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ABSTRACT 

We give preliminary results for the production of non-resonant 

continuum muon pairs in collisions of 225 GeV/c TI+, TI and protons with 

carbon, and of 225 GeV/c TI+ and protons with tin. A comparison is made of 

+� the production of massive muon pairs by TI and TI on carbon, an isoscalar 

target. Cross-section ratios and dependence of the cross-sections upon M~~, 

* 
~, PT" and cos 8 are given. Some features of the continuum are compared 

to the pairs observed in the region of the resonances p, W, ~ and J. 
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As part of our study of muon pairs produced by hadrons on nuclear targets, 
~ 

we present preliminary results for non-resonant or continuum dimuons. Addi

tional contributions to this Conferencel,2,3,4 discuss other aspects of the 

3experiment, including a description of the detector and the data analysis. 

The data presented here represent an exposure of Carbon and Tin targets 

+to ~ , ~ and protons. 

Figures 1a and 1b show the mass spectra for all combinations of par

tic1e type and target measured. The spectra are similar in shape, display 

the known resonances and show a statistically useful sample below the J, and 

a smaller mumber of high mass continuum events above the J. 

567Many models • , predict the formation of muon pairs by the annihilation 

of quarks and antiquarks in the target and projectile. For all previous 

experiments, where neutron or proton beams were used, all the antiquarks 

are provided by the sea, leading to rather model-dependent predictions 

for the features of the resulting spectrum. This is the first experiment to 

use ~+ and ~- beams on an isosca1ar target, a particularly attractive experi

mental situation, in that valence antiquarks are present in the beam. 

Annihilations of fractionally charged valence quarks in the target with the 

antiquark in the projectile should then show a charge asymmetry 

1/4, 

independent of details of the model. Unfortunately this large asymmetry is 

diluted by the presence of the isospin-symmetric quark-pairs in the sea. Using 

6recent measurements of structure functions, A1tare11i, Brandt, and Cabibbo , 

7and Farrar have estimated the effect of the sea, finding the charge ratio 

to be close to 1 at low pair masses, and then to decrease slowly to the 
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2/
value 1/4 as M s increases. For example, in the highest mass region for 

which we have adequate statistics, M ~ 2.5 GeV, the ratio is predicted
uu 

to be 'V 0.6. 

In four mass intervals below the J, and two at higher masses, we compare 

+ +the production of dimuons by nand p and by nand n on Carbon. Figures 

2a and 2b show these cross-section ratios and equivalent ratios for the J 

mass region. Of particular interest is the n+/n- ratio, which appears to 

change from approximately unity at low mass to about .25 at the highest 

masses, except for the J-mass region, where it returns, within errors, to 

unity. Within the limited statistics, this behavior is in agreement with 

the predictions of parton models. 

+When n and proton induced pairs are compared, on the other hand (Fig. 2a) 

the J and continuum regions do not show any difference. In both Figures 

2a and 2b the p -w and ~ mass regions are also shown, where a charge ratio o 

of 1 is expected from isospin conservation. 

Other features of the data have been studied in a preliminary manner by 

selecting three mass regions having significant numbers of events, in a region 

2relatively free of resonance signal. The regions are: 1.5-1.9 GeV/c , 

1.9-2.3 Gev/c2, and 2.3-2.7 GeV/c2• 

Figure 3 shows the dependence of the cross-section in these bins on 

+ the variable ~~2PH' for p, n , and n incident on carbon. The basic 

7S 
feature of all these distributions, that the ~-induced events have a slower 

fall-off with increasing xF than those of p-induced events, is very similar 

1to what we have observed in production of the resonances o , w, cp, and J. 

b
The data have been fitted to the form B . dcr/d~ = A (1 - ~) ; the best 

of somewhat limited statistical significance, are summarized in Table 1 a.fits, 
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Figure� 4 illustrates the dependence of the differential cross-

sections daldPT2 upon the transverse mouentum PT of the dimuon. Exponentials 

2both linear and quadratic in PT have been fit to these spectra, the results 

appearing in Table 1 b. The quadratic fits are shown in the figure, although 

either hypothesis gives an adequate fit. The slopes of these distributions 

do not differ significantly from that of J - production. This feature is seen 

in a simple way in Fig. 5, where we have plotted the average transverse momentum 

< PT > as a function of the dimuon mass, for +nand p- induced events. (The 

analysis of the n- sample is not yet completed.) No 'difference is apparent between 

the production of resonant and non-resonant dimuons. Instead, one sees a 

slow, smooth increase of < PT > with increasing dimuon mass. 

