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Summary 

- + o I The reaction pp-)' pp n n n has been studied at 5. 7 GeV c in 

the 81 cm Saclay hydrogen bubble chamber. 
0 0 

Production of w and r1 mesons 

has been observed. The w0 mesons are collimated in the forward and backward 

directions in the c.m.s. The decay angular distribution of the w0 indicates 

that it is produced with the spin aligned in the plane perpendicular to the 

incident p (or p) momentum transformed to the w0 rest frame, an effect which 

is enhanced when the four-momentum transfer tis limited to It[ ..(.0.5 (GeV/c) 2 . 

It has been found that of the observed l'l3H+(l238) and Nr-(1238) 

isobars about 80 o/o are produced in pairs in the 3-body reaction p p --? 

~ rr-rr-n° • In this reaction the N£ isobars are produced in aligned states 

i: -1: 
with the spin directions of the N and N being strongly correlated such 

3J; :::;t: 
that there are few events in which both the N and N decay with the p and 

p from the isobars making large angles relative to initial p or p direction 

transformed into the isobar rest frame. 

*) Now at the Institute of Physics, Bologna. 

a) On leave of absence from Institute of Nuclear Research, Warsaw. 
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1. Experimental procedure and cross section 

Four-prong events produced by a 5.7 GeV/c separated antiproton 

beam in the Saclay 81 cm.hydrogen bubble chamber have been measured with the 

CERN HPD system. 19,100 events.without visible strange particle production 

were accepted for further analysis. A detailed study of the HPD measurements 

has shown that their quality is not inferior to that of conventional IEP 

measurements(l)( 2). Analysis of a sample of the 11 o/o of the attempted events, 

which did not pass successfully through the system, show no special features 

' · .. · (2) 
which could introduce a bias into the accepted sample of 19,100 events . 

The standard CERN chain of programs was used to reconstruct and 

analyse the measured eventso Ionisation measurements, ·which were automati-

cally supplied by the HPD for all events, were used to help in choosing the 

right interpretation between different kinematical fits. 

'rhe events without neutral particles in the final state, 4 constraint 

2 
(4C) fits, were separated out pr'wided the kinematical probability P ()~ 40 ) 

. l -
wlis'greater than 1 o;o and if ionisation was in agreement with the chosen 

hypothesis. 

In the present paper we discuss the following 1 - constraint (lC) 

channel 

- - + 0 
PP-) PP n n n (1) 

All events having kinematical fits to ( 1) with a probability P ()(: ~0 ) greater 

than 1 o/o were considered as candidates for this reaction. A total proba-

bility, defined as the normalized product of the kinematical probability and 

an ionisation probability obtained from the ionisation fit described in 

reference( 3), was computed for all these events. Fits having a total pro-

bability large~ than 1 o/o were accepted by the programs and the decisions 
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checked by physicists at a scanning table, 

1742 events were accepted which had a unique fit to the channel 

(1). 570 events for which a second fit was also possible were analysed sepa-

rately. It was found that the production c.m. angular distributions for par-

ticles and antiparticles become consistent with C con~ervation requirements 

only after including these 570 events into the sample of unambiguous events. 

0 
In addition the production rate of w mesons in the ambiguous sample was found 

to be as high as in the unambiguous events. 'rherefore in the following --.., 

analysis we consider the total sample of 2312 events as belonging to 

reaction (1). Another 127 events (5 o/o of the accepted events) which had 

3 possible lC fits were not considered but the cross section for channel (1) 

was arbitrarily corrected by an amount corresponding to half of them. 

The cross section for 4-prong stars without visible strange particles 

has been determined by track and interaction counting in 4 o/o of the available 

film. After correcting for beam contamination (6 o/o of µ and 2 o/o of n 

mesons) we obtained 

a (4 prong) = (17.3 ~ 0.7) mb. 

Thus the cross section corresponding to 1 event in our sample is 

(0.910 ! 0.037) µb. Using this value and the data discussed above the cross 

section for the channel (1) has been determined to be 

0 = (2.16 : 0.14) mb. 

The quoted error includes statistical errors, errors due to the uncertain-

ties of the corrections applied and the uncertainty in the separation of 

channel (1) from the other possible channels. From thef'.- 2 distribution and 

the symmetries observed in the particle angular distributions we estimate 

that the sample of 2312 events does not contain more than 5 o/o of contami-

nating events. 
PS/5438/rmn 
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2. 
0 - - 0 

Production of w in the 3-body reacJion pp y pp w and its decay. 

2. 1) 

The mass distribution for the neutral 3-pion system from the 

channel (1) is shown in F'ig. 1. 0 1 0 . 0 
ne sees c early the w and n peaks! The 

smooth curve normalized to all events except the w0 and n° combinations has 

been drawn by hand. The phase space distribution differs slightly in that it 

predicts fewer events at low masses and more at high masses than observed. 

