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ratio would be 1, suggesting that the hadronic 

neutral  current has  a parity-nonconserving in- 

terference t e r m  and that a purely vector form i s  
unlikely. Larger  v and. F exposures are current-  
ly being analyzed to provide a more quantitative 

test of the gauge models which involve the neu- 

t r a l   current^.^ 
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We report measurements of the inclusive electroproduction reaction ep-en+X for pions 
produced at 90" in the virtual-photon-proton center-of-mass system. Data are presented 
at the (w, Q') points (2.2 GeV, 1.2 G ~ v ' ) ,  (2.2,3.6), (2.65,1.2), (2.65,2.0), (2.65,2.8), 
(2.65,3.6), (3.1,1.2), and (3.1,2.0). The invariant structure function is studied as a func- 
tion of W ,  Q', zT,  p T 2 .  and the square of the invariant undetected mass. 

There  has been great  in teres t  recently in inves- 
tigating hadronic processes  in which a particle i s  
produced with a large t ransverse  momentum. It 

is believed that the short-distance s t ructure  of 
the hadrons is reflected in the behavior of such 

processes. '  In experiments carr ied out a t  the 
CERN intersecting s torage rings2 and Fermi  Na- 

tional Accelerator ~ a b o r a t o r y  ,"t has been found 

that pions produced in p -p collisions a t  90' in the 

center-of- mass  system suggest a simple scaling 

law, 

Here W i s  the total energy of the virtual-photon, 

target-proton system and x ,  =pT jp ,,,.. *, where pT 
i s  the momentum of the pion t ransverse  to the 
virtual-photon direction and p ,,,, * is the maxi- 
mum kinematically allowed momentum of the pion 
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in the virtual-photon-proton center-of-mass sys-  
tem. The magnitude of the exponent n i s  difficult 
to understand in t e r m s  of the wide-angle scat ter-  
ing of pointlike constituents of the colliding had- 
r ~ n s ~ ~  but i t  can be  understood in the framework 
of the constituent interchange model.'*" 

We repor t  here  measurements carr ied out at 
the Wilson Synchrotron Laboratory on the electro- 
production reaction 

e + p  - e + T +  + anything (2) 

which is viewed as the virtual-photoproduction 
reaction 

The square  of the virtual-photon mass  - Q2, the 
energy v, and the direction and polarization pa- 
r amete r  E a r e  tagged by the detected electron. 
The c r o s s  section for Reaction (2) is written 

where I- i s  the "flux" of virtual  photon^.^ d30/  
d p T 3  i s  the c ross  section for  Reaction (3) and is 
a function of W, Q2, E , xT (o r  p T ) ,  and x (or  
1Wx2, the square  of the invariant undetected 
mass) .  Here x = p ,  *//p,,, *, where p, * is the 
component of the pion momentum along the vi r -  
tual-photon direction and the as ter isk  denotes the 
virtual-photon-proton center-of-mass system.  
For  all the data reported here - 0.05 < x < 0.05 
and 0 . 8 < ~  <0.95. 

The data a r e  presented in t e rms  of the invari- 
ant s t ructure  function, 

Here uT i s  the total virtual-photon-proton c r o s s  
section for  the W, Q2, and r of the reaction. uT 
was taken f rom a flt  to the Stanford Linear Accel- 
e ra to r  Laboratory-Massachusetts Institute of 
Technology measurements of vTY2 with the as- 
sunlption that the ratio of the scalar  to t ransverse  
component was 0.18." 

A two-arm spectronleter system was used to ob- 
tain data a t  the (W,QZ) points (2.2 GeV, 1.2 GeV2), 
(2.2,3.6),  (2.65,1.2), (2.65,2.0), (2.65,2.8), 
(2.65,3.6), (3.1,1.2), and (3.1,2.0). A inore com- 
plete description of the apparatus i s  given by 
Browman et al ."  A lead-Lucite shower counter 
served to identify the scattered electrons. Pions 
were  identified by a threshold gas Cherenkov 
counter when their  momenta were  greater  than 
1 .5  GeV ' c  and by time of flight a t  lower momenta. 
The data have been corrected for random coinci- 

i i  

It.! 

W = 2.20 GeV 
x W =  2.65 GeV 
O W =  3.10 GeV 

FIG. 1. 'The pT2 dependence of the a+ invariant struc- 
ture function for the eight (W, Q') points. 

dences (- I%), electronics dead t ime (- v o ) ,  tar -  
get-wall background (- 5%), absorption in the 
counters (- 5%), pion decay losses  (- 3%), and 
electron misidentification (- 5%). The uncertain- 
t ies shown a r e  statist ical  only and do not include 
possible systematic e r r o r s  estimated to be l e ss  
than * 8%. The data have not been corrected for  
radiative processes .  Calculations indicate that 
the radiative correction is l e s s  than 15% for  x ,  
< 0.75 for  all W and Q2, and on a 10% level i s  in- 
dependent of W and Q2 in the region xT > 0.75. 

