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%e have extended the application of the recombination model to the production of
meson resonances. The x distributions of mesons produced in pp reactions, including res-

onances, were found to display certain simple relations, which are independent of specific

assumptions about the sea-quark distributions. These predictions can be used both to ex-

amine the model and to differentiate between the distributions of strange and nonstrange

sea quarks. In the smaller-x region the shapes of meson inclusive distributions sensitively

depend on the sea-quark distribution. Because in the pseudoscalar-meson case that is just
in the same region where contamination from the resonance decay is serious, we use reso-

nance production to determine directly the sea-quark distributions. If we assume that the

sea-quark distributions of all three flavors have the same x dependence, with only the

normalization of the strange-quark distribution being suppressed, good agreement with

the available data can be achieved. And, with the distribution of sea quarks known, the

shape of the inclusive distribution for meson production can then be determined without

any further adjustable parameters.

I. INTRODUCTION

Having discovered that the m+ x distribution in
the proton fragmentation region is very similar to
that of valence quark u in the proton, ' Das and
Hwa proposed the recombination model. In the
model a pseudoscalar meson is formed by a valence
quark q& picking up a sea quark q2 from the initial
proton, and the inclusive distribution of meson and
the distribution of sea quarks are connected intui-

tively. This simple model has been supported by
many experimental results and people have realized
more and more the function of sea quarks in

high-energy reactions. But neither deep-inelastic
lepton-nucleon scattering nor high-mass muon-pair
experiments can give the exact sea-quark distribu-
tion for individual flavors. ' In fact the sea-quark

distributions given by Field and Feynman which

people usually adopt is conjectural. In order to
get reliable information about sea quarks some au-

thors have used the original recombination model

to determine the sea-quark distribution from in-

clusive cross section of pseudoscalar mesons. '

But there exist two important shortcomings. First,
because there are some ambiguities and arbitrari-
ness in the original model it is difficult to discover
the intrinsic relations among basic quantities and

among the reactions. Second, since it is now clear
that most of the pseudoscalar mesons observed in

the experiments are from resonance decay, the x
distribution has substantial contribution from the
decay spectra of resonances, especially in the
smaller-x region. But the sea-quark distributions
are concentrated in x &0.5, and consequently can
only affect the normalization of the distribution in
the high-x region, not its shape.

Aiming at the first shortcoming, Hwa has im-

proved the earlier model. The recombination
model has been reformulated on a firm basis. s In
principle, it is applicable to any inclusive reaction.
So far, the recombination model has not been ap-
plied to resonance production. In this paper, we

apply the reformulated recombination model to in-

clusive production of every kind of meson includ-

ing vector and tensor mesons, and then discuss
quantitatively the relationship among inclusive dis-
tributions of mesons and their conriection with sea
quarks. %e propose a way to overcome the second
shortcoming by using the distribution shapes of
meson resonances to determine directly the distri-
butions of every flavor of sea quark. As a tenta-
tive step we assume that the nonstrange and
strange sea quarks have the same shape of distribu-
tion, but the normalization of the latter is relative-

ly suppressed. Thus there are only two parameters
which characterize the sea-quark distributions in
our approach. Appropriately choosing the two
parameters, we can achieve consistency with data
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now available, and determine the sea-quark distri-
butions in the proton. Inversely, if we know them,
we can predict the inclusive distribution shape of
every kind of meson without parameter.

In Sec. II the new recombination model is re-

viewed and the possibility of application to meson
resonances is studied. In Sec. III we extend the
model to every kind of meson, show the x distribu-

tions, and discuss their basic behavior. In Sec. IV
we determine two parameters and compare the
theory with the meson resonance x distributions
and pseudoscalar-meson data. In Sec. V the sea-

quark distributions are given.