The resolution function for the w mesons has been constructed from individual 

mass errors for the 3n combinations from the peak region. It is well approxi­

-1 
mated by a Breit-Wigner curve with a width l res = 32 MeV, compared to which 

0 0 
the intrinsic width of the w meson may be neglected .. The region of the w 

peak (685 JVleV - 880 MeV) was then fitted with a least squares method to a 

straight line plus a Breit-Wigner curve and gave the following mass and width 

values 

M o = (780.9 ! 2.0) MeV 
w 

(!wo = ( 29 ! 5) IfoV 

and a cross section for w0 production 

0 0 = (233 ! 36) µb • 
LU 

The error comes mainly from the uncertainty in separating the peak from the 

background. 

The cross section for ~o production is estimated to be 

a o = (43 ! 8) µb • 
TJ 

+ - 0 
The cross sections a o and a o include only the observed TI TI TI decay mode. · w n 

We conclude that the cross section for w0 production has increased 

considerably compared to the value of 60 ! 20 µb reported at 3.6 GeV/c( 4). 

Weak evidence for n° production in the 3-4 GeV/c region has been reported 

PS/5438/rmn 
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( 5) 
by T. Ferbel et al. . In pp interactions at about 3 GeV/c observations 

0(6) o(7) . 
of w and ·r1 production has been reported. 

Further discussion of the channel 

0 
PP~PP w ( 2) 

will be restricted to the 253 events having a 3-pion mass lying in the region 

760 MeV <"M (n+ n- n°) ( 805 MeV. 

The estimated number of n+ n- n° combinations in this region not arising from 

w0 decay is 89 events (i.e. 35 o/o of all events). As a control region for 

a production angular distribution study we will use the following adjacent 

bands of the TI+ n 
0 

TI mass spectrm11 : 715-760 JVieV and 805-850 MeV, where 

we expect about 30 o/o of the events to be genuine omegas. The bands are 

narrow enough to avoid the inflw.mce of a dependence of the angular distribu-

tion on mass which we find for the background. For the study of decay distri-

butions, where we do not find a dependGnce on mass, we enlarged these bands 

to 670-760 MeV and 805-895 MeV where the percentage or omegas is reduced to 

19 o/o. 

2. 2) 

0 
In this section we discuss general features of w production in 

reaction (2). 

The production angular distribution is sho11m in Fig. 2. 'rhe histo-

gram for the peak region is drawn with a full line and compared Lvi th the 

angular distribution of the ·TI+ TI- n° combinations from the adjacent regions 

(dashed line). We conclude that tht?re is a strong forward-backward collima-

tion of w0 mesons which is somewhat weaker for the background events. 

A Dalitz plot for the 253 pp w0 final states is shown in Fig. 3. 

0 
There is a tendency for the w meson to make a small mass with one of the 

PS/5438/rmn 



- 6 - CERl~/TC/PHYSICS 66-6 

nucleons. The broad enhancements of the pw or pw mass in a region of about 

1.80 GeV is more easily seen in the mass distribution shown in Fig. 4 ( b), 

where it is compared with a phase space curve, The Chew-Low plot of 

Fig. 4 (a) demonstrates that these small masses correspond to small momentum 

- - 0 0 transfers between the incident p or the target p and the pw or pw system 

respectively, which is however a general tendency observed for higher masses 

as well. 

we are not tempted to interpret the enhancement at 1.8 GeV in terms 

of a possible nucleon isobar since (a) the.re is no known isobar in the region 

of about 1.8 GeV and it is not very probable that the tail of the N*1; 2(1688) 

would be still important there and (b) 31c combinations of similar masses but 

not coming from w0 decay show a similar feature. 

A more plausible interpretation seems to be in terms of a peripheral 

0 production mechanism for the w • 

2. 3) Qb£.e..r.vQ.tion:. .£f_w..'.:_ .§.Pin_ali,gnm.ent..:.. 

Tempted by peripheral features of the w0 production in a search for 

a possible spin alignment of the w0 meson we used as a quantization axis the 

incident antiproton or the target proton directions Lorentz transformed into 

0 the w rest frame . 

. To decide which of them 9 p or p, has to be used we compared the final 

state pw and pw masses and chose the particle corresponding to a smaller mass. 

Other possible selection criteria based on c.m. production angle of the omega 

or smaller t-valu0 give similar results. 

0 
As an analyser we used the normal to the w decay plane which on 

the average lies perpendicular to the w0 spin direction. 

Fig. 5 (a) shows the distribution cos ~' of the angle between the 

normal to the w0 decay plane and the p or p direction in the w0 rest system 

PS/5438/rmn 
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0 
for the 253 events in the w mass interval. The dist~bution is anisotropic 

and indicates that the decay plane lies prefc,rentially perpend.iculur 

or p momentum direction. A fit to this distribution, using a least squares 

method, of the following equation 

N 
2 + 2/3 B 

2 
(1 + B cos G1 ) ( 3) 

where N in the normalization factor is a number of events in the histogram, 

+ yields a value of B = 1.05 - 0.44. 'rhe shaded an;a shows the distribution 

p 

for events in the adjacent regions 670-760 IfoV a.nd 805-895 IvleV normalized to 

+ 0 0 
events which correspond to the estim,.ited TI TI 11 background in the w 

region. After subtraction of the background, which is consistent with isotropy, 

the net distribution may be described (3) with a coefficient B = 1.53 ! 0. 

