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We present the first data on the inclusive structure function for n°-electroproduction. The data are compared to 
charged pion electroproduction and charged pion production from electron-positron annihilation taking the quark- 
parton model as a guide. 

The cross section for inclusive electroproduction 
reactions like e + p -~ e + n + X is usually given in 
terms of  the invariant cross section 

Ed3a/dp3(p, q2, PlI' Pl  ) 

for the reaction 3'v + P -+ n + X where the symbols 
used have the usual meaning explained for example 
in ref. [ 1 ]. By integrating over p± and dividing by 
o-3'vp(n2 p) a structure function f is defined i.e. tot ~n , 

f(v, q2, XF ) 

2 

1 Pc ±max E* d2a 1 do 
J 

- , dXFdp2 ~ nato t XF dx F nat°t 0 Pmax 

(1) 

where x F - p JPmax" 
In order to make the comparison with the quark- 

parton model easier we present our final results in 
terms of  the structure function 

f(v, q2, z) = (1/n Otot)Zda/dz (2) 

where z = Err/u with E~r the pion energy and u the 
energy loss o f  the electron in the laboratory system. 
At large values o f q  2 and v both functions are identi- 
cal. For our data the difference between the structure 
functions defined in eq. (1) and eq. (2) does not ex- 
ceed 10%. 

In the quark-patton modelf(v,  q2, z) is expressed 
by a set of  simple functions q(x) and Dl~(z). Here q(x) 
is the number of  quarks of  the type q in the proton 
(for example u(x), d(x) for up quarks and down 
quarks, respectively) with the relative momentum x 

= Pquark/Pproton = Iq2l/(2mv) • O~(z) is the number of  
hadrons of  the type h in which the quark q is fragment. 

ing, with z = Phadron/Pquark" 
For electroproduction of  pions one usually only in- 

cludes u, fi, d, d and neglects strange and charmed 
quarks. It is easy to show that 

fep --* eTr-+X (X' z) (3) 

z (~u(x) +~d(x))Dnu+(z) + (~ d(x) + ~(x))D~u~(Z) 
= - -  

n ~(u(x)+~(x))+~(d(x)+d(x)) 

The number of  independent fragmentation functions 
has been reduced to D ¢ (z) and Du(Z ) using charge u 
symmetry and isospin arguments. 

The measured charge ratio in electroproduction ex- 
periments can thus be used to extract information on 
the ratio of  the fragmentation functions D¢/D ~-. Ac- 

U " U 

cording to tke model this ratio is independent o fx  in 
nice agreement with experiments [2]. 

Our special interest concerns n0 electroproduction. 
The model predicts 

v ;  ° ÷ + (4) 
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This leads immediately to 

1 (fep~err+x(X ' z) +fep~err-X(X, z)) 
(5) 

_ 1 Z(DTr+(z ) +Du-(Z))=fep~ezrOx(Z). 
2zr u 

Thus the quark-parton model makes two very strin- 
gent predictions: 

a) The structure function in n0-electroproduction 
must only depend on z. 

b) The value offep._,eTrO X is given by the average 
of the n +- and rr--structure functions evaluated at the 
same value of z. Because of 

E - -  
d3o 1 E* [ d2Cru d2°L 

-  ,:dq + '  

d2o d2o. -1 
+ e cos 2q~ P + x /~- (e~T)  cos ~ ~ . J .  

dXl:dP 2 dxFdp~J 

For the evaluation of the structure function we have 
to separate d2ou/(dxFdp2); Tiffs is done by analyzing 
the 4~-dependence of the measured cross sections. In 
fig. 1 Ed3o/dp 3 is plotted versus q57r v for some typical 
values of  the kinematical variables. The data are very 
well consistent with 

dN ~r_ 1 d a _ n  
dz eto t dz z f e P  --'eTrX 

one can simply say that the differential n°-multiplicity 
dN~ro/dz in electroproduction must be given by the 
average of the n +- and n--mult ipl ici ty.  I f  this is not 
borne out by experiment the quark-parton explana- 
tion of the n+/zr - - ra t io  is seriously damaged [3]. 

A further test of  the model can be done by com- 
paring the n°-results with the data of  e+e --annihila- 
tion into charged pions. Ignoring a small possible dif- 
ference due to the fragmentation of  strange quarks 
into pions the model predicts 

z d~ e÷e---..chx _ 2z (D,~* +D~-)  = 4fep_,e.OX" 
~Oto t n u 

(6) 

Herein do/dzJ e+eZ.+TrchX is the inclusive cross section 
for production of a charged pion in e+e --annihilation 

at z = Err/Ebeam. 
To study these questions we have carried out a n o, 

electroproduction experiment at the 7.5 GeV synchro- 
tron DESY at Hamburg. The apparatus used has been 
described in ref. [4]. Data have been taken at incom- 
ing electron energies of  4, 5, 6 and 7 GeV. The range 
in q2 and v covered by our experiment is roughly 
given by 

- 0 . 2  > q2 > _ 1.3 GeV 2 

3 . 1 < v  < 6.1GeV.  