II. THE IMPROVED RECOMBINATION
MODEL AND THE EXTENSION OF ITS

APPLICATION TO RESONANCES

The recombination model assumes that the pseu-

doscalar mesons m, E, which are produced in the
fragmentation region of the initial proton, are corn-

posed of a quark q& and an antiquark q2 which ex-

ist in the initial proton. Hence the inclusive distri-
bution of meson M is

=f (x)= I IF (x1,x2)R (x1,x2',x)

dx ) dx2
X

x) x2

where F(x„x2) is the q1-q2 joint momentum pro-
bability distribution for the initial proton, and
R (x1,x2,x) is the q1 —q2 recombination function.
Thus the key to improve the earlier model is to
formulate I' and R on a firm basis. And the prior-

ity to its further application to meson resonances is
how to determine the R

(3)1

—, (h =nucleon)

0 G„/s (y)y dy = '
1

—, (h =nonstrange meson) . (4)

We assume the simple form

k
G„/~(y) = 8 ,E—2' y Ic/21( 1 y)K1

Using the deep-inelastic neutrino scattering data
Hwa has determined k =3; thus

G, /1v(y) =6.56y' -'(1 —y)

and the two-valon distribution can be obtained by
symmetry considerations and the sum rule

Guu/N(y1 3 2)= 19.9[3'1y2(1 3 1 3 2)1'

Similarly, the valon distribution in a nonstrange
meson that satisfies Eqs. (2) and (4) is

G./M(y)=[~(j, i)i '[3 (1 —y)P '

cloud of gluons and sea quarks which can be
resolved by high-Q probes, and its structure func-
tion is determined by gluon bremsstrahlung and
quark-pair creation in the framework of QCD. At
sufficiently low Q the internal structure of a
valon can no longer be resolved. Let G„/s(y)
describe the valon distribution in a hadron; it is
just the uncalculable wave function of the consti-
tuent quarks. Its normalization is

1

J G /h(y)dy =1 (2

and it satisfies the momentum sum rule

A. Valons and the improved
recombination model

and the two-valon distribution is

Gw/M (3 1 3 2 ) = [& (ji) ] (y 1y 2 )3 t)(y 1 +y 2

Trying to unify the two views of constituent
quarks in the bound-state problem of the hadrons
and the partons as probed in deep-inelastic scatter-
ing in the framework of quantum chromodynam-
ics, Hwa has explicitly introduced the concept of
valons. A valon is defined to be a dressed valence
quark in QCD. Using it in context of inclusive re-

actions the connections between soft hadronic reac-
tions and quarks and gluons are made clearer, and
the eventual closer with QCD is helpful.

A valon is a valence quark together with its

For the pion j is already determined from the
massive-lepton-pair production

G„/ (y)=1,

G-/. (31,3 2) =@y1+3 2
—1) (12)

Hence, the valon distribution in a pion has a very

simple form:
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Because the valon and antivalon which form the
meson have evolved from quark q ~

and q2, the q ~

and q2 can originate from any valon in the proton.
They may either be from a same-flavor valon, or
from a different-flavor valon. Let K(z) denote the

invariant distribution of finding a quark with
momentum fraction z in a valon of the same fla-
vor, and L (z) denote the unfavored distribution.
Therefore, as an example, we can express the joint
distribution Fp (x ~,x2) as

F(x i,x2) =F'"(x&,xq)+F' '(xi, x2) (13)

(1) X)F' '(x&,x2) =2 dy Gulp(y) K L
2

X2

P —Xi

X)

3' 3' —X2

+ f dy GD,p(y)L L
X2

g —X) (14)

F"'(x, ,x, ) =2 f dy, f dy2 Guuip(y ~ y2, )K L

X) X]
+2 f dy~ f dy2GuDip(y»y~) K +L

3'&

X2
L

Because the q &
with same flavor of the valon

may either be the valence quark, or from sea
quarks, E can be expressed as

K(z) =KNs«)+L (z» (16)

X) X2 X) X2
R(x„x2,x)=a~ 5 + —1

X X X X

(19)

L (z) =a(1—z)~ . (18)

where KNs(z) (NS indicate nonsinglet) is deter-
mined from leptoproduction data at low Q (Ref.
9).

KNs(z) = 1.2(z)"(1—z) '
The unfavored distribution L (z) of course comes
from the sea quark in the valon; we adopt the
same canonical form:

where aM is an unknown normalization constant
of order unity. The phenomenological considera-
tions which lead to this form do not depend on
whether the produced hadron is ~ or K.