In Fig. ,6 are plotted the relative differential cross-sections as a 

function of cose,* where e* is the polar angle in the rest frame of the 

decaying dimuon. While the statistics are limited, a polarization consistent ~ 

with 1 + cos2 e * is suggested, especially in the 1.9 - 2.3 GeV/c2 mass region. 

Finally, as shown in Fig. 7, we have fitted the mass dependence of the 

cross-section, for the portion of the n- - carbon sample with masses from 1.3 

2to 2.7� GeV/c , to the form d a/dM ex: ~rn. We obtain the value n - 5.3 ± 0.5, 

2with X = 2 per degree of freedom, in general agreement with parton models. 

To conclude, we mention again that these are only preliminary results, 

presented at this time to illustrate the basic features of the data. The 

present sample is being analysed more completely, to include the data taken 

with a tin target, and to explore the low-mass region, where our results at 

150 GeV show a substantial non-resonant contribution. 1 To explore further 

some of the interesting features of the higher mass dimuons, we have been 

approved to carry out another experiment with intensities more than an order 
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of magnitude higher than we have been able to obtain so far. 

The authors wish to acknowledge the use of the muon spectrometer developed 

by the Chicago-Harvard-Oxford-Illinois group, which we have modified for 

this work. 
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Table 1. Fits of� Continuum Production Cross-Sections 

p ) + 
;~ + C + ~ ~ + X

( 

Note: All cross-sections are per Carbon Nucleus. 

a) Dependence on� x-: B' do • A(l-x)b nanobarns/nuc1eon
t' d~ 

2
Beam Mass Region A b X /dof 

p 1.5-1.9 260±32 4.9±.3 3.4 

1.9-2.3 51±21 3. 8±. 7 .82 

2.3-2.7 45±11 5.21.6 .86 
+

1T� 1. 5-1. 9 321±92 3.5±.6 1.4 

1.9 2.3 34±18 1. 7±.8 .88 

2.3-2.7 28±29 2.3±1.6 .63 

1T� 1.5-1.9 170±78 2.5±.7 1.5� 

1.9-2.3 52±23 2.41.8 .16� 

2.3 2.7� 29±11 1. 7±. 7 1.7 

Bda� 2b) Dependence on PT: (units of dPr 2 are nanobarns/(GeV/c )/nuc1eus) 

Linear� Quadratic 2 
B'da/dp 2 = Ce-dPT B'd~/dp = Fe-gPT

T� T 

2� 2Beam Mass Region C d X /dof F g X /dof 

1.5-1.9 381±30 2.9±.1 3.9 84±4 1. 2±.05 1.9 

1. 9-2. 3 110±33 3±.3 .75 24±3 1. 3±.1 .55 

2.3-2.7 25±14 2.4±.5 .85 7 .5±1. 2 .98±.12 .75 
+

11" 1.5-1. 9 586±lO6 3.3±.2 .88 110±11 1.4± .1 .3 
1.9-2.3 66±30 2.4±.5 .3 21±6 1.1±.25 .001 

2.3-2.7 89±60 3.5±.8 .44 17±6 1. 7±.4 .5 

11' 1.5-1. 9 269±60 2.7±.2 2.7 67±7 1.1±.1 1.1 

1. 9-2.3 28±12 1. 6±. 4 1.2 13±3 .65±.15 .5 

2.3-2.7 32±18 2.0±.S .5 H±3 .81±.18 .3 



Table I (continued) 

c. Dependence on cose* 

Beam Mass Region 

p 1.5-1. 9 

1.9-2.3 

2.3-2.7 
+ 

'IT 1. 5- •• 9 

1. 9-2. 3 

2.3-2.7 

TT 1.5-1.9 

1. 9-2.3 

2.3-2.7 

(Relative cross 

a

.66±.24 

3. 3±. 9 

-.09±.8 

.11±.35 

1.8±1.4 

1. 5±1. 7 

.63±.54 

1.8±1.6 

1.5±1. 8 

section) dcr/d (case * ) (1 + a- cos28 * )a; 

2X /dof� 

.38� 

.95� 

2.7 

1.5 

.37 

.43 

1.2 

.35 

2.5 

-�
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