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Abstract

The hadronic system produced in charged-

current antineutrino interactions -J used to study

fragmentation of the d-quark. Some problems en-

countered in separating the current quark-fragments

are discussed. The fragmentation function for the

current quark is in good agreement with the expec-

tations of the naive quark-parton model and, in par-

2
ticular, there is no evidence for either a Q - or

>: „ -dependence . ij
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I . Introduc t ion

The fragmentation of a quark into hadrons has been exten-

sively studied in both e e annihilation and in lepto—hadron

production. The energy distribution of the secondary hadrons is

usually described by the fragmentation function. Until re-

cently, analyses of the fragmentation function have been in

terms of the naive quark-parton model (QPM), which certainly

describes the dominant features of the hadronic system. There

is currently considerable interest in the possibility of observ-

ing departures from the naive QPM picture as predicted by Quantum

Chromodynamics (QCD). Due to quark-gluon bremsstrahlung the

fragmentation function should exhibit scaling violations. There

are, however, arguments suggesting that ih» magnitude of the

scale breaking could be less than is observed in the structure

(2)
functions themselves.

_l_ _
In e e annihilation into hadrons, the scaling violation

would appear as a beam energy dependence in the invariant dis-

tribution s do/dx, where x = p /p . Early results from PETRA at

/s = 13, 17 and 27.4 GeV show no evidence for scaling violations

at high Feynman x although the statistical precision is yet not

good.(3)

In lepto-production of hadrons a quark in the nucleon is

struck by the exchanged current and then, as does the spectator

di-quark system, fragments into hadrons. The scaling violations

2

would appear as a Q -dependence of the Z distribution or frac-

tional energy distrubution of the hadrons from the struck (cur-

rent) quark.



In this paper we use the hadrons produced in antineutrino-

proton interactions to measure the fragmentation function for

the d-quark. The criteria necessary to isolate the current

quark fragments are presented, and the questions of how one de-

fines the current fragmentation region and the energy sharing

variable, z, are addressed.

II. Experimental Details

The data sample was obtained from exposures of the Fermilab

15-foot hydrogen bubble chamber to a broad-band antineutrino

beam. Over 90% of the data were obtained using 400 GeV protons

with focussing provided by two magnetic horns. Only events with

three or more charged particles were processed and topologically-

dependent corrections are made for events failing measurement.

Neutral particles are in general not detected in this experiment,

(4)
so one must make some assumptions to calculate the beam energy.

(4)

The muon track was selected using kinematic techniques. Cor-

rections have been made where necessary for muon selection effi-

ciency, neutral current background, and energy resolution. These

corrections do not affect the conclusions. To reduce background,

we also demand that y = (E_ - E )/E < 0.8, and we use only events
V u V

with E_ > 5 GeV. These selections result in a data sample of
v

2256 events. In the analysis, all charged particles are assumed

to be pions except for those positive particles identified as

protons through ionization density in the bubble chamber.



III. Separation of Target and Current Fragments

The kinematical region available to the hadronic system can

be defined in terms of the distributions in total hadronic energy,

2 (5)
W, and the lepton four momentum transfer squared, Q . These

variables are related to the scaling variable x_T through
D J

W2 = M2 + Q2 (— 1) , (1)
P XBJ

2 2
where x = 0 /2M v and V = E - E . The median values of W and Q

p v p

in our experiment are 3.4 GeV and 2.7 (GeV/c) , respectively.

2
The rapidity range available to the hadrons, - LnW , is then

quite small and, if one accepts that the cluste. correlation

length of - 2 units of rapidity measured in hadron physics is

typical of the hadron mobility , a strong cut in W may be an-

ticipated as necessary to separate the current quark and the tar-

get fragments. For W > 4 GeV, a plateau is discernible in the

single particle rapidity distributions of Fig. 1. This is not

the case for W < 4 GeV and so we use this selection as an initial

cut .

While the observation of a plateau is a minimal requirement

for separation of current and target fragments, it is still nec-

essary to define both the current fragmentation region and the

energy sharing variable, z, to be employed. Definitions in use

are :

(a) All hadrons in the forward hemisphere of the current

Breit frame. Here the struck quark has momentum Q/2

and one may use z = 2P-|j/Q where P is the longitudinal

momentum of the hadron.
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(b) All hadrons in the forward hemisphere of the hadronic

CM system, i.e. all particles with xF (=2P*//s) > 0.0. 7^

Here one generally takes z-̂  = E"/v defined in terms of

laboratory quantities.

(c) All hadrons (tracks) with zL (=Eh/v) > 0.2 constitute

(8)

current fragments.

Because of the low energy of present V,v experiments, it is pos-

sible to arrive at somewhat different conclusions according to

which representation is adopted.

We then find that the requirement W > k GeV also results in:

(a) A reasonable leading hadron behavior as expected for

fragmentation of the d-quark, i.e. dominance of nega-

tive over positive hadrons at high z^.

