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ABSTRACT

Since the diquark system is both composite and colored,
it 1is rapidly becoming an interesting topic of research with
the potential to produce considerable future information on
the dynamics of sub-hadron systems and confinement. In this
paper we formulate a model with which quantitative studies of
diquérk (gq) fragmentation can be made. The equations of the
model are based on vertices (qgg)*baryon+q and (gq) *meson+ (gqq)
leading to recursive cascade-type Volterra integral
equations. These equations take the composite nature of a
diquark into account and correlate diquark fragmentation into
baryons with fragmentation into mesons. Comparison with
existing data 1is good, suggesting that our approach has
utility for experimenters planning further studies. The
experimenter will also find useful predictions for ud and uu
(or dd) fragmentation into mesons and baryons. OQur work
indicates that the diquark cannot simply be treated as a

single colored unit which directly forms a baryon.
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I. INTRODUCTION

There exist many types of "hard" interactions, such as
those 1listed in Table I, in which a quark gets "knocked out"
of a nucleon. The system 1left behind, which we call a
diquark, 1is a wunique object since it is both manifestly
composite (essentially having a spatially extended structure
similar to a hadron) as well as colored. Effectively,
diquarks are in many respects "colored hadrons" or spatially
extended color sources, which presumably fragment into a jet
of hadrons due to color confinement. Clearly, a study of
diquark fragmentation will offer new insight into how colored
objects evolve into hadron jets. For example, it is
obviously of interest to ask whether the two quarks in a
diquark eventually become part of a single baryon. No
detailed theoretical model for diquark fragmentation has yet
been studied, although some phenomenological determinations
from the data have been madel making use of dimensional
spectator counting rules.2

The purpose of this paper is to formulate and study the
consequences of a quantitative model for diquark
fragmentation, which explicitly takes the composite character
of a diquark into account. The model is of a recursive type,
and is similar in spirit to cascade models which have been
successfully used in the past for describing quark and gluon

3,4

jets. The two basic vertices (breakups) of the model are

diquark+baryon+antiquark and diquark+meson+diquark, as shown



in Fig. 1. The model is mathematically formulated in terms
of linear, Volterra integral equations, which are solved by
successive iteration. Good agreement is obtained with the
small amount of currently available data on diquark
fragmentation into mesons and baryons. A number of
interesting predictions are made, which should be readily
testable in future experiments, especially at the Fermilab
Tevatron. We find that currently available diquark
fragmentation data indicates that the diquark cannot just be
simply treated as a single entity (3 of color) which
eventually becomes part of a baryon.

The plan of this paper is as follows. In Sec. II, we
describe and discuss various experiments which can be (or
have been) used to study diquark fragmentation, and a
description of currently available data is given. In
Sec. III, our model for the fragmentation of diquarks is
first qualitatively motivated and then quantitatively
formulated in terms of integral equations. The iterative
solution of our model and the treatment of quark flavors is
given in Sec. IV. A comparison of model predictions and
available data is made in Sec. V. Our expectations for
diquark fragmentation functions into various mesons and
baryons are also presented. Finally, Sec. VI contains some

critical comments about our work and a summary of results.



II. EXPERIMENTS ON DIQUARK FRAGMENTATION

A number of experiments in which diquark fragmentation
can be studied are given in Table I. We shall now discuss

the relative merits of these different approaches.

(a) Charged current interactions with  neutrino and

antineutrino beams have an advantage, because the flavor

content of the fragmenting diquark is known with reasonable
certainty (neglecting gqq sea effects). The first reactions
listed in Table I with neutrinos incident on proton and
neutron targets lead to (uu) and (ud) diquark systems.
Bubble chamber studies of (uu) fragmentation into charged

