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ERRATA 

1. Eq. (15), p0 9, should read: 

Im G,, (b) = 
C 

2 &iic 
exp [-(&yiz] [1 - s] 

2. 3rd eqn. , pQ 13, should read: 

P f$ (i?-N- TY) = -P$nN+ KY) 
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ABSTRACT 

An amplitude analysis of charge exchange and strangeness exchange reac- 

tions in pseudoscalar-meson baryon scattering is presented for the momentum 

interval -4to-16 GeV/c. The imaginary parts of the s-channel helicity non- 

flip and helicity flip amplitudes are assumed to have l’Jo’l and “Jltl structures, 

respectively, as specified by the dual absorptive model of Harari. This model 

has been successful previously in explaining the main features of elastic scat- 

tering data. The present analysis applies this model to inelastic scattering 

reactions and determines empirically the real part of the s-channel nonflip ampli- 

tude from the data. The resulting amplitudes reproduce well the existing differ- 

ential cross section and polarization data for charge exchange and strangeness 

exchange reactions. The p and A2 amplitudes in KN charge exchange are found 

to be in approximate agreement with strong exchange degeneracy. In contrast, 

the K* and K** amplitudes in Z and A reactions are not strongly exchange 

degenerate, even though equal forward differential cross sections are observed 

for the line reversed pairs of reactions TN *KY and KN -L rY. 
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1. INTRODUCTION 

Many studies of charge exchange and strangeness exchange data have been 

made using simple Regge poles, 1 SU(2) or SU(3) relations, 2y3 FESR,4’5 com- 

plex Regge poles, 6 Regge models with absorption or cuts 7-17 and direct ampli- 

tude analyses of the data. 18 -22 The main conclusions are: 

(1) simple Regge pole models using only leading Regge exchanges 

cannot describe the data; 

(2) the helicity flip amplitudes are found to have the simple Regge 

pole form, with absorption (cuts) playing a minor role; 

(3) the nonflip amplitudes do not have a simple Regge pole form 

but appear to be significantly affected by absorption; and 

(4) it is not clear how absorption effects are to be calculated. 

Evidence for the importance of absorption has recently been reemphasized 

by Harari. 23 In particular Harari observed that the “crossover” effect in elastic 

scattering occurs at approximately the same value of momentum transfer, 

-t N 0.2 GeV2, as the zeros in the contributions of the prominent nN resonances 

to the nonflip scattering amplitude at low energy. 24,25 Simple Regge pole models 

would have predicted the first zero of the nonflip amplitude to occur at 

-t N 0.6 GeV2. Harari then obtains a consistent interpretation of the data by 

assuming that duality 24,27,28 relates s-channel resonance structure to absorbed 

Regge exchange amplitudes. 
.25,26 The subsequent introduction of the dual absorptive model (DAM) by Hararl 

has explained the features of elastic scattering differential cross sections and 

polarizations that had previously eluded the weak 12,13 and strong 11 absorption 

models. In the DAM, the imaginary part of the Regge exchange s-channel non- 

flip amplitude is assumed to have an approximate ftJo’l behavior with an absorption 
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zero at -t PI 0.2 GeVL (“crossover” zero). The extractions of this amplitude 

from the data, both for crossing-odd (p, w’), 2g’ 3o and even (f’) 31 Regge 

exchanges, have proven to be in good agreement with this prediction. The 

helicity flip amplitudes in the DAM are expected to be nearly Regge-like, in 

agreement with elastic polarization data and the differential cross sections for 

n-p + Ton and r-p -non. 