Figure 1 shows a plot of the invariant s t ructure  
function versus  p T 2  for the eight (W,Q2) points. 
The data indicate a change in slope a t  p T 2  = 0.15 
GeV2. We have fitted the data by the fo rm n 
xexp(- bpT2) in the regions p T 2 <  0.15 GeV2 and 
pT2>0 .15  GeV.' The resul ts  of the fi ts  a r e  given 
in Table I. There appears to be a systematic de- 
c rease  of b with increasing W and no dependence 
of b on Q2 f o r p T 2 > 0 . 1 5  GeV2, while in the region 
p T 2  < 0.15 GeV2, b i s  independent of both IY and Q2 
within statist ical  variations. The resul ts  present- 
ed here a r e  consistent with resul ts  of the inclu- 
sive .ii- electroproduction experiment carr ied out 
a t  DESY. '~  In the region - 0 . 2 < x < 0 . 2 ,  p T 2 < 0 . 4  
GeV2, 0.5 GeV2 <Q2 < 1.5 GeV2, they find the slope 
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TABLE I .  Fits of the invariant structure function by 
the form n exp(- bpT2) for the regions pT2 < 0.15 ~85.:' 
and PT2 > 0.15 Gev2. b i s  given in units of G ~ v - ' .  

t o b e b = 9 . 0 * 1 . 1 G e V 2 a t W = 2 . 0 G e V a n d b = 8 . 1  
~t 0.7 GeV2 at W = 2.5 GeV. Analogous photopro- 
duction data have been reported by Moffeit et 
a1 . , I 3  Burfeindt e t  a1 .,I4 Kaune e t  a l .  ,I5 and Boyar- 
ski et a1.16 

FIG. 2 .  Plots of the invariant structure function ver- 
sus the scaling variable xT for the eight (U ' ,g2)  points. 
At each energy the curves shown a r e  independent of Q2.  

Figure 2 shows the structure function for ?ii ver- 
sus xT for the eight (W,Q2) points. The data show 
that the structure function is independent of Q2 ,  
a feature" which has also been observed for x 
> 0.1 and p T 2  i 0.02 GeV2. However, the W depen- 
dence is much different from the one for the for- 
ward data. In the forward direction the structure 
function at fixed x i s  a weak function of W.17 The 
data at x = 0 show that the structure function has a 
strong W dependence for xT larger than 0.2. As- 
suming that the structure function is given by the 
form 

we have found the W dependence at fixed x ,  to be 
described by the expression 

Figure 3 shows a plot of n versus x , .  The depen- 
dence of n on xT means that the data do not scale 
in the sense of Eq. (1). We have also determined 
that the data cannot be represented by the alterna- 
tive form 

which includes, as a special case, 

L 7, + p --r rt + ANY 

r_ & =  fo 
lo& 

O? dp3 Wn 
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FIG. 3. A plot of the fit parameter n versus xT for 7;' 

production. 
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The solid curves in Fig. 2 a r e  a fi t  by the form 10- -- -7 

F = [ ~ X ~ P ( X , ) ] / W " ( " T ) ( Q ~ ) ~ ,  (10) 
- I  

where n (x,) is given above and P(x,) is a cubic 
I 

polynomial. The fit gives for  the Q2 dependence 
m = - 0.02 * 0.02. This gives a quantitative mea- 0 5 < X < 0 5  

s u r e  of the independence of Q2. 
An alternate way to view the inclusive c ross  J 

section i s  in t e r m s  of the missing mass  and the 
minimal exclusive c r o s s  sections to which the 
inclusive c r o s s  section is linked in the correspon- 
dence-principle limit.'' At a fixed missing mass ,  
the constituent interchange model suggests that 
the c ross  section should have the 

d ~ / d n ~ * d ~ ~ , ~  =xi P~(‘w,~)/w 2 n i - 6 ,  (11) 

where n i  is equal to the number of elementary 
fields in the ith exclusive l imit  channel and P is 
a polynomial in the square  of the missing mass .  
For  inclusive i-r+ production two connecting exclu- 
sive channels a r e  

For  the f i r s t  reaction n i  = 9; for  the second n i  
= 11. In the constituent interchange model each 
of these reactions is linked to a number of quark 
reactions allowed by the exchange o r  interchange 
of quark fields using the elementary two-field 
meson and three-field baryon wave functions. 
For  Reaction (12) three  such reactions a re7  

Each of these reactions has a different depen- 
dence on the missing mass .  

