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ABSCT 

We present a study of the 3g system in pp - pp 	at 6.6 GeV/c 

Both fl(549) and w(783( ) production are observed. The t1itz plot is 

displayed for the ppw events, in addition to several other experimental 

distributjons. There is no evidence for J) resonances. The pn events 

have been assigned separately to the six possible multiperipheral dia-

grams on the basis of criteria in the four-mothentum transfers and c.m. 

longitudinal momenta, respectively. In addition we discuss the means 

of achieving an effective diagram separation. 

I. INTRODUCTION 

We: have analyzed 6098 events of the type 

P+p-4 	
+ 

p+p+r +t- 	0 +Jt 	 (1) 

at a laboratory momentum of 6.6 GeV/c. The data were obtained in the 

Lawrence Radiation Laboratory's 72-inch liquid-hydrogen bubble chamber. 

The experimental details can be found elsewhere." 2  The cross section 

for reaction (i) is found to be 2 .15±0.13 nib at 6.6 GeV/c. Reaction (i) 

is dominated by (1238) production 3  and, to a lesser extent, by vector-

meson production. Vector-meson production has been reported in proton-

proton collisions for beam momenta between 4 and 10 GeV/c. 

• 	 :•.•• 	 • 
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In this work we present a study of w(78 ) production. Since little 

data on cn production in proton-proton interactions has been reported in 

the intermediate-energy range, we present the data with the hope that 

they will supply some understanding of the production mechanisms respon-

sible for the pxo intermediate state. 

In Section II we discuss the 3i1 system and the vector-meson produc-

tion in reaction (1). In Section III we present our conclusions. 

II. DISCUSSION 

The spectrum of 3it effective mass for the 6098 examples of 

reaction (1) is displayed in Fig. 1. Both r](519) and m(783) meson 

production are observed. We have performed a fit of, the 

spectrum to Gaussians for the fl and w resonances, plus a slowly varying 

background, in order to determine the respective cross sections. The 

cross sections for ppq and ppm are presented in Table I along with those 

values determined from other experiments. -10 The tabulated results 

refer only to the ppit + it - 0 7t final state. Above 5 GeV/c the ppr and 

ppw cross sections appear relatively constant if the different methods 

of determination are considered. 

The 31r mass spectra for events occurring in the three denoted 

regions of c c.m. longitudinal momenta are given in Figs. 2(a-c). 

Figures 2(a-c) indicate that the w signal/noise ratio increases with 

the magnitude of the 371 c.m. longitudinal momenta. Another enhancement 

is present in Fig. 2(b) in the region of 1000 MeV. We estimate by eye 

that no more than 100 events or 35 jib is represented in this enhance- 

- 
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ment. However, the maximum cross section to be expected for 0(1019) 

production in this final state 11  is no more than 3 or 4 fib so the major 

part of this effect must be due to other causes. 12  

The high background present under all of the peaks occurring in 

Figs 1 and 2 precludes any further analysis of the smaller effects, so 

we restrict ourselves henceforth to a study of w production in the 

reaction. 

p+p-'p+p+w 	 (2) 

+ 	- 	0 

We define theu) events to be those 671 events with 

0.6 <M(tt° ) < 0.82 GeV. The non-w background in this mass slice is 

roughly ko% and does contain ++ pt- 0 
ir events. 13  The pn Dalitz plot is 

presented in Fig. 3. The Dalitz plot is not uniformly populated: the 

points tend to cluster along the boundaries of low M?(rxl). The projéc-

tion of pi mass is given in Fig. 4• Two combinations are plotted for 

each event. There does not appear to be any significant evidence for 

resonances in the pw system. The single particle four-momentum transfer 

distributions for the pxu events are given in Fig. 5. Figure 5(a) is 

the distribution of the lower of the two possible values of t (we define 

t to be positive in the physical region) from the beam or target proton 

to an outgoing proton. Two combinations are plotted for each event. 

This distribution peaks at low values of t. Figure 5(b) is the distri-

bution of, t from ,the beam proton to the w. Although Fig. 5(b) does peak 

at low values of t it is not exemplary of a very peripheral t distribu- 

tion. 