Despite these successes the DAM provides no simple prediction for the 

real part of the s-channel helicity nonflip amplitude. Apart from nN scattering, 18 

little is known about this component of the scattering amplitude. In the present 

analysis we empirically determine this amplitude, and simultaneously obtain a 

comparison of the DAM to the reactions: 

r-p - Ton 

r-p - non 

KLP - K;P 

(1) 

(2) 

(3) 

and to the pairs of s-u crossed reactions: 

K’n - K”p 

K-p -c Eon 

@a) 

(4b) 

K-p - r-Z+ @a) 

r+P - K+Z+ (5b) 

E0p - *+A0 

n-p - K 0 0 A 

(64 

@b) 

The purpose of our analysis is to investigate whether a consistent and 

simple description of the above reactions can be found in the momentum transfer 

interval, 0 < -t < 1 GeV2, and in the momentum interval from - 4 to - 18 GeV/c. - - 

The scattering amplitudes are determined for each of the above reactions. 
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Processes related by s-u crossing are then compared in a manner that explicitly 

includes the effects of absorption. Tests of exchange degeneracy 32 are possible 

therefore, without having to rely on the predictions of simple Regge models 

implicit in previous comparisons. 33,34 

We have also compiled the strangeness exchange data for reactions (5) and 

(6) in the momentum interval - 3 to - 16 GeV/c. Certain general features of 

the data are noted to have direct implications on the structure of the helicity 

amplitudes. These systematics of the data are compared to the results of the 

DAM, and to the predictions of Regge pole and Reggeabsorption models. 

2. PARAMETERIZATION OF THE DUAL ABSORPTIVE MODEL 

The dual absorptive model has been previously described by Harari. 25,26 

The features of this model are largely extracted from the data and include in a 

direct manner the effects of absorption. 35 

The s-channel helicity amplitudes initially suggested by Harari have the 

form: 

Im Mm=-,(O) cc I llJ,(rJt)ll vector 
tensor 

Re MakO(s, t) cc Unknown 

Im Mm&t) a & “J1(r &)ll vector 
tensor (7) 

Re MOAE1(s, t) a “J1(r &t,t, tan [g,,(t)] (vector exchange) 

a “JI(r Jt) 11 cot [ &-o(t)] (tensor exchange) 

where M is the net change in s-channel helicity, o!(t) is the Regge trajectory 

function, and r is the “interaction radius”. “Jab ” is a Bessel function appro- 

priately corrected for contributions to the scattering amplitude coming from a 

finite interval in impact parameter space; a typical parameterization 25,26 is 
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of the form: 

lTJM(r&” M eAt J&r&) . 

To make a more quantitative comparison of the model to the data, we choose 

the following parameterization for the s-channel nonflip amplitudes: 

Im Mk=O(s,t) = gr(s/sO)“(t) e 
AVt’ 

J&-&Y 
@a) 

Re ML=O(s,t) = gT(s/sO)“(t) e 9’ (l+aVt~+bvt~2-+ %V3) e 
BVt’ 

tan ;7ro!(O) c 1 
for vector exchanges, and for tensor exchanges: 

Im MLZo(s, t) = -gr(s/so)@-(t) e 
ATt’ 

Jo(&) 
@b) 

T ReMmE (s, t) = gz(s/so)a(t) e 
ATt’ 

(l+aTV+bTtt2) e 
BTt’ 

cot 

where the real parts of the amplitudes have been parameterized by polynomials 

in t’=t-tmin, 36 and where the, Regge phase is assumed to hold for t=O. This 

phase choice is in agreement with data on Ki regeneration 37 and with the deter- 

mination of the forward TN charge exchange amplitudes in Ref. 22. 

The helicity flip amplitudes have been chosen similarly: 

ML&t) = g;(s/s,l”@) ltJy(r&l)‘t [tan [i .o!(td + ii 

M&,I(s, t) = gT(s/so)CY(t) llJT(rfi)l’ 

To remove the difficulties of Eq. (9) that occur when the zeros of the Bessel 

(9) 

function and the singularities for integer values of o(t) do not precisely coincide, 

the functions “JI I1 for vector and tensor exchanges have been chosen as follows: 

- 
flJy(r&v)ft E JI(r&t’) 

A$’ 
e 

cos [$ %-a(t)] cos[+ TP(O)l 

co,E @3(V)] cos [+ mtoj 
i 
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and 

(lo) 

We note that the r and A parameters in Eq. (8) and Eq. (10) are chosen to be 

independent of helicity; this restriction is consistent with preliminary fits to 

the data which allowed the r and A parameters to be different for the two helicity 

amplitudes. The function p(Y) is defined to be zero and minus one at the first 

and second zeros of Jl(rfi) respectively: 

