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PROPERTIES OF THE HADRONIC SYSTEM PRODUCED IN ANTINEU-
TRINO PROTON INTERACTIONS

B. Musgrave (Argonne, Carnegie-Mellon, Purdue Collaboration)

We discuss the separation of the hadronic system produced in
vp chargedr-current reactions into the current and target fragmentation
components. The current fragments show properties in good qualitative
agreement with the expectations of the naive quark-parton. model. In
particular, there is no evidence for either a QZ- or Xgj-dependence of
the fragmentation'functions.

1. Introduction

These data come from an exposure (209, 000 pictures) of the
FNAL 15-ft HBC to a wide-band antineutrino beam. The median energy
of the beam was 22. 5 GeV as used for data analysis. The scanning
selected events with three or more charged tracks. Geometrical re-
construction efficiencies were topologically dependent and appropriate
corrections were made.

Events were separated into charged current (CC) and neutral
current (NC), and the muon was selected using a kinematic algorithm.
The purity of the sample of 2250 CC events with E- ^ 5 GeV used here
is better than 9O7o. *) As with all wide-band beam experiments, the v
beam energy is determined essentially from transverse momentum
balance against the muon with respect to the beam direction. ^' We
expect 6 E - / E - ~ 12.5%.

2. Separation of Target and Current Fragments

The kinematical region available to the hadronic system in this
experiment is exhibited by the W (total hadronic energy) and Q2 (lepton
four-momentum transfer squared) distributions of Fig. 1. The median
values of W and Q2 are 3. 4 GeV and 2. 7 (GeV/c)2, respectively. The
total rapidity range available to the hadronic system, ~ Ln W2, is
then quite small. W and Q2 are related to the scaling variable Xgj
through

M

where XD T = Q2/2M v with v = E- - E .BJ p v n

The hatched region in Fig. i shows the subset of events which
also kinematically fit the reactions

v p » | i pir~ (2a)

-» p pir~ir ir~ . (2b)

Such events typify low mass resonance production through quasi-elastic
and coherent quark transitions in the nucleon as opposed to the inelastic
quark transitions of interest here. lathe latter, a quark and di-quark
system fragments into hadrons as shown schematically below.
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Current

The requirement W ̂  4 GeV appears to remove this "resonance" com-
ponent from the hadronic system.

In establishing criteria for a reasonable separation of the'cur-
rent and target fragments, we were guided by the following considera-
tions*

2 . * Need to see a rapidity plateau. This requires a strong W cut.
As seen from Fig. 2, a plateau is discernible for W «? 4 GeV. Here
the rapidity is defined in the hadron center-of-mass (CM) system as
YR = 1/2 I,n ((E*+p£)/<E*~p£)). We recall from hadron physics that
the cluster correlation length (hadron mobility) is typically about 2
units of rapidity.

2.2 Reasonable leading hadron behavior in fee current fragmentation
region as motivated by models of hadron production through quark
fragmentation, in this case the d-quark. It is convenient to introduce
here the various definitions of the current fragmentation region in
general use:

a) All hadrons in the forward hemisphere of the current
Breit frame. 3) Here the fraction of the quark energy carried
off by a hadron with longitudinal momentum P^ in this frame
may be written zg = 2PJJ/Q.
b) All hadrons in the forward hemisphere of the hadronic CM
system, i .e . all particles with XF(= 2P?Afs) 3> 0.0.4) Here
the variable z-̂  = Eh/v is generally used and is defined in terms
of laboratory quantities.
c) All hadrons (tracks) with zL(=E_/v) 5 0.2 constitute the
current fragments. 5)

Because of the low energy of present experiments, it is possible to ob^ .
tain somewhat different pictures according to which prescription is
adopted.

Fig. 3 shows the leading charged hadron behavior as a function
of z L for two W regions. At low W, the leading negative hadron behav-
ior expected for a d-quark is obscured by contamination from target



fragments. The integrated charged particle multiplicities for positive
and negative hadrons are shown as a function of W in Fig. 3. Again,
the low W region suggests severe mixing of current and target frag-
ments.

2. 3 Absence of particles typical of the target region from the cur-
rent region, e. g., protons and A?- The distributions in z^ for protons
and A ° are shown in Fig. 4. Again, these data suggest a strong W cut
is required if they indeed typify the mobility of the target fragments.