(b) Strong rejection of particles typical of the target frag-

ments from the current region, e.g., protons and A° h y —

perons. The W cut is clearly essential if such particles

indeed typify the mobility of target fragments.

We conclude that minimal cuts to achieve a reasonably pure

sample of current quark fragments are:

1) W > 4 GeV2

2) Q 2 > 1.0(GeV/c)2 ,

the latter to ensure a reasonable rapidity interval for the cur-

rent quark fragments and to help in rejecting the resonance com-
(9)

ponent. These selections result in a sample of 650 events.



IV. Comparison with Ouark-Parton Model

In Feynman's quark-parton model, the hadron production

rate is the product of the probability to hit a given type of

quark in the nucleon times the probability that this struck quark

will decay into a given hadron plus anything:

Dh(z) . (2)
dx dy dz \ dx dy J q

The fragmentation functions, D(z), are then independent of the

scaling variables x, y and are generally asserted to be indepen—

dent of W, Q , etc. In particular, this leads to:

a) Factorization, i.e. D(x,z,Q2) •+ D(Q2,z)

b) Scaling, i.e. D(Q2,z) •+ D(z) ,

where the latter would be violated if QCD effects gave rise to

2
detectable 0 -dependence of D(z).

Operationally, the fragmentation functions are defined by:

_ h . . 1 h ± , o v
N e v dz

so that tb.̂  first moment of the f ragmen tat 3 n function, the had-

ron charge multiplicity, is

< nch >h± = ^ D h ± ( z ) dz . (A)

As previously stressed, it is instructive to look for pos-

sible differences arising from the various definitions of current

fragments discussed above. For example, the behavior of<n >

depends markedly on which picture is employed. It is well known

2 (2)
that in the hadron CM,<p , > grows logarithmically with W .

This behavior is clearly seen in Fig. 2 for the current- fragments



using the hadron CM definition. The <n > in this definition,

2
however, depends little on Q . In contrast, using the Breit

frame representation these roles are essentially reversed. Since

2
Q now defines the rapidity interval available to the hadrons,

2
there is a strong variation of <n > with 0 , as seen in Fig 2(d).

The <n ,> depends little on W.

These features are important in understanding the x n,
B J

dependence of <n ,>. This is shown in Fig. 3 for both the hadron
ch

CM and the Breit frame representation. The strong variation seen

in both distributions is just a reflection of the effects already

discussed for Fig. 2. More informative is the dependence of the

second moment, <z>, on x . As seen in Fig. 3, there is no x,, T
JiJ 15 J

dependence of <z> , in either representation, for positive or neg-

ative hadrons .
2

To exhibit any Q -dependence in the fragmentation function,

we show data for positive and for negative hadrons separately in

Figs. 4 and 5, respectively. Both the hadron CM representation

and the Breit-frame representation are shown. There is no indi-
2

cation of Q dependence at high z, although the data are limited

in this region. For comparison the data with no W cut are also

shown.

V. Conclusions

2
To summarize, we conclude that strong cuts in W and Q are

necessary in order to cleanly isolate the current quark fragments.

When these selections are made, we find no evidence for either

2
x or Q -dependence of the fragmentation function describing the



current fragments.

These conclusions are to be compared to those from a neu-

2
trino-proton experiment where Q -dependence of the fragmentation

function is observed and where the non-singlet moments of the

2
fragmentation function exhibit the Q -dependence predicted by

QCD. Furthermore, a dependence of the fragmentation function

on x is remarked. In that experiment, no W cut was applied

and, indeed, no attempt was made to demonstrate that separation

of the current quark fragments was achieved. Any conclusions

based on observation of current quark fragments must then be

questionable. In fact, in our experiment with no restriction on

2
W, the non-singlet moments become negative in some regions of Q

2

because of contamination from target fragments. Their Q -depen-

dence is completely inconsistent with QCD predictions.

This experiment was made possible by the support of the

Neutrino Department at Fermilab and by the operating crew of the

15-foot bubble chamber. We wish to acknowledge informative dis-

cussions with T. Gottschalk. This reserach was supported by the

U.S. Department of Energy.
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Figure Captions

Fig. 1 The single particle rapidity distributions in the had-

ronic CM for (a) negative hadrons, (b) positive hadrons,

and (c) the difference.

Fig. 2 The dependence of the integrated charged hadron multi-

plicity <n ,> for the forward Breit frame hemisphere

as a function of (C) W and (d) Q ; (a) and (b) are for

the hadron CM with X > 0.0.

Fig. 3 The dependence on x of (a) the integrated charge multi-

plicity <n , >, (b) the <z> for h , and (c) the <z> for

h ; (1) for the Breit selection and (2) for the hadron

CM selection.

Fig. 4 The fragmentation function for h in terms of zn and z
B L

2
for the Q selections shown.

Fig. 5 The fragmentation function for h in terms of z and z
B L

2
for the Q selections shown.
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Fig. 1 The single particle rapidity distributions in the hadronic CM
for (a) negative hadrons, (b) positive hadrons, and (c) the
difference.
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