P@‘) = PO + iy 

PO = g/(x; - xi) (11) 

p, = r’/(Xi - X21) 9 

where Xl (X2) is the position of the first (second) zero of Jl(X). 38 The resulting 

amplitudes, MaAZl, are now free from singularities in the region of interest, 

-tyl GeV’. To show that Eqs. (9) and (10) do provide a smooth interpolation for 

the real part of the tensor helicity flip amplitude, in Fig. 1 we compare this form 

(solid curve) to a typical example for the singular form (dashed curve): 

Jl(r 6) eAt’ cot 5 To!(t) [ 1 . 
For our fits to the data, the parameters in Eqs. (8) and (9) are: the coupling 

constants, gab; the exponential slope parameters A, B; the polynomial coeffi- 

cients a, b, and c; and the interaction radius r. The amplitudes have been defined 

to have the explicit energy dependence of Regge theory; o(t) is the “p” trajectory, 

a(t) = 0.5+0.9 t, and so is set equal to 1 GeV’. The model parameters are 

assumed to be independent of energy over the energy region studied. 3g These 

choices are suggested by the absence of an appreciable energy dependence in the 
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polarization for the charge exchange and strangeness exchange data (see Figs. 

3, 12, 13), together with the shrinkage of the differential cross sections ob- 

served in the same data (see Figs. 2, 16, 17). 

For the present analysis the differential cross section has been defined by: 

tw2 g - c 64 7rsq2 M 
I MLy, I ’ mb/(GeV)’ (12) 

where q is the center-of-mass momentum. 40 Finally, the polarization, P, and 

T and S parameters are given by 41 : 

P = -2 Im tMahzo Mbzl I/ (iMm;o12+ IMu,J2) 

T = -2 Re tMLuzo M*bzl b’(IMah,,12+ IMah=l12) (13) 

S= (iM &=()I2 - I”&A&l I”)/ (IMLU=012+ IMah,l12) 

3. DAM COMPARISON TO THE DATA 

We first compare the DAM to nN charge exchange data to obtain a consis- 

tency check of the parametrical description of the amplitude structure described 

in Sec. 2. Many of the features of these amplitudes have already been deter- 

mined by Halzen and Michael 18 in an analysis of a complete set of 11;N scattering 

data at 6 GeV/c. Having found that the o exchange amplitudes in the DAM are 

in agreement with previous studies, we then deal with reactions (2) - (4) which 

isolate p, w’, and A2 exchanges. The analysis then turns to the K* and K** 

exchange reactions (5) - (6). A brief review of the experimental data indicates 

the importance of absorption in these channels and suggests energy trends. 

The K* and K** amplitudes are then determined, and compared to the p and A2 

amplitudes. 
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3.1 Study of pa Exchange Dominated Channels * 

The results of comparing the present model to the data for reactions (1) 

and (2) are shown in Figs. 2 and 3. The parameters determined from these 

data are given in Table 1, and the data sources are compiled in Table 2. The 

energy and momentum transfer dependence of the differential cross sections 

and polarization are seen to be well reproduced by the model. 

The corresponding amplitude structure evaluated at 6 GeV/c is shown in 

Fig. 4. The helicity flip amplitudes are in agreement with simple pole models 

containing nonsense wrong signature zeros; the nonflip amplitudes are strongly 

absorbed with the imaginary parts showing the “crossover” zero at -t -0.2 GeV’. 

For the n ’ amplitudes the real part of the nonflip amplitude is not well deter- 

mined past -t ~0.2 GeV2 since accurate polarization data does not exist in this 

momentum transfer region. 42 

The TN charge exchange amplitudes are observed to be in good agreement 

with previous amplitude analyses. 18,19,21 In particular, a qualitative com- 

parison to the results of Halzen and Michael 18 is shown in Fig. 4a; a quantitative 

comparison is not possible, however, since the overall phase of the TN ampli- 

tudes in Ref. 18 is undetermined. For the present figure the amplitudes of 

Halzen and Michael have been rotated by a constant phase, N 14’, to agree with 

the Regge phase at t=O. 

