1 m

-~ la JE e { 3

1%), 63 By -G-8 | pomt 1-X

It isn't difficult to note that the energy denominators of
noncovariant theory (multiplied by iir)are reduced to those
of covariant theory as in the case of formula (9)., Therefore,
for the analysis of propagator contributions in the diagrams
it is sufficient to use the formula (3). +#hen the momentum
of cne cf the quarks in the vertex is small (az it is in the
lcwent vertex in Fig 'a), the first term only remains in the
tormula (4) in the limit X1 (P~ Yo P ~{-¥IP ).

«3 & result,the vertices for transverse gluon i~ that cese

hohave like 1 . Such vertices will(;f called "good",
5,8 ‘1‘7\ g ? 4 i«P'Q‘\? S
{L (n) =-1f, Z-é—- (z\+73) e =)

.35 N ral RS 4§ \ﬂﬁ)
. Y = -im e (A5} e e (10)
{. (Ny ,‘zh (A+25)

in thesa vortices the gluor and fast querk have aiigne.
helicities. The vertigea #itn any other configuratioa of
helicities are supprassed b, tihe fagtor (1-x) at least (the
third and fourth term in the formula (4)). Phe average trans-

verasz woasnts oi oulgoing quarke are of order of quark masses
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and, therefore (10 ~ #S > . For the longitudi-
nal gluon, as it is seen trom fermulas (3), (7), (o) the vert x
?:’-s(;\) are suppressed in the limit Q";"’ “@ and the verta:
*:su) is "bad" wher. X-»4 , i.e. -ﬂ: G)~m,

If the momenta of two quarks in the vertex are large

f~P~P the vertex is "bad" for transverse gluon, ¥or
longitudinal gluon the vertex {’_ U) is “good™,

The properties of annihilation verteces i-e analogous, As
a result of the properties of vertices she diagram of «ig. la
dominates in the 1imit X - { for N -'3’ the lowest gluon
being transverse and the highest one being longitudinuli, The
: two lower quarks have antialigned helicities and hence the
 1_ quark whiéh is struck by virtual photon must have the same he-.
liclity as the incoming hadron. Other diagrams are suppressad
by the factor ('i-ﬁ) at least, ror inatance, there are two

"bad" vertices in the diagram of Fig. 1b.

The quark-quark-virtual photon vertex cen be also obtained

from the formule (4) in which 5!"(.0'-/2, ~ { should be sct,since
when one integrates over outgoing quark mcmenta, the main con-

tribution comes from the region in which the vectors F‘ and
'p’ are antiligred. This vertex are of the order of YyQ%* for
trensverse photon and of th2 order of M for longitudinal

photon,

e 3. General Case of n=Juark Bound
State

Let ua consiisr the N --quarks S -wave bdound state,




when 1 & 3 the diagrams with 3 - gluon vertex do not con-
tribute, since the incoming particle is uncolored. For n7>3
the digrams with 3 - and 4 - gluon vertices can contribute.
at first we shall restrict ourselves to Abelian case where
thére are no éuch vertices, Let M. be odd. Utilizing the

properties of vertices, one can easily see that the diagrams

" of the type snown in Fig.2 dominates when x-v{,the transverse

ard longitudinal gluons being alternated from bottom to top.
i'he contribution:of each vertex to the amplitude is of order

and the propagator contribution is of order {—X .

=

Integrating over the phase space of the outgoing quarks
we obtain for the transverse part of the structure function?
2:..3
F{&) "’(1. x) (1
The longitudinal part of structure function is suppressed by
a factor !%E relative to (11)., The helicities of the
quarks exchanging transverse gluon are opposite and therefore
the incoming pariicle must have the same helicity as the

highest quark., For the helicity of incoming particle l)\‘-.#—i-

the structure is suppressed by a factor

I\I-X)Z'A‘-i (12)

relative to {11},
i'or even K the diagrams of the type shown in Fig. 3 do-

mirpte, There is only one "bad" vertex in such diagrams which

‘may be uceur in the lower part (Fig.3a), in the intermediate

_part {Fig.3b) or in the unper part of . the diagram (Fig.3c).

