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ABSTRACT 

Absorptive corrections applied to the peripheral model have 

provided a relatively successful interpretation of a variety of high 

energy production processes. There exist, however, a number of 

difficulties associated with these calculations. We consider the 

reaction fiN + pN which is dominated by fi exchange in order to 

study the following three ambiguities: i) the actual dependence of 

the absorptive corrections on the initial and final state elastic 

scattering phase shifts, ii) the role of a form factor, iii) the 

numerical values of the final state elastic scattering phase shifts. 

The comparison of our calculation with the experimental data, in 

particular the density matrix of the p, lead to the following results. 

The j = $ partial waves must be totally suppressed by the absorptive 

corrections and the form factor must play a very minor role in order 

to fit the observed deviation of the o's density matrix from that 

predicted by the exchange of a fi in the peripheral model. (A form 

factor cuts down the low partial waves in a manner which leaves the 

density matrix unmodified from the simple peripheral model and thus 

reduces the effect of absorption corrections on the density matrix.) 

We expect any form factor associated with II exchange to have a weak 

t dependence since there exists no resonance with the appropriate 
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quantum numbers (to couple to the n) with energy < l-3 BeV. It is 

plausible that form factors (in addition to the absorptive corrections) 

while unimportant for K exchange may play a significant role in 

vector exchange (since there seems to be an abundance of high spin 

resonances). 
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1. INTRODUCTION 

The analysis of many high energy production processes in terms 

of a peripheral or single particle exchange model (PM) has proved to 

be very useful. The failure of the simple PM to yield the striking 

forward peaking observed experimentally as a function of production 

angles (or the momentum transfer variable t) as well as the violation 

by the PM of the unitarity limit for the low partial waves was well known. 

Motivated by the fact that the exchanged particle is off the mass shell 

the PM was modified (PMF) by the introduction of empirical form factors 

to take care of these descrepancies with experiment (and theory 

However the form factor 

F(t) = (1) 

where m is the mass of ,the exchanged particle, introduced phenomenologi- 

tally into the scattering amplitude required a quite unphysically small 

!L to fit the data, 293 A second difficulty with the PMF has recently 

developed due to accurate experimental data now being available on the 

polarization of the produced particles. The new data 294 show significant 

deviations from the predictions of the PM, and the PMJ? gives, of course, 

the same results for the density matrix as the PM. Moreover, in the 

energy range under consideration, any one particular reaction is a small 

part of the ,total inelastic cross section, i.e., there are many open 

competing channels. These considerations recently have led to a number 
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of calculations 599 UPM (and UPMF) which modify the PM (and PMF) to take 

into account the competing absorption processes (for the initial and 

final state) in a manner analogous to distorted-wave Born approximation 

calculations of low-energy nuclear physics. These calculations, in 

a number of cases 9 yield good fits both to the production cross section 

as a function of t and the density matrix for the produced particles. 

There are several basic difficulties or uncertainties connected 

with the UPM (and UPMF). In particular we will be concerned with the 

following three points: a) numerous approximations are made in getting 

the UPM into a simple useful form: Several different forms have been 

suggested. It is not our purpose to discuss the theoretical foundations 5,14 

of these schemes, although a critique of some of the derivations is 

presented in the Appendix. b) Although the form factors used in the PMF 

were clearly unphysical, there must be some modification of the cross 

section due to form factors in addition to the absorptive corrections. 

c) The absorptive corrections require knowledge of elastic scattering of 

the particles in the final state as well as the initial state. In general 

the final state scattering parameters are not known. 

It is the purpose of this article to study the above three 

ambiguities from a purely pragmatic approach for the production process 

Tl- +P'P +P (2) 

at an energy corresponding to an laboratory pion momentum 
pL 

of 4.0 BeV/c. 

Note that (2) is dominated by fl exchange. 15 
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We shall consider in detail a) the schemes employed in the 

absorption corrections, b) the effect of form factors and c) the nature 

of the d\J elastic scattering. In fitting the experimental data 294 

for the reaction (2) we wish to see how unique are the effects due to 

these three factors. The question of uniqueness is not only important 

from an aesthetic view point but also in the question extending these 

calculations from just a fit to existing data to that of a predictive 

nature, e.g., at different energies. 