The peripheral nature of the pxi data at 6.6 GeV/c and the apparent 

absence of resonances in the 	system, in addition to the character of 

the pn Dalitz plot, 	.. 	suggest that w production is proceeding 

via some tnultiperipheral process [see Fig. 6(a)]. We would expeèt the 

dominant process to involve production of. peripheral protons at each 

outer vertex.of Fig. 6(a). Figure 7 displays a t VS t2  scatter plot 

where t1  Is the lower, of the two possible momentum transfers from the 

beam or target proton to the ith outgoing proton. The multiperipheral 

nature of some of the pxi events is clearly seen in Fig. 7 in the region 

of simultaneously small values of t 1  and t2 . 	' 

The six multiperipheral processes that can occur for pp -+ pxn are 

shown in Fig. 6(b): they are denoted by Roman numerals I to.VI inclu-

sive. Diagrams I and V are restricted to meson exchange, while the 

processes II, III, IV, and VI require both baryon and meson exchange. 

One difficulty with a multiperipheral analysis is the assignmnt of 

physical events to the correct diagram. The two current methods of 

diagram separation are the jt a  + tb minimum and the L3 > 	> L5 

criteria, 15  where ta  = - 	- p3 ) and tb = - (p2  - p5 ) 2  in the language 

of Fig. 6(a). The c.m. longitudinal momentum of the Ith particle is 

denoted. by PLi 
 The results of the two methods of diagram separation 

as applied to the 671 ppw events are given in Table II for diagrams 1 

through VI. The two different separation procedures yield results 

consistent with each other. The two diagrams representing only meson 

exchange (i,v) apparently account for 50-60% of the data.16 
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The interference between to amplitudes generlIy diminishes as one 

amplitude becomes weaker in comparison with the other. In Tables III [(A) 

and (B)] we attempt to indicate the magnitude of the interferences be-

tween different amplitudes (i.e., diagrams) as a function of the momentum 

transfers at the external vertices of Fig. 6(a) (ta  and tb). Specifically, 

the events in Tables III[(A) and (B)] were assigned to the six processes 

by the It 	t..J minimum and> L
>  L5 criteria, respectively. In 

addition, the numbers within the parentheses represent those events that 

had simultaneous momentum transfers ta and  tb corresponding to the 

accompanying processes (also in parenthesis), less than the maximum 

denoted value. For example, in Table 111(A), of the 93 events assigned 

to diagram I with ta  and  tb both less than 0.5 GeV2 , seven events simul-

taneously had other tith combinations corresponding to diagrams II and 

III, both less than 0.5 GeV2 . The overlapping events can be interpreted 

as an indication of possible interferences between processes I, II, and 

III to the tune of roughly 10% when t < 0.5 GeV2 . As we take events 

with higher and higher t values the interference or overlap beccmes 

larger. From Tables III it appears that with enough events one could 

proceed with a noninterference analysis of po production by simultan-

eously requiring ta  and tb to be lss than 0.5 GeV2 . 

a 

III. CONCLUSIONS 

At 6.6 GeV/c the cross section for w meson production in the 

reaction pp -' pp 	is 180 ± 23 pb. The w production systematically 

accounts for 6-10% of the cross section of the pp3it reaction from 
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-l0 GeV/c. In the 	mass spectrum them signal/noise ratio 

increases with the magnitude of the r c.m. longitudinal momentum. 

We have studied the reaction pp - ppm by just considering the 671 

events in the 3r mass region of 0.76 - 0.82 GeV. The non-u) background 

in this mass slice is roughly 10% and does contain L++:p:1t 7 O  events. 

The pm mass spectrum is peaked at low values and shows no evidence for 

pm resonances. 

The momentum transfer distributions of both protons and m's are 

peaked at low values. In addition, many of the events are multiperi-

pheral. As a first approximation at separation the 671 ppm events 

were assigned to the six possible multiperipheral diagrams on the 

basis of the Ita  + tbj minimum and P >L4 > P15  criteria. The two 
diagrams requiring only meson exchange in both legs account for 70-60% 

of the ppm events. However, an effective separation of diagrams with 

overlaps less than 10% of the time requires the momentum transfers in 

each leg to be simultaneously less than 0.5 GeV2 . 
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Table I. Experimental cross sections for resonance production in 

.Ppp1tt3t (inb). 

