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ABSTHACT 
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nnl nnd tr~n::;ver::;e properties of hadron jets are described. 
An nn:.llysi::; is made to see whether the ho.drons carry with them 
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I will report on certain features of VP charged-c~rrent 

interactions from about 700 events found in an exposure of 

70,000 pictures in the Fermilab 15-foot hydrogen chamber exposed 

to a wide-band horn-focused neutrino beam. Several results from 

this same set of data have already been presented(l) and pUb­

lished(2-6) elsewhere. We must begin by expressing our apprecia­

tion to the large number of colleagues listed on page 1 who are 

responsible for the collection and analyses of these data. 

(They cannot be held responsible for what I will say about it 

however.) 

We use the so-called BCM method(7,8) to extract the deep-

inelastic parameters Ev' Q2, and invariant mass W in the reaction 

vp ~ ~- + W. The neutrino direction is accurately known as the 

~- momentum measured for each event. The unseen neutral particles, 

if there are any, we assign a momentum whose component in the u-~  

plane is assumed to lie in the same direction as that of the visI­

ble hadrons. One then balances transverse momentum in and per­

pendicular to the plane and thereby obtains the deep-inelastic 

parameters. The BCM assumption seems entirely justified since, 

as we'll see, the indivIdual hadrons have typically small trans­

verse momentum compared to their longitudinal momentum along the 

overall hadron direction. 

A picture of reconstruction 1s shown below. 
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averaGe of about 0.5 protons per event, or 104 protons, in these 

The angle ~  will be used to select an enriched sample of 

charged current events which is about 85% pure(l). For our 

present analysis we will define the ~- as the highest p~  non­

interacting negative. The additional information provided by 

the External Muon Identifier has only recently been incorpor­

ated and will not be uJed in the present analysis. 

The distribution in angle ~  is shown in Figure 1. 

The uniquely large transverse momentum of toe u- reflects it­

sel' in the sharply peaked ~  distribution. We will hence­

forth consider only the 585 events 1n the charged-current 

sample which we define by ~ > 90°. If we take the events in 

this sample and, neglecting the u-, plot the ~'  opposite the 

next highestP~  hadr~n,  we get the dotted curve. This pre­

sumably shows the shape of the misinterpreted ~  that neutral 

current events \\lll give and gives a picture of the background 

from this source. (Neutral current events are about 1/4 of 

the total events).� 

We turn now to the properties of the individual had­

rons produced in the inclusive reaction 

v p ~ u- + h± + X 

Figure 2 shows hoW th~ h± from a sample of high mass events 

distribute themselves, their charge, and their average P vs. 
~  

their rapidity in the overall hadronic c.m. Note that 208 out 
2 2•of 585 events survive the cut S = W > 25 GeV The open 

circles have the same size error bars as the solid circles 

above them. and the area under the open circles represents 

the net charge (+2) of the hadronlc system. We expect an 

high-s events whereas we see only 33. The rest we assurr.e es­

caped identification because they went out of the bubble chamber 

and were too fast to be identified by ionization. These part­

icles were thus misidentified as ~+,  which means they have been 

assigned a rapidity which is - 1.0 units too large on the aver­

age. The identified protons are shown separately'so that the 

reader can use their position to approximately correct for the 

misidentified ones. An interesting feature of Figure 2b is the 

dotted curve, which comes ~rom 102 GeV/c pp data(9}. There 

appears to be a remarkable similarity between the kinematic pro­

perties of the hadrons produced in these completely different 

reactions if one takes in both cases the rapidity axis along the 

direction of the total hadronic momentum in the target rest frame. 

Figure 3a shows the particle and charge distribution 

vs. the variable Z. We define Z as the fraction of total 
II II 

longitudinal momentum in the ~  u plane carried by the indivi­

dual charged hadrons. For Z >0.2 this corresponds to the 
II 

hadronic scaling parameter X of Feynman. We see no evidence 

here of a leading charge effect which might arise in the colli­

sion of the virtual w+ (intermediate boson) with the proton. 

The selection Q2 > 8 GeV2 was made in order to separate the 

effects of the fragmenting target proton into the small Z region. 