The absorption parameters r and A determined from reactions (1) and (2) 

(see Table 1) are observed to be in good agreement with the values found for 

co, w)’ and f” amplitudes 29-31 from analyses of the nonflip amplitudes for elastic 

scattering. This agreement is interesting since in the present analysis these 

parameters are determined from helicity flip dominated processes. This agree- 

ment also shows the consistency of our parameterization in Eqs. (8) and (10) 

where we assume that r and A are independent of helicity. 

-8 - 



If we define A1 = A + Q’ I!n(s/s,), then the imaginary part of the DAM ampli- 

tude is: 

ImM&(t)=Ce A’t J&(rfi) 

and the Bessel transform in impact parameter space is 35 : 

Im Q#) = (&J exp [- (Qq I&$‘) 

where I,,, is the hyperbolic Bessel function. For the region >P 1, this 
- 

reduces to: 

ImtiM@)Z c 
z&r@ 

exp +j$ [ 1 (15) 

which is independent of Lu for sufficiently large values of (rb/ZAI). In the-region 

b - r the M dependence is negligible for the present analysis, 43 and the ampli- 

tudes are nearly Gaussian, centered at r and with width V?%. To the extent that 

Eq. (15) is independent of M, the agreement with the results of Davier and 

Hararizgm31 therefore indicates that the impact parameter representations of 

the helicity flip and nonflip amplitudes are the same. 

We now consider the KN charge exchange reactions for which the amplitudes 

are assumed to be linear combinations of the vector and tensor amplitudes deter- 

mined from the above fits to TN charge exchange and 7’ production. Thus, in 

the model comparisons to the KN charge exchange data (see Table 2) only the 

coupling constants, and the parameters r and A are allowed to vary. The results 

for the differential cross section, shown in Fig. 5a, agree well with the data. 

The model parameters found are presented in Table 1. The predictions of SU(3) 

for the coupling constants (see Table 3) are also given in Table 1 and the agree- 

ment is observed to be good. 
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The amplitudes for KN charge exchange are shown in Fig. 6. For the exotic 

K’n channel the amplitudes are seen to be predominantly real, and are in approx- 

imate agreement with the prediction of strong exchange degeneracy. 32 At t=O, 

the ratio of Im MbZO /Re MahZO 3 10% in agreement with experimental esti- 

mates using the optical theorem. 44 Since the imaginary parts of the DAM am- 

plitudes have the same structure in t for vector and tensor exchanges, a can- 

cellation of the imaginary terms is possible even for the strongly absorbed 

nonflip amplitudes. 

The values for the quantities P, S, and T that re-stilt from the present param- 

eterization are shown in Figs. 5b-d. T Due to the uncertainties in Re MahZO 

mentioned previously, these predictions must be considered to be qualitative. 

They do suggest, however, that the polarization for K+n will be small, that the 

polarization for K-p will be negative in the interval 0.4 5 -t 5 1.0 GeV’, and 

that the S and T parameters will be quite similar for K’n and K-p channels for 

-t ~0.5 GeV’. 

The analysis of Martin, Michael and Phillips’ using SU(3) to relate experi- 

mental data on charge and strangeness exchange reactions yields a similar pre- 

diction for K-p polarization, but suggests that the K+n polarization will be 

substantially larger than that shown in Fig. 5b. This would imply that the K+n 

amplitudes possess significant imaginary parts, which is not in agreement with 

the present determination of the amplitude structure (see Fig. 6). 

The amplitudes determined from nN charge exchange have also been com- 

pared to the data on the reaction KLp - Kip. As in the study of KN charge 

exchange the model amplitudes have been constrained to the nN charge exchange 

results, with only the coupling constants being allowed to change significantly. 

The results of this comparison, solution 1, are shown as the dashed lines in 
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Fig. 7a, and the parameters are recorded in Table 1. Solution 1 is observed 

to provide a good description of the differential cross section in the region 

-t ‘? 0,3 GeV’, but for larger momentum transfers provides values that are too 

low. 