Beam Momentum (GeV/c) 

Process 	 95 5.526 	67 	68 	6.6 	6.929 	1010 

pp-'ppi 	4o±20 28±9 20±10 70±50 28±5 29±9 4o±10 36±15 

80±30 152±18 110±20 180±50 1O4±12 180±23 1 11-O±4O 145±30 

Table II. Number of events assigned to each diagram illustrated in 

Fig. 6(b) for the 61 pp -* pu events at6.6GeV/c.. 

Diagram 

Separation method 	I 	II 	III 	IV 	V 	VI 
[see Fig. 6(a)] 

It+tbjminimum 	200 	77 	88 	89 	151 	66 

L3>LL5 	
221 	68 	79 	65 	182 	56 
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Table III. Number of events assigned to each diagram [illustrated in 

Fig. 6(b)] with ta ! tb  both les than the maximum value 

lIsted in column 1. 	The nuinbers in parenthesis represent 

those events that 'also have ta 	tb combinations, correspond- 

ing to the processes (also in parenthesis), both less than 

the same maximum value. 

Diagram separation by It+tbl minimum criteria. 

Diagram ' 

Maximum I 	 II III 	Iv V vi 
t,t 	value ab 
(GeV2 ) 

0.3 33(0) 	16(0) 	' 16(0) 	11(0) 23(0) 9(0) 

0.5 93(7,11,111) 	3(1,I) 5(4,I) 	!a(',v) 68(8,iv•,vi) 25(2,v) 

0.7 	'126(4,II,III) 48 (13,I) 47(10 ,I) 	48(12,v)  93( 26 ,IV,VI) 39(7,V) 

1.0 154(74,II,III) 	54(24,I) 69(28,1) 	58(28,v) 125(52,IV,VI) 45(22)v) 

• 	
• Diagram separation by P 	>P  4>P criteria. 

Diagram 	1 

Maximün I 	• 	• 	 II III 	• 	• 	 IV. V VI 
t,t'value 
ab 	• 
(GeV2 ) 

' 	 I 

0.3 33(0) 	16(o) 	• 16(o) 	11(0)' 23(0) 	• 9(0) 

0.5 97(13,11,111) 	29(2,1) 32(0) 	32(0) 	• ' 74(21,IV,VI) 21(0) 

0.7 132(39,11,111) 	39(10,1) 41(7,I) 	37(7,V) 101(43,Iv,vI)  33(4,v) 

• 	 1.0 164 (91, 11, 111) 	44(18,1) 62(24,1) 	44(18,v) 141(73,Iv,vI) 38(16,v) 
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FIGURE CAPTIONS 

Fig. 1. g Tr Tc invariant mass for the 6098:pp  pp g Tr g events at 

6.6 GeV/c. 

Fig. 2. tr it°  invariant mass subject to selection on the 3i1 c.m 

longitudinal momentum; 

< 0.3 GeV/c 

0.3 < PL  < 0.6 GeV/c, 

P
L 
 > 0.6 GeV/c. 

Fig 3. ppw Dalitz plot for the 671 events with 0.76 <M( 0) < 0.82 GeV. 

Fig. 4•  The jxn invariant.mass for the 671 pp - ppw events at 6.6 GeV/c. 

Two combinations are p1otted for each event. 

Fig. 5. Four-momentum transfer distributions for the 671 pp - ppW events 

at 6.6 GeV/c: 	 . 

The lower of the two possible values of t from the 

beam or target proton to an outgoing proton. Two 

combinations are plotted for each event. 

t from the beam proton to the W. 

Fig. 6.. (a) Double peripheral diagram. (b) The six possible 

multiperipheral diagrams for the reaction pp  ppw. 	. 

Fig. 7. t1  vs t2  scatter plot for the 671 pp - ppw events at 6.6 GeV/c. 	. ., 

• t. is the lower of the two possible momenturn.transfers from 

the beam or target proton to the i. outgoing. proton.. 
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