In the new recombination model the absolute
square of the wave function (V&(y&)V2(y2)

~

vr) de-
scribes not only the probability of finding the two
valons of a pion at y& and yz, but also the proba-
bility of forming a pion from two valons at the
same y; values. Thus the invariant recombination
function is

The parameters a and P will be discussed later.
To distinguish Gu&p(y) and GD&p(y) would re-

quire more accurate data then we now have. As in

8, we shall not in this paper be concerned with fla-
vor dependence of 6„/N, i.e., let

GU!p GD/p Gv /N p

6UU/p UD/p uu /N

B. Recombination function

=ye2Gw/ (yl y2) .

If we substitute (12) into (20), and note that y
would change normalization from 1 into pion
momentum x, then we get

X)X2 X) Xp
R (x~,x2,'x)=

2
5 + —1

X X

(20)

In the original model the recombination function
is assumed to have the form

It then reduces to (19) and a~ =1; this is just the
result of j=1 in Eq. (8) for m. . Thus it is not only
an excellent theoretical proof of (19), but also
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shows that 8 is not universal. But if so, we can
determine the recombination function for any other
meson only after we get its valon distribution from
experiment. For some stable particles like p and ~,
we can extract its valon distribution from the
deep-inelastic lepton scattering data, but we cannot
do it for meson resonances.

We have first studied nonstrange meson reso-
nances, including p, co,f,A &,A 2, P,f', . . . . Because
all their G„~~ must satisfy the conditions (2) and

(4), the simplest symmetric forms can only be of
the type shown in (8) and (9); hence only the j
value may be different. After substitution 8's cor-
responding to different j (j & 1) into Eq. (1), we

determined f (x) by numerical integration and
have found both the normalization and shape are
insensitive to the value of j. This important fact,
i.e., that the x distribution of mesons is determined

only by the distribution of q& and q2 which are in
the initial proton, is just required by the recom-
bination mechanism. For example, both m+ and
p+ are composed of u and d; in the initial proton
the x& and x2 distributions of u and d are fixed,
such that ~+ and p+ have the same shape of x dis-
tribution, and only their normalization may be dif-
ferent. Thus, in fact, we do not need to consider
the valon distribution of different mesons, but use
(21) as a recombination function for all mesons in-

cluding resonances.
Of course, though the difference of valon distri-

butions does not reflect on the x-distribution shape,
it must be related to other properties such as the
size and spin of the mesons. Here, we should men-
tion that the meson resonances have nonzero spin
or nonzero orbital angular momentum. To reflect
correctly the normalization of inclusive distribu-
tion, there must exist some factors which relate to
spin and orbital angular momentum in its valon
distribution, otherwise the description is not com-
plete. This is a special topic; we do not discuss it
in this paper. From now on we are concerned just
with the shape and ratio of x distribution.

quiescent seas of u, d, and s to be different, but we
have already had apparent experimental evidence
and theoretical reasons that require an enhanced
sea which saturates the momentum sum rule ' * in
low Pr -reactions, and the enhancement of the
strange sea is different from that of the nonstrange
sea. Thus in our work, we would rather assume
first that the shapes of the three sea-quark distri-
butions are the same, and that only the normaliza-
tion of the strange sea is lower by a factor A, as
compared to that of the others. This can be imag-
ined since in the proton the quiescent sea (as
probed in electroproduction) has flavor indepen-
dence. Only the transition probability of ss is
smaller due to its being more massive, when gluons
convert into qq pairs. If it is not consistent with
further experiments, it is easy to consider the fla-
vor dependence of the x dependence of the sea.

Because the average momentum fraction carried
by the valence quarks is

x=3 f f dxdy G„~~(y)ENs ———0.45 (22)

on the basis of the saturated sea we obtain as a
constraint on L

1 —x =0.55

=4 f f dxdy 3G„&&(y)L
3'

+2k f f dxdy3G„~N(y)L
3'

=(12+6k,) f f dx dy G„&N(y)L
3'

(23}

Using (6) and (18), we get

C. The flavor dependence of sea-quark distribution

1.66 (P+1),
12+6K, (24)

So far there is not sufficient experimental and
theoretical evidence to require the distributions of

i.e., we only need two parameters A, and p to deter-
mine the sea-quark distributions:

