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ABSTRACT

The recombination model predictions for baryon produc-
tion, using modified Kuti—Weiéskopf structure functions are
in good agreemeéent with the pp and mp collision data. The in-
distiqguishabiliﬁy of sea quarks naturally accounts for’the.
difference in thé P and p spectra in the pion fragmentation

region.



The recombination modelI has been guite successful in
explaining low Pp meson production in hadrpnic collisionsT
In this note we examine, within the framework of the recom-
binatipn model, the production of fast, low P baryons by
p-p and 7m-p collisions. A particularly interesting feature
of the p and p inclusive productionz'3 in the fragmentation
domainAof the pion is that although the # (= ZQI‘AE') spectra
for both cases are similar in shape, proton production exceed

'p production by a factor of about 2. Naive recombination model

considerations suggest that X 9_ (ntp+px) = X do (mFp + pX)

_ o dx o dx
becaﬁse the probability of picking out two u and a d quark
from the4pion (these constitute the protén) is considered
to betequal’to that of picking out two u's and a d quark.
This led Migneron and Robinson4 to suggest that whenever two
(or more) sea quarks of the same species are picked out of
a.haayon, an additional correla#ion arises as a result of
the gxglusion principle. They argued that for the reaction
,n+p.» pX the specified quarks, u,, (valence u), ug (§ea u)
and ds.are‘distinguishable whereas the two u gquarks that
go tp)form the p in the reaction mp = pX are indistinguishable
since they are both picked out from the sea. To include this
effecf, they introduced an ad hoc form for the two‘(iaentical)
seaﬁqﬁark structure function. Thus their scheme,although
consistent in itself,suffers from a lack of anyspecific
prediétion.

In this letter, we discuss this problem within the



framework of the recombination mode1?! associated with struc-

ture functions constructed using the modified Kuti-Weisskopf

5,6,7

{KW) method. We recall that in the KW model the sea

guarks of each species are considered to be indistinguishable

and hente a statistical weight'TTHlT arises whenever nq sea
q © .

quarks of type g are designated within the structure function
(scc Egs. (4), (G), (7)). 1In the limit in which the triple
sea recombination is negligible, it followé(from Egs. (2),

(6) and (7)) that
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The aéymmetry between p and p production referred to earlier
:is naturally explained in the KW model (without the introduc-
tion of additional correlations) as arising due to-the in-
distinguishable nature of sea quarks. This may be rcgarded
as evidence for -a physical distinction between the valence
(distinguishable) and sea (indistinguishable) quarks.

In the recombination model, the bafynn inclusive spectrum,

assuming three-body recombination is dominant,is given by8

Q-alQa
%|a

l . .
x e . .
5 —j f(xl,xz,x3)R(xl,xz,x3,x),dxl§ix2dx3 r (2)
0 ‘
where x and x; are the longitudinal momentum fractions of the

observed baryon and the ith quark; respectively, and 0 is the

inelastic scattering cross scction. For the recombination



we choosea the form recently predicted by Hwa9 on the basis
of the valon hypothesis, viz.

o 1 3
R(X) /Xy, X3iX) = ué —a=' S ( - 1) . (3)

Hwa predicted ap = 105/2%. f(xl,kz,x3), the three-quark
(aﬁtiquark) structure function, is the probability density
of fi@ding three "independent"b quarks'(antiquarks) with
specifiéd momentum fractions. For the cases of p and RO
production in tﬁe fragmentation domain of the proton, the
required three-antiquark structure functions Are giveﬁ (in
fhe modified KW model) by

n (xl>h§ (x,)

u
b _Yg . Yg P D i oy -
£L__(xyrx5,%3) = 21 iy (X3)Gfgy (Imxy=x37x3)
uud S
S (4)
and

p _ WP p . P ; p v ey —
£ __(xy/%5,%x3) = hD (x))hT (xp)h_ (XB)G{O}(l X)=X,=X4) :

uds u da 3
S 5 S (5)

ngg,:ha's,lthe primitive structure functions, represent

the probability densities of finding anvantiquark g in the
"absence of any correlations. The correlation function
G{V}gl-xl—xz—x3) dépends only on the valence conteht7 of
thé-designated quafk system (e.g. in Egs. (4), (5) no valence
quarks are specified and hence {V} = {0)]) and represents the

effect of longitudinal momentum conservation. ‘'he statistical



b ;} in Eq. (4) takes into account the indistinqguish-

weight
ability of the two ﬁs antiquarks. For the case of p and p
production 'in the fragmentation domain of the pioh the re-

qguired structure functions are

it _ m w n 1 - _ _
foua (X1r¥pr%3) = huv‘xl)hug(Xz)hds(x3)c{u}(1 X]17Xy7X3)
ki
I (xl)huc(xz) |
-+ S - h1T (3¢ )Gn L=, -x.,~x.,)
21 ”ds' 327t L T2 Tl
(6)
qnd
hY (x)nl (x,)
T o Us . uS m ()
£ (X ,%,,%x,) = —= —— h_ (xX3)G _ (1-X,-%X,-X,)
So3 12 21 3, 3 (3 17752773
i
h_ (x)h (x,)
. S S LU i v vty
TRl ha (x3)Gy gy (1-x, =%, x3) -
S

(7)
The éxistence of the factor ;% in the first term of Eq. (7)

but not in that of Eg. (6) lcads to the approximation, Eg. (1)

when the triple sea recombination is neglected. (This follows
0 ] .
because we have}' h™ =h" and " =nT .)
u d.. 1,. d
: \Y V7 10 5 5 .
In our previous papers' '’ we have used the single meson

inclusive production data by pp, np and Kp collisions as an
input to determine the multiquark structure functions in the
10

proton, the pion and the kaon. 1In addition, we extracted

the intrinsic P distributions of the quérks in the p, 7 and K



agreement with the available data.12 Since the modified KW'’

assuming them to be normalized Gaussians. The parameters

thus .determined have alllbeen listed in Tables I and II.