The relevant formalism is given in Section II. The results of 

the numerical calculations are presented and discussed in Section III. 

The absorptive corrections we consider have the following structure: 

Let f(x) represent the helicity amplitudes for the PM or PMF. Analyze 

‘PI into partial waves 

Then the !JPM or ?JMP% we use has the form 

(3) 

where I& is the phase shift for elastic scattering in the initial, final 

state. We make the usual simplifying assumptions i) that 6 does not 

connect different; helicity states and ii) that 6 is pure imaginary. 
16 

Then the forms for g which we will investigate become 69 
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(5) 

where We note that (5) and (6) are equal for 

vJ cI 1, i.e., when the absorption corrections are small. 

In order to investigate the effect of a form factor we use for 

convenience the phenomenological form (1) which lumps together any t 

dependence of both vertices and the propagator of the exchanged particle. 

To obtain the q's needed for the absorptive corrections we 

use the following parametrization of the elastic scattering cross sections: 

dv19F eR -= 
dR JfIJ ,‘= 19F&Fo 

total Ii- 451 I exp - 8 ' 19FR2 19Fk2(1 - cos 0)]] (7 

Then associating qJ with q 
,&j-s 

where 

s 
1 

-1 
d(cos 8) Pe(cos CJ)f 

we have, e.g., 

Ctotal 

flR2 

(8) 

(9) 

Now from np elastic scattering we have 17 1 
5total = 2.5 f* and 

R Z 1.07 f. This yields, for the production process (2 
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We, of course, have no knowledge of pN elastic scattering. We 

assume that F R = 'R and take F 
vtotal as an adjustable parameter 

(5 RR*). 

Thus for both absorption forms (5) and (6) we adjust the form 

factor parameter A2 ( see Eq. (1)) and the pN total cross section 

F mtotal to fit the experimental data on process (2). The results of 

our calculations of process (2) may be summarized as follows: 

The UPMF' calculations using form (6) for the absorption 

correction factor g do not fit the data for reaction (2). Whereas we 

are able to fit the angular distribution for the production cross section 

with physically reasonable values for we cannot fit the density 

matrix using (6). Good fits to all the data are obtained using (5) 

with the pN total cross section N flR* (see (9)) so that Filj=$ z o 

and the form factor parameter A2 > 75 m* 18919 
Tt[' This means that the 

j =$ partial waves must be suppressed by the absorption corrections by 

a large factor and that only a small correction can come from a form 

factor. Whereas a form factor cuts down the low partial waves it does 

so in a manner which leaves the density matrix unmodified from the simple 

peripheral model. Thus a form factor reduces the effect of the absorption 

corrections on the density matrix. 

The large value of is gratifying since we expect it to be 

determined by some I = 0, j = O- 3 pion resonance which can couple 

to the pion. However we know that no resonance exists with these 

quantum numbers and mass less than 1.3 BeV. 19 On the other hand the very 
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large suppression of the j = $ partial waves required is somewhat 

disturbing since the theoretical form for g seems to be unambiguous 

only for relatively small correction factors. Since the pN cross 

section is an adjustable parameter in our calculation and there exists no 

estimate of it from other sources, we cannot separate the effect of the 

form (5) from the parameter F 
gtotal* Using the parameters which fit 

the data at PL = 4 BeV/c, calculations are performed at higher 

energies. Good experimental data at these higher energies should provide 

a test of the present model, 

We note that practically all the absorptive corrections to the 

scattering amplitude at PL = 4 BeV/c came from the lo-w partial waves 

(see Fig.2 andthe accompanying discussion in Section III). Thus we 

feel that it is worthwhile to make the correct*ions on each partial wave 

as -was done in this paper rather than make the further approximation 899 

of large j and small scattering angles and use the asymptotic expression 

for the d functions which simplifies the calculations. At very high 

energies (PL 2 15 BeVj@j it is probably a good approximation to 

this simplifying assumption. 

use 

Finally we make an observation concerning other production 

processes. Our calculations were confined to process (2) in which JI 

exchange dominates. We have shown that any form factor must play a small 

role 0 On the other hand, IJPM calculations of processes where vector 

particle exchanges dominate have not had the same degree of success 
20 

as 

UPM calculations where j = 0 particles are exchanged. We suggest 
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that the form factors may play a much more important role for vector 

exchange. Experimentally there seems to be an abundance of high spin 

resonances at moderate energies; these might provide some structure in 

the vector interaction. 21 We are presently performing a number of UPFM 

calculations for vector particle exchanges. 

