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The production of hadrons in neutrino-induced interactions is

described in the quark~parton model(l)

by the structure functions
GNq(x,Qz), which give the momentﬁm distributions of the quark q inside

the nucleon N, and fragmentation functions Dz(z), defined as the average

‘multiplicity of hadrons h whose momentum P, " zpq is a fraction z of the

momentum of the quark q. In this paper we present some characteristics

of the fragmentation function for hadrons produced in v{V)Ne inter~

actions, and compare them with the predictions of the quark-parton
model. As an experimental definition of z we use the "“light-cone®

»
. 1
variable, i.¢. z = (E + p )/ [v + (v2 + Qz)’) which for z & 0.2 is
L

approximately the same as the variable x;ab -'plab/p;:: used in

hadronic reactions,
The data come from a wide-band beam exposure of the 15-foot

Fermilab bubble chamber filled with a heavy NeH, mixture (64% atomic’

Ne). Comparable numbers of vv,and Gu charged current events are

obtained in this experiment. For each event, the momentum of the

(2)

track identified by the EMI as a muon was required to be greater

than 4 GeV/c, and the total visible energy Evis > 10 GeV. The neutrino
energy was reconstructed from the measured momenta of charged

(3

secondaries using the method of Py balance in the v-y plane. Only

the events with at least one minimum~ionizing, non-muon track are
included in the data, which, after the above selection eriteria are
met, consist of 778 vu and 737 ;V charged current interactions.

ho ha§e previously presented some rosults on the inclusive
(4,5,6)

production of hadrons in v{V)Ne interactions but with less than

.



half of the present statistics, In particular, in ref. (6) we
§howcd that the =z -distributions of fast sccondaries produced in
v{v)Ne interactions agree well with the corresponding xF distributions

n ’ s
{ This result, ‘with increased statistics,

for n+(n‘)ue ;nternc(ions.
is presented in Fig. 1. MHowever, since the wNe data are not available
for X, » 0.5, the comparison is limited to the target fragmentation
region and only a part of tho.quark fragmentation region.

In the quark-parton nédcl, the fragmentation functions are assumed

to be characteristic of the fragmenting quark, independent of how the

quark is produced. Thus, the z distributions n{z) = ll/Ntot) dN/dz in the
e

quark fragmentation region should not depend on kinematical variables

other than z. In Figs. 2 and 3 we present the average multiplicities

‘/’l 1 v, 2
oy I Gz (z° = 0.2, 0.3, 0.4) as a function of W and Q°, and *
z=z tot

note that no significant dependence on these variables is observed in

: 2 2
the region W > 2 GeV, Q" > 2 (GeV/c)™, and z, = 0.4 for negative

particles. The weak dependence for positive trxacks might be explained

(4)

by proton contamination. In Fig. 4 we show that the average multi~

piicity of hadrons with z > 0.4 for events with W > 2 GeV, Q2 > 2(Gev/c)2

does not depend on x&j = Q2/2mv.

According to the quark-parton model, the ratios

", (2)/n =N B 2/ (2))z, and (R ~(2)i5/(n _(2)) are described

T w n w
I M

+
by the same function l/w(z) = Dz (z)/D: (z) = DZ:(z)/D;(z). Since fast
positive tracks contain non-negligible proton contamination,(A) the

best experimental approximation of 1/w(z) is given by the ratio

C

3)

(;_(z));/(ﬁ_(z))v.(a) In Fig, 5 we show this ratio for events with

W > 2 Gev, 92 > 2 (Gev/c)2 and compare with the parametrizations of

1/w{z) by Field and Feynman(l) (solid curve) and Sehgal(g)

curve). The disagreomené is rather striking. Both parametrizations

(dashed

show a stecp rise at large z, which results from the expectation that
a d~quark will more likely produce a ¥ than w+ as z tends to 1.
Howeve;, éhe experimental values remain almost constant for z > 0.2,
As we also show in Plg. 5, the increase of (;_(z));/(;_(z))v can be

obtained in our data by including the evenés with W < 2 Gev,
2

Q<2 (Gev/c)z. But, as we noted before, the z distribution for these

events is significantly different from the resé of the data sample.