T p
xu(x)=xd(x)=3 f G„q~(y)L —dy= ' (p+1) f ~y(1 —y) 1 —— dy,

x 32 67 & , x
y 12+6A, Z

(25}

xs3x) =xs (x) =Axu(x) . (26)
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III. THE SHAPE OF INCLUSIVE
MESON DISTRIBUTIONS

X) X2
B

y2

1

4+Ns
X X)

+6L
xz

L
3'2

For every meson, we can substitute Eq. (21) for
the recombination function in Eq. (1) to determine
the shape of f(x); thus the shape difference can be
determined by F~ (x~,x2). From the above we
can divide Fy (x&,xz) into two terms F"'(x~,x2)
and F' '(x&,x2) Th.e one similar to Eq. (13) can
be written as

F"'(x&,x2)= I dy G„q~(y)A (x&,xz', y)

(27)

X& X~2 (x 1 ~x2 y) = ICNs +3L
2

y —x&

(31)

(30)

By applying the same analysis for the mesons

, p, A &, A2, . . . , etc., which are composed of
quark clusters developed from d, u, we have

expressing q& and q2 from one valon. The other
one, similar to Eq. (14), can be written as

X) X2
B

3'& 3'2

1

2ENs
X X)

+6L
3'2

(2) X) X2
(xl x2)= dy ldy2Guu/N(yl y2)B

y i 3'2

(28)

X& X&
~ (x i, x2 y) = 2ENs + 3L

y —X&

(29)

expressing both q~ and qq from two different
valons. We now discuss the mesons which are
from the fragmentation of protons, and G„~z and

G„„&z [in Eqs. (6) and (7)]. which are just the
valon distributions in the nucleon. We find that
the distributions of different kinds of mesons cor-
responds to different quantities of ENs and L in-

cluded in A and B. For example, the mesons such
as ~+, p+, A ~+, 32+, . . . , etc., are composed of
quark clusters (valons) which are evolved from
quarks u and d. In the three valons of the proton,
the x2 distribution of d can be only the sea distri-
bution L; the x& distribution of u in the two U
valons can either be KNs or L, but it belongs only
to L in the D valon. Then

(32)

In the equation for 3, the arguments x ~/y and

x2/(y —x~ ) describe the valon with momentum
fraction y in the proton as in the case of release of
q~ and then with momentum fraction y —x

~
to

release of qz. Certainly, we should also consider
the possibility that release of q2 is followed by q~
instead, i.e., the possibility of xz/y and x&(y —xz).
That means we have to symmetrize the above ar-
guments. When Eq. (29) is being symmetrized, it
is reduced to Eq. (13). However, the symmetriza-
tion only modifies the behavior of f(x) slightly in

the large-x region. At this moment, we do not
symmetrize A, but we list A and B for every meson
in Table I, and study the fundamental properties of
their x distributions. In Table I L'(z) denotes par-
ticularly the invariant distribution of finding a
strange quark s (or s) with momentum fraction z
in a valon; obviously, it is always an unfavored dis-
tribution in the proton.

From Table I we arrive at the following predic-
tions. They should be more clearly examined from
the resonance data.

(i) The shape of the x distribution of each kind

TABLE I. The x-distribution shape of different kinds of mesons corresponds to different quantities of'ENs, L, and
L'. The 3 (x„x2,y) and B(x, ly2, x2/y2) in Eqs. (27) and (28) are listed for six kinds of mesons.

(x ] px 2yy) 8 (x I /y i,x2/y2)

~+, p+, W+, a+, . . .
(2) n', P, CO, f, Aq, A~, l. . .
(3) m, p, A2, Ai, . . .
(4) K+, E +(890), E*+(1430), . . .
{5) K , E* (890), E (1430), . . . , K (890), E (1430), . . .
(6) ((, f', . . .