These data indicate thc~t the (J.Jo mesons are produced with their 

strongly aligned in the plane perpendicular to the direction of the incident p 

or the target p, and having a spin projection along the p or p direction 

to Z 0 ro i· n .. ( r,6 _+ 6) o/o of e'T'"nts. I t ld · tL- · · t · ~ . / ·~ . so ropy wou require 11e spin prOJGC ion 

to be zero in 1/3 of the events only. 

This effect of alignment is almost complete for events wherG the 

pw or pw systems have small masses or where they have small momentum transfers 

relative to the target p or the incident p. This can be seen in Figs. 5 (b) 

and 5 (c) where both s0lections have buen applied. Even without subtracting 

flat background the fitted B ers in (3) are then 1.71 ~ 0.72 and 

+ 1.90 - 0.81 respectively. 

If we consider a one particle exchange mechanism, as e.g. the one 

shown in F'ig. 6 (a), it is important to see v1hat is the w angular distribution 

in the rest frame of the pw or pw relative to the incident p or the 

target p momentum transfornmd to the pw or pw system taken as z-axis, and the 

PS/5438/rmn 
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normal to the pw or pw production plane taken as y-axis. The distribtcticm 

of the 1rreiman-Yang angle is fl,"lt, as requirod for zero-spin exchange, and 

the polar anguls.r distribution, wh:il0 being syr:::':~etric about cos G = 0 as required 

for an isobar d,~cay shows n.lso a slight forward-backward peaking" A fit to 

the formula ( 3) for events with M (pw) or iVI ( pw) smaller than 1.88 GeV yielded 

B = 0.95 ~ 0.53, where subtraction of the background has not been attempted 

due to poor statistics. 

Kraemer et al. studying the reaction 

11+n --..::;'w0 p 

0 ( 6) 
near threshold found a strong .nlignment of the w spin They used a 

t . t . . 1 th . . cl t + 1 t t f d z-quan iza ·ion axis a ong . e incl en n meson momentum oren z rans ormc.i 

into the w0 rest frame" Their distribution of the angl0 which th8 normal 

0 
to the w deCLW plane makes vd th thifi axis is consistent with a cosine-squared 

form (B 2.1 ~ 0.7). A similar observation (B = 1.8 ~ 0.5) has been reported 

also at 1.7 GeV/c n:+ momentum, (2.0 GoV c.m. energy), by Bacon et al.( 9), 

One could try to compare these data with the present observation 

assuming that, in the one particle exchange graph shown in Fig" 6 (cl) the ex-

0 
changed particle is really a -n: • 'rhen the process in the upper vertex of th~) 

graph is 

o- o-
JL p w p 

similar to that observed by Kraemer et al. and therefore a correspondine; 

angle could be easily defined. If in addition the pw0 system forms an isobar 

a natura+ choice for the w0 spin quantization axis would be the momeYJ.tmn of 

the incident p transformed into the pw rest frame since an isobar with spin 

J / 1/2 produced according to Fig. 6 (a) would be aligned with respect to 

this axis and could transmit its alignment to the w0 • 

PS/5438/rmn 
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0 
Therefore we studied the w alignment along these two new quanti-

zation axes : 1) the direction of the virtual TIO momentum transformed into 

the w0 rest frame, and 2) the incident p momentum direction transformed into 

the -pw0 t f res rame. The result is that none of them gives as strong an effect 

as that observed for the axis which we used previously. On the other hand 

the new cos G1 distributions have shapes similar to that showed in Fig. 5 (a) 

and the statistics available does not allow us to distinguish which is the 

real effect and what is only its reflection. Nor are we able to explain the 

0 
mechanisms producing w alignm0nt in the present experiment and those of 

Kraemer et al. and Bacon et al., which could possibly be the same. 

+ An interpretation of the TI n data in terms of a p - exchange model 

with absorption corrections has been suggested by Bacon et al. • A simple 

p - exchange model (in the reaction PP-":rPPWo would mean a double peripheral 

model with both TIO and p0 exchange as shown in Fig. 6 (b)) predicts for the 

w0 , as discussed by Kraemer et al., a sin2G1 decay distribution in disagreement 

with the data. Only after "correcting" for absorption effects does it become 

2 equal to l + 2 cos Q1 as observed experimentally, a quite surprising result 

as the "corrections" turned out to be more important than the basic Born term 

prediction. 