II. PROCEDURE: OF INCLUDING ABSORPTIVE CORRECTIONS 

The first step in the inclusion of absorptive effects is to 

perform a complete helicity and partial wave 
22 decomposition of the 

unmodified amplitude. Let the peripheral amplitude for process (2) be 

(10) 

where9 as shown in Fig. 1, h,,h, are the helicities of the initial and 

final protons and 

represent the PM or 

the helicity of the p meson. Eq. (10) may 

PMF. The partial wave projection of (10) is 

A.;?, pj = $ c (25+1) (J,jTJl,2,d$+h (0) (11 
3 1 

The absorptive modifications consist of replacing the ,partial wave amplitude 

(&liTj/h29pj by a "unitarizedt' one: 
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where the absorptive correction factors g are functions of the initial 

and final state elastic scattering phase shifts. The forms (5) and 

(6) in Section I in terms of S matrix elements generalize to 

g( KN8j Xlhi) = (““so h’)~ ., 
11 

and 

g( srNsJ hlXi) = (nNS~ h’ ~ 6h x’)/2 
11 11 

03) 

(14) 

respectively. In all our discussions we shall assume that the RN and 

pN phase shifts are diagonal in andindependent of helicity so that (12) 

becomes 

(AljT;/h2,p) = g(‘N6j) g(PN6j) < Xl[Tj/X2,p) . (15) 

In addition we take the 6's to be pure imaginary so that the g's we 

study are given by (5) and (6). 

The partial decomposition evaluated in the center of mass system 

for the process in Fig. 1 yields in the absence of a form factor: 23 
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($Tji- $1) = - + 5, ($-$(y)" ejp,-$3) , 

where 

B= (mz + q2 + qr2 + (mi-mz)/4s 

kL=q(yg)+iq(g)B 9 

h = (q'E - II qEpB)/(wp) 9 

ig 
a = pmgN fin 

47l = i5*5 0 

)/(2qq’> 9 

Also terms of the incident pion laboratory momentxm 

and 

07) 

t = -q2 - q’ 2 + 2 qql cos 0 + (E,-E~)~ 
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where 0 is the production angle of the p , 

The e,f,,(B) are rotation matrices of the second kind related to 

the d$,V(z) by 

1J.-v 
(Es) 2 

1 d;9v(Z)dz 
2 B-Z O-8) 

The other six amplitudes may be obtained from (16) by the symmetry 

- (-X1!Tjl-X29-~) = (X,jTjIh2,1-l) . (19) 

Now the form factor (2) times the propagator for Fig. (1) can be written 

1 1 as 
( 

- - - . Thus the properties for the amplitude modified by 
t-rn$ -t-A2 ) 

the form factor (2) are obtained simply by subtracting from each term 

in (16) an analogous term with p replaced by p + (A2 - $)/(2 qq'). 

We note that all the "exceptional" terms proportionalto 8 jgin(16) l 

9 

drop out. Then the unitarized partial wave amplitude with a form factor 

(1) -b ecomes 

(20) 

. 
with TfA1 (f3) given by (16). The unitarized amplitude uT 

1x1 
is obtained 

by summing the partial wave series. In terms of this amplitude the cross 

section is given by 24 
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whereas the density matrix of the p meson is given by 

with 

sin $ = 
4m q sin@ 

P 
[t - ("p+ M)12[t- (M -m,)2] 

(23) 
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III. CALCULATIONS AND CONCLUSIONS 

