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Abstract 

New results for parton transverse momentum obtained from two-jet 

high PT hadron events are presented. These results, and results 

for quark structure functions in the pion, are compared with results 

from dimuon production experiments. The results for the two types 

of experiments are very similar. This indicates that jet pairs 

give direct information on parton-parton scattering. 
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1. Introduction The search for high PT hadron jets and the study 

of their properties has been motivated by the hope that jet pair 

events might provide the possibility of studying parton-parton 

scattering. l No other method of studying parton-parton scattering 

is known. In this Letter we report the first detailed results on 

parton transverse momentum, to be obtained in a hadron jet-pairkT, 

experiment. These results and results on quark structure functions 

are compared with results from dimuon production. The close simu

larity of these results supports the conclusion that jet pair events 

give direct information on parton-parton scattering. 

2. Jets Studied With Calorimeters Recent calorimeter experiments 

have provided the first direct observation of jet events from hadron 

collisions. 2,3,4 Detailed study of these events shows that with a 

calorimeter trigger of solid angle > 1 sr well-defined, well-contained 

jets are found. S,6 Because of the rapidly falling PT spectrum, a 

calorimeter trigger preferentially selects narrow jets through the 

operation of a trigger bias effect pointed out by Dris. 7 The result 

is that for those jets which are detected there is little missing 

momentum and energy in undetected fragments, typically only a few 

tenths of a GeV. 

Thus one can expect that in spite of residual uncertainties the 

momentum of a jet with such a calorimeter trigger may correspond 

closely to the momentum of a scattered parton. In the present report 

we examine further results and evidence bearing on the closeness of 

this correspondence. 
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3. Di-jet Transverse Momentum PT and Parton Transverse Momentum kr 
The apparatus consisted of a double arm calorimeter array, which 

has been described elsewhere. 4 Data for this analysis were taken 

with a "double arm" jet trigger, which required the sum of the PT 

magnitudes in all the calorimeter segments of the two arms to exceed 

an adjustable threshold. Both pp and TIp collisions at beam momenta 

of 130 and 200 GeV/c were studied. For all of the results reported 

here, the calorimeter arms were centered near 90 0 eM. The jet vector 

was determined by adding vectorially the momentum deposited in each 

calorimeter module. A fiducial angle cut of ±100 about the center 

of each arm in both SCM and ~ was applied to the two jet vectors. 

In essentially all the events, we have observed an approximate 

PT balance in the two arms. This balance is a very prominent feature 

of the data, and in fact occurs with no software cuts of any kind. 

Such a balance, of course, is expected from a hard scattering model 

in which the jets are the result of the hard elastic scattering of 

two partons. We have previously reported an important difference in 

jet-pair angular correlations for TIp collisions compared to pp colli

sions which gives evidence that this PT balance corresponds closely 

. h· 4to a hard scatter1ng mec an1sm. 
..j>

In a parton scattering model, the unbalance of PT for the two 

jets gives information on parton transverse momentum ~T' We use 

PTL and PTR to identify the momentum vectors of the "left" and 

"right" jets. The di-jet transverse momentum is then 

(1) 
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If +PT were produced solely by the 7KT'S of the scattering partons, 

so that P = (1T) 1 + (1T) z , one readily finds that the rms value ofT 

one component of 
+
PT (say PTX) would correspond to the rms value of 

kT for a single parton. S Abbreviating the unbalance with the symbol 

U, we write: 

(k ) = U with (Z)T rms 
(3)U~ (PTX) rms 

In actual application, we must distinguish between U for the raw 

data and U corrected for contributions other than kT effects. 

Figure la is a scatterplot of /PTLI vs IPTR1 for a sample of 

the data. In addition to the fiducial angle cut, a software threshold 

cut at 6.0 GeV/c on the sum IPTL[ + [PTR[ has been applied. The ., 
relatively sharp clustering of the events near PT balance is apparent. 

With the fiducial angle cut used, PTX is nearly equal to the difference 

in the magnitudes, [PTLI - [PTR/. In a parton scattering model, 

the distribution of PTX due to kT effects at fixed parton x values 

(x is the parton fractional momentum) and fixed parton-parton momentum 

transfer is given approximately by the distribution of events in a 

cross-diagonal band at fixed average PT' PT(ave) = (IPTL1 + IPTRI)/z. 

This distribution is shown in Figure lb for a sample band of Figure lao 

The value of U (Equation 3) is obtained from the plot of Figure lbj 

U is calculated as the standard deviation of the x-component of 
+ +
PTL - PTR· U for the data at 130 and ZOO GeV for pp collisions is 

plotted in Figure Za. Also shown in Figure 2a is the instrumental 

contribution which would occur in U even if kT were zero. This instru~ 

mental contribution is due to missing jet fragments and finite 
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calorimeter resolution and has been calculated using a Monte Carlo 

jet model which closely simulates many experimental features of 

the data. S,6 A resolution-corrected value, Ur c' is obtained by 

subtracting the Monte Carlo contribution in quadrature from Ddat a. 

D is plotted in Figure 2b for 130 and 200 GeV pp collisions. r c 

4. Comparison of D for ~P and pp Collisions As we discuss below, 

the magnitude of U = PTX(rms) and the resulting magnitude of 

<PT> ~< IpTI> are quite similar for di-jet and di-muon production. 