Figure 4 shows the inclusive pion c r o s s  section 
as a function of W and square  of the missing mass  
for  QZ = 1.2 GeV2. The solid curves a r e  a fi t  by 
the expression 

where P (MX2) i s  a cubic polynomial in 51,'. The 
best-fit value i s  n = 12.691 0.13, independent of 
MX2. 

The exclusive reaction y ,  +p - n++ n has been 
found to have a W dependence," 

da,/dn, * -- l/W1265*0.40. (18) 

The quark counting rules  predict that the exclu- 
sive reaction should have a 1/11'12 dependence.lg 

< I 
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FIG. 4. da/dCL,*dMX2 a s  a function of the square of 
the missing mass  fo r  Q': 1.2 G ~ V ~  and three values of 
W: curve a ,  W=ZZO GeV; curve b, 2.65 GeV; curve c ,  
310 GeV. The solid curves a r e  fits by the form do/dS2: 
~ ~ M , ~ = P V M , ~ ) / W ~ ,  where P(M,') i s  a cubic polyno- 
mial .  

The agreement among the values of n derived 
f rom the measurements of the inclusive c ross  
section, the limiting exclusive c r o s s  section, 
and the prediction of the quark counting rules  
gives strong support to the constituent interchange 
model. 

In conclusion, the data show that the invariant 
s t ructure  function is independent of Q2 and, in 
this energy range, does not display the simple 
scaling behavior observed in purely hadronic re -  
actions. However, i t  must be kept in mind that 
the measurements reported here  a r e  a t  a much 
lower value of p, than those of Refs. 2 and 3.  
When expressed in t e r m s  of the square  of the 
missing mass ,  the inclusive c ross  section dis- 
plays a dependence on the center-of-mass energy 
W which is independent of the square  of the miss- 
ing m a s s  and is the same  as that found for the in- 
clusive reaction y,+p - n++n.  This latter behav- 
io r  supports the predictions of the constituent in- 
terchange model and the correspondence princi- 
ple,  indicating that in this energy region the 
c r o s s  section is dominated by elementary quark 
interactions of the form given by Eqs.  (14)-(16). 
The failure to observe scaling in the form pre-  
dicted by Eq. (1) may be due to the fact  that no 
single one of the elementary quark interactions 
dominates in this energy region. 
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Using the harmonic-oscillator charmed-quark model, I have studied the electromagnet- 
ic  mass  differences and the decay r a t e s  of charmed mesons. 

A new particle Do with a mass of 1.86 GeV has 
recently been discovered.' This particle has 
properties of a charmed meson.'s2 In this note I 
study the properties of charmed mesons using 
the charmed-quark model. In a previous paper3 
the electromagnetic mass differences of baryons, 
the amplitudes for the processes y N -  N* - Nn, 
and the c ross  sections for the processes eN-eN* 
were explained with remarkable success using 
explicit harmonic-oscillator wave functions with 
a radius R2  =2.75 GeVm2 consistently. In an anal- 
ogous way I studied the electromagnetic proper- 
t ies  of mesons4 and found almost the same radi- 
us  R2  = 2.74 GeV" for the qq wave function. 

Following Refs. 3 and 4 I make the following a s -  
sumptions on the charmed mesons: (a) The elec- 
tromagnetic mass differences of charmed mesons 
a r e  caused (i) by the mass difference (an?,) be- 
tween the ZL quark and the d quark, (ii) by the Cou- 
lomb force between the quark and the antiquark, 
and (iii) by the magnetic hyperf ine interaction. 
(b) The gyromagnetic ratios of quarks a r e  1. 
Therefore, the magnetic moment equals charge/ 
2x mass. From the magnetic moments of bary- 
ons we get yq=y,=2.793e/2nz,, hence m a -  336 
MeV for the u quark and for the d quark. (c) From 
the mass spectrum of mesons ( $ , D O , p , n ,  etc.) ,  

I estimate the mass of the charmed quark (m.) 
to be about 1300 MeV. 

Employing the harmonic-oscillator wave func- 
tion for the c q  system, 

$ = ~ e x p ( -  r2/2R,2), R, = n R ,  (1) 

one gets 

Here D and D* denote, respectively, the charmed 
pseudoscalar and vector mesons of isospin $. 

At present we have no experimental data to de- 
termine the value of R directly. In previous pa- 
p e r ~ % ~  from electromagnetic properties of bary- 
ons and mesons I obtained 

Therefore, it seems most reasonable (see see-  