An alternate solution, solution 2, is also shown in Fig. 7a and recorded in 

Table 1. In this parameterization, the exponential parameter, A, has been 

varied to provide the best description of the KLp.- K$ data. The resulting 

value, A = -1.95 GeV -2 , is significantly different, however, from the previous 

results for TN charge exchange and no production. _ 

We note that the imaginary part of the nonflip amplitude is the dominant 

term for the reaction Klp - K”# as expected if it proceeds mainly by w” 

exchange. 45 The zero in this term for -t N 0.2 GeV2 (the crossover zero) 

produces a steep forward peak (slope parameter - 10 GeV-‘), and in addition 

tends to cause a dip in the differential cross section. However, the helicity 

flip amplitude does contribute in the vicinity -t - 0.2 GeV2 such that the differ- 

ential cross section exhibits a shoulder rather than a dip in this momentum 

transfer region. 

The polarization predictions are shown in Fig. 7b and suggest that the 

K;P - K”# polarization will be negative for momentum transfers -t 5 0.6 GeV’. 

The SU(3) f/d ratios for the vector nonet, given in Table 4, have been deter- 

mined by comparing the coupling constants for the reactions KLp - K”$ and 

0 rp-Tn. Solutions 1 and 2 are observed to give essentially equal values of 

(f/d) &=O - -5.3 (see also Ref. 37) and (f/d)M=l N 0.32 for nonflip and flip 

coupling respectively. 
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3.2 Study of K* and K** Exchange Reactions 

To investigate systematic trends in the TN -) K&X) and m - n(A,.Z) data 

and to study the momentum dependence of their differential cross sections, we 

have made a compilation of forward differential cross sections and slopes be- 

tween 46 - 3 and - 16 GeV/c. These data, from references in Table 2, are 

shown in Figs. 8-11. 

Above - 4 GeV/c, approximately equal differential- cross sections at t=O 

are observed for the Z: channels, TN - I(% and KN - 7rZ (see Fig. 8), and also 

for the A channels, TN - KA and KN - TA (see Fig. JO), although a non- 

statistical scattering of the data points between experiments appears to be 

present. The slope parameters for the L: data are nearly equal for the TN and 

$N channels (see Fig. 9), although the TN values appear to be slightly larger 

than the KN values. In contrast, the slope parameters for TN -KA are signifi- 

cantly greater than those for RN - 7rA (see Fig. 11). The difference of slope 

parameters for the A channels has been noted previously. 33 

Regge shrinkage would predict an increase of the slopes with momentum as 

indicated by the curves in Figs. 9 and 11. The data are observed to be in quali- 

tative agreement with shrinkage, but the large uncertainties cannot rule out 

alternate interpretations. 

The measured values for the Z and A polarizations are shown in Figs. 12 

and 13 respectively. Two interesting trends are apparent. First, the data 

show no obvious change with energy, suggesting that the energy dependences 

of the helicity flip and nonflip amplitudes are the same (as expected, for example, 

by Regge theory). Second, the polarizations approximately obey the relations: 

P(nN -KA) = -P(rN- KX) , 
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and 

This mirror symmetry suggests that the A and 2 channels have qualitatively 

similar amplitude structure and places a restriction on the relative signs of the 

flip and nonflip amplitudes. 47 

It is interesting to briefly examine whether standard Regge exchange models 

can account for the observed trends in the strangeness exchange reactions. Both 

A and 22 production are assumed to be described by K* and K** Regge exchanges 

in the t channel. 48 Simple Regge pole models with exchange degenerate K* and 

K** trajectories predict: 

g&N- ?rY) =$(rN -+KY) , 

where Y represents either A or 2. This relation is observed to be approximately 

satisfied by all the data at +O and by the Z data for -t > 0, but disagrees with 

the A data away from the forward direction. Independent of exchange degeneracy, 

simple Regge models predict opposite signs of the polarization for EN and nN channels: 

P$EN-+~Y) = -P$Q~N-KY) , 

in disagreement with the data for both A and 2 final states. On the other hand, 

standard absorption models can reproduce the experimental polarizations 14,16 

but predict that dt “kT(KN + TS-)/$(TN -KY) <l in contradiction to observation 

(see Figs. 14 and 15). This result applies to both weak and strong absorption 

models, and arises from the subtractive nature of the absorptive corrections in 

these models. 14,15 In summary, no clear understanding of the reactions 

TN --L KY and KN -. 7rY is provided by the standard models. 