Por the transverse part of the struvture func ion we obtain:

IO~




n-2
F(x) ~ ({-x) (13)
The helicities of the n-ﬂ, quarks nust be opposite hence
the structure functions are suppressed by the factor
(t_,x)llhl"'z, (14)
relative to (13) when the helicity of incoming particle )\7/2
iFor the longitudinal photon the structure functions vanish
in the scaling limit,however for even W in the region
%L_:’« 1=X ~ J-%_Sthey are of the same order as in the case
of transverse photon, The diagram of Fig.4 dominates in that
case., All vertices and propagators except the two upper ones

1-X .
and gy respectively

in thie diagram behave like

=R
when Y- {,The two upper vartices behave like Jq‘- 51!:,%
. ' " q
and JQ* sm.% because of (- p:-)-.. Q" and (- K3~ Q' sin %—

The analysis of the arising integrals shows thet the main
contribution in the region of osur interest comes from the ang-
les 91 and ez of order of one, Hence, the contributions of
gluon propagator and vertices in the upper part compensate each
other. In that case the vertex with longitudinal photon is of
order\fé—i‘ and for the structure function we have

- Lo 2
Fo(x) ~ am-i: (1-x) * (19)

In this case all the helicities of the incoming quarks are op-

posite in pairs otherwise the structure function is suppressed

by 2Ur]

t-x) (15)

where }\ is the helicity of the incoming particle.
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In the non-Abelian case the 3-gluop and 4-gluon diagrams may
give contribution. The correspondingFeynman rules may be found
for instance in Ref, 9 .

In the limit we are interested in the 3-gluon vertex

h.ktxa(“1,“;,K5)possesses the following properties:
.--ri
{ -~ KL l"‘—
Mhads {\1‘“;")\3""‘11 (17)

4"»’*}"‘ ~ b “JTV;T
A L
a0 ~ & ~ =

(ko‘ helicities of quarks; Kizincoming momentim; Ka'and Ks

A= 44 (1)

£ »
outcoming mormenta); WK ,~Mm is a magnitude of order of gluon

average tran, rerse momentum. The 3-gluon vertex with any othey

configurations of helicities is suppressed by factor of order

LTS

P

For odd W the digrams with 3-gluon vertices can be ob ~

tained from the diagrams of ltig.2 by means of replacements
shown in Fig. 5a and Fig.5b, The dependence of the eamplitude
on X and the belicity relations remain the same after such re-
placemente, as it follows from the properties of 3-gluon ver-
tex, As a result of such replacements blocks arise in which
two or more gluons turn into one gluor, the helicities of in+4
coming gluons being antialigned (Fig.6). The diagrams with 4-
gluon vertices can be obtained by means of replacements in the
blocks of tig.6, as it is shown in Fig.7. The 4-gluon vertex
behaves like a constant in the limit Qa'-"” ) )('-'i if all the
'_éLuons are transverse and the helicity in the vertex is consery

ved. For anv other configuratien of helicities the four~gluon

-I2~
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vertex is suppressed. Therefore, as a result of the replacze-
ments of fig,7a, the behaviour of the diagrams isn’'t changed,
wiile the replacements of #ig.7b lead to suppressed diagraus.
For even N, the replacements in the block: with "bad"
vertices are aleo necessary. One can easily see that in this
cade also all the results of the Abelian theory are valid. The
cases N=Jand N=3 for ¥ -meson and proton has been consi -
dered by G.i'errar and D.Jackson[{’]. For vector mesons we
have obtained additional polarization relation for the longi-
tudinal part of structure function., - It follows from (15) and
(16). .Fq). M" U_x)’.“\’ .
L Qv. (13)
Jhe probability of finding the "nonvalence" quark in meson and

