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I. INTRODUCTION: The study of hadron-nucleus interactions and their comparison
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with hadron-nucleon interactions has received much theoretical1 and experimental2
attention in the past few years. Such comparisons give information about the
reinteraction (rescattering) of the produced hadronic system within the nucleus
and allow one to study the time development of the hadronic system produced in
the interaction. For example, in strong interactions it has been determined
that the notion that each hadron is produced instantaneously and then can interact
in the nucleus with a probability similar to that of a free hadron (the simple
cascade picture) is wrong. This was determined by comparing the multiplicity
of charged hadrons produced in hadron-nucleon and hadron-nucleus interactions.2
It is then argued that hadrons produced in strong interactions, in fact, require
a certain time before they become the observable particles.3

For the production of hadrons by weak interactions, there is no experimental
information on the behavior of the hadronic system at short times after pro-
duction. Such information may give additional insight into the nature of
hadronic production in weak interactions. Thus, a study of the production of
hadrons by neutrinos on nuclear targets when compared to reactions on nucleon
targets at similar energies can give information on whether or not the hadrons
are produced in a point interaction in neutrino collisions.

In this paper, we present preliminary results from a comparison of our
data for ve(;e)Ne interactions with data from vu(;u)p interactionf. We also
compare with 7Ne interactions. This study is confined to our ve(v ) events
since these events have been studied in detail for pe final states ; in particular,
all neutral particles have been measured and a good measurement of the effective
mass of the observed hadrons (wvis) is available. We will show that the hadrons
produced in neutrino-nucleus interactions when compared to those produced in
neutrino-nucleon interactions exhibit the same characteristics (to within 20-30%)

as m~nucleus interactions relative to m-nucleon interactions.

II. DATA SELECTION: The data reported here come from a study of neutrino
interactions in the FNAL 15-foot bubble chamber filled with an (atomic) 64% neon-
36% hydrogen mixture. Thus, approximately 95% of the inteiactions occur on Ne.
The radiation and interaction lengths are 39 cm and 1.4 m, respectively. The
short radiation length {(compared with the chamber size) provides good detection
efficiency for y's which results in a good measurement of the total hadronic

energy.
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The electron neutrino events for this analysis were selected and
processed according to the following criteria:f

{i) All events were double-scanned and checked by a physicist who
decided if there were an electron or positron candidate
emanating from the vertex.

(ii)} Only events in which the e_(e+) had two signatures were
kept in the final sample.

(1ii) The e-(e*) are required to have momentum Pe > 800 MeV/c,

M, ->M ° (where x is any non-interacting track which

t ¥
e x " _

could be the companion in a Dalitz pair), and for the e
to be inconsistent (*® 2¢) with being a 8-ray.

{iv)} All charged tracks; Y's, Vo's, and neutral stars were
measured, and the neutral energy, where appropriate,
added to obtain W_. .

vi
(v) All events with a leaving track identified as a muon by the
. cgs 4

external-muon-identifier (EMI) are excluded from this
sample.

._ = Ip_ % 10 Gev, where the sum

vis x o

is over all measured particles (including y-rays, V 's, and

{vi) fThe total visible energy E

neutral stars) and x is the beam direction.

- +
After making these cuts, a total of 74 e events and 47 e events are obtained.*f

I1I. RESULTS: The energy spectra of the Ve and ;e events are shown in Fig. 1.
In Fig. 2 the y = Eh/Ev distributions obtained for ve and Vo interactions are
shown. The electron momentum measurements, which are difficult in such a
dense liquid, are still being studied. Nevertheless, within our statistics
and expected backgrounds, the y distributions are consistent with that which is
expected - uniform for ve interactions and peaked at low values for ;e inter-
actions. In any case, in this paper we study only hadronic quantities (and use

wvis) which are less sensitive to the electron energies.

t A more detailed description of some of these criteria is given in the
paper by C. Ballagh et al. in these proceedings (Ref. 4).
++No fiducial volume cuts are included. Making such cuts does not alter any

of our conclusions.
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In the following we will compare our results with those obtained in

5,6

“p(;u)p interactions. These data are available only for 2 3 charged prongs,
Thus, we will require 2 1 pion; i.e., one or more tracks which cannot be
identified as protons. This leaves 68 Ve and 44 ;e events.

The invariant mass dis{ribution {W) of the hadronic system produced
in our electron neutrino sample is compared with the W distribution observed
in vups and Gups interactions in Fig. 3. The distributions are sufficiently
similar that we believe we can compare laboratory rapidity distributions,
charge multiplicities, and transverse momentum distributions of hadrons
produced in ve(ce)Ne interactions with similar quantities for hadrons

produced in vu(Gu)p interactions.