Before making a detailed comparison of the DAM to the data, we first 

comment on the hypothesis of strong exchange degeneracy for the K* and K** 
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exchanges. Since the s-channel in m - 7rY is not exotic, duality does not 

require the K* and K** exchanges to be strongly exchange degenerate. The 

large polarizations observed in the EN channels, for example, disagree with 

strong exchange degeneracy. In contrast, the duality diagrams 27 (or equiva- 

lently, strong exchange degeneracy for KN charge exchange together with 

SU(3) symmetry and equal f/d values for vector and tensor exchanges) suggest 

that the amplitudes for the RN - 7rY channels should be purely real, and 

studies of the low energy data do show an approximate averaging to zero of the 

imaginary part of the nonflip amplitude. 5o The present analysis using the DAM 

does not allow strong exchange degeneracy for the K* and K** amplitudes, 

however, as indicated by the following two observations: 

(1) If the AX=1 amplitudes were strongly exchange degenerate, then the 

polarization for m - r( A$) would be: 

P a Jo(ra) Re MahEl(s,t) 

The polarization would then be required to have (at least) the zero structure of 

Jo@&); in particular it would be zero for -t - 0.2 GeV 2 51 . This feature is 

not observed in the present data (Figs. 12 and 13) which have polarizations in 

both A and E channels of -50% in this t region. A similar argument in the 

region -t - 0.6 GeV’ can be applied to the hypothesis of strong exchange 

degeneracy for the helicity nonflip amplitude and is also in disagreement with 

the DAM. 

(2) The experimental observation that $ @N -L nY)/g (nN - KY) > 1 for 

-t > 0 implies that the real parts of the vector and tensor exchange amplitudes 

are approximately equal, rather than the imaginary parts as suggested by argu- 

ments of strong exchange degeneracy. Denoting the K* and K** amplitudes by 
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AV and AT respectively, the amplitudes for RN and TN channels are: 

A&N -7%) =AV’AT 

A(7rN -KY) = -Av + AT . 

The ratio $@N - C)/$ (TN - KY) then can be greater than one only if 

Re (AVA+) > 0. Using the parameterization for the DAM of Eqs. (8) and (9) 

we have: 

Re (AVA;;i,)cc l+aVtr+bvtr2 l+aTtr+bTtr2 
(BVCBT) t’ 1 

- [Jo(rfi)12 - (16) 

where the first (second) term is from the real (imaginary) parts of AV and AT. 

Note that the contribution to Re (AVA;) fr om the M=l amplitude is zero since 

these amplitudes are defined to have Regge phases in Eqs. (8) and (9). As seen 

in Eq. (16)) the imaginary parts of the amplitude considered alone would 

erroneously predict g@N- ?iy)/$N - KY) < 1. The real parts therefore 

must contribute to make this ratio greater than one. In fact, the largest splitting 

of the following ratio of differential cross sections: 

tends to occur for Re AV=ReAT. 

We now turn to the parameterization used for the K* and K** exchange 

amplitudes in the DAM. The basic amplitude structure is assumed to be similar 

to the o and A2 exchange amplitudes of Sec. 3.1, but now a difficulty occurs 

with the choice of phases. If we use a linear Regge trajectory passing through 

the physical K* and K** masses then a zero in the K* helicity flip amplitude 

appears at -t - 0.4 GeV2 which no longer coincides with the first zero of the 
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Jl(r&) for r - 5 GeV -1 (corresponding to an interaction radius of - 1 fm). 