The production cross section for process (2) and the density 

matrix of the p are calculated from the UPMF amplitude 3 
1x1 

using 

(21) - (24). If TIX1 is the PM amplitude and T;X) the partial wave 

projection given by (16) then for the form factor (1) we have 

(25) 

where ;ug txl is given by (20). We found that at the energies we are 

interested in, only a moderate number of partial waves need be corrected 

for the absorption effects, e.g., at PL x 4 BeV/c, Rmax - 10 is 

sufficient. (See discussion below concerning Fig. 2.) The d functions 

and e functions, Eq. (18), were obtained from the low j values by using 

recursion relations. 
22 

We investigate the form (5) and (6) f or the absorptive corrections. 

The effect of a form factor was determined by considering A2 as a 

free parameter. The elastic absorptive phase shifts nN 
7j' PJQv : 

3 
are 

obtained using (7) and (8) with JINstotal = 2*5 f2 and JtN R = 1.07 f? 

We then assume sNR = "NR and vary PNstotal (< nR2). Thus our second - 

free parameter is PN 
ntotal which we equivalently state by giving PN 

Vj=.$' 

Fig. 2 shows the results of a calculation using form (5) with 

PN y = 0 andtno form factor, i.e., A 2 = CO in which we vary R max 

(see Eq- (25)). We thus see the effect of successive absorption of more 
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partial waves at PL = 4 BeV/c. The main effect comes from the first 2 

partial waves. We also observe that it is sufficient to make the 

absorptive corrections for the lowest 10 partial waves. Hence we feel 

that it is worthwhile at these energies to deal directly with the 

partial wave projections instead of making the large j approximation 

in order to use the simplified expressions 8,~ involving the asymptotic 

expressions for the d's. 

We know that there is not a unique prescription to fit the p 

production cross section 2 alone. The PM? (using the form factor (1)) 

can fit this data with A2 Y 6 m2 2 Jr' However this value of A2 is 

clearly unphysical. On the other hand a calculation including absorption 

corrections of type (5) with sN~, = 0 and no form factor (A2 = co) 

:a gives a good fit to the data on do . This is shown in Fig. 3. We 

observe from Fig. 4 that changing A2 to 50 rnz does not qualitatively 

change the fit to the data obtained in Fig. 3. Fig. 5 shows a comparrson 

between the UPMF calculations using (5) with A2 = 50 rnz and PN vi = 0 

with one using (6) with A2 = 30 rnz and PN y = 0. Since the latter 

value of A2 is not unreasonably small, the form (6) for the absorptive 

corrections is quite acceptable. 

Now we turn to the data on the density matrix 
pcI,P' 

for the p 

meson. Experimentally we have 25 

PO,0 = .53 ‘1;; > 

%,-1 = .16 -++;; , 
(25) 
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Re Pl,O = -.06 + 905 , - 

where these represent an average over the production angle cos 8 > ey 

(-t 5 15 2). Now both the PM and PMF give p. o = 1 and all others 
9 

zero, independent of cos e. Thus the data (25) rule both of these 

models out. The results of our calculations of the UPMF show that form 

(6) cannot fit (25): We find e.g., that for PN~~=O and A2 = 30 
2. 

(the same parameters as in Fig. 5), p. o stays above .95 and the 
? 

others are Z 0. The data (25) can be fit using form (5) but only with 

PN q+ = 0. The j = $ partial waves must be almost completely suppressed 

by the absorptive corrections and only a small correction can come from 

a form factor. A form factor cuts down the low partial waves in a 

manner which leaves the density matrix unmodified from the PM or PMF. 

Thus the effect of a form factor in addition to the absorption corrections 

is to bring the p I back to the PM predictions. This is demonstrated 
cL)cL 

in Fig. 6. H ere we compare UPFM calculations using form (5) with 

PN Q = 0 and A2 = 54 to those with A2 = CO. (If in the former case 

PN 71 had been chosen > 0 to compensate the effect of the form factor 
2 

in a fittog J the descrepancy between the two calculations in Fig. 6 

would of course be larger.) 