We first compare the laboratory rapidity distributions , F(§) = (1/0¢) do/dg,

which measure the average number of charged hadrons per AE interval. 1In

: : s as - + : . : :
calculating the hadronic rapidity, £ = %4fn E pL, the longitudinal direction
E - p
for neutrino interactions is defined to be alonthhe direction of the total

visible hadronic momentum while for hadronic interactions the direction is
along the direction of the incident beam p;rticle (see Fig. 4). In Fig. 5 we
compare the F(£) distribution of all charged hadron tracks (excluding identified
protons) in ve(ce)Ne interactions with vu(Gu)p interactions and observe that
there is an excess at small values of laboratory rapidity for the neutrino
nucleus interactions. An excess at small ELAB also has been observedzwhen
comparing hadron nucleus interactions to hadron nucleon interactions. A
quantitative measurement of the excess at small ELAB is given by integrating
F(£) over the interval -1< ELAB< 1 and taking the ratie FNe/Fp. We obtain for
this ratio 2,2 * 0.3 and 2.2 * 0.4 for veNe and veNe, :espectively, which is
to be compared with the ratio 2.1 * 0.1 obtained for 7 Ne interactions in the
same rapidity interval at PLAB = 10.5 GeV/c.7

In order to see if the rapidity spectrum obtained for neutrino nucleus
interactions is significantly different from that obtained in % nucleus inter-
actions, we compare, in Fig. 6, (l/0)dc/df for ntNe at /:;;Ne = 4,43 GeV
(PLAB= 10.SG'eV/c)7 with ve(se)Ne interactions in the interval 3 <W <6 GeV.
We note that within the statistical significance of the data the rapidity

distributions agree well at small values of ELAB' Hence, the differences
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between hadrons produced in ve(Ce)Ne collisions and those produced in mNe

collisions when comparing at < w >vNe s /(s8) _ are less than 20% -

T Ne
From Fig. 5 we see that the (1/0)da/dE distributions differ only at

small C and that if we integrate over all £ the average multiplicity
of charged particles will not be very different for ve(se)ue and vu(Gu)p
interactions. 1In Table I we give the numerical values of the average
multiplicities for negative and all charged hadrons,* and observe that this
is the case. We also show the ratios <N > (v)Ne/ N >v( }p Within error; 0
these gquantities agree with values observed in hadron nucleus interactions. '
The multiplicihies for ve(ve)Ne interactions are compared in Fig. 7 with those
obtained in T~ nucleus interactions. As expected from the £ distributions,
Fig. 6, v(V)Ne has the same average multiplicity as ﬂtNe and follows the
general trend observed for low A n\;clei.2

Thus, vNe interactions show the same small increase in average charge
multiplicity over vp interactions that is observed in the comparison of
#Ne to ©p interactions. Moreover, as with hadron nucleus interactions, the
increase occurs at small values of laboratory rapidity. These two observations
have resulted in the rejection of the simple cascade model and lead to
various space-time pictures for describing hadron-nucleus interactions.2

We next look at the momentum of individual hadrons transverse to the
direction of the total hadronic momentum and note in Fig. 8 that \:e(\-Je)Ne-1
can be fit well by dN/de ~ Py exp (- Bp ). We obtain B = 5.6 % 0.1 (GeV/c)
which agrees very well with £ = 5.6 +.0,1 (GeV/c) -1 and B = 6.0 t 0.1 (Ge‘!/c)‘1
obtained for n+ and ® mesons, respectively, in ¥ “c interactions.a The average
transverse momentum of the negative hadrons in v (v JNe combined is compared
in Table II with that obtained in 7N and mNe at 10 S Gev7 and T C at 40 GeV,

Figure 9 gives the dependence of the invariant inclusive cross sections
on the momentum of xdencxfxed protons for reactions v (ve)Ne + p + X and
L Ne + p + X at 10.5 Gev/c and 7 C at 40 Gev/c. 10 As one can see within
errors, data for v, (v )Ne and « Ne agree well. Since most of the protons
are "knock-on” protons this suggests that the deposition of energy is similar

s t
in v-nucleus and hadron-nucleus interactions. ¥

* All identified protons are excluded.

Tt The observation that hadron-nucleus interactions have the same invariant

inclusive cross section for "slow" protons has been called "nuclear tcaling“.ll

[

6=

IV. CONCLUSION: We thus conclude that the differences between VNe and vp

interactions are similar to the differences observed in the comparison of
wNe and 7p interactions. These are preliminary results. A more complete
analysis which includes our vu(Gu)Ne data will be published elsewhere.
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