The simple Regge pole form for the helicity flip amplitude is therefore no longer 

identical to the DAM amplitudes. A second difficulty occurs with the conven- 

tional value for the Regge trajectory intercept, (Y,*(O) 2: 0.33, since this value 

predicts a fall with energy of the cross sections which appears to be more rapid 

than the data (for example, Bashian et a1.52 find aeff(0)=O. 7 for $p -K+Z+). In -- 

order to deal with these problems we have chosen the following modified form for 

the vector s-channel helicity amplitudes (hereafter called model 1): 

Im MLCO (s, t) = gz(s/so)Q(t)+b e 
AVt’ 

Jo (r &)- 

Re MLzO 6% t) = g$ds,) o!(t)+& eAVt’ ‘“) eBVt’ tan[+*e!v(0)] 

(17) 

and 

M&lts, t) = g;ts/s,) 
Q! lt)+& eGt' 

1 
(r&I) 

i 

x 

where o!(t) and ov(t) are the p and K* Regge trajectories respectively, and & 

is an additional parameter used to obtain an adequate energy dependence. 53 

The modifications are designed to preserve the “Jahf’ structure while allowing 

the amplitudes to have the K* Regge phase at t=O. Analogous amplitudes apply 

for the K** (tensor) exchange. 

We have also considered a second parameterization, hereafter called model 

2, that partially relaxes the restrictions of model 1 (Eq. 17). For model 2 the 
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the real part of the vector helicity flip amplitude is chosen to be: 

Re M~&t) = g$/so) cr(t)+acr eAVt’ (+rfi)(l+xt’+yt’2) ta.n~~c!(Oj 

(18) 

where x and y are parameters to be determined from the data. The tensor 

amplitudes are the same as in model 1. Note that for model 2 the M=l ampli- 

tudes can also contribute to the interference term evaluated in Eq. (16). 

We now present the results of our analysis for the strangeness exchange 

processes. In view of the difficulties in parameterization of the K* and K** 

exchange amplitudes, we regard the results presented as a representative, but 

not unique, determination of the amplitudes. The parameters for the .Z data 

and the A data have been found separately and are summarized in Table 5. The 

differential cross sections for model 1 are compared to the .X reactions in 

Fig. 16 and to the A reactions in Fig. 17 over the momentum range - 4 to 

- 16 GeV/c. In Figs. 14 and 15 comparisons are made at specific energies for 

pairs of line reversed reactions using both models 1 and 2. Good agreement 

is found with the differential cross section data; in particular, the model curves 

are able to describe simultaneously both the I: reactions and the A reactions, 

even though these two sets of reactions behave quite differently under line 

reversal. The polarizations (see Fig. 12 and 13) are also adequately reproduced 

by the models. Thus both DAM parameterizations are found to provide good 

descriptions of all available data although somewhat better agreement is observed 

for model 2. 

It is interesting to compare the results of the DAM analysis to the com- 

pilation of A and Z slopes and forward differential cross sections. The results 

for the differential cross sections at t=O are given in Figs. 8 and 10, and 
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show the Regge dependence assumed in the model. In Figs, 9 and 11, two 

curves are displayed for each reaction corresponding to the model 2 slopes 

determined in the two momentum transfer intervals, region A: (Oz-ttO.3 GeV’), 

and region B: (0. l(-tLO.4 GeV’) . The slope parameters are seen to differ 

considerably depending upon the t region chosen, especially for the TN induced 

channels where differences larger than 1 GeV-a are found. These dependences 

on the t region may explain part of the scatter of the experimental slope values 

(see Fig. 9 and 11) and also may cause a spreading of the values for the forward 

differential cross sections that are determined by e&rapolation. In particular, 

we note that for the TN channels the model yields a smaller slope for region B 

than for region A whereas the opposite is true for the EN channels. Extrapola- 

tion of these slopes would then yield dt *(RN - TY)&(TN -KY) > 1 at ti0 even 

if the true value of the ratio were unity. This trend is in fact suggested by the 

2 data shown in Fig. 8. 

The prediction for the S and T parameters for the 2 and A reactions are 

shown in Fig. 18 and 19 respectively. For the IZ data the two models are nearly 

indistinguishable, whereas for the A data the two models predict quite different 

tdependences. The measurements of the S and T parameters therefore would 

be essential in determining the true amplitude structure. 

The s-channel helicity amplitudes, evaluated at 6 GeV/c, are shown in 

Figs. 20-23. The individual K* and K** amplitudes for the .Z reactions are 

essentially equal for