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The inclusive distributions of hadrons produced in 

v(v)Ne interactions are studied as a function of the momentum 

fraction z. Discrepancies between the da~a  and existing 

paramctrizations of the quar~-parton  model are found. 

t� Visitor from the Institute of Nuclea~  Physics and Technology 
of the Academy of Hining and Metallurgy, Cracow, Poland. 

tt'Pres~nt  address: Physical Technical Institute, the Uzbek 
Academy of Sciences, Tashkenti USSR. 

* Paper presented by H. Rudnicka at the Neutrino Physics at� 
Accelerators Conference at Oxford, July 2-7, 1978.and by� 

H. J. Lubatti at the IX International Symposium on High� 
Energy ~Iultiparticlc  Dynamics at Prague, July 2-7, 1978.� 

f-/ /..;J--

The production of hadrons in neutrino-induced interactions is 

qescribed in the quark-parton model(l) by the structure functions 

G (X,Q21, which give the momentum distributions of the quark q insideNq
hthe nucleon N, and fragmentation functions Dq(zl, defined as the average 

multiplicity of h..drons h whose IllOmentum Ph • :r;Pq is a fmction z of the 

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

of the fragmentation function~or  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" 

.� 2 ~ I
variablo, i.e. z • (E + PLII [v + (v + Q )1) which for z ~  0.2 is 

approximately the same as the variable xlab plabiplab used in 
F max 

hadronic reactions. 

The data come from a wide-band beam exposure of the IS-foot 

Fennilab bubble chamber filled with a heavy NeH2 mixtur~  (64\ atOMic' 

Ne). comparable numbers of vp' and Vp charged current events are 

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

track identified by the EMI(21 as a muon was required to be greater 

than 4 GeVlc, 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 PT balance in the v-p plane. Only 

the events with at least one minimum-ionizinq, non-muon trac~ are 

included in the data, Which, after the above selection criteria Are 

met, consist at 778 v 
~ 

and 737 V
p'

charged current interactions. . . 
Wo have previously presented some rosults On the inclusive 

production of hadrons in V(vlNe interactions I4 ,S,6) but with less than 
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I"'lf of thl' pre,;,·"t r.t.ltisl.ics. In pin'ticul"r, in ref. (6) wo 

sho'~c<1  that the Z distributions of f(J~t  secondaries produced in 

v (~) I;e interaction" agrlle well with the corresponding x distributions
F� 

fo,' n+(n-ll,e ;"tl'rncl.ion~.(7)� 1'h j r. result, ·wi th incroased statistics, 

is prcr.entL'll j n i'iq. 1. lIo\'.'l1v<."r, liinc:u tho nNe data liTC not available 

fr'r xf ) 0.5. the compilrir.on i!; limited to the tnrget fragmentation� 

r,-,gion and onlY,a part of the qunrk frngmentation region.� 

In tho qu.1rk-polrton m")dcl, the fr,1grncnti~tion  functions .ore assumed 

to be Ch'Uilctcl'i stic of the fri191nOlti n'J quark. independent of how the 

quark is pnxluced. "h·us, t.he z distributions n(zl ~  (l/N ) dN/dz in the 
tot , . . 

quark fragmentation legion should not depend On kinematical variables 

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

~l ~  ~  dz, (z a 0.2. 0.3, 0.4) ar. a function of Wand Q2. and 
z=z Nt.o t dz a 

a 

note that no signific"nt dependence on these variables is observed in 

the region W> 2 GeV, Q2 > 2 (GeV/c)2. and z = 0.4 for negative. a 

particles. The wenk dependence for positive tracks migllt be explained 

by proton contaminati~n.(4) In Fig. 4 we show that the average multi

plicity of hadrons with z > 0.4 for events with W> 2 GeV. Q2 > 2(GeV/c)2 

2does not depend on x = Q /2mv. 
BJ 

According to the quark-parton mOdel. the ratios 

(0 +(z)/n (z) , (n (z)/;; +(z»-. and (0 '(z)-/(o (z)) are described 
-" - v - v - v