PS/5438/rmn 
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- ~-- ::l++ 0 The 3-body reaction pp--'i> N N n: 

3. 1) .Q.r.QS..§. ..§.e.£ti.o.£ f.O.!'. .si:.n_a..§.S£.cia.:te£1..P.r.Qd.1J:c.ii.2.n_of_ih~l!*i1_g3§)_,_ 
ril.f.3§) ~i1~.o.£a.r.s.:. 

We now pass to the evidence indicating the existence of the following 

channel 

- -*-- *++ 0 pp-? N N n: ( 4) 

+ In the Fig. 7 the mass of the pn system versus the mass of the pn; system 

is plotted for the 2009 events outside the w0 and the TJo regions. ('rhe TJ 0 -

region was chosen as the 45 MeV interval from 525MeV to 570 MeV). There exists 

an important clustering of points in the region where the N*(l238) and N:1E(1238) 

bands overlap. 

The amount of associated and single N*(1238) production has been 

determined by applying a maximum likelihood fitting procedure to the 2-dimen-

sional distribution of Fig. 7. The 5-body problem has been reduced to a 4-body· 

- + -one by considering only pp n; n substates with experimentally observed.invariant 

masses W.. Compared with the analoguous fitting of the channel without 
1 

~,o(lO) there 1·s one l' t· h th d'ff t 0 d ,, comp ica ion : eac even as a 1 eren n energy an 

- + therefore the total energy W. left to 4-particle system pp n n studied in 
1 

Fig. 7 is not constant. 

In the likelihood function the probability distribution for the 

i th event had a form analoguous to that used by Ferro-Luzzi et al. ( ll) : 

~i(Mpn+ ' Mpn-) = f~N* FiN*N~ + f~ FiN* + fN* FirJ* + (1-f~N* - 2 f~) 

where the 

PS/5438/rmn 

i. - + x F- n n , pp 

four terms correspond to the following 

N* N* 0 
.l n (3 bodies) 

* - - 0 
(4 bodies) N p n TI 

+ N* 0 
(4 bodies) pn n 

(5) 

final states 

(6) 

(6a) 

(6b) 
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+ 0 
pn pn n (5 bodies) (6c) 

The parameters fNxN£ and 2fN* in (5) are the frequencies of double and 

single isobar production which we would like to determine. In the four 

distributions Fi we have assumed a relativistic Breit-Wigner distribution 

for the N* isobars which has a p-wave energy dependence of the width according 

. ( ll) 
to the formula A2 in the Appendix of the paper by Ferro-Luzzi et al. • 

The appropriate 2 - 3 - and 4 - body phase space factors were also used. 

The likelihood function was a product of the 2009 (number of events) 

probability distributions cpi (M + , M- -) normalized over the allowed kirrn-
pn pn 

matic triangles and where the experimental values (Mi + , lVI~ -) were 
pn pn 

substituted into the corresponding terms. The width was fixed and equal to 

r= 120 MeV while the Nx mass IVI was allowed to vary to account for its 

possible shift from the accepted value. 

The fitting procedure determined the frequencies of double and 

single isobar production 

fN*Nx Q.292 + 0.022 

fN* 0.073 + 0.020 (7) = 

(MN* 1222 + 
2 MeV) = 

The two projections of the fitted 2-dimensional mass distribution on to the 

M (pre+) and M (iin-) mass axes are shown in Fig. 8 where they are compared 

with the experimental histograms. It is clear that the fit is quite good 

and a~ 2 test applied to the combined mass distribution gives probability 

of 10 o/o. 

The fit discussed a boVt) was based on the following assumptions 

1) 4 channels (6), (6a), (6b) and (6c) do not interfere with each 

other (but even allowing for a maximum constructive interference of the 

~ -~ ( ) N , N bands in the overlap region the fraction fNY in 7 drops only 

PS/5438/rmn 
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2) C is conserved (as the ors characterising N* and N'* were 

assumed to be equal). 

3) The phase space mass distributions are adequete to describe mass distri-

butions for 4 and 5 body channels ( ), (6b) and (Ee). 

We feol that the weakest assumption is the last. The uncertainty 

in the shape of mass distribution is not taken into account in the errors 

calculated for the fit as givdn in (7). We think it is reasonable to multiply 

the errors on frequencies (7) by a factor of 2 in order to account for possible 

deviations of the mass spectra from the phase space mass distributions used 

in ( 5). 

After making corrections for th8 events containing uncorrelated 

+ - 0 0 d 0 . . (7) d 
ri; ri; ri; triplets in the w an Y) regions the fitted frequenCDs were usv 

to determine the cross sGction for single and double N'*(123B) production in 

tho channel (1). They are equal to 

+ 580 - 95 µb 

( - -£-- + 0) 
0 pp-7N p11 11 0 (pp - - 31E++ ·o) + 

pri; N 11 = 145 - 80 µb • 

As can be sc::en in Fig. 9 (b) the c.m.s. angular distribution of 

0 
the n mesons is reasonably symmetric with respect to cos ~ = 0 which is an 

indication that no important biases are present. 