Plotting < P > vs. Z (Figure 3b) we see the fall-off near Z = 0, 
~ II I 

which is similar to that in Figure 2b, and is no doubt due to 

the proximity of the kinematic boundary. There appears to be 

no evidence for any abnormal behavior in the large Z "current 

fragmentation ll region. (See also Figure lIb concerning this point). 
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It seems apparent from Fi~ures 2 and 3 that we are 

dea H ng with high mass states of hadronic matter given a sud­

den impulse by the weak intera.ction. The asymptotic particles 

produced have transverse momenta Ilhich are generally small 

compared to thei~  longitudinal momenta along their total dir­

ection in the tar~et  rest fram~.  We can define these states 

as single "jets" whose charse, baryon number, 4-momentum, etc., 

are known and see if similar states are produced in electro­

production, e+e- annihilation and high PT hadron-hadron colli­

sions. 

The way in which the particles in the jet share the 

longitudinal lab momentum is shown in Figure 4. 

that the highest P particle takes(50 ± 20)~of 

» 
next hiehest(25 ± 10)%,etc. (The peak at z± 

U 
= 

plUS 2nd" curve is due to events with only two 

It appears 

the total, the 

1 in the "Ls t 

visible hadrons). 

These data may be of interest to people designing and doing 

experiments with jets produced in other types of reactions. , 
We turn now to a SUbject which could be dubbed "virtual 

quark hunting". According to standard ideas the virtual inter­

mediate boson W+ of the weak AS = 0 interaction changes a down­

quark in the proton into an up-quark, i.e. W+ + d ~ u. The 

quarks don't actually materialize, but recombine in such a way 

so as to produce the particles we see. This process is s~own  

schematically in Figure 5 where we show the various momentum 

vectors in the Breit frame in which the u and d quarks have 

equal but opposite momentum•. (This is also the frame in which 

the virtual ~+,  whose 4-momentum squared is ,,2, has zerO energy)" 

) ) 
The questions is: Do the particles we see carry with 

them any of the quantum numbers of the elemental quarks? Are the 

characteristics of the current fragments, such as the height of 

the rapidity plateau or the average PT, any different than those 

of the target frar,ments? The theoretical aspects of such ques­

tions have been discussed in the literature. (10) The shape of 

the rapidity distribution might be expected to lOOK like the 

limousine shown in Figure 6. If the rapidi ty in tervals .tn 

(S/Q2) and ~n (Q2~12)  (M is the target mass) are large enough, 

and the hadrons retain the charge or isospin of their parent 

quarks, then we would expect the +2 units of charge in each 

event to accumulate, on the average, in the three areas shown. 

There seems to be unanimity in the literature that the charge 

. of the \>1+ should be. split evenly bet~/een  the "Hole" and "Quark" 

regions rather than 1/3 and 2/3 as expected from the elementary 

quark charges. This is a refinement which cannot be illuminated 

by our present data. In any case we expect the 1/2, 1/2 split 
2!Q2 -1when S/Q2 = l/x + M ~  l!x becomes large, since at x = 0 

there should be equal amounts of the two reactions W+ + d ~ u 

and W+ + u ~ d. 

Since the events cover a wide range of the variables 

Sand Q2 we will plot the data in such a way that we line up 

only one of these areas of charge accumulation at a ti~e. Fig­

ure 7 gives the distribution of particles and net charge < q.> 

vs. laboratory rapidity. We have made the selection S!Q2 > 8 

in order to keepth~  Hole region more than two rapidity units 

away. 1he accumulations in the Hole and Quark regions will be 

s~eareq  out On tnis plot but the ~b  (proton) region should 
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show an accumulation of +1 unit of charge below YLab < 1.0. 

That is, half of the area under the open circles should be 

in ,"" po,k wi th '< 1. 0, tli th a long tail extending out toYLab 
large Y values containing the other half. The data are in 

reason~ble  agreement with this expectation provided we take 

account of the unidentified protons. Assumine an averace of .� 
•5 protons per event we expect about 214/2 - 59 = 48 misiden­

tified protons lying about 6Y ~ 1 unit to the right of the 

identified ones. Transferring the~e  back by 6Y = -1 unit 

mak~the  resulting < q > distributions look as expected. This 

can be seen more qualitatively in Figure 8a where corrections 

to each yotnt ha.ve been made based on the above assumptions 

about miGcill~  protons. For S/Q2 > 8, we see reasonable agree­

ment with the expectation < q > = 1.0. 