2ENs+ 3L )L
( —ENs+ 3L)L

(KNs+ 3L)L
(2ENs+ 3L)L '

3LL'
3L'L '

(4ENs +6L )L
(3ENs+ 6L )L

(2K»+6L)L
(4ENs+ 6L)L '

4LL'
4L'L'
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of meson included in a row in Table I should be
the same, e.g., the shapes of p, 0), f, A2, A1, g, h

are to be the same.
(ii) When x is comparatively small, L contributes

major influence, i.e., A -3LL, B-6LL, and the
shapes of mesons in rows I, 2, and 3 are basically
the same. %hen X is gradually increased, ENs is
more significant, than, for example, A -2ENsL
and 8-4ENsL for p+ and A+, A -ENsL and

8-2ENsL for )0 and A; thus

fP (x)lfP (x)=f" (x)lf" (x)=2. (33)

fp+( )gfK +(890)(
) f~2 ( )yfx*+()430)

=f '""(x)ff~(x)

=f ""'( )/f ( )

~ % 0 $/g (34)

(iii) If our assumption in the previous section is
true, i.e., the shape of the strange sea-quark distri-
bution is similar to that of the nonstrange sea-

quark distribution and only the normalization
differs by a factor X, then L'=A.L and the shapes
of mesons in rows 1,4 and 5,6 are exactly the same;
also

f&*+(890)(X)yfp (X) fE +(1430)( )yf z
( )

-2A, (35)

The first two predictions, independent of any
concrete properties of I(:Ns and L, can be used to
check the present theory; and the last four can be
used to determine the properties of the sea-quark
distribution.

IV. COMPARISON %'ITH DATA

Symmetrizing the zf (x),x2,y) of Table I and
substituting quantities into formula (1), we obtain
explicit formulas of the x distribution of the six
kinds of meson which are included in Table I:

If the above ratios depend on x, then L'QA, L and
strange sea quarks have a different shape.

(iv) When L'=EL, even if x is small, the shapes
of mesons of types 5,6 fall off more rapidly in
comparison with the previous four kinds.

(v) If L'=kL, then from the ratio of the pair of
either particles of types 1,4 or particles of types 5,6
we can determine )(,. If L'QA, L, we can directly
determine L', in terms of the x distribution of par-
ticles of type 6, and then distribution
xs (x) =xs(x).

(vi) In case of large x and L'=A,L:

1

fM(x)= Jdx, 6.56 I—dyy'~'(1 —y)' '
eKNs

0 x

X1 X —X1
+fL L

X —X1
+L

x, t

qENS +hL
y —X+X1

X1

P —X +X1,

1 —P1
+l9.9 J . '

dy) f„„dy2b)y2(l —yi —y»]'"

1

X I+Ns
X1 X —X1

L (36)

Here e,f,g, . . . are various definite constants for
each kind of mesons, and are listed in Table II.

It has been realized in recent years that a large
fraction of pseudoscalar mesons are decay products
of resonances; for example, some authors even
claim the fraction of directly produced pions to be
as low as 25%, ' but the major fraction of vector
and tensor mesons are directly produced, and this
topic has been studied in detail by this author.

Thus meson resonances are expected to give more
direct information on the primary production
mechanism than pions or kaons. And recently, the
experiments have strongly suggested the possibility
that a large fraction of vector mesons are produced
as fragmentation products of incident particles. "
Now we first determine the parameters, Il, A, from
the vector-meson data, and then compare the
meson inclusive distribution data with theory. The
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TABLE II. The values of constants e, f, g, h, I, and m in Eq. (37) for each kind of
meson are listed.

~+, p+, ~~+, ~2+

(2) m, p, co, f, A2, Ai
(3) m, p, Ap, dl
(4) K+, I( *+{890)I( *+(1430)
(5) K , I( (890) . . . , E , E {890), . . .
(6) p, f'

1 2 1 1

0.75 2.25 0.75 0.75
0.5 2.5 0.5 0.5

2A,

0 1.5A, 0 1.5A,

0 3A 0 0

4 6
3 6
2 6

4k 6k
0 4A,

0 4A,

reader is reminded that the absolute normalization
of our theoretical predictions is arbitrary.

At present, only p has much data available of x
distributions in high-energy reactions. Figure 1

shows the p x distributions of projectile and target
fragmentation in 147-GeV/c pp reactions, and p x
distribution of target-proton fragmentation in 147-

I I

PROJECTILE

p p p T FRAGIVIENTATION

, + TARGET
FRAGMENTATION

tT'+P-+po+X

beam= 47 GeV/C

Schouten et al.

c' t
C:

ob
ip 2

GeV/c m+p reactions. ' To fit these data, we use

P=1.5 . (37)

The solid line in Fig. 1 is a theoretical curve using
/3= 1.5.