Thése'pT-dependent structure functions were subsequently_

used for the analysis of multimeson production by pp,ll TP

and Kp collisions. The parameter-free predictions for the

10,11 to be in

7,10

shapes and the absolute magnitudes were found

model allows the unambiguous generation of the correlation

functions G{V} once the primitive functions are specified,
we arée able to make parametér—free predictions for the shapes
of,ﬁhe1baryon‘§pectra both iﬁ PP é;d ﬁpmcbllisions. More-
over, once the recémbination strengtﬁ, o

g is fixed by fitting

say the pp - EX data, the cross sections for all other

reactions involving baryon production can be predicted without

any free parameters. We remark, however, that since a funda-
men#a;_assumption éf the KW model is that the quarks are
statistically distributed and the only correlation is assumed
to be due to momentum conservation, the model 1is not‘appli4
cable for those reactions involving strqng correlations

amoné the quarks, such as pp > pX (leading particle effect)
or pp - AOX (multivalence recombination—two of the three
valence qguarks tend to remain bonded together and thus cannot

A ' ‘ observed
be treated independently). Tn both these cases thepspectrum
i§>ﬁuch flatter than the recombination model prediction.

Oﬁr predictions for the baryon-inclusive spectra are shown

in figs. (1-4). The value of o, which determines the overall

B



‘normalization is fixed from the data in fig. 1.13. We find,

using Ogiel = 32 mb that ag = 8.2 in contrast to 105/27m pre- .

dicted by Hwa.9 In figs. 2 and 3 we compare our completely
parameter-free predictions with the 7p collision data2 uSiﬁg
Uzgel = 20.5 mb. We note that the 7' + p data differ slightly
from m = 5 as do the nt o E from the m - p. Our predic-
tions, using the isospin flipped structure functibns for

nt and T are in Fair agreement with both sels ufl data.

Accumulation of more data wnuld serve to test the validity

of the assumed independence of particle productidn in the

target and projectile fragmentation regions. Our

predictions are also in agrecement with the data in ref. 3.
In fig. 4, we comapre our prediction for the reaction pp > KOX
Qith the data ot Kichimi ot ai.*? We alsn comment that our
prédictions of the P distributibns for the reaction pp ~ §X
‘are consistent with tﬁe_data of ref. 12 as also are those for
wp > p(RIX 2

To summarize, we have studied barypn production by pp‘
and 1p collisibﬁs witﬁin the framework of the recombination
mddel; associated with the modified KW structure funntion8;7’lo’ll
The only free paramcter, ag, the recombination strength for
baryon formatioﬁ, is determined by normalizing our predic-
tions to the pp -~ pX datal’ at P, = 0.25 GeV/c. Our parameter-
free predictions for the x and P spectra for the reactions
pp - 5(AO)X and utp > p(E)X are in agreement with the data.

The difference in the magnitudes of p and p production by

Tp collisions is naturally explained as the manifestation



of the indistinguishable néture of the sea quarks. This may
be considéred as evidence for a qualitative diétinction be-
tween the valence and sea quarks; for instance, the valence
quarks are distinguiéhable but the sea gquarks are not. We
remérk that because the KW model has been constructed to ex-
plain‘féactions involving uncorrelated systems of quarks, the
model in its present form‘naturélly‘does not account for
reactions invblving'the leading particle effect or multivalence
recombination; Other predictioné of the model such as the
study of momentum correlations in baryon-meson and multibaryon
inclusive production by hadronic collisions will be treated
e;sewheré.
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Proton:

Pion:

TABLE

O
h, (x)
dv _

o
1l

hﬁ (x) = x F(l+Bx)
v

hg (x) = x-a(l—x)(l+yx)
V .

hP o = nP () =
S u

hE (x) = nP (x) =
“g d

hP (x) = pP (%) =
S [

hP(x) = g x 1 (1-%)

o = 0.5, f 3.5,

= 1.45, = n.

9g n
TT+ m

huv(x) = hd (x) =
W'+

hus(x}.f h (¥) w
TT+ o .

hg (¥ =hg (0 =
+ .,4

hg (x) = h(; (x) =

I - PRIMITIVE STRUCTURE FUNCTIONS
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Table I (continued)
Pion (continued):

h (x)A= h- (x) . for ﬂ+ and
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TABLE II - INTRINSIC Pp DISTRIBUTIONS

" General form: -—+- exp(—pz/az)
2 T "q
ﬂaq

velence | won strange sea | strange sea

. PROTON - 0.12 ©0.17 . 0.14

PION 0.07. . 0.18 ' 0.12
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Footnotes

[a] The shapes of the spectra are quife insensitive to the
particular form ocf the. recombination function.
[b] By "independeﬁt" we meah that the combinatorial factors
that arise due to the indistinguishable nature of sea
quarks are)included;in the structﬁre function.

\



Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.
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Figure Captions

The comparison of the recombination model predictions
for the reaction pp »+ pX with the data of the
Fermilgb—illinois collaboration (Ref. 13); This

data yields ag = 8.2.

The parameter-free prediction of the invariant

cross sections for thc reactions'w+p »oeX dhd

T p > pX at pp = 0.3 GeV/c. The data are from ref. 2.

The parameter-free prediction of the invariant
. ' . + -
cross sections for the reactions 7 p + pX and

ﬂ_p + pX at Pp = 0.3 GeV/c. The data are from ref. 2.

The parameter-free predictioh for x%% for the reaction
0

pp ~ A X. The data are from ref. 14.
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