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1 will report on two small aspects of deep inelastic particle production ob- 

tained by the following collaboration of SLAC and UC Santa Cruz. SLAC: K. 

Bunnel, M. Duong-van, R. Mozley, A. Cdian, L Schwartz, F. Villa, L. Wang; 

UCSC: D. Cheng, D. Dorfan, S. Flatte , C. Heusch, G. Luxton, H. Meyer, W. 

Nilsson, A. Seiden, T. Schalk, A. Grillo, B. Liberman, L. MOSS, C, de1 Papa, 

The data were obtained from a 14 GeV/c p+ beam on a hydrogen target in the re- 

gion Q2 = D 3 - 4 GeV2 and u = 2-12 GeV, using the SLAC Zm-streamer chamber. 

We have learned from experiments on deep inelastic lepton-hadron scatter- 

ing’ that global aspects like the average charged multiplicity, the ratio of de- 

tected positive to negative hadrons, 

seem to vary with Q’ up to Q2 

the inclusive structure function vW2, etc. ,. 

x 1 except in the regions of small x = Q2/2mv or 
had 

’ =Plab /zJ. 
In this talk, I will concentrate on the semi-inclusive structure function as a 

function of Q2 and s. 

A. STRUCTURE FUNCTION OF DETECTED HADRONS IN pp - phi + X 

The relevant variables used in this analysis 

are shown in Fig. 1 with Lorentz invariants: 
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Physically, vh is the energy loss of the lepton in the rest frame of the detected 

* hadrons, analogous to v , which is the ener,v loss of the lepton in the targetpro- 

ton rest frame. The observed hadron cross section, following Drell and Yan,2 

can be written as 4 
da 47x1~~ E’ = --. 

2 dvdQ dVhdKh Q 
4 E ~0s’ i + 2’95 sin2 

From the quark-parton picture, for a given set of particles in the final states, we 

expect an actual scattering looks like Fig. 2. The two groups of particles (A and 

B) do not interact because of large P 
1 

separation of magnitude Q2* Experimen- 

tally, we have noticed that the charge ratio R = h’, h- in group B (forward in ‘yp 

center-of-mass system) to be a factor of 2-3 larger than R in group A (not as 
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forward). We define a variable z 

which, in leading order, is the fraction 

of the longitudinal momentum of the de- 

El 2 tected hadrons with respect to the scat- 
N 
: tered charged constituent: 

Fig. 2 had 
Kh z=-y MPlabe 

v 

It can be shown that z is also the ratio of the momentum of the detected had- 

ron to that of the struck quark-parton in the Breit frame. The s true ture function 
in a semi-inclusive process can be written as: 

lim 2 Bj M “95 = FI(u,z,p;) 

‘if M v29ti2 = F2(~,z,p;). 

Also, the scaling behavior of F’s is equivalent to the scaling behavior of 

1 Ed3a -- 
uT d3p * 

We define here the structure function: 

F~(o’z,P~~) = z d”(, 
a,(u) dz %z,P;). 

The scaling behavior at large z for two 

different values of s (Fig. 3) is expected 

from the quark-parton model. 
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model was seen when we compared the ;; 
structure function of pp - gh*X with N 6 0.4 - 0 

+- --) h*X. 
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momentum z in the fragmentation of a 

quark whose type is determined by the Fig. 3 
value of x. At x x 1, the quark in- 
volved is mainly up-quark, etc. One can write down explicitly the contributions 
of each quark (X = 2p/& ): 



where $(Dt) is the probability of finding an up-quark @adr+on) of fractional rno? 

mentum .x(z) in a proton (up-quark). From symmetry, Dt = ,:-and Dh- = Di , 
U 

Eq. (1) reduces to 

1 h* do 
+ 

-- = 
uT@) dz 

D”, (z) + D”, (z) 

In the case of colliding beams, one has (neglecting contributions from an s-quark) 

f 
1 dab -- = 
a;r dx 

- - +D; u E 9 d +D; +D; - $ Dh+ + Dh- + 1. Dh+ 1 II + + & d 1 
+ 

Noting Dz 
- - 

=D; , D; =D; 
f 

, etc., Eq. (3) reduces to: 