The predictions (iii) and (v) of Sec. III can be
used directly to examine whether L'= A,L holds or
not, and to determine the value of parameter A, . So
far, we have not obtained those ratio data, but the
experiments' give the x distributions of K*+(890)
and p (770) in 24-GeV/c and 12-GeV/c pp reac-
tions, and show that the x dependences of
K'+(890) and p" are nearly the same; only their
normalizations are different by a factor A, . Figure
2 gives the 24-GeV/c data, which has been con-
verted into invariant distributions, and the points
of p are multiplied by A, =0.1S, the ratio of the
normalizations. The solid lines in the figure are
theoretical curves for p+ and p, the difference be-

tween which is so small that from the data

f~ (x)/f (x) =1/0. 18 we can take

and (38)

iO-4
0

I I I

0.2 0.4 0.6 0.8
X

FIG. 1. The p x distributions of projectile and target
fragmentation in 147-GeV/c pp reactions, and p x dis-
tribution of target-proton fragmentation in 147-GeV/c
m+p reactions. Data are from Ref. 12. To fit these
data, we use P=1.5. The solid line is our theoretical
curve using P= 1.5.

We can see from Ref. 13 that when energy is

less than 50 GeV/c A, decreases a little bit with

respect to the decreasing of energy, and when the

energy is large it may approach a constant. At
present we do not have the data in high-energy re-

actions, and because the value of k does not affect
the shape of the inclusive distribution, it only af-
fects the normalization of mesons which contain

strange quarks. We assume first that k =0.1S

which does not change with respect to energy.

Figure 3 shows the comparisons between the

p,f,g, h,E' (890) data' and our theoretical
curves (solid lines). Here, the normalizations are
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) P~K"(890)

OX

lo ~
0

I I I I

0.2 0.4 0.6 0.8
X

l.o
!0 ~

0 0.2 0.4 0.6
FIG. 2. The x distributions of K*+(890) and p (770)

in 24-GeV/c pp reactions (Ref. 13) have been converted
into invariant distributions, and the points of p are
multiplied by A, =0.18, the ratio of normalizations. The
solid lines are our theoretical curves for p+ and p .

FIG. 3. The comparisons between the po, f, qo, h,
K* (890) data (Ref. 14) and our theoretical curves
(solid lines). The curve of K (890) is normalized to
the same value at the x =0 point of p .

taken arbitrarily as in the data. The curve of
K* (890) is normalized to the same value at the
x =0 point of p . Obviously, the data agree well
with our predictions, i.e., the shapes of the x distri-
bution of p, f, g, and h are the same; neverthe-

. less, that of E' (890) falls off more rapidly with x.
Figure 4 shows the comparisons between the

data"' of p and E*+(890)produced in the frag-
mentation region of the proton in K+p interactions
at 32 GeV/c and theoretical curves (solid lines).
Even though the energy is rather small, the agree-
ment is still very good.

In Figure S the comparison of the n.+ data' and
the theoretical curve. The agreement is excellent
in both shape and normalization over the whole x
range. But considering the serious contamination
from resonance decay in the m spectrum, we sup-
pose that the agreement is rather occasional.

The f (x)/f (x) data are given in Fig.
6.' ' According to the above data that showed

f (x)/f (x)+const, and the data of
f (x)/f (x), Duke and Taylor concluded that
the shape of the x distribution of the strange sea
was different from that of the nonstrange sea, and

chose the dashed line, as shown in Fig. 6, to deter-
mine the strange sea-quark distribution. However
some of the above data should be considered as the
consequence of resonance decay. In fact, even if

+ K*+(890)the ratio fr (x)/f ' '(x) is constant (i.e.,
L'=EL), the ratio of n+to K+,.that is mostly
from p and K"+, respectively, should not be con-
stant. In the decay K*+~K+m, the larger
momentum is carried by K+; but in p+~m+~
the momenta of m+ and ~ are the same. As a re-

~+ K+suit the ratio f (x)/f (x) increases in small x,
and decreases in large x, just as shown in Fig. 5.
Hence the data are not inconsistent with L'=EL.

