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Abstract : The decay angular distributions of resonances produced in 

8 GeV/ c 1/ p interactions have been a:1alysed in terms of density-matrix 

elements and, in a case of double resonance production, in terms of angular 

correlations between the decay of the two resonances. The results are 

compared with the predictions of the absorption model. In general, fair 

agreement is found,··· although discrepancies are observed in some cases. 
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In this letter we report on a further study of the production 

mechanism of processes with two-body intermediate states in 11+p collisions 

of 8 GeV/c primary momentll.m• In a previous letter(l) concerning the same 

reactions we presented momentum transfer distributions and absolute cross­

sections. In comparing these results with predictions of the absorption 

model we found fair agreement· in the case of reactions which can proceed 

through one-pion exchange, whereas serious disagreement was encountered 

for processes requiring vector meson exchange. 

The p:resent letter is concerned with decay angular distributions of 

resonances analysed in terms of spin density matrix elements and, in a case 
.. ' + :i{++o 

of double resonance production, n p .... 7 N p , in terms of angµl,ar 

correlations between the two decay processes. 

The following reactions were studied : 

+ -;.. + n p p p 

--> :i:-1-t 0 
N. p 

.--) N:t:++no 

-) N:l!:++ WO 

-> rr++fo 

. (1) 

(2) 

(3) 

(4) 

(5) 

The decay angles of resonances, used here, are those defined by 

·Gottfried and Jackson( 2); i.e. G and cp are the polar arid azimuthal angles 

in the rest system of .the resonance. For two body decays, the angles are' 

defined with respect ,to the direction of the outgoing n+, and for the 

three body decay of the w the direction of the normal to the decay plane 

is used. Following the method of Ref. (2), the spin density matrix elements 

were calculated from the experimental decay angles by means of a maximum 

likelihood method. The results for reactions (1) to (4) are presented in 

Table I, which shows the matrix elements pm n toget:P.er with the p:r;-edict;Lons (3) 

froo the · absorp_.tioiJ model. , and the expe~imental results reported ( 4) fo.r 

the same reactions at 4 GeV/c .. It is interesting to note that the matrix 

elements obtained at 8 GeV/c are similar to those obtained at 4 GeV/c. 

For the two reactions, (1) and (2) ~-·proceeding via pion exchange, 

fair agreement is found between the experiment.al data and the theoretical 

predictions. In particular, the matrix elements r which would be equal 
.. o, 0 

to unity if absorption were not presEmt, are different from one and in 
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good agreement with the calculated values. For reElction (2), which has · 

the largest cross section, also the variation of the density matrix elements 

with the squared four-momentum transfer, It (, has been studied and the 

results are shown in Fig. 1, Fo~ the diagonal elements po;o and P3, 3, 

which are the most important elements, the absorption model predicts the 

( t jdependence fairly well.· For the off-diagonal ele~ents, however, poor 

agreement or disagreement is obtained. 

For the two reactions, (3) and (4), proceeding via vector meson 

exchange, the data in Table I indicate that reasonable agreement is obtained 

for reaction (3), n+p ~> ~n°, but disagreement is found for reaction 
+ ... . :f-14. . 

(4), n p --.) N w, particularly concerning the diagonal element p .• 
o,o 

This element, that would be zero if there were no absorption, is predicted 

by the model to be 0.54, while its experimental value is 0.26 ± 0.10. It is 

an interesting fact that in the similar experiment(4) at 4 GeV/c, significant 
. *++-

deviations again occurred :for N w, in the sar:ie direction and. ·approximately 

of the sane 'size as found here at 8 GeV/c. 

For reaction (5), n+p ~) ~++ f 0 , the results are given in Table II. 

Since f 0 is a spin 2 particle, there are three diagonal elements defining 

its angUlar distribution in terms of spherical harmonics. 

where_p010 , Pl,l and r2, 2 u2'e ii0sitive numbers which are rela~ed 

through the condition that the trace of the density matrix must be l. :T:t. 

can be seen that p2 2 is negative, contrary to what would be expected 
i , 

for a pure resonance. The diagonal density matrix elements have been 

calc',uat~i·also for the published results (5,6) for n-p.-->·nf9 at 3.7 

and 4.0 GeV/c and are shown in Table II, where it can be seen that the 

p2 2 values are again negative. A negative value of p2 2 corresponds to , . . .· ' 
the observation of fewer events near cos 9 = O, than predicted from 

equation (6). That the height of the maximum at the centre of the decay 

angular distribution of the f 0 is smaller than expected, has been noted 

before (5, 6). Lee et al. (5) suggested that this could be due either to 
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interference with an S-wave background or to the exchange of a 

particle other than a pion, However, since a negative value of p2 2 
' cannot be produced by the exchange of a spin two particle, but can be 

caused by an S-wave interference 7 this latter possibility seems a 

reasonable explanation of the effect observed. 