11" n" + _" _ If+ 
• . 11 11' " Tfby the same funct10n l/w(z) ~  D (Z)/D (z) a Dd,(z)/Dd(Z). Since fast 

u u 

posLtive tracks contain non-negligible proton contamination, (4) the 

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

(0 (1.))-/(0 (z)) • (0) In Fig. 5 we show this ratio for events with 
- v - v� 

W> 2 GeV, Q2 > 2 (GeV/c)2 and compare with the parametrizations of� 

l/w(z) by Field and Feynman(ll (solid curve) and Sehgal (9) (dashed. 
curve). The disagreement is rather strikIng. Both parametrizations 

show a steep rise at large z. which rosults from the expectation that 

- +a d-quark will more likely produce a" than" as z tends to 1.� 

However, the experimental values remain almost constant for z > 0.2.� 

As we also show in Fig. 5. the increase of (;; (z))-/(;; (z)J can be� 
- v - v 

obtained in our data by including the events with W ( 2 GeV. 

'Q2 (2 (GeV/c)2. But, as we noted before, tho z distribution for these 

events is significantly different from the rest ot the data sample. 

We observe a strong correlatioh between the average transverse 

momentum < PT > and the variable z - this effect is kno~~  as the ·sea 

gull effect" in hadronic interactions. In Figs. 6 and 7 we show the W 

2and Q dependence of the average transverse momentum ( PT > for� 

2�
different z regions. An increase of < PT > with Q has recently been 

observed in the DEBe 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 BEBe experiment. In contradiction 

to the Field and Feynman parametrization, our data show a significant 

increase of < PT > with w. for large values of z. This effect was 

observed also in the DEBe experiment. (10) 

Conclusiont 

We observe certain characteristics of the fragmentation functions 
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\ihi.ch <10 not .1tJI"l'Q with pxll;liwJ th('on~lil:':ll  pilrlln1otri1.1ition9. In JlEFEllENCES I 

particular, the ratio (~_(z)l~/(~_(zl)v  is approximately' constant and 

"qual to 2 in the region of (0.2 S z ~ 1.0), whereas . the general 

expectation io a steep ri!>e ~!l  " trm,b 1.01.0. Also, the < PT > 

illcrra"es siqnificalltly w.ilh W, which is not predicted by models. 
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n~:;RE  CAPTIOlIS I 

FIC. 1� Compari.on of the x;.ab distributions o~  

wiNe + s±x (~c  4.4 CcV) with z distributions of 
_ I + _� 

v(~)N"  -, n-'x (J 5 w ~ 6), -where S (0 ) is the positivo� 

(1H"Jati "0) fiWt� partielo, for a) f"vored, b) unfllvored 

particles. 

FIG. 2� The averag~ multiplicity of positive and negative fast 

traclw ",ith z > Z (70 0.2, 0.3, 0.4) as II functionA 
o 0� 

of Q2.� 

FIG. 3� ~'he aVCriHI" ffililtiplJ ci ty of positive and ncgative fast 
, . 

lra,c'ks with z >� Z i![i a function of W. 
o 

FIG. 4 The avcr"ge multiplicity of positive and negative 

fast track" ",i th 70 > 0.4 as " function of xBJ' Only the 

2
events with W > 2 GoV, 0 > 2 (GeV/c) 2 are included. 

PIG. 5 The ratio ~  (z)-/n (70) for the events with W > 2 GeV,
- v - v� • 

•
Q2 > 2 (GeV/c) 2 (full. circleo) and for all events (open� 

circles). The solid curve io a parametrization by� 

Field and Feynrnanl(l) The dashed curve is a� 

par~,ctrization  by Sehgal. (9)� 

!'IG. 6� The average transverse momentum of fast particles as. 
a function of W for different intervals of z. 

FIG. 7 The average transverse momentUm of fast particles 
- 2 

as a function of Q for different intervals of z. 
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