Because the virtual photons are transversely and longi- 
tudinally polarized the invariant cross section 
Ed3o/dp 3 is given by the well known expression 

d2Op/dXFdP 2 = 0 and d2ol/dXFdP 2 = O. 

3,- 

2: 

d3o E ~-6~ [ ~bIGeV~] 

0o lbo 25o 3bo 4bo ~bo 

E d'~ [I/b/GeV2] 

10- 

8- 

6 

4- 

2- 

0 
0 o 

.(q2) =_ 0./¢5 C~V 2 

< V)  = 3./,3 GeV 

<xF> = 0.7 
(PI2>= 0.15 GeV 2 

6 ~° (~tty 

<q2>=-0.45GeV2 

<V>= 4.6 GeV 

<XF> = 0.5 
<P.I?>= 0.15 GeV 2 

,5o 250 

E ,J'o [ b/GeV 21 dp 3 

1 0 -  

8 +  + 

4- 

2- 

0 
0 o 1() o 25 ° 

i 
40o 550 650 ¢,~-¢ 

< q 2) =-0.45GeV 2 

( V ) = 5.75 GeV 

<XF> = 0,5 
(P.L2>= 0.15 GeV 2 

350 450 5~o ~bo ,,,~ 

Fig. 1. Invariant cross section Ed3o/dp 3 versus ~n7" 
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Fig. 2. Invariant cross section Ed3a/dp 3 versus p~. 

Throughout the following we will assume d 2 o L/(dx F 
× dp 2) to be zero in accordance With the quark model, 
although we have not proven it experimentally.  

In fig.2 a typical plot of 7r -1  (E*/P*ax)d2au/dXFdp2 
versus p2 is shown. 

The data can be very well represented by an expo- 
nential A exp (-Bp~ with a slope parameter  of B 
= 4.37 -+ 0.21 GeV-2.  Similar slope parameters are 
found in other regions of  the kinematical area and 
more detailed information will be given in an incom- 
ing paper. 

From the measured p±-distributions we have deter- 
mined the structure funct ionf(u ,  q2, z) for four com- 
binations of  v and q2, namely 

q2 = - 0 . 4 5  GeV 2 

q 2 =  - 0 . 9 0  GeV 2 

u = 3.42 GeV 

u = 4.53 GeV 

u = 5.56 GeV 

u = 4.90 GeV.  

The data (fig. 3) exhibit a very nice scaling behaviour 
within the error bars, i.e. the structure function de- 
pends only on z. 

In order to test eq. (5) we compare our results with 
the data of  a recent experiment at SLAC [5]. For the 

0.1,4 

0.12 

O--~ot do" f ( z ) =  ~ dz  
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Fig. 3. Inclusive n°-structure function versus z for various 
values of u and q2. 

plot in fig. 4 we have chosen the q2 . . . .  1.45 GeV 2 
data for the charged pions and the q2 = - 0 . 9  GeV 2 
data for the ¢r0mesons. The reason for that choice is 
that at smaller values of  Iq21 one still has appreciable 
contributions from the decay of  diffractively produced 
p°-mesons in the charged pion sample +. As seen in 

+ A cut on the elastically produced p ° makes the Iq 21 < 1 GeV 2 
data consistent with the Lq2[ = 1.45 GeV 2 data [6]. 
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Fig. 4. Comparison of the n°-structure function with charged 
pion and charged hadron electroproduction. 
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Fig. 5. Comparison of n°-electroproduction with e+e--anni - 
hilation into charged pions. 

To check relation (6) we compared our data with 
the results of  a storage ring experiment. The DASP 
group at DESY has measured the annihilation cross 
section into charged pions [8]. Fig. 5 shows the com- 
parison of  the two experiments. The agreement below 
z = 0.6 is very nice. For higher z-values there is a dis- 
crepancy which might indicate some trouble. 
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state of  the experiment, our technicians and the DESY 
Hallendienst for their invaluable help. We are indebted 
to Mrs. R. Siemer for careful typing of  the manuscript. 
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kind hospitality. The Aachen part of  the group appre- 
ciates very much the constant encouragement of  Pro- 
fessor K. Ltibelsmeyer. 

Finally we want to thank Dr. L. Sehgal for helpful 
discussions. 

the figure the data follow very well the quark-parton 
model prediction of  eq. (5). 

We emphasize that it is important for this sort of  
analysis to only take electroproduction data where 
the pions have been identified. In fig. 4 we have added 
the data of  the SLAC-Santa Cruz streamer chamber 
experiment [7] where the structure functions 
fep~eh_+X have been measured. There is obviously a 
large difference between hadron and pion spectra. The 
authors of  ref. [7] estimate the contribution o f  dif- 
fractively produced p0 to the hadron spectra to be in 
the order o f 4 0 % a t  z = 1 and ~ 5 % a t  z = 0.5. 
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