We next move to plotting the tracks, charge, and <PT> 

vs. the rapidity in the Hole frame (Figure 9), where ~!ole = 

- tn (S/Q2). We have made the ;uts Q2 > 4 GeV2 andYLab 
, 2

,S!Q > 4 in order to remove the effects of the ~ab  and Quark 

regions. Unfortunately the data become very sparse if 

we make both Q2 > 8 GeV2 and S/Q2 > 8. This can be seen in 

Figure 8b where we've required Q2 > 8 GeV2 and plotted the net 

charge in the Hole region vs. S/Q2, and in Figure lOa where 

we've required S/Q2 > 8 and plot vs. Q2. In each case the 

dotted curves represent our simplest expectations of what the 

data should look like if the particles we see reflect the 

charge of their quark parentage. 

Continuing on to the Quark frame, we plot in Figure 11 

these same quantities VB. YQuar~=  YLab- .en (51M2). It is of 

) ) 
interest to note in Figure lIb that < PT > in the current frag­

mentation region (YQuark > -1.0) behaves much as it does in the 

target fragmentation region (Figure 7b) for Y < 1.0. Appar­
Lab�

ently a fragmenting W+ behaves much like -a fragnenting ~roton 
 

in terms of rapidity, charge, and < P distributions.T > 

In Figure lOb we plot, for S/Q2 > 8, the average charge 

to the right of YQuark= -1.0 vs. Q2. The data are in reasonable 

agreement with our simplest expectations, at least neglecting 

the somewhat contrary downward-trend of -the three points with 

Q2 > 8 GeV2• 

It is expected that more definitive answers to these 

questions can be obtained with the ten-fold increase in data 

which will eventually come in this experiment. Maybe then 

we'll be able to trade in our present "limousine" (Figure 12) 

for one of those deluxe models shown in Figure 6. 

I am indebted to R. Cahn for an illuminating discussion 

about limousines, etc. I want to express my appreciation to 

A. Ferrando and the organizers of the conference for an inter­

esting-and enJoyable meeting. 
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Figure 1. The ~ and ~' distributions (see text) for all

I events with rpx > 5 GeV/c. Thi char'ged-currenb 
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Figure ,. 

Figure 4. 

Figure 5.� 

Figure 6.� 

Figure 7. 

Figure 8. 

Figure 9.� 

Figure 10.� 

FiGure 11.� 

Figure 12.� 

Distribution of (al charged tracks (solid circles) 
and net charge (open circles), and (b) < Pr > vs. 
rapidity in the c.m. frame of the recoi1in~  hadrons. 
The dotted curve in (b) comes from 102 GeVlc pp 
collisions. The neutrino data has the selection S 

(invariant hadronic mass-squared) > 25 Gey2. 

Distribution of (a) charged tracks and net charge, 
ar.d (ll) < Pr > vs , Zll in the lab. Zu is the lcngi­
tudinal momentum of a hadrcn divided by the total 
hadronic momentum. 

Distribution of Z* for the charged hadron with tne 
IJ

lareest longitudinal momentum, 2nd largest, and 
their� sum. In Z* the denominator is the sum of 

u
the 10ne;ltudinal ( l' -u plane) charged hadron mec:en­
tum componen t s , 

Momentum components of various real and virtual 
particles in the Breit frame. (See text). 

The shape of the rapidity distritution as envisioned 
by various people riding therein. (See references 

10). 

Distribution of (a) charged tracks and net charge, 
and (b) < PT > vs. rapidity in the laboratory frame. 
The dotted curves arc simply to guide the eye. and 
must be corrected for misidentified protons. (See 
text) . 

(a). Average charge per event which lies within 
YLab< 1.0. The solid circles are the raw data 
and the open circles after correcting for mis­
identified protons (see text). The dotted curves 
in this and Figure 10 represent the s1mplest 

expectations of the quark model. (b) Similar to 
(a) but in the Hole frame. 

Distribution of (a) charged tracks and net charge. 
and (b) < PT > vs. rapidity in the Hole frame. 

Captions are self explanatory. Dotted curves and 
open circles are explained in Figure 8. 

Distribution of (a) charged traCKS and net charge. 
and (b) < PT > vs. rapidity in the QuarK frame. 

What Figure 6 looks like to an experilllentaUst. 
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