The basic processes involved in these two types of experimept have 

certain differences. One of these appears to be responsible for 

an important difference in results for <PT>' Namely, for di-muons 

the <PT> values for proton-induced events and pion-induced events 

are different,9,lO but for di-jets they are not different, as shown 

in Figure 2c. This difference between di-jet and di-muon results 

is readily understandable if in the di-jet process similar consti

tuents are colliding in ~P and pp cases 12 while for di-muon produc

tion different species of collisions dominate for pion-induced and 

9proton-induced events. 

5. Comparison of <Pr> for Di-jets and Di-muons The <PT> magnitudes 

obtained from Figure 2b show a slight indication of increase with s. 

(There is also a slight indication of increase with PT(ave)). The 

increase with s is qualitatively similar to the results obtained 

for di-muons produced at Fermilab. 9 Before comparing the <PT> 

values from the two types of experiment, however, several differences 
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must be noted. 6,13 1) The di-jet data were obtained with a hydrogen 

target, the di-muon data with non-hydrogen targets. 2) Different 

Feynman diagrams enter in the two processes, and different types 

of parton species may play major roles. 3) Strong-interaction 

effects could be present for di-jet production in the quark frag

mentation process; no such effects are present in di-muon production. 

4) For the di-jet process there are several types of correction 

which must be applied to PTX(rms) before kT values can be extracted. 

The instrumental resolution effect discussed above appears to be 

dominant, but there are several additional corrections which appear 

I , 'bl 13to be sma11 but perhaps not neg 191 e. 

We plot in Figure 3 the correc~ed <PT> values for the di-jet 

experiment along with the di-muon <PT> results obtained by Anderson 

et al. l O For the di-jet case, the U values shown in Figure 2c rc 
have been multiplied by (rr/2)1/2 (see Footnotes 11 and 14). The 

abscissa used is MlJlJ for di-muons or IPTL[ + IPTRI for di-jets. 

(The actual effective mass for the di-jet events is experimentally 

about 20% larger than [PTLI + IPTRI.) 

Figure 3 shows that the di-jet and di-muon experiments give 

very similar results for <Pr>' in spite of the differences in the 

two processes noted above. 
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6. Comparison of Pion Structure Function Results The close 

similarity of transverse momentum results for di-jet and di-muon 

processes is one indicator that the jet momentum vectors correspond 

closely to the momentum vectors of scattered partons. There is 

a second comparison which can be carried out to test this inter

pretation further. That is the comparison between pion structure 

function results obtained from di-jet and di-muon experiments. 

Results� for the effective quark-plus-antiquark structure func

f e f f tion of the pion, (x), have been reported from the di-jet
1T 

experiment,12 and similar information has been reported from a 
,

di-muon experiment. l s Both experiments report some systematic uncer

tainty of the order of 20% in the quantitative results. 

In Figure 4 we plot the results from the two experiments with 

an adjustment of 25% in absolute scale. With this adjustment, the 

results are found to agree very closely with ~ach other. 

The agreement for the two experiments not only as to the shape 

of f e f f (x) but also� as to its magnitude (within experimental
1T 

uncertainties) offers substantial support for the conclusion that 

in both experiments the data give information on the quark structure 

function of the pion. (Reference 15 also includes additional results 

for x > .6.) 
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7. Conclusions We have analyzed the transverse momentum distri

bution of jet pairs from hadron collisions to obtain information on 

the transverse momentum of the scattering partons. The rms transverse 

momentum value obtained is quite similar to that found in di-muon 

production experiments. We have also compared the pion quark-plus

antiquark structure function information obtained from the jet pair 

experiment with that obtained from a di-muon experiment and in this 

case also find close agreement. These agreements are especially 

striking when one considers the totally different experimental tech

niques used. In spite of some difficulties and ambiguities in the 

interpretation of the di-muon data, a strong case has developed for 

the interpretation of the data in terms of qq annihilation, the 

original Drell-Yan process, as modified by QCD effects. 9,16,17 If 

we take this Drell-Yan interpretation as being better established 

than the interpretation of jet events, the close similarity of the 

results implies that the measurement and analysis of di-jet events 

with large solid angle calorimeters gives direct information on 

parton-parton scattering. The study of hadron jets in hadron colli

sions, and particularily jet pairs, thus appears to provide a practical 

and unique means for the study of the strong interaction in parton

parton scattering. 

This work was supported in part by the U.S. Department of Energy. 
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Figure Captions 

Plot of PT in the left arm (PTL) vs PT in the right 

arm for 200 GeV PP collisions. See text for cuts.(PTR) 
PT unbalance distribution for data from (a) in the 

band PTL + PTR = 6.0 to 6.5 GeV/c. 

The rms unbalance U (Equation 3). PT is defined as 

(PTL + PTR)/2. 

The points show Uda t a; the curve shows the instrumental 

contribution to U, from a Monte Carlo calculation. 

U corrected for the instrumental effect. 

Comparison of PP and ~P results. 

<PT> for di-jet and di-muon events. See text for 

calcula tion of < PT> for the di - jets. 

Comparison of quark-plus-antiquark structure function 

results. The di-muon results for the u, from Reference 

15, were multiplied by two to include both valance 

quarks. The results were then decreased by 25% for 

this plot. 
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