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ABSTRACT 

Duta on the inclusive procuction of hadrons in v Ne and v Ne 
11 11 

interactions are presented and compared with the corresponding 
+ 

ouantities obtained in n-Ne interactions . With 224 vNe and 219 v~e.. 
events, no differences are seen which wcul.d distinguish the hadronic 
states created by pions and neutrinos. 

INTRODUCTION 

In this paper \,;e present prel~inary cata on the inclusive 
production of hadrons in v Ne and v Ne interactions. We compare our 

)J + 11 
results with those obtained in n-Ne interactions and find that within 
statistics we can discern no differences. A similar conclusion was 
previously reported for v Ne and v Ne interactions. (1)

e e 
The data reported here come from a study of neutrino inter­

actions in the Fcrmilab IS-foot bubble chamber filled with a 64% 
neon - 36% hydrogen (atomic) mixture. 'rhus ~ 96% of the inter­
actions occur on Nc. We neglect a small hydrogen background. The 
radiation and interaction lengths are '39 em and tV 1.4 m, respec­
tively. For each interaction we require a noninteracting leaving 
trpck with momentum greater than 4 GeV!c that is identified as a 
muon by the ENI wi t.h likelihood, ,(2) t. > 5, and t.hat, the total 
visible energy be greater than 10 GeV. From measurements of the 
charged secondaries, the neutrino energy was r e cons czuct.ed using 
th~ method of PT balance in the V-11 plane to correct the total 
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hadronic momentum. (3) We can reliably identify protons in the
 
momentum range 0.2 $ P S 1.0 GeV/c. Protons with p ~ 1.0 GeV/c
 
will be included in the positive ("minimum-ionizing, non~muon")
 

+
secondary tracks, N+. Thus, assuming that K- contamination is 

).gl.i.bl (4,5) h d l 'b ° ., d fneg 1 · e , teN astr i, ut.Lon conta i.ns pa.on s an ast
 
p~otons, while thp. neg~tive track distribution, N , contains pions
 
only. We also require that there be ? 1 pion (i.;;., one ,or more
 

. tracks which cannot be identified as protons). Since there are 

few events with hadronic invariant mass W> 10 GeV, we restrict our­
selves to 1 s W s 10 GeV. This leaves 224 v and 219 \i events. 

In comparing with niNe interactions at 10.5 G~v/c(5) (~= 4.4 GcV) 
we make the further restriction 3 < H·< 6 GeV, leaving 112 v and 
100 \i events. l! 

II 

RESULTS 

In Fig. 1 and Table I we .give the average multiplicity of
 
positive and negativ~ particles combined, < N± >=<N >+ < N >
 

+ 
as a function of Wand 

Q2 . h' h '6 • Wl.t l.n t e.statl.s ­
tical significance of 
these data we observe 
no dependence of the 
average mUl~iplicity on 

Q2 for fixed Wintervals. 
Similar conclusions have 
been obtained in ep, vp, 

+1 
1\ 

'vp and \ip interac­
Z tions. (6) In Fig. 2a
V	 3~W <5 

we show' the dependence .. of_ < N+ > on vI for..~2 
v(v)Ne~interactions and 

+ 
compare it with n-Ne 
interactions (5,7) and 
note that within statis­
tics the W dependence 
is similar. In Fig. 2b 
we give the 'dependence 
of the average multi ­20 
plicity 9f produced 
negative particles, 

Fig. 1.	 The average multiplicity as < N Pr >, where 
a function of Q2 for different 
values of W. 
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Table I. The average multiplicity, < N± >, as a function of Q2 and W 

-for a) v Ne and b) v Ne interactions. 
l.l 1.I 

a) 

~2 (GeV Ic) W (GeV) 1.0 - 3.02,0 3.0 - 5.0 ~ 5 

2.39 ± 0.15 4.25 ± 0.37 5.05 ± 0.57o - 3 

4.63 ± 0.502.71 ± 0.40 4.15 ± 0.383 - 7 

5.66 ± 0.254.27 ± 0.243.33 ± 0.76~ 7 

5.34 ± 0.214.23 ± 0.182.56 ± 0.18~ 0 

I
 
b) 

Q2 ~(GeV Ic) W2,~ 53.0 - 5.0(GeV) 1.0 - 3.0 

2.42 ± 0.16 3.61 ± 0.32 4.45 ± 0.86o - 3 

2.80 ± 0.33 3.90 ± 0.37 4.61 ± 0.633 - 7 

~ 4.05 ± 0.37 4.78 ± 0.367 3.00 ± 0.71 

4.67 ± 0.303.81 ± 0.202.49 ± 0.14z 0 

Pr<N > = Nr L 
ONJ/ ~) 1 °N_ ] for V and positive~ ~ 1 

hadron beams and <·N Pr > '(N 1) cr L crr L l/I J 
= ~ ~ 2 -' NJ LN ..:~ 2 N-

for v and negative hadron beams. This has the effect of removing 
the negative charge given to the hadron system by the beam particle, 

which we assume to be a W-[or V interaction. In most hadron-
1.I ' 

nucleus interaction experiments, the inelastic interactions in 
which there is only one charged particle have considerable elastic 
contamination. 'rhus, the above definition uses only data which do 
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1. d F F ' 2b " th Prnot h ave such bac~groun. rom 19. , lt 15 seen at < N > 

in neutrino-neon interactions has 'the same \'1 dependence as < N Pr > 

in hadron~nucleus interactions. (5,7,8) We note that < N Pr > is 
free of possible proton contamination which might be present in N±. 