Figure 7 shows the comparison between the
data' ' of f~ (x)/f (x) and the theoretical
curve. In the larger-x region, the lower experimen-
tal values result from a reason similar to that men-
tioned above. But from Table I we can see that
the yield of K* is much less than that of K*+ in

pp reactions; the comparatively small fraction of
K is from K* decay and the large fraction is
from the K+K decay mode of nonstrange reso-
nances (such as A2, f', etc). when compared to the
case of K+. Consequently, the deviation between
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FIG. 4. The comparisons between the data of p and
K +(890) produced in the fragmentation region of the
proton in E+p interactions at 32 GeV/c (Refs. 11 and

15) and our theoretical curves (solid lines).

FIG. 6. The f (x)/f (x) data versus x {Refs. 17
and 18) are shown. From the m/K ratio, Duke and
Taylor concluded that the shape of the x distribution of
the strange sea was different from that of nonstrange
sea, and obtained the dashed line. However the above
data should be considered as the consequence of reso-
nance decay. In fact, even if the ratio

+ Q+f~ (x)/fx '8 '(x) is constant {solid line), in the decay
E*+~E+~, the larger momentum is carried by E+,
but in p+~m. +m. the momenta of n.+ and m are the

~+ I(+same. As a result the ratio of f (x)/f (x) increases
in small x, and decreases in large x, just as shown.
Hence the data are not inconsistent with L'=AL.

(0-I

data and theory is obviously less than the ratio

f (x)/f (x).
f (x)/f (x) is independent of concrete as-

sumptions about the strange sea. In Fig. 8 one can
see that the theory agrees well with data. ' '

In Fig. 9 the comparison f (x)/f (x) is
given. According to the same reasoning as (33),
when x is large, the ratio f (x)/f (x) should be
around 2. The dispersion of available data' ' is
compatible as we have predicted.
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FIG. 5. The comparison of the ~+ data (Ref. 16) and

the theoretical curve (solid line).

FIG. 7. The comparison between the data (Refs. 17

and 18) of f (x)/f (x) and the theoretical curve

(solid line).
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V. THE SEA-QUARK DISTRIBUTIONS

Using A, =0.18 and P=1.5 which have been
determined in Sec. IV, we immediately obtain the
nonstrange and strange sea-quark distributions
from Eqs. (25) and (26):

xu(x) =xd(x)
1.5

=6.24 y' 1 —y 1 ——
x y

(39)

FIG. 8. The comparison between data (Refs. 17 and

19) of f" (x)/f" (x) and the theoretical curve (solid
line). This ratio is independent of concrete assumptions
about the strange sea.

In Fig. 10 we have plotted the distributions.
They fall off more rapidly than the form (1—x)',
when x is smaller, and fall off more rapidly than
the form e, when x is larger. The distributions
in the whole range can be expressed approximately
as

xu(x) =xd(x)=0.934e ' "(1—x) '9,
xs (x)=xs(x)=0. 168e '(1 —x)

It is worth noting that these distributions are of
the enhanced sea, which includes all of those qq
pairs converted from gluons. Thus it is not certain
that they have the same shape as that of the quies-
cent sea (as probed in electroproduction). But they
directly affect the inclusive distribution and other
properties of hadron-hadron reactions at high ener-

gy.
The sea-quark distributions mentioned above

lead to the following fractions of momentum car-
ried by the various quarks: valence quarks:

3 f dxdy G./x(y~&Ns —=045o
y

up and down sea quarks:

12 f dx dy G„/~(y)I. —=0.503;

xs (x)=xs(x)
1.5 I.O

(40)
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FIG. 9. The comparison between the data (Refs. 17
and 19) of f (x)/f (x) and the theoretical curve
(solid line).

FIG. 10. The determined enhanced sea-quark distri-
butions are plotted vs x.
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strange sea quarks:

6A, I dx dy G„gtt(y)L —=0.045 .
3'

Our results are somewhat different from those
previously obtained by fitting pseudoscalar-meson
data. For example, the amounts of momentum
carried by the strange sea are twice the value 0.020
found in Ref. 5. But the basic behavior is similar;
that is, the sea-quark distributions rapidly fall off

as x increases and are concentrated in the small-x

region of x & 0.5.
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