* . It seems striking that about 80 o/o of N (1238) isobnrs observed in 

the channel (1) are produced in the 3-body final state (6), This preference 

of the isobars to be produced in p2irs may explain why in the range of 3-4 GeV/c 

antiproton momenta, which are close to threshold for the associated production, 

l •ttl ~T* • b d t• b d • th' h 1( 4)( 5) 1 e or no r: iso ar pro uc ion wc:ts o serve in is c o.nne • 

In the following study of the reaction (6) we will confine the di& 

cussion to those events which have both the lVI(pn+) and JVI(i)n-) masses lying 

inside the interval 1.16 - 1.28 GeV. In choosing such a restricted mass 

PS/5438/rmn 
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interval we will have the advantage of dealing wi.th a relatively clean sample. 

Namely, out of 313 events coming from the described region we expect 229 

to represent genuine N'*N~n° events, 31 single N* production events and 53 

five-body events. We will subtract the "background" by using the 567 events 

which have both masses M(pn+) and M(pn-) smaller than 1.4 GeV but not lying 

inside the square 1.16 - 1.28 GeV x 1.16 - 1.28 GeV. 

production represents about 37 o/o of the events. 

2) 

-'*' * 0 In this sample N N n 

We will now discuss the properties of reaction (6) using the 313 

events which, in Fig. 7 are located in the square in which both the M- + M-
pn pTI 

masses lie in the interval 1.16 GeV to 1.28 GeV. 

Fig. 9 shows the c.m. 
:it: t 0 

angular distributions for N s , TI mesons 

-:JE t 

and N s • One notices a strong peaking of the isobars and a small anisotropy 

0 in the TI distribution. The presence of a small bias indicated by the asymmetry 

of the TIO angular distribution and the difference in the N* and reflected 

-:it' N distributions, is expected to have little influence in the following 

discussion. 

In rig. 10 a Dalitz plot for the N:iEN* TIO final state is shown and 

:-::£-- 0 ~ 0 
in Fig. 11 a projected mass distribution of the N TI and N n systems is 

compared with the phase space curve. There is an excess of events in the 

lower mass region which seems difficult to explain in terms of one or two 

well established nucleon isobars. On the other hand the angular distributions 

shows that this reaction has a strongly peripherai character· and as a conse-

quence one could then expect a broad enhancement in the small mass region, 

As a conclusion from the above discussion in the next Section we will 

assume a peripheral graph with 2 or 3 vertices :· the upper vertex producing the 

-* * N and the lower vertex the N • 
PS/5438/rmn 
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3) 

We define the angle G 1 as the angle behhcen the momentum of the p 

from the :N* decay. and the incident antiproton mo;::ientum transformed into the 

~ . * 
N rest frame considered as z-axis. The normal to the production plarie of N"' 

is taken as y-axis·which fixes the azimuthal &ngle ~TY• Corresponding angles 

are also defined for the N31E isobars.· In the various angular distributions 

presented the background has been always subtracted since it was found to behi:ecve 

differently from the genuine N:l!E N* n: 0 events. The bnckground distribut:i.qns 

were obtained by using the 567 events from adjacent regions as described in 

Section 3.1. These distributions were always normalized to the estimated 

number of 101 background events which, when subtracted from the sample of 313 

events, ar~ assurnEJd to leave 212 clean N*N:l!E.n:o events. The distributions of 

the background will be indicated to show what difference this sul;ltraction 

procedure makes. 

The angular distribution of bl' for all N* and N::JE isobars is shown 

in Fig. 12 (a) as a full line and a slight anisotropy is apparent which may 

be expressed by thG value of the coefficient B of formula (3) •. This coefficient 

was found, with a least squares method, to be + 0.47 "T 0.27. The back-

ground events are peaked forwards as is shown (dashed line histogram of 

Fig. 12 (a) ) • 

The obs8rved anisotropy might be explained by using the graph shown 

in Fig. 13 (a). Assuming pion exchange one could expect that one of the N* 1 s 

will be produced in an aligned state as for examplo is observed for both 

- l:-:l!e (7) 
isobars in the 2-body reaction pp-?> N N This results from the fact that 

the isobars are produced with their spin projections along the direction of 

corresponding incident nucleon equal to ± 1/2, The decay distributions is 

2 then predicted to be of the form : 1 + 3 cos · · 9 1 • On the oth8r hand the 

PS/5438/rmn 
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absorption corrections (see Svensson's calculations(l2)) destroy this high 

alignment reducing the anisotropy to 1 + 0.7 cos 2 G' observed experimentally(lO). 