Goldhaber et al.(?) first deoonstrated the existence of 

correlations in the decay angles of resonances in case of double 

resonance production. Such correlations which should not occur if these 

processes were dominated by single pion exchange without absorption, are 
(8) . : ( ) + :H+ 0 predicted by the absorption model • For reaction 2 , n p ~ N p , 

the correlation between the decay polar angle of the N~-isobar, 9~, 

and of the rho-meson 9 , is shown by the scatter diagram of Fig, 2a. It 
p 

may be seen that the cos 9 distribution for the oesonic (baryonic) 

resonance becones flatter as the angle of the baryonic (oesonic) 

resonance is restricted to the equatorial region ((cos 9 I~ 0.4). 

In Fig. 2a, the experimental data indicate a large forward-backward 

asymmetry in the decay of the rho~meson, asymmetry that is not contained 

in the absorption model. Projections of the scatter diagram of Fig. 2a 

are presented in Fig. 2b, c, d and e, folded along the cos 9 = 0 axes 

in order to compensate for the above mentioned asymmetry, and are then 

compared with the predictions of the absorption model (solid lines in 

the figures). The curves are noroalized only to the total cross section, 

i.e., to the sum. of the events in the distributions 2b and 2c (for p0 ), 

and 2d and 2e (for N:H+). AssUIJ.ing that the folding of the projections 

is justifiable, the agreement between theory and experiment is very good. 

In conclusion, with the assumption raade that the presence of 

background in the resonance uass region has negligible effect, the 

results concerning th~ angular distributions in quasi-two-body reactions 

studied in 8 GeV/c n+p interactions can be sUJJ:ffilarized as follows 
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(a) th• density matrix elenents calculated from the experimental decay 

angular distributions of the resonances are similar at 8 GeV/c and 

at lower energies, and show final.state absorption effects •. 

(b) In cases of double resonance production, correlations in the decay 

angles of the renartces, discovered at lower energies, are 

(c) 

•bserved also at 8 GeV/c. 

' For reactions that can proceed via the exchange of a single pion, 

the absorp~iqn model, beside predicting correctly the total and 

differential cross sections, also describes reasonably. well the 

nain features of the polarization phen•nena. The discrepancies 

observed are on points of detail. The c0rre1athm phenonena are 

properly described by the r.1odel, 

(d) For reactions that require the exchange of A. vector r:1eson, the 

absorption model fails in its predictions for total and differential 

cros.s sections. As. far as the polarization phenomena are concerned1 

fair agreement is found for reaction rc+p Tl~++ 0 "' . n , disagreer:ient 
+ ~ for n p ~) N w. 
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Figure Captions 

Fig. L 

Fig. 2. 

Density matrix elements of reaction n+p--? ~p0 as 

functions of t • The curves are the predictions of the 

absorption model. 

a) Scatter diagran of cos gN~' the decay polar angle 

of the N~ isobar in reaction n+p --) N~++p 0 , versus 

cos 9 , the decay polar angle of the rho-meson. 
p 

b) and c) Distributions of cos gN~ for I cos 9pl ~ 0.4 and 

jcos Gp!> 0.4, respectively, folded about the line 

cos QN~ = O. 

d) and e) Sarne for cos gp• 

The solid lines are the predictions of the absorption 

i:;iodel, nornalized only to the total cross section. 

The events used here are selected with the conditien 

(t ! < 0.3 (GeV/c) 2• 

Table Captions 

Table I 

Table II 
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Density matrix elements for reaction (1) to (4) at 8 GeV/c 

compared with values found at 4 GeV/c and with absorption 

model predictions. The values are averaged over It I values up 

to 0.3 (GeV/c) 2 for reactions (1) to (3) and up to 0.6 (GeV/c) 2 

for reaction (4). 