baryon corresponds to the cases n=‘{ and VL—‘S, for baryon we

have E_Lx) ~Q"'X)} in agreement with existing parametrisa-

tions see, e,g.llef, [101). The helicity of the "nonvalence"

quark struck by virtvual photon should be, to leading order, th
same a8 that of the baryon., For mesons the structure function'
corresponding to virtual photon with "nonvalence" quark beha-
ves like (i-)()‘ in contrast to (1-x)5 paranetrisation of def.[1 )
.If the helicity of lncoming meson is equal to zero, the
probability of lomgitudinal photon interaction with nonvalence

quark is of the same order as that for % e transverse photon:

th-o”(‘_”‘l 2."; in the region (- X)" Q" . For the
helicity of vector meson )\%O the structure function is sup-
precsed: 'F-’\ il ~ (l 1\)6”1‘-

Por even W the Drell-Yang-vlest relation b 1

oy
v
I
i
o
[N
s

~13-
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L
Flx))| y .~ F@Q)] (20)
X~f— m/a&‘
isn't valid for the scaling part of structure function, if

counting rules[f1 are used for the form-factor F(Qz)

However the relation (20) will be valid if one takes into

account the nonscaling part of the structure function (15).

4. Iteletions Among Structure Functions
of Baryons

‘'ne depenuence of the structure functions on X and pola-~
risation relations in the limit x-vi have been obtained abové
with the only assumption that incoming quarks carry the finite
fraction of incoming momentum and their transv-rse momenta are
restricted.,

Let us now estimate the dependence of baryon structure
functions on quark masses. In addition we assume that the
quarks can be considered as nonrelativistic and in the first
approximation the binding energ& can be neglected. Such an
assumption seems to be quite reasonable in the light of additite
quark models,

The diagram of Fig.la apparently dominates when X-»i.We
partmetrize the four-momenta of incoming quarks in the form:

Fﬁ =2 P“ F X -;%: where M is the baryon mass. One

can write the baryon—three-quark vertex in the form

Y (6, py) L Tep) wpl [Py v C &"LPS)-I (21)

where ’c=r,,\'., is the charge conjugation matrix,

The energy denominators which correspond to propagators of

.



incoming quarks in Fig.14 are included in tha vertex function
QI(P,P&) « This formula has to be symmetrized according to
the SU(o) structure of wave function. (sez for instance the
table in zef, [13]). after integrations over P, and P the con
tribution of diagram of rig. la is defined oy that of the corrd
ponding free quark diagram multiplied by W{@) = S'-PLP‘,P,.) J'P,d"Pl
In the limit of zero binding energy for the nroduct of aninors
in (21) one has
o L9
l(l‘l(ﬂ)’u(.P))-('ﬁ,LPﬂ sC 'U-(P.;))' ~ My My My M

I'or the differential probability of finding a quark with

nass My in a baryon consisting of quarks with masses My, My m,

we obtain:
L L L %

JF'(I) ~ A '*P@) 2, ZLZ§ Ig,xs Mgy My, %
dx, JN'{LJM (Zar2a)* [mz,l_13+m3_,_30,, 4 (22)

an_, 2
¢ (E,_ m’i... m};. )

I'ne magnitude *@) is assumed universal for the baryon octet.
The coefficient A, appears because of the SU“)symmet.r-y break~
ing by gluon exchanges (the helicities of the lower two quavkd
n fig, 'a arc antialigned). Integrating over m}L, M:,’_ and
)(,. we obtain the total probability of finding a quark with a
mass My when X -» 1 :

. |
-n-Lf‘P(J) (1-)()3 (23)

..—;—- 34*d% d”LhJ‘) 5+dY . 1+10d*d"
‘? ) (d=1 [1+ ? 1+d)’~} (= 1)’-[ gt 3(1+c|j"]

where d -'—“-\;' « 1If my amg {(d) ile . The ratio off
the magses of strange and nonstrange quarkes is assumed to be

mSIMu & 1.5 e

~]5=



ihe resulis for baryon octet are summarized in the Table,
whars F; i3 the ratio of the probability of finding a
quark qi ine aryon B; to that of finding a down quark in
the proton. In the first column the values of F:: are given
in the exact SU(G)syrmnetry, ir the second column Fg: ere given
in the case when spin symmetry is broken due to. gluon exchan-
ges (that is the relative valuea of coefficient Ae,), 2nd in
the third column quarks mass differences are taken into account
ag well,