The observed value of B == 0.47 :!.: 0.27 is consistent with the hypothesis of 

0-spin exchange if we assume that the N* produced at the TIO vertex (Fig. 13(a)) 

would produce an isotropic decay angular distribution and that th8 absorption 

- * -'l' corrections are as strong as in the 2-body process pp -7 N ·N To check further 

the possibility that the graph shown in Fig. 13 (a) plays an important role in 

the studied channel (6) we have tried to separate the events where the TIO meson 

is produced in the upper vertex and the Nl' is emitted 11 frGe 11 from the events 

where the re 0 is produced in the lower vertGx and the Nl: is produced "free11 • 

In this attempt we have neglected a possible interference between the conju-

gated graphs and used as in the w case the criterion of a smaller mass applied 

now to the masses of the Nl' n ° a.nd the N* TI 0 systems. Namely, for the events 

where M( M(i\f*' 1l 0 ) we assulile that the n° is producGd in th<c:; lower 

vertex and the. N:f is "free" and for the events where M(N*° TI0 ) / JVl(N* n°) 

we assume that the TIO is produced in the upper vertex and the N* is produced 

"free". 

The results of this separation procedure are presented in Fig. 12 (b) 

where the lower and upper histograms show the decay angular distributions for 

0 
11 free 11 isobars and the isobars which are considered as being produced in the TI 

vertex respectively. There seems to be a dependence in the predicted sense. 

The values of the B coefficients are respectively 0.95 ! 0.51 and 0.21 ! 0.31, 

but the significance of the observed differences of these values from the 

expected value (0.47 ! 0.38) corresponds to 1.4 standard deviations only. The 

"free" isobar distribution of the azimuthal Treimr:m-Yang angle defined at the' 

beginning of this Section is uniform in accordance with a 0-spin exchange model. 
PS/5438/rmn 
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However we now pres0nt an effect which is not readily explained 

by the graph of Fig. 13 (a). Following Ref. (13) we looked for a possible 

correlation betweGn the decays of the 
-'lit 

c;,nd the N isobars. Thus the lower 

and upper histograms of Fig. 12 (c) show the distribution of cos Q1 for those 
l 

isobars i.n which the absolute VE,luu of cos G' 2 of the other isobar is less 

or greater than 0.5, respectively. 

If there were no correL1 ti on the dec.2ys of the N* and j_ij'* 

isobars both distributions should be within errors to the overall distri-

bution presented in Fig. 12 (a). with B:::: 0.47 :!: 0.41 and 0.47 :'.: 0.36, where 

the errors are predicted from the knmm numb(:;)r of evt:mts in both distributions 

and include errors duo to background subtraction. The experimental distributions 

of Fig. 12 (c) are different from each other, the fitted values of the para-

meter B being 1.74 2: 0.83 and 0.00 2: 0.23 for the. lower and upper histograms 

f F • 12 ( )' t • l A d f f' d ."ii 2 t t . J..h !l o < ig. c re spec i ve .. y. .i:i. one egreG o ree om f. es, :ror ~ e no 

~, 2 
correlation11 hypothesis gives .'/-- == 1L3 and corrusponds to 3.4 stand~ud 

deviations. We may consider it proven that a correlation exists between the 

decay of the N* and the dE:Jcay of the jij* isobars in the channel (6). It is 

important to notice that a weak correlation which seems to exist in the quasi-

- -*-- *++ (10) two-body reaction pp-7N N has the opposite trend and could be 

. (12) 
explained as due to absorption corrections of the n-exchange mechanism . 

It should be noted that the graph of Fig. 13 (a) when mixed with its 

charge conjugate graph and with the o.ssumptions previously discussed predicts 

a small correlation between the 2 decays. The joint, 2-dimensional decay dis-

tribution may be written as 

}" ( cos9 'N* , cos9 'ff*') d cos9 'N* d cos9 1 j\j* == 

= [(1 + 1.11 cos2 G'N*) + (1 + l.ll cos2 gr jij'*'~ d cosEl'N* d cos9'jij* , (8) 
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wher0 thr:; first torm in the rigbt-hand side square parenthesis corresponds to 

* -* the 11 free" align,~d N and isotropico.lly decaying N and the second term corrcoEl"'-

-* * ponds to the aligned N and anisotropically decaying N~. The coefficient 1.11 

has been computed such that after integration of (8) over one of the angles 

0 2 
one obtains the overall observed angular distribution 1 + .47 cos Q1 • 

B coefficients and their predicted errors corresponding to the two experimental 

distributions shown in Fig. 12 (c) can be c::;,lculated from the formula (8) 

and they are B = 0.53 ± 0.41 (for ~os92\( 0.5) and B = 0.42 ± 0.36 (for 

!cosQ2\ ·7 0.5). It is cle~1r th:1t the observed corrsL1tion is much stronger 

and significantly (3 stando.rd devi~1tions) different from the predicted amount. 