We conclude that minimal cuts on our data to achieve a reason-
ably pure current quark fragmentation sample are:

1) W * 4 GeV .
2) Qz 5? 1.0 (GeV/c)*\

In what follows, negative hadrons are interpreted as pions as are posi-
tive hadrons unless identified as protons through ionization loss.

3. Comparison with QPM

31
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 nu-
cleon times the probability that this quark will decay into a given
hadron plus anything: .

dx dy dz \dx dy/ q * ^ '

The fragmentation functions, D(z), are then independent of the scaling
variables x, y and are generally asserted to be independent of W,Q2,
etc. 5) in particular, this leads to; '• _

a) Factorization, i. e. D(x, z, Q'4) — D(Q, z)
b) ' Scaling, i. e. D(Q2, z) - D(z).

Operationally, the fragmentation functions are

BO that the hadron charge multiplicity is

<nch>h±= /Dh0=)dz . (5)

2
The dependence of < figj^ on "W and Q depends on which pre-

scription is adopted for the current fragments. In the hadron GM,
< ^h^* g r o w s logarithmically with W2 but depends little on Q2, as is
well known and is seen in Fig. 5. In the Breit frame, these roles are
essentially reversed as seen in Fig. 6.

At the present level of stati3ti.es, our data show no requirement
for XJJT dependence of either < n_j1> or < z>, as seen for the Breit
frame m Fig. 7, apart from that introduced by the trivial dependence of
< ncj i> on Q2. These checks are also shown using the hadron CM
selection for completeness.

2
To exhibit any Q -dependence, we show the fragmentation



function for positive and negative hadrons separately/ using both the
hadron CM and Breit frame selections. From Figs. 8 and 9, there is
no indication of Q2 dependence at high z, although the data are severely
limited in this region of z.

4. Jet Characteristics

A specific parameterization of quark fragmentation (quark jet)
has been made by Field and Feyriman (FF2). °) It is usual to compare
the FF2 fragmentation functions to data in the region z-̂  > 0. 2 using
all charged hadrons. This is done in Fig. 10 where the agreement,
only negative hadrons shown, is good. However, the picture is some-
what different if either of the other two prescriptions for current frag-
ments is employed, as shown in Fig. i i . This is especially so with the •
Breit frame selection wher.e the low multiplicity characteristic of the
low energy jets presently available is clearly brought out.

The importance of confirming through the charge properties that
the jets could actually arise from quarks has been stressed in FF2. In
Fig. 12, the distribution of jet charge is shown as a function of z« for
the Breit frame selection. The FF2 prediction is also shown, and the
agreement is poor. Note, however, that much better agreement is
achieved for the vp data in our experiment. The integrated charge for
the current fragments is extrapolated to high energy, i. e. large ra-
pidity span in Fig. 13. The increasing trend to the jet charge presum-
ably results from a combination of cleaner separation of current frag-
ments and the increasing importance of high multiplicities.

The model predicts the fraction of the quark energy taken by the
fastest, second fastest hadron, etc. in the jet. The comparison is
usually made in terms of the fractional variable z^ = E^/E^jr or
similar, 5, 7) where EQU is the total charged particle energy. This is
shown for our data in Fig. 14. The mean values of zj^ in each case
are in good agreement with FF2. However, it is also interesting to
make the comparison using only the current fragments as is done in
Fig. 15. Here the agreement is poor since the low energy and hadron
multiplicity of the 'jet1 are clearly exhibited.

5. Conclusions

We find that in order to achieve a reasonably clean separation'
between current and target fragments, a strong W cut, W ̂  4 GeV, is
needed. The current fragments then show good qualitative agreement
with the expectations of the naive quark-part on model. At the present
level of statistics, no evidence, is observed for violation of factoriza-
tion of the cross section or for Q^-dependence of the fragmentation
functions.
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Fig. 2 " The single particle rapidity distributions'in thehadronic CM
for (aj'njggative feadrons, (b) positive hadrons, and (c) the
differdnc&l



Fig. 3
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Fig. 10 Comparison of the fragmentation function using
. All changed hadrons are included. -

with FF2.
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