¥or the A~ and =~ hyperons these two symmetry breaxing
af'fects work coherently and the contribution of the strange
quark dominates when x-i. For the A - hyperon such an effect
l1as beep sssumed in lef. D4] under quite different arguments,
¥For the Z- hyperons these symmetry oreaking effects are op -
posite and the probabilities of finding strangs and nénstranae
quarks are of the same order,

Using (22) we can define the average tranéverae momentum
of the quark with X+4{ . #or m,_= Mmgawe find: (P}_’)-_- Gmt'
for my/mg =15 <P*> =138 my

Our estimation differs from that of P.V. Landanoff[151 In
that paper it is supposed, that the invariant mass of the re-
meined system of the quarks when one of the quarik is struck by
virtual photon is of the order of 2 GeV. Here for the in -
variant mass,of second and third quarks we haveVJ IZJH% 11Cev
for my=my, X=1,

The results obtained are valid for tﬁe e*te” - annihila -

ticn structure functions as well, because the corresbonding

~16=




quark diagrams differ from those studied zbove by the substi-
tution of outgoing quarks by antiquarks,

The =strange quark domipance near x = 1 must result in
strong correlations in the processes ete™ - anhihiiation when
two fast particles are dedected in twc opposite directions, if
a fast A hyperon is dedectad, we should expect a larg? yield
of fast Kt K® mesons in the opposite direction, whereas the
X and il meson yield must be suppressed. ior ths z hyperon
these effects must be much less and for proton =nd neuatron
yield of the strange particles in the opposite direction has
to be suppressged.

The results obtained allow to predict numerically the nmag+
nitude of the polarisation effect due to weak neutral cuarrents
in the inclusive baryén production forxagfﬂal. In particu-
lar, the strong suppression of U and (J - quark coatribution
into the A-hyperon results in the fact that the /\ hyperon
helicity reaches 304, while for the 25+ hyperon this magnitade
is 154,

The authors are grateful to 3.G.iatinyan for helpful
comments and discuassions, e alsoc wish to thank I.i.AzZrauryan,
G. G.Grigoryan, V.V.Kancheli, A.d.Kotsinyan and .i.o.5edrekynn

for useful discussions,
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able, The relative probabilities of finding the quark q
. . Ll
in the baryon B; FB?‘

% The exact] The exact | SUl}oroken:
Fo, SUe) | su3) [quark macses
F‘PJ= Ny I I I
Fp = d 2 5 5

d
Fr,=Fz, I 2,5 1.32

Ry, I I 4,17
FY=Fd : s | 0.7
A — A - L] -

FS I 3 12.5
Fl =4 I I 0.28
3= B :

§ S . '
F30=F3' 2 b I0.1

u p‘d 2 5 2.64
F‘t‘z zo (s,
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Fig.3.

Pig.4.

Fig.5.

Pig.6.

Figo Te

Figure Capture

The quark-gluon diagrams for tha baryon structure
1ifunction near x = 1
The dominant diggram for the n-guarks pound state's
structure function near x = 1 tfor odd ..n,
The dominent diagram for the n - quark bound state's
structure function near z = 1 for even n. CFhe phcton
is transvarse.

The dominant diagram for the n - quark bound G%ates
structure function near x = 1 for even n, TIhe pho-
ton is longitudinsi,.

The replacements in the diagrams which lead fo the
accounting of the 3-gluon vertices.

Phe block of three-gluon verteces which appears aftez

the replecements of Fig.5,

" The replacements in tha diagrams which lead to the

accounting of tne four-gluosn verteces,
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