1 doh 
f 

-- 
OT dx 

(2) 

(3) 

(4) 

Since most colliding beam data are plotted as s T, one can calculate this quan- 
h+ tity from (4) by-taking the value of DU + Dh,- measured from ,np - ph*X data, and 

multiplying by 2s~~. Since Fig. 3 is for h’, we multiply the calculated value by 

lOOtI i I i / 1” 1= 
t j I 
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Fig. 4 

culated value of s da dx and the experi- 

mental data from e+e- data at s = 9.0 

GeV2. Although the area under the 

curves is equal in normalization, the 

shape is different. Dr. Gail Hanson in 

the previous talk and Dr. R. Schwitters in 

in the rapporteur talk discussed the new 

variable x ,, and plotted the quantity 
dcr s -, where x 
9 II- is x projected in the di- 

rection of the jet axis. In the semi- 

inclusive scattering, there is no confusion 

between different axes since the direction 
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of the virtual photon is the direction of 

the jet axis itself (in the low Q2 M P2 I 

approximation), Figure 5 shows the 

predicted s doidx ,, and the ese- data re- 

plotted along the jet axis. The agree- 

ment is impressive. One notices that in 

both curves a structure at z =x,, > 0 55. 

The contribution due to p in this region 

at this energy is negligible in both e+e- 

data and our data (as pointed out by A. 

Seiden). If the structure is not a s tatisti- 

cal fluctuation, the data may reveal the 

underlying production mechanism com- 

mon to both processes. 

I wish to interpret the data in the 

following way : our energies are far 

from being asymptotic. Most of the pro- 
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duced hadrons come from group A of Fig. 5 

Fig. 2, and the distribution would follow 

a hydrodynamic or thermodynamic characteris tic, e -ax (experimentally, a = 5.8). 

Only a small portion of the hadrons come from group B, which makes up the 

bump in the structure function. This is the reason why the charge ratio is roughly 

2-3 instead of a very large value, an asymptotic value if all the hadrons come 

from the up-quarks. Comparisons between pp and e+e- structure functions at 

very high energies would be interesting. I would guess the bumps will be more 

prominent at these energies., 
+ 

B. THE CHARGE RATIO R = h 
h- 

As seen from the structure functions, the quark-parton description seems to 

be reasonable for both e+e- and up processes, only in the high x,z regions. One 

consequence of this description is that the particle ratio should be predicted using 

the measured quark distribution functions. These distribution functions have been 

used to calculate the Drell-Yan 
3 contribution to dileptons in hadronic processes, 

and the agreement with data is rather impressive. 
4’, 5 Using the same distribu- 

tions, one can calculate R for proton and neutron targets as follows, Call up(x) 

the probability of finding an up-quark of fractional momentum x in a proton, and 

u +(z) the probability of fragmenting a 7r+ of fractional momentum z from a 
x 
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u-quark, etc., neglecting the contribution due to strange quarks, the ratio of 
x+ - in a proton target is: 
r- 

- Using the functions derived by T. Goldman, u 
P’ “P’ ~~$2 $p u -3 6 -, pub- 

lished in Ref. 4, we calculate the ratio Rp for an averaged ‘value’of <z> = 0 65, an 

average between z = 0 3 and z = 1.0. 

For the neutron target, up(u) is replaced by u,(w), etc. , and we calculate Rn. 

Figure 6 shows the predicted Rp and Rn and measured data for both proton and 
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neutron target. Again, the quark- 

parton picture seems to be an adequate 

description of the observed physics in 

deep inelastic scattering in the large z 

region. 

It will be of interest to extract this 

charge ratio from e+e- data: If one 

would trigger on events with a 7r- carry- 

ing a very large x in one jet, one would 

expect the charge ratio R = 7r’/7r- of the 

opposite jet should be roughly 2 to 3 in 

the large x region, similar to our data. 

Conversely, if the trigger is a 7rc, then 

the charge ratio in the opposite jet is 

l/2 to l/3, as suggested by A. Seiden. 

If confirmed, this will be another con- 

firmation of the fragmentation model. 

I would like to thank Kirk Bunnel and Abe Seiden for helpful discussions. 
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