We obscrve a strong correlation between the average transverse
m&mentum < Py > and the variable z - this effect is known as the "sea
gull effecg” in hadronic interactions. In Figs. 6 and 7 we show the W
and 92 dependence of the averaée transverse momentum < pT > for
different z regions. An increase of < Py > with Q2 has recently been

observed in the BEBC experiment(lo)

and interpreted as resulting

from gluon bremsstrahlung. As can be seen in Fig. 7, no such
increase is observed in our data; however, in this experiment the
range of Q2 is smaller than in the BEBC experiment. In contradiction
to the Field and Feynmgn parametrization, our data show a significant
increase of < Py > with W, for larg; values of‘z. This effect was ’

observed also in the BEBC experiment.(lo)

' Conclusiont

We observe certain characteristics of the fragmentation functions
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which do not ayree with existing theoretical parametrizations, In . '
particular, the ratio ('—‘—(2))\—;/(;~(Z))v is approximately: constant .and

equal to 2 in the region of (0.2 < z <£1.0), whereas the general
expectation is a steep risc as 2 tends to 1.0, Also, the < Py >

increases significantly with W, which is not predicted by models,

Acknowledgments:

We appreciate the careful work of the scanning and measuring staffs
of our respective laboratoyvies and the assistance of the 15-foot
bubble chamber crew and staffs of the neutrino laboratory and
accelerator divisions of Ferwilah, We thank SD Ellis for hefl;ful

discussions. This work is supported in part by the National Science

Foundation and the Department of Energy.

REFERENCES :
1. R. D. Field and R. P. Feynman, Phys. Rev. D15, 2590 (1977).
2. R. J. Cence et al., Nucl. Instrum. Methods 138, 245 (1976);
G. Lynch, LBL Phys. Note 808 (1975).
3. Using a subsample of events, for which all neutrals were measured,
we compared different methods of t.he neutrino energy estimation and
" found that it does not affect our conclusions; see G. Xollman,
- University of Washington Internal Report VTL-~HEP-64 (1978).
4. T. H. Burnett et al., VTL-PUB~51 (197d), To be published in Phys.
Lﬁtt. (1978). .
5. T. H. Burnett et al., VIL-PUB-50 (1978). To be published in the
proceedings of the Vanderbilt Conference (1978).
6. H. Rudnicka et al., VTL-PUB-53 (1978). To be published in the
proceedings of the Purdue Conference (1978).
7. W. M. Yeager et al., Phys. Rev. D16, 1294 (1977).
8. . Here we neglect the contamination of K and 5.
9. L.. M. Sehgal, Proc. of the 1977 International Symposium on Lepton
;n_d Photon Interactions, Hamburg, 837 (1977).
10. 'Aachen-Bonn-CERN-Impetial College-Oxford~Saclay Collaboration, pre-

sented by R. Hartmann at the Washington APS meeting, April 1978.

.



FIGURE CAPTIONS:

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

6

7

.

Comparison of the xiub distributions oF

w'Ne + 5% (/5 = 4.4 Gov) with z distributions of
vi(oite + s'x (3 5 W < 6), where 5 (a7} is the positive
(neqative) fast particle, for a) favored, b) unfavored
particles.

The average multiplicity of positive and negative faét
tracks with z > z, (zn = 0.2, 0.3, 0.4) as»a function
of Qz.

The average multiplicity of positive and negative fast
tracks with 2 > z, as a function of.w. , v )
The average multiplicity of positive and negative

fast tracks with z > 0.4 as a function of Xpgt Only the
events with W > 2 GeV, Qz > 2 (Gev/c)2 are included.

The ratio ﬁ_(z);/ﬁ_(z)v for ;hé events with W > 2 GQV'
92 > 2(Gev/c)2 {full circles) and for all events {(open
circles). The solid curve is a parametrization by

w The dashed curve is a

(9)

Field and Feynman;
parametrization by Schgal.
The average tranqufse momentum of fast particles as
a function of W for different intervals of z, *
The average transverse momentum of fast particles

as a function of Q2 for different intervals of z.
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