We could expect that the small correlation predicted by (8) would 

be eliminated if wo studied not :1 joint angulo.r distribution where the 

* -* cos Q• of N is considered versus the cos G' of N but instead the cos 91 
1 

of the isob2.r which malrns a lnrger nmss with th8 n° (11 fre8 11 isob'.lr in tho 

graph of Fig. 13 (a)) versus tho cos 8' of the isobar which rrk1kec.; a rnnallor 
2 

mass with the n° (isobar produc8d in the n° vertex in Fig. 13 (a)). In Fig. 14 

we show such a scatter diagT[111; together with projections made separately for 

2 intervals of cos Q1 of tho partner isobars. All 313 events are plotted in 

tho scatter plot but in the projections background distributions have biJen 

subtracted and an:0 marked with a de.shed line. Lem;t squares fits for the para·-

mot er B of forraula ( 3) gave the following values 

B (cos GI ) 2.13 + 1.26 for /cos 9' I ( 0.5 = 1 2\ 
B (cos GI ) + 0.45 lees Q'2\ 0.5 = 0.38 - for 

1 

B (cos GI ) 1.32 + 0.94 for \cos 9 1 1 \ 0.5 --
2 

(cos G' ) + 
G'1l I 0.5 B = -0.26- 0.25 for \cos 2 
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It is clear that the correlation which can be noticed as the lack of events 

in the middle of the scatter diagram is not dependent on the specific separa-

tion of isobars. 

The observed correlation shows that decay of both iso.bars under 

large angles is very improbable, but when one of them decays under a small 

angle the decays of its partner under large angles are not suppressed. In 

the reference frame previously described this means that states in which both 

isobars have projections o~ the z-axes (determined by incident particles) 

equal to ~ 3/2 tend to be suppressed. 

The only explanE~tion of these data which we could think of requires 

the introduction of the double peripheral graph shown in Fig. 13 (b). 

Supposing that the Stodolsky-Sakurai model(l4 ) is valid for the NpN~ vertex 

and neglecting any absorption corrections, we can write down the joint decay 

probability distribution corresponding to the graph from Fig. 13 (b) and its 

charge conjugate as follows 

i (cos 
./ 

= l(5 
d cos 9'~ d cos 9'N~ 

Terms of the form 5 - 3 cos29 1 describe the decay angular distribution of 

isobars produced in the NpN~ vertices, while the terms 1 + 3 cos9' correspond 

to Eobars produced in the NnN~ vertices. The former have a bump for large 

angles and the latter give a forward-backward peaking with a dip at cos 9' = O. 

Approximately speaking for each event one isobar is predicted to decay under 

a small angle and one under a large angle. As we see this correlation is qua-

litatively observed experimentally. In terms of the graphs of Fig. 13 (b) the 

result of stronger anisotropy for isobars making small masses with the n° meson 
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could be understood if we assume that smaller (larger) momentwn transfers 

correspond to the pion (p) internal line. This could be then followed by a 

0 
tendency for the p-vertex isobars to make smaller masses with TC mesons. 

A prediction of the graph shown in Fig. 13 (b), assuming the 

Stodolsky-Sakurai model for the NpN* vertex, is that the azimuthal decay dis-

tribution of the isobars should be of the form 

2 - ) 
(1 + 2/3 sin 1 ) d t 

. 2 r * where the (1 + 2 sin l) distribution for the N coming from the p-vertex has 

'*' been combined with a uniform distribution for N coming from the TC-vertex. 

We have computed a new azimuthal angle which is appropriate to the 

upper part of the graph given in Fig. 13 (b) by making a transformation of 

- - -31f-- 0 
all momenta into the c .rn. system of the virtual collision TC p -;/ N TC 

and defining the normal to the production plane for this process. This 

direction was ·used in the iJ'*:-- rest frame as the y-axis 1 while the transformed 

p momentum direction served as the z-axis. 

· The experimental distribution of this angle is flat and when fitted 

with a least squares method to the form 

(c + 2) 11 

N (1 + C sin2 ~) 

yields a C value of 0.1 ~ 0.2 in contradiction with the expected value of 

0 .66. 

Therefore the model seems to us unlikely to explain the data. 

However one has to know how much the absorption corrections modify the 

alignment produced by the double peripheral model before making any final 

conclusions. 
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4. Conclusions 

0 - *-* 0 The two 3-body final states : pp -:;:'>PPW and pp ..-:;?N N n make important 

- - + o I contribution to the 5-body reaction PP-)PP n n n , accounting for 11 o o 

and 30 o/o respectively of the cross section of 2.16 ~ 0.14 mb for this 

reaction. . (4)(5) 0 Conpared to the data at lower energies the w production 

cross section has increased by a factor of four. 

Both 3-body processes apparently reveal strongly peripheral charac-

teristics and any suggested production mechanisn must explain the observed 

strong spin alignment of the w0 meson and the Nt:, Nt: isobars. 

In the pp 
0 

ppw process the oraegas are produced preferentially 

(56 o/o) with a spin projection of zero along the incident particle L:Jom.entum 

direction. The spin alignment is almost cor:1plete for those events having small 

0 - 0 
pw or pw masses or produced with sme.11 nor:1entur;1 transfers. Both the align-

ment presently observed and the w0 aligm~ent reported in the reaction 

+ 0 
n n --/PW could possibly be due to the sane production mechanism. 