Thus we find that only the UPMF calculations using (5) with 

PN 
J-l+ y 0 and A2 large (2 75 rnz) can fit the data on process (2) at 

PL = 4 BeV/c. Since the practical prescription for the UPMF calculations 
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seems reasonably unique, it would be of interest to perform experiments 

at high energy to test these conclusions. We give in Fig. 7 and 8 the 

theoretical prediction for PN 
v+ = 0 and A2 = o3 at PL = 10 BeV/c. 

We note that our calculations have been based on the usual 

assumption that the elastic scattering did not involve spin flip. The 

presence of appreciable spin flip elastic amplitudes would invalidate 

our conclusions. 

Finally we speculate that although form factors play a small 

role in the exchange of a II (or probably any pseudoscalar particle), 

they have a significant effect in the exchange of vector particles: Experi- 

mentally there seems to be an abundance of high spin resonances at 

moderate energies. 19 
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APPENDIX 

Absorptive Corrections from a K Matrix Model in 

a Random Phase Approximation 

In order to get the absorptive corrections into a simple useful 

form, a number of different approaches have been considered. 5-14 

Different approaches and approximations lead to different forms, i.e., 

from a theoretical point of view we have no unique simple prescription 

for the absorption corrections. Just to illustrate this dilemma we con- 

sider the following simple model to include the effects of unitarity due 

a number of competing channels. We are interested in the high energy 

region in which there are a large number of open channels and the 

elastic scattering is mainly absorptive. 
16 

Consider n (open) coupled 2 body channels in a given partial 

wave o The n x n scattering matrix T, defined in terms of the S 

matrix by 

T g (S-1)/2i 

where I is the n x n identity matrix,can also be written in terms 

of a K matrix as 

T = K(I-iK)-1 = (K+&)(I+$)-1 . 

(Al) 

(AZ) 

where K is real and symmetric. Note that any approximation on K still 

leads to a unitary S matrix. Now we make the random phase approximation: 
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(sJij = g KieKej = 0 for i # J 

Now using (A3) we have 

(K3 )ij = (I?)ii K.. = Kij(K;? 
iJ 

Thus 8 = positive constant times I: 

$=d21 . 

20 

(A3) 

04) 

Hence we obtain for (A.2) 

T ij = (Kij+id2sij)/(l+d2) (A5) 

Taking the elastic scattering amplitude to be pure imaginary in our high 

energy region, (i.e., neglecting Kii with respect to d 
2 ) 

T = ii 
id2/(l+ d2)= g . M! 

Our first result is that all the elastic scattering amplitudes are equal. 

Now using (A6) we obtain 

T ij (JO’) 

In addition if we take K.. 
iJ 

to be given by the peripheral diagram, (A7) 

gives a simple form for the absorptive corrections. 
26 
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FIGURE CAPTIONS 

1. One pion exchange diagram for r(- + p -+ p- + p with kinematics and 

helicities indicated. 

2. Plots of the cross section for process (2) versus the production 

angle showing effect of successive absorption of more partial 

waves . We use Eq. (5) for the corrections with PN 
5 = * and no 

form factor, i.e., A2 = 00~ 

3. Fit of calculation using (5) with pN"+ = 0 and A2 = CO to the 

data of Ref. 2. The first bin is dotted to note that the experi- 

mental value is uncertain and is an estimate of the correct value 

by Z. Guiragossian. 

4. Effect of varying the form factor on the cross section. Other para- 

meters are the same as in Fig. 3. 

50 Upper curve uses Eq. (5) for the absorptive corrections with 

PN 111 = 0 and A2 = 50 rnz whereas the lower one uses (6) with 
2 

PN v+ = 0 
2 and A2 = 30 mfl. 

6. Effect of including a form factor on the density matrix elements 

%>PS 
of the produced p. These should be compared with the experi- 

mental values (25). Other parameters in the calculation are the same 

as in Fig. 3. 
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7* The cross SeCtiOn at PL = 10 BeV/c using corrections according 

to Eq. (5) with PJJ 7+ = 0 and A2 = co. 

8. Density matrix at PL = 10 BeV/c using the parameters of Fig. 7. 
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