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It has long been recognized in strong interactions that the c~parisonfj,/~  _Q~Js  

l	 of hadron production on nuclear targets with production on free nucleons 
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foundV 
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butions in ~-Ne  interactions. 
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provides important information about the space-time development of the 

hadronic states, i.e., the, nucleus serves as an analyzer for hadronic 

matter "in statu nascendi".l It is now being stressed that similar funda

mental information can be obtained from lepton-nucleus interactions. 

We previously presented low-statistics results on this question using 

electron neutrinos, and found that the nucleus appears to affect the 

inclusive distributions in a way similar to the effects observed with 
3 

hadron beams. In this paper we present results for inclusive production of 

hadrons in v Ne and vNe interactions. with improved statistics and a more 
V ~ 

detailed analysis of the effect of the nucleus. We show that the hadrons 

produced in V(v)Ne interactions give results similar to ~±Ne  interactions 

and the differences between nuclear and nucleon targets are quantitatively 

similar for v- and ~-beams. 

The data reported here come from a study of neutrino interactions in 

the Fermilab IS-foot bubble chamber filled with a 64\ neon-36\ hydrogen 

(atomic) mixture. Thus ~ 96\ of the interactions occur on Ne. We neglect 

the small hydrogen background. The radiation and interaction lengths are 

39 em and ~ 1.4 m, respectively. For each interaction we require a non-

interacting leaving track with momentum p > 4 GeV/c, that is identified as 

a muon by the EMI with likelihood
4• ;t> 5. and that the total visible energy 

> 10 GeV. The neutrino energy is reconstructed from measurements ofEvi s 

the charged secondaries using the method of PT balance in the v-p plane to 

s
correct the total hadronic momentum. 

We have identified a number of protons, N by ionization and range.p' 

However, this is reliable only in the momentum interval 0.2 to 1.0 GeV/c. 
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Thus, protons "'ith p ~ 1.0 GeV ",ill be included in the positive ("minimum

ionizing, non-muon") secondary tracks, N+, while the negative tracks, N_, 

are free of such contamination. 

The v (v )p interactions6 , 7 with which we compare are available only 
~ ~  

for ~  1 pion, thus, in our data we also require ~  1 pion (i.e., one or more 

tracks not identified as protons). Since there are few events with hadronic 

invariant mass W > 10 GeV, we restrict ourselves to 1.0 < W < 10.0 Gev.8 

+ 
This leaves 289 v~  and 263 v~  events. In comparing with v-Ne interactions 

at 10.5 Gev/c
9 (lSi. 4.4 GeV) we make the further restriction 3 < W < 6 GeV, 

resulting in 138 v~ and 118 V~  events. 

The average charged multiplicities < N >, < N+ >, and < N_ > given in p 

Table I for the Wranges 1 to 10 GeV and 3 to 6 GeV, agree well with the 

values obtained in v±Ne interactions. 9 We observe no dependence of the 

average multiplicity On Q2 for fixed Wintervals. l O ,In Fig. 1 we give 

the dependence of < N± > .. < N+ > + < N_ > on Wand show that it is com

+ patible with the values obtained in v-Ne and v C interactions. 

Because of the nuclear target we might expect protons in the final 

state as observed in hadron-nucleus collisions. The invariant inclusive 

cross section of identified protons, Fig. 2, agrees well with that obtained 

+ in v-Ne and v C interactions. Furthermore, it was noted in Ref. 9 that 

< N+ > + is greater than < N_ > _ (see Table I), whereas, by charge 
v-Ne v+Ne 

symmetry these quantities should be equal if only pions are included in 

fthe data sample. Thus the difference, < N+ > ± - < N_ > _ ,,< N >, is 
lI~e  pV~ U 

a measure of the number of fast, unidentified protons. A similar result 

(Table I) is obtained for < N+ >v (v )Ne - < N_ -, for 3 < W < 6 GeV. 
~ ~ v~(V~)Ne  

This suggests an excess of fast protons ~  v(v)Ne interactions which is 

quantitatively similar to the excess observed in liNe interactions. 

In the case of hadron beams the nucleus (A) to nucleon rnl ratio of 

charged multiplicities at the same incident energy, RA" < N >A/< N ~ , 

has been a useful parameter for comparison with theory. In order to account 

for the differences between interactions on neutrons and protons we define 

< N±,"",. (Op < N± >p + on < N± >n)/(Op + On) where 0p and <In are the 

inelastic cross sections for the projectile (pion or neutrino) on a "free" 

12proton or neutron, respectively. We summarize R in Table I for all
A 

8charged particles excluding identified protons. 

We also have studied the dispersion of the charged multiplicity 

distribution and the transverse momentum distributions of the produced 

hadrons and found them to be in accord with those observed in pion

nucleus interactions,13 

The laboratory rapidity distribution, FIt) " Il/Oinelld<l/dt, which 

is the average number of charged harons per unit rapidity interval, is 

useful in studying target fragmentation, where most of the effects of the 

nucleus have been observed in hadron-nucleus interactions. l,14 
In 

calculating the hadronic rapidity, t " ~ E + PL , the longitudinal 
E - PL 

direction for neutrino interactions is defined to be along the direction of 

the total visible hadronic momentum while for hadronic interactions the 

direction is that of the incident beam particle. 

In order to compare rapidities of secondaries from the hadronic systems 

produced by incident pions and neutrinos, the "mass" of the virtual W, which 

ie not negligible compared with the center-of-mass energy, must be taken 

into account. Neglecting the pion mass, the laboratory rapidity of the 

hadronic center-of-mass will be greater for neutrinos by an amount 

\
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2 26~  • inll + Q2/(w _m 
p

» • -in (I-x). Figure 3a showa this effect when 

laboratory rapidities of the vNe secondaries are compared with nNe 

secondaries. In Fig. 3b we have subtracted 6~  from the laboratory rapidity 

of each vNe secondary and the essentially kinematic difference disappears. 

The differences which persist at large ( are consistent with the 6W interval 

and the fast proton contribution for which corrections have been made in the 

nNe data but not in the v(v) data. Thus we conclude that no dynamic mechanism 

appears to distinguish the two systems at this statistical level. 

The effect of the nucleus can be seen in Fig. 3c.d where we compare 

the rapidity distributions of v(v) interactions on neon (FNe(~»  aM 

IS
nucleons (F1\ «(» for favored and unfavored charges. We have averaged 

'>Ne and VNs	 interactions and used charge symmetry to obtain the nucleon 

12 14 tar~et  data. As with .±Ne interactions we observe an excess of charged 

particles in the target fragmentation region for v(v)Ne interactions. The 

ratio FNe(~:/F'TI(~)  given in Fig. 4 over the rapidity region -1 < ~ < 2 

shows that indeed the effect is quantitatively similar for neutrino and pion 

interactions and concentrated in the target fragmentation region. 

We conclude that the hadrons produced in vNe and vNe interactions have 

+
quantitatively similar inclusive distributions to hadrons produced in .-Ne 

interactions. In particular. most of the nuclear effects occur in the 

target fragmentation region. We note that our study COVers only "low

energies" < W> ~ 5 GeV. It will be important to continue these comparisons 

at higher energies to see if there are any differences between neutrino-

nucleus and hadron-nucleus interactions in the central region of rapidity. 
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