* -3': A strong correlation between the decays of the N and the N 

- ~'*' 0 isobars was found in the channel PP-:-/.N N n • The correlation is such that 

when one of the isobars decays with a large angle the other isobar tends to 

decay at a suall angle relative to the incident nucleon monentum direction. 

A possible explanation in terms of a double peripheral model involving n and p 

exchange has been attempted but a disngreement in n Treiraan-Yang :1ngle dis-

tribution and the lack of inform1tion about the influence of absorption on 

the spin alignnont does not allow to reach fire conclusions about the 

validity of the model. 
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Figure Captions 

Fig. 1 The n+n-n° mass distribution. Tb.e curve (thin line in the w0 peak 

region) has been drawn by hand and normalized to all events except 

0 0 ( the w and D combinations. The peak region 685-880 MeV) has been 

fitted with a straight line plus a Breit-Wigner curve which is 

shown as a thick line, 

Fig. 2 0 Production angular distribution of w mesons. The full line histo-

gram shows the peak events while the dashed one is made for events 

from adjacent regions. 

Fig. 3 Dalitz plot for the ppw final state. 

Fig. 4 (a) Chew-Low plot for the ppw final state. 

(b) Its mass projection compared with a phase space curve. Each 

event is plotted twice. 

Fig. 5 Decay angular distributions of omega mesons. Angle gi is the 

angle between the normal to the decay plane and the incident p 

or the target proton direction (see text) transformed to the w 

rest frame. 
2 

Smooth curves are of the forD 1 + Bcos ~', the fitted 

values of B being shown. 

(a) Full line histogram shows the distribution for the 253 peak events. 

The dotted line is the distribution for enlarged adjacent 

region normalized to 89 background events. 

(b) Lower distribution is for evonts where the smaller of the 2 

masses M M- was below 1.98 GeV, upper one shows the rest 
pw' pw 

of events. 
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Fig. 6 

Fig. 7 

Fig. 8 

Fig. 9 

Fig. 10 

Fig. 11 

Fig. 12 
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(c) Lower histograD iu for events in which the lighter of the pw, 

. 2 
pw systems has a uor.1GntUlll transfer - t < 0.5 (GeV/c) , upper 

one shows events with higher t values. 

FAynman graphs for the process pp -~ 
0 

ppco o 

+ The p11 mass vs. the pn mass scatter plot for 2009 events of the 

channel (1) which are outside the w0 and ~o regions. 

'rhe p11 +(a) and pn; -(b) mass distributions for 2009 events of channel 

(1) 0 0 
which are outside the w and ~ regions. The suooth thick lines 

show the result of the fit (7). The thin lines show the phase 

space mass distributions for the 5-body ch1:mnel (6c) added to one 

of the 4-body channel (6a) or (6b) distributions when projected on 

to the axis other than that corresponding to the resonating pair. 

Angular c.m. distributions for rr(a)' 11° mesons (b) and N-'*'(c) 

. - ~-* 0 produced in the reaction pp---;:> N N 11 . 

Dalitz plot for the N-* N* 11° final state. 

Mass distribution of the N*11° o.nd N3JE11o systems in the channel (3). 

D 1 d . t "b t· f th N~ N-* . b ecay angu ar is r1. )u ions or e , iso ars. Angle G' is 

defined as the a11gle betwe6in the p or the incident p moment-um 

tranDforra&d to the iso 'x::.r rest frame and thG momGntuE1 of tho nucleon 

resulting from the isobar decay. The full line shows the distribu-

31: -3E 0 
tions for 212 clean N N n events, a continuous line the result 

of a least square fit and the dashed line the background distribu-

tions which were subtracted from the total distributions. 

(a) Overall distribution for all N3JE, N3!i: isobars. 

(b) Lower histogram is for isobars which make a bigger mass with 

the 11° meson, upper for isobars which make a smaller mass. 



Fig. 12 

Fig. 13 

Fig. 14 
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(c) Lower histogram is for isobars which are associated with their 

partnr'Jr isobar decaying under large angles, upper for isoh'lrs 

for which accompanying isobar decays under sraall angle (no 

t . t· . N* o N-£ o ) res ric ion on n , l n mass • 

Foy:nmiJJl graphs for th" reaction pp ~ of~ 0 
N l: JL, 1111 

- --* -:it' 0 Sea tter diagram for the reaction pp --'-) l\J N n where cos g 11 , the 

0 
decay angle for the isob&r naking a higher nass with the n meson 

("free'' isobar) is plotted versus cos gr 2 , the decay angle of its 

partner isobar. Projections (full line) are made after subtracting 

background distributions (shown with a dashed line) for 2 intervals 

of decay angles of the ,'J.ccorapanying isobar. 
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