5,6 and the data are plotted in

hadrons have been made,
Figs. 2 and 3. It is especially worth noting that the ratio
of (uu) fragmentation functions into positive and negative
hadrons (see Fig. 2) 1is considerably bigger than unity and
increases at large x, where x is the fraction of the diquark
momentum carried by the detected hadron. A part of this

increase in the ratio Du:(x)/DuE(x) is due to the production
h h

of protons.5 However, one should note that only protons with

Prap ¢ 1 GeV/c are well-identified in typical bubble chamber
experiments, so generally positive meson data can not be
7

reliably corrected. Data’ for (ud) fragmentation into pions
obtained by using V beams incident on protons is also shown
in Fig. 3. Furthermore, (uu), (ud), (dd) fragmentation into
neutral, strange particles (A,K) has been recently studied in

bubble chamber experiments making use of both neutrino8 and



antineutrino9 beams. Data for the ratio of (ud) and (d44)
diquark fragmentation functions into A's is shown in Fig. 4.
(The dotted band represents our best guess for this ratio
based on the preliminary results of Ref. 8.) Note that there
is substantial A (uds) production from a (dd) diquark,_ in
contradiction with naive expectations resulting from treating
the diquark as a unit which becomes part of baryon. (The
treatment of the diquark as an entity which goes directly
into a baryon shall be referred to as the "naive" model 1in
this paper.) Such results provide motivation for a detailed

theoretical study of diquark fragmentation.

(b) Electroproduction in the deep inelastic region can

also provide information on the fragmentation of diquarks.
For ep and up reactions, the flavor content of the
fragmenting diquark is essentially (ud), whereas for en and

un reactions one gets a mixture of (ud) and (dd). Some data

on u+p scattering 1is available,lO and it 1is plotted in
Fig. 3.
(c) Hadronic collisions producing u+u_ pairs are

frequently due to the Drell-Yan mechanism. If this is the

+ -—
case, then T p collisions with a u+u trigger offer a good

11

way of studying uu, ud fragmentation. Likewise, pp

interactions triggered on u+u- pairs will provide diquark

fragmentation information.12



(d) Hadronic collisions (involving baryons) with a

large-pT trigger offer yet another way of studying the

fragmentation of diquarks, if hard quark-quark scattering is
the dominant mechanism for large-pT particle production.13
This scheme has three major drawbacks. Firstly, the large—pT
trigger particle does not identify the jet-initiating parton
with high probability;3 consequently, the flavor content of
of the forward-moving diquark cannot be well-determined.
Secondly, lowest-order QCD calculations show that there are a
substantial number of large-pT gluon jets coming from hard

quark-gluon or gluon-gluon scattering.13

If this happens, the
forward jet is not necessarily coming from diquark
fragmentation. Thirdly, there are indications that lowest
order QCD calculations may have non-negligible higher order
corrections14 at present energies. Therefore, to extract
digquark fragmentation functions from data on hadronic
collisions with a large—pT trigger requires a substantial
number of model-dependent assumptions. Nevertheless, this
has been done15 using data on pp collisions at the CERN-ISR,

and the results are shown in Fig. 3 as the square data

points.

(e) Low-pT (soft) multiparticle production in hadronic

collisions 1like pp, DPp, 7P, etc., almost certainly contain

detailed information on diquark fragmentation. However, this
is a model-dependent statement, since no hard partonic

interaction is involved. For example, the two chain model



based on dual topological unitarization has been shown to be
remarkably successful in explaining available soft

multiparticle production data.16

In this scheme, the proton
fragmentation region comes from a diquark of flavor
2/3 (ud) + 1/3 (uu). Because of the model dependence
involved, we shall not examine low—pT data in this paper.
Figs. 2-4 essentially contain all currently available
data on diquark fragmentation functions. It should be
pointed out that the data is not very precise and corresponds
to relatively small values for the energy /W2 of the
fragmenting diquark. Nevertheless, there is reasonable
agreement between the data from various sources, supporting
the idea of universality of diquark fragmentation
functions.l7 Clearly the gquality of the data can be
substantially improved and this can be done most profitably

at larger values of /W2 which will soon become available at

the Fermilab Tevatron.

ITI. RECURSIVE MODEL FOR DIQUARK FRAGMENTATION

It is generally thought that when a diquark fragments,
it first forms a baryon, leaving behind an antiquark which

fragments further,
(qq) + B + q . (1)

This breakup process is shown in Fig. la. If this were the

only allowed process, then it follows that the two quarks



making up the initial diquark act as a unit, and both of them
become part of a single baryon in the diquark jet.
Intuitively, one expects this to happen when the baryon has a
large momentum fraction x of the diquark momentum, but in
general this need not be the case. Indeed, there is good
experimental evidence that the two quarks in a diquark do not
become part of a single baryon. We shall substantiate this
statement by examining data from two experiments.