I ' bl' ,(7) h d h h·' , 1In an ear ler pu lcatlon we s owe t at t ere lS a unlversa 
2 

. h i b h d . , Pr [pr Pr 2Jl/2re1atlons lp etween t e lsperslon D_ = < N_ > - < N_ > 

versus < N Pr > for hadron-nucleus interactions~ and we see from 

Fig. 3 t~at our ncutrino­

10 r---r---r--.----,----y--..., neon data are consistent 

6 

61\ 
+1 
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2 

Fig. 2. 

with this conclusion. 
While it is not generally 
understood, it appears 

(0 ) that the universal 
Pr

relationship between D_ 

and < N pr> holds for!fA ~ 
~arious projectiles andw· ' 
targets. (5,7,9)t/J~VV ~Ne}THIS EXP,0 Several authorso lip. Ne 
have pointed out that 

I] ~eNe}Ref.1 hadron-nucleus inter­
-+---11 0 1/e Ne +-­

actions approximatelyo~ 7f± Ne, Ref. 5
 

.. 7T- Ne, Ref. 7
 satisfy KNO scaling. (10~ 
In Fig. 4 we add our v(v)Nex pNe, Ref.8 
data to a compilation ofV 7T-C.Ref.9( b) 

.. (7)
TINe and TIC lnteractlons . 
and find that vNe inter­
actions are also con­
sistent with approximate 
KNO scaling. 

We now turn to the 
production of protons in 
neutrino-neon inter­
actions. In Fig. 5 we4 8 12 
give the invariantW (GoV) 
inclusive cross section 

Comparison of average multi ­ of protons observed in 
plicities of charged hadrons v Ne and v Ne interactions 

lJ lJ ' as a function of W (or ~ ) 
(combined) and note thatfor neutrino (antineutrino) and 
there is good agreementhadron-induced interactions. 

+ ­with n-Ne and n C inter­
' - (5,11) h ' " ac t lons. T e average multlpl~clty of slow protons 

(0.2 ~ P ~ 0.8 GcV/c) for vNc and \iNc combin~d in the range 
3 < \'1 < 6 GeV is < N > = 0.68 ± 0.08 which agrees well with 

p + . 
< N > = 0.76 ± 0.04 for n-Ne interactions at 10.5 GeV/c. Thus thep . 
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Fig. 3. Comparison of dispersion versus ave_rage multiplicity of 
+ +

produced	 negative particles for v(v)Ne, n-Ne, n-d, and 
+. . n-p 1nteract1ons. 

1I.LNe}	 THIS1VfLNe EXPER I MENT 

7T- Ne. 10.5 GeV/c, Ref. 5 

7T-Ne.25Gev/c} 
Ref.7 

7T-Ne. 50 GeV/c 

7T-C,4-40GeV/c.Ref.9 
7T-p. 50 GeV/c. Ref. 13 

o	 1.0 2.0 3.0 
N_I< N_> 

Fig. 4.	 Comparison of KNO scaling variable for v(v)Ne interactions 
and hadron interactions. 
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Fig. 5.	 Inclusive cross section of identified protons in v (v)Ne,
 
~±Ne and ~-C interactions. P
 

slow protons produced in vNe and nNe interactions are similar. In 

'.~±Ne interactions it has also been observed (5) that there is an 
excess of positive charge for fast minimum-ionizing secondaries and 
this has been interpreted as resulting from unidentified fast protons. 
The positive excess has been determined by applying charge symmetry 

and taking the difference < N+ > - < N > :: < N f >. We
 
- ~+Ne + ~ Ne p n
 

can' see from Table II that a similar result is obtained for v (v )Ne
P P
 

interactions for the region 3 < W < 6 GeV, by using
 

< N > - < N >_ = < N f >. This suggests that there is also 
+ VNe + vNe P v
 

an excess of fast protons in neutrino-neon interactions which is
 
q~antitively similar to the excess observed in nNe interactions. (5)
 

In Table III we give the average transverse momentum of negative 
. d d· d ±. . (5) F .. tp10ns pro uce 1n vNe an n Ne 1nteract10ns. or neutr1no 1n er­

actions, the average transverse momentum is defined with respect to 
the direction of the total visible hadronic momentum. Within errors, 
we obtain good agreement between vNe and nNe interactions. 
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TABLE II. Difference < N± > - < N >_ as compared to lr-Ne data.

\lNe -1= \INc 

\I (\I )Ne Interactions, 3 $ W ~ 6 GeV 
lJ lJ 

< N > - < N >_ 
+ vNe - \lNe 

<N> -<N>
+ vNe - \lNe 

= 0.69 ± 0.13 

= 0.13 ± 0.14 

± 
Interactions, r;:- :: 4.4 GeV(5)n Ne 

<N > - < N > :: 0.78 ± 0.04 
+ + 

~ Ne n Ne 

< N > - < N > :: 0.46 ± 0.03 
+ - + + 

~ Ne lr Ne 

TABLE III. Average transverse momenta of negative pions in v (v )Ne - + lJ lJ 
interactions at 3 < W < 6 GeV and ~-Ne interactions at 

10.5 GeVIc. (5) 

Reaction 

-
\I Ne -+~ + ·.. 
lJ 
+ ­

~ -+~Ne + ·.. 
\I Ne -+ lr + ·..

lJ 

~ Ne -+ ~ + ·.. 

<p > (I-1eV/c)
1­

315 ± 16 

309 ± 4 

307 ± 16 

348 ± 4 

CONCLUSION 

We find that within statistics the inclusive charac.teristics of 
hadrons produced in \I Ne and \I Ne interactions are similar to those 

+ lJ lJ 
observed in n-Ne interactions. 
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