Density matrix elenents for reaction (5) at 8 GeV/c compared 
- 0 with the results obtained for the reaction n p --> nf at 

3.7 and 4.0 GeV/c. 
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Density Ifatrix Elener • .,s 

n+p Interactions 

Particle Matrix Experinent Theory Experinent Particle Illatrix Experinent Theory Experi:ient 
I. Reaction assumed Elenent at 8 
" 

GeV/c at 8 GeV/c at 4 GeV/c Reaction assumed Elenent at 8 GeV/c at 8 GeV/c at 4 GeV/c 
~ exchanged Ref. (4) 
~ 
r-·~~~--r-~~~~~~~~~'"'""'1---~~~-.-~~-~ 

1~70+ R + I r p , 
! 
I 
I 

n 0.54 + 
Oo54 P,. 0 

l- ' 
0.01 - 08 -

I 
0.075 + 

0.17 0 .J_7 + p 
0.062 - --· lp-1 0.08 

w:l!E++ O 
I• n 

i -0.08 + Re p --0.10 -·O .07 :!: I 
~---:----···- ,..... __ · __ 1_, o--+_o_. 0_5_-__ __... _____ _ 

0,07 I 

I 'r,T::iE++ 0 
i'l p 

t 

I I 

I 
I 

0.05 + 
0.03 - 0.05 

o.oo 

I ~:~~ + ii ef'H"O I 
0.,01 + 'I I 
0.03 - i i 

l·-o 016 + I o 01 11 I 
Re P3,1 0:033 - -OoOJ. 1 -0:03 ;: [ I 

·----- ~-('-~roo ~o;~-~---·- --~~::---· --iL-~~;;-~-- ·i, II 

1... • • '+ 0 .04 

p -0.035 :!:: . -Oo04 + I j 

Re p -0.119 :!: 0 0 -0.06 + 

exchanged Ref.(4) 

p 

p P3 ~ -, _) I 
0.017 + -Oo035 

I 

0.17 

0.02 

0.40 + 
0.,06 .. 

0,,21 + -o.os 

0.15 + 
0.04 

0.04 + 
0.04 

I Re p -O.J.13 ! ! r, or -0.05 + 
3 , 0 08~ J. 0 

I ~ -'- • '::; I 0 0 04 -

l-·,.-·------1------· ----- -·--·-------~ -~-~-·--...,...-------· 
n 0~26 ~ 0 0 47 + 
. o,o 0.10 - 0.54 0.05 -

Pl,-1 
0.17 -:-

Oo02 0 .13 -)-
0.03 - 0.05 --

Re Pl,O 
-0.03 + 

0.14 -0.10 .... --0.06 0.03 -

1,-1 0.024 0.01 li.03 -

'1----·---'--___ __, ____ 1_,~ - 0. 02~- - ~-~~ -- 0. 03 -· 
__ _...,_ __ :_ ___ ______ ,_.._ _____ ---J,__ ___ ,l_ ___ __1 ____ _J 

PS/5550/fj 



Matrix 
Element 

P3,3 

Re tt 3, ... 1 

Re 1'3,1 

- 9 -

TABLE II 

Density Matrix Elements 

1/p ~ rt0 

at 8 GeV/c 2 
ft I~ 0.6 (GeV/c) 

+ 0.04 - 0.04 

+ ...0.03 - 0.04 

.-0,0i :!: 0,05 

- 0 
1t p -> nf 
at 4 GeV/c 2 
ltf < 0.3 (GeV/c) 
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- 0 
np->nf 
at 3.7 GeV/c 2 
It l <. 0.4 (GeV/ c) 

'-------- ----------- ---- --------------+-,-------··-----·----
,.o,c 

"1,1 

P2 2 , 

+ + 0.85 - 0.10 1.01 - 0.20 

+ + 0.19 - 0.04 0.21 - 0.09 

+ + -0.12 - o.~6 -0.22 - 0.09 

+ o.64 - 0.07 

+ 0.29 - 0.06 

+ -0.11 - 0.06 

-------,------------------+-·--------------·----· -----·-·------·-
p 
1,-1 

p 2,-2 

Re ,.1,0 

Re P2,o 

Re P2,1 

Re p21 _1 
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+ -0.04 - 0.06 

+ o.o - 0,06 

+ -0.06 - 0.04 

+ 0.04 - 0.06 

+ -0.06 .... 0.04 

+ .... 0.02 - 0.04 
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