(i)‘ Consider (uu) diquark fragmentation. 1f the
diquark had gone directly into a baryon in the first breakup,
one would expect equal production of w+ and 1 mesons in
subsequent bearkups. Experimentally, at production is much

5

more abundant™ (see Fig. 2), as mentioned in Sec. II.-

(ii) Measurements have been made8’9

for A (uds)
production in the diquark fragmentation region of vp and vn
charged current interactions, where the fragmenting diquarks
are (ud) and (dd) respectively (see Table I). If the diquark
goes directly into a baryon, one would expect A production in
Vp interactions, but essentially none in vn interactions.
Experimentally, the rates of A production are comparable in
the two processes (see Fig. 4).

Both the above examples clearly demonstrate that
treating the diquark as one unit (having color 3) is too
simple minded. This conclusion is very reasonable; a diquark

does have an extended structure, and the separate momenta of

its two constituent quarks must be taken into account.



Since the two quarks in a diquark do not always act as
one unit, it 1is natural to expect that they sometimes act
like two separate (or loosely bound) gquarks. In that case,
the natural fragmentation process is meson (M) formation (see
Fig. 1lb) with a new leftover diquark (of different flavor

content) carrying reduced momentum,

(qgq) = M + (qq) ., (2)

Clearly, both the breakup mechanisms shown in Fig. 1 must
contribute to diquark fragmentation. Qualitatively, if the
two constituent quarks have nearly equal momenta, one expects
them to act as a unit and form a baryon (Eq. (1), Fig. la),
whereas 1if the momenta of the two quarks are widely
separated, then meson formation (Eq. (2), Fig. 1lb) will occur
in the first breakup.

3,4

Let us recall that quark fragmentation proceeds via

the process

qa+rM+q. (3)

Successive breakups of the type given in BEgs. (1)-(3)
generate quark and diquark jets in a recursive model. The
diquark jet will always contain a baryon, since the breakup
shown in Fig. la is the only way to remove a diquark from the
fragmentation process. Thus, baryon number conservation is

guaranteed.
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We now proceed to formulate quantitatively a recursive
cascade model which incorporates the above ideas and yields
the fragmentation functions ng(x), Dﬁq(x) for diquarks 1into
baryons and mesons respectively, with x being the fraction of
the (gq) momentum carried by B or M. 1In order to do this, it
is necessary to specify three things:

(i) the state of the diquark;
(ii) the relative probability of fragmentation via
baryon formation (Fig. la) or meson formation (Fig. 1lb); and

(iii) the momentum sharing functions3 fB(x), fm(x)
describing the breakups of Fig. la and Fig. lb. These three
" ingredients will allow us to give a description of diquark
fragmentation.

(i) The state of the digquark: This is specified by the

momenta of the constituent quarks. Consider a jet-initiating
diquark of momentum P and let Pyr Py be the momenta of the
two quarks. Their momentum fractions X1 X, and the scaled

momentum difference § are given by

]
[
i
o]
[
~N
g
o]
[ 8
I
o)
N
~
o)
]
[
x
=

§ = —5— = [x;-x,| . (4)

The quantities (P,8) together specify the state of the

initial diquark.
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If the initial diquark (P,8) forms a meson in the first
breakup (Fig. 1b), we need to know the state of the leftover
diquark. Let (1-x')P and x'P be the momenta of the meson and
leftover diquark respectively. If the constituent quarks of
the initial diquark had momenta P and P, (p1>p2), it is
reasonable to expect that quark P, goes into the meson. So,
we shall make the simple assumption that the scaled momentum
difference §' of the leftover diquark is

|{pl—(l'xl)P}-pzl_ IG—(l—x')|

'=
§ X'P X

(5)

The quantities (x'P,$8') specify the leftover diquark.

(ii) Relative probability of a diquark forming a baryon

or meson: We have argued qualitatively that when § is small,
the constituent quarks 1in a diquark have roughly equal
momenta and we expect the diquark to act like one unit and
form a baryon (Fig. la). We shall take the probability é?B

for baryon formation to be

—a62
9%(6) = e . (6)

Then, if follows that the probability Py for the diquark to

act like two separate quarks and form a meson (Fig. 1lb) is
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Py(8) = 1-R(8) = l-e : (7)
The parameter 'a' can be roughly fixed numerically by noting
(from past experience with hadronic collisions) that two
particles "know" about each other (short range correlations)
if their rapidity separation |yl-y2] is less than one unit of

rapidity. Since

1

the criterion |yl-y2|=l corresponds to
60=(xl—x2)/(xl+x2)=l/2. We shall therefore use the value
a=l/6%=4 for the parameter 'a' in all subsequent numerical
work.

It should be noted that if the parameter 'a' is taken to
be zero, then 5%(6)=l which corresponds to the diquark always
acting like a single unit and always forming a baryon. For
purposes of comparison, we shall examine a=0 and a=4 results
and compare both of them with available diquark fragmentation
data.

(iii) Momentum sharing functions: Let fgq(x) and

fﬁq(x) denote the momentum sharing functions3 corresponding
to the breakups of Fig. la (Eq. (1)) and Fig. 1lb (Eq. (2)),
respectively. These functions specify how momentum is shared

between the two products of a breakup. For example, fgq(x)
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is the probability that the baryon B takes momentum fraction
x of the incident diquark momentum in a breakup
qq(P) + B(xP) + g(p-xP). Clearly, the momentum sharing

functions are normalized by

1 1
£99 (%) dx = £99(x) ax = 1. (9)
o B o M

In this paper, we shall take the unknown momentum sharing
functions of diquarks to be those given by dimensional

spectator counting rules,2

fgq(x) = 2(1-x), fﬁq(x) = 4(1-x)3 . (10)

At this stage, we can write down the recursive cascade
model equations for the fragmentation functions of a diquark
specified by (P,8). Assuming these functions scale, we obtain

the equations of our model,

1
ad,.,. - aq dx' 99 q_ i \ndd (X o
Dy~ (x38) = Py (8) £57(x) +9»M(a)jx v Iy (1-x')D3 (——x..s )

(11)
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1
aq,.,. - aq ax' A9, _, 1y 029/ X Lo
Dy~ (x:8) -gM(G)[fM (x) + L =7 Iy (1-x')Dy (x" >] +

+ #5(8) Si dx' £39(1-x)pd <§—> (12)
Each term on the right hand side of Egs. (11) and (12) has a
clear meaning. The first term in Eq. (11) corresponds to the
diquark forming B(x) [a baryon with momentum fraction x]
immediately in the first breakup. The second term
corresponds to the situation where the initial diquark first
forms M(1l-x') [a meson with momentum fraction (1l-x')] and a
leftover diquark with momentum fraction x', and,
subsequently, the diquark fragments to baryon B(x).
Similarly, on the right hand side of Eq. (12), the first
term corresponds to meson M(x) formed directly in the first
breakup; the second term corresponds to meson M(l-x') formed
in the first breakup (Fig. 1lb) along with a leftover diquark
with momentum fraction x' which subsequently yields M(x); the
third term corresponds to baryon B(l-x') formed in the first
breakup (Fig. la) along with an antiquark q(x"') which
subsequently fragments to give M(x). Note that in writing
Eq. (ll1) we have implicitly assumed that a diquark jet

produces only one baryon, since we have omitted the term
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Si dx'2 (6) fgq(l—x')Dg <§—.>
Such a term can be readily included.3 However, its
contribution is small, and can be neglected for simplicity.
The antiquark fragmentation function Dg(x) appearing in
Eq. (12) 1is known experimentally £from quark fragmentation
data in e+e— collisions,18 electroproduction, etc. A simple,

16 hich describes that data well is

analytic form

q - nd _ oy 2
DE(x) = DE(x) = 3(1-x)“/x . | (13)

This form has the behaviour (l—x)2 as x+1 and a 1/x

dependence as x+0 corresponding to logarithmically increasing

multiplicities n(E)=3(1nE) at large energies E.3 The
normalization is consistent with the momentum sum rule
1
S x Dg(x) dx = 1 . (14)

0

Equation (13) 1is also a solution to the cascade model

integral equation corresponding to repeated breakups g-M+g

(or q+M+q),3’4
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q
Dy (X)

- 1 -
q dAx' Q1 _.1 a(x_
fM(x) +Sx X! fM(l x') DM<XI> ’

£l = 30-02 . (15)
In solving Eg. (12), we shall henceforth use the antiquark
fragmentation function of Eg. (13). From examination of the
behavior of Eg. (12) near x=0, it is clear that diquark jets
will also have asymptotic logarithmic multiplicities
n E) = 3(1lnE).
qq( ) ( )

Let us now re-write Egs. (11) and (12) after
substituting explicit expressions for the probabilities #£_,
3& and making a change of integration variable from x' to

u=x/x". The basic integral equations of our model for

diquark fragmentation then become

2 2 ¢l
aq,.,. - o—ad”.gqq _.—aé du 99, _X\ndD,,,.an
DB (x;8) = e fB (x) + (l-e ) Sx 3 fM (1 u)DB (u;é"),

(16)
2 2 1 -
aq, . . _ __—aé adq -aé du _qq,,_X,d
Dy (x;6) = [(1 e VEy (%) + e j T fg (1 u)DM(uJ

2 i
+ (1-e28 )j du £99 (1% pI9(u;8m) , (17)
X
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where,

§¢" = (6-1) + 1 .

®|s

(18)

IV. MODEL DIQUARK FRAGMENTATION FUNCTIONS

Equations (16) and (17) are linear Volterra integral
equations of the second kind. Both of them have the same

basic structure

1
D(x;6) = H(x;8) + P, (6) S du

qq . X QN
U £y (1-3)D(uid™), (19)

where H(X:;9), fﬁq(x),gh(G) are known functions. A convergent
series solution to Egq. (19) can always be found by successive
iteration, or alternatively the method of moments can also be
used.4 The iterative solution is given by

p1) (x;8) = H(x38)

1 :
du 99 X, (1) (. X (s_ =
#,(8) j; o By (15D (U= (8-1) +1) (3=1,2,...)

D(x;9)

z D7 (x;8) . (20)
J=

Clearly, the full solution is the sum of contributions
coming from all breakups of various type (Egs. (1)-(3)). For
later use, let us explicitly isolate the contributions from

the first and second breakups.
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The contribution of the first breakup to the diquark
fragmentation function 1into baryons and mesons is (see

Figs. la,lb)

9%(5)fgq(x) 2¢"2° (1-x), (21)

DB(X;G)

2
ad™y 1-x)3 . (22)

4(l-e”

. £494d
DM(X,G) 5&(6)fM (x)

The contribution of the second breakup to the diquark

fragmentation function into baryons ng(x;s) is given by

1

o) = [ oax' qq 4 - x
Dg () (X78) = L = [.?M((S)fM (1 x‘)] Dp(57i6") . (23)
The notation DB(M) is meant to specify that the baryon B(Xx)

was formed in the second breakup, after meson M was produced
in the first breakup, (see Fig. 5a).

The contribution of the second breakup to the diquark
fragmentation function into a meson M(x) is slightly more
complicated, since the first breakup could have produced a
meson (Fig. 5b) or a baryon (Fig. 5c). We shall denote these
contributions by DM(M)(X;G) and DM(B)(x;G) respectively.

They are given by:
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1 gy

Dy vy (X796 =j ;24[9M<s>fgq<1-x->]oM<§—.;c->, (24)
X
oax qq q X

Dy (g (X78) = S ;—.—[93(6)f3 (1-x")| £q (G5 & (25)
X

Thus, Egs. (21)-(25) allow us to evaluate the contributions
of the first and second breakups to the full fragmentation
functions.

Each iteration picks up an additional suppression factor
of (l-x), as 1is clear from Eq. (19). Therefore, if we are
interested in fragmentation functions for xx0.2, only 4 or 5
iterations suffice to give a good result. We have used the
above-described iterative method for numerical evaluation of
ng(x;s) and Dﬁq(x;a), keeping 5 iteractions. However,
before a comparison with experimental data can be made, we
need to consider two additional complications: (i) the
inclusion of quark flavors in our model; and (ii) the
probability that a physical diquark is in the state (P,§).

(i) Inclusion of guark flavors: So far, we have

considered quarks of only one flavor. A more proper physical
treatment requires that flavor indices be included in the
cascade model integral equations. (For quark fragmentation,
this has been done in Refs. 3 and 4.) For diquark
fragmentation, an analogous complete inclusion of flavor is
possible, but it makes the model integral equations quite

complicated. So, we shall use a much simpler method of
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including flavor effects which is approximate, but gquite
adequate for most purposes. This method is based on the

well-known fact3

that the flavor of the jet-initiating quark
(or diquark) is rapidly diluted with each successive breakup.
For the first breakup, the 1initial flavor is of course
important (leading particle effect); for the second breakup,
the initial flavor is less important and typically for the
third and subsequent breakups, jet evolution is essentially
independent of the initial flavor content.

Let us consider only three flavors (u,d,s) and use

19

exper iment for the probabilities of uu, dd, ss creation

during a breakup,

P, = Pq = 4/9 pg = 1/9. (27)

The general procedure will be made obvious by working
out two explicit examples illustrating how we incorporate
flavor. These are (ud) diquark fragmentation into a baryon
with quark content (uds) and into a meson with content‘(ua).
The (ud) diquark specified by (P,8) in the first breakup will
either form a baryon B(x) with probability DB(x;G) (Eq. (21))
or a meson M(x) with probability DM(x;G) (Eq. (22)). The
full flavor content of mesons and baryons formed in the first
breakup and their relative probabilities of formation are
given in Table II. Clearly, the contribution to the
fragmentation function for (ud) breaking into (uds) and (ud)

coming Jjust from the first breakup is 1/9 DB(x;G) and
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4/18 DM(x;G), respectively.

In the second breakup, the baryon (uds) c¢an be formed
from any of the diquarks (qlqz) left over after the first
breakup. Thus we need to compute a conditional probability.
For example, the probability of (uds) £formation £from a
leftover (sd) diquark = (probability of having an (sd)
diquark) x (probability that a uu pair will be creatéd in the
second breakup) = pu/18 = 1/18 « 4/9 = 2/81. Adding up all
intermediate(qlqz) diquark channels yields the contribution
of the second breakup to the fragmentation function into

(uds) to be 8/81 D (x;8) (Eg. (23)). Similar reasoning

B (M)
shows that the contribution of the second breakup to the (ud)

fragmentation function into meson (ud) is (17/81) D )(x;G)

M(M
+ (16/81) DM(B)(x;G).

We have argued above that the third and subsequent
breakups are essentially independent of the jet-initiating
flavor. Thus, the ptobability that a baryon is
(uds) = P PgPg * (number of permutations of 3 distinct
quarks) = (4/9)x(4/9)x(1/9)x6 = 96/729, and consequently, the

contribution of the third and subsequent breakups to a

diquark fragmentation function into (uds) is
96 (ud) ,_ . - . - .
=39 [DB (x:;8) DB(x,d) DB(M)(X’Gq .

The full fragmentation function into (uds) is
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’_-l

(ud) P8y = X . 8_ .
D(uds) (x:6) DB(x,G) + 8T DB(M) (x:6) +

(Y]

96 (ud) .oy _ ey .
+ 72—9- [DB (X16) DB(de) DB(M) (X,G)]. (28)

The complete result for (ud) diquark fragmentation into meson
9,9, is

pfud) (x.8) = a

(q,9,) (x:8) + a

(x;8) + a (x;8)

1 Pu 2MPM (M) 28PM (B)

ad ., .8y - e &) — e &Y — .
+ aR[}M (x:96) DM(X,G) DM(M)(X,é) DM(B)(X’GH’
(29)

where, DM' DM(M)’ DM(B) are given by Egs. (22), (24), (25),
and ng(x;s) is the solution of Eg. (17), i.e. the full
diquark fragmentation function into meson M when flavor is
ignored. The calculation of the coefficients ayr Agyr anpy
ap is similar to that in the above illustration. A complete
tabulation for various (qlq;) meson states is given in
Table III. The coefficients 'a' denote the relative
probabilities for a meson (qlaz) to be formed in a particular
process. For example, a,n is the relative probability for
the process in which a baryon is formed in the first breakup
and meson (q1§2) is formed in the second breakup. Note that

the sum of all relative probabilities 1in any process is

unity, as indeed it must be.
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:Z Ial = :S ay = ZS asp = jz ap = 1. (30)

99, 99, 9,49, 9,9,

Furthermore, the similarity of the values of the coefficients
Aoy and ag is an indication that even in the second breakup
the jet-initiating flavor has been essentially lost, and we
were therefore quite justified in usiﬁg our simple technique
for incorporaﬁing flavor effects.

In this paper, we shall ignore resonance production and
take the 3q and (qq) states to be the ground state baryons
and pseudoscalar mesons. We have taken this simple approach
since the amount of reasonance production is uncertain.
However, it can also be included easily, as discussed in
Ref. 4.

(ii) State of a physical diguark: We have thus far

computed the fragmentation functions for a diquark of
momentum P and momentum difference § = |p;-p,|/P. However, in
an experiment, the physical diquark can have all values of §
between 0 and 1 with a weight distribution d&/d§ normalized

by
1
4 _
So g as =1. (31)

The distribution d4d8/d8 can be calculated from vgq(x), the
structure function of a quark in a diquark. Again, guided by
dimensional counting rules, Regge behavior and our knowledge
of measured parton structure functions in nucleons and pions,

we take
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vgq(x) « x"1/2(1-x) +x(1-x)"1/2, (32)

Since d4%4d8 is proportional to vgq and normalized by
Eq. (31), we get

3 -1/2
10 (1+8) (1-9) . (33)

a¥
3s

This function is peaked near 6=1, and the average value of §

is

o]

= Sl s ¥ a5 = 0.72 . (34)
0 as

The value of § does not depend appreciably on the choice of
the Regge power in Egs. (32) and (33). It is easy to check
that if the powers are taken to be -0.25 and ~-0.75 instead of
~-1/2, then 38=0.63 and 0.84, respectively. This shows that
large momentum separations of the constituent quarks occur
frequently, and consequently, in our model, the diquark often
acts like two separate quarks and fragments as in Fig. 1b.
Thus, in order to get the fragmentation functions of a

physical diquark, it is necessary to integrate on ¢ with

weight 4%/4S§,
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1
pd9 (%) = 80 p39 (x;6) g%pda . (35)

V. COMPARISON WITH EXPERIMENTAL DATA

As discussed in Sec. II, the currently available data on
diguark fragmentation is summarized in Figs. 2-4. The curves
predicted by our model are also shown on these figures. In
general, the comparison is satisfactory20 when the parameter
'a' has a value 4, which we argued was a physically plausible
value (see Sec. III). 1In contrast, a more naive approach in
which the diquark always acts 'like one entity and forms a
baryon via the process shown in Fig. la corresponds to a=0
and does not agree either with the charged particle ratio
data in (uu) fragmentation in Fig. 2 or with the A production
data shown in Fig. 4. Thus, our results indicate that the
diquark does not always act as a single unit during
fragmentation. Our model also predicts that the K+/K_ ratio
in (uu) fragmentation will be large similar to the ﬂ+/ﬂ_
ratio, whereas the naive model (a=0) would give a ratio of
unity.

It should be pointed out that we have chosen to make
plausible physical assumptions and fully specify our model
(including absolute normalization) rather than allow
adjustable free parameters. Since reasonable agreement with
available data was obtained, we feel that predictions for as

yet unmeasured diquark fragmentation functions should prove
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useful and fairly reliable. Our model expectations for (ud),
(uu), (dd) fragmentation functions are shown in Figs. 6 and 7

(for baryons) and Figs. 8 and 9 (for mesons).21

Although the
cascade model equations which we have written down [Egs. (16)
and (17)] are valid for all wvalues of x, the iterative
procedure (with 5 iterations) which we have used for
obtaining the solution is reliable only for x 2 °* 2. Also,

because of sea effects, the flavor content of the fragmenting

diquark cannot be reliably established for small x values.
VI. COMMENTS AND SUMMARY

In this paper we have presented a quantitative model for

22 The model

diquark fragmentation into mesons and baryons.
emphasizes the composite strueture of diquarks by taking into
account the momenta of the individual constituent quarks.
Our work shows that the simple treatment of a digquark as a
single c¢olored entity is too naive and in conflict with

data.23

In our model the diquark acts like one unit only if
the two constituent quarks are close in momentum. The model
is based on a recursion of fundamental breakups (gqg) »+ B + a
(Fig. la), (gqq) » M + (gqgq) (Fig. 1b) and g - M + g, and makes
full predictions for diquark fragmentation functions. The
model is in good agreement with currently available data.
Since this is a relatively new subject, we have used
plausible physical assumptions and dimensional counting rules

to fully specify our model, leaving no arbitrary parameters.

Some of these assumptions may well require modifications when
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more and better data becomes available (for example, the
powers of the momentum sharing functions may not be exactly
those from dimensional counting, the values of p,rPg/P, may
not be exactly those in Egq. (27), resonances may have to be
included, etc.). However, we feel that the basic ideas put
forward and the general structure of the model integral
equations will remain unaltered, and our work will help to

stimulate further experimental and theoretical investigations

of diquark fragmentation.
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assumptions involved in large—pT hadronic collisions are

to be believed (see discussion in Sec. II).
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FIGURE CAPTIONS

Diagrams showing the two ways in which a
diquark can break up. (a) (qgq) + Baryon + g and
(b) (gq) + Meson + (qaq).

Comparison of theory with the experimental ratio of
(uu) diquark fragmentation into positive hadrons to
fragmentation into negative hadrons versus fraction
of (uu) momentum x carried by the hadron. The solid
circles with error bars are from Ref. 5 and the
histograms from Ref. 6. The dotted histogram gives
the n7/7” ratio for total hadron energy W in the
range 8 < W< 16 GeV, the dashed histogram for
4 < W < .8 GevV, and the solid histogram for
2 < W< 4 GeV. Note that the theory curve labelled
(mesons) gives the ratio of positive to negative
mesons and the curve closest to the data is
calculated for h=mesons+baryons. The dotted straight
line at unity indicates the a=0 prediction for the
model treating the diquark as a unit going directly
in baryons.

Data for (uu) and (ud) diquark fragmentation into
pions as collected by Hanna et al., Ref. 17. The
open square data points in each plot are from a pp
experiment at CERN's ISR, Ref. 17. For wud
fragmentation into m the solid circles represent

data obtained in antineutrino-proton experiments,
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Ref. 7, and the crosses data obtained in muon
production, Ref. 10. The so0lid circles for (uu)
fragmentation into 7 are from a neutrino-proton
experiment, Ref. 5. The so0lid circles in the
(ud) + 71 plot come from a Vp experiment, Ref. 7.
The final plot shows the combined fragmentation of
the (uu) diquark into positive pions (plus protons
the data are from Refs. 5 and 17).

Comparison of theory and data for the ratio of
fragmentation functions (dd+A)/(ud+A) as a function
of x. The solid curve is calculated and gives the
prediction of our model while the dashed line gives
the naive (a=0) result. The solid circles with error
bars are data from Ref. 9. The dotted band gives our
estimate for this ratio as "gleaned" from
preliminary data presented at an APS meeting,
Ref. 8.

Diagrams depicting diquark fragmentation through two
stages.

(a) (aq) + M + (q@) * M + B + q,

(b) (gq) > M + (gqq) + M + M + (gq),

(¢) (ggq) * B+g+B+M + q.

Diquark fragmentation functions for (ud) =+ baryons
as a function of momentum fraction x.

Diquark fragmentation functions for (uu) =+ baryons

as a function of momentum fraction x.
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Fig. 8. Diquark fragmentation functions for (ud) + mesons as
a function of momentum fraction x.
Fig. 9. Diquark fragmentation functions for (uu) + mesons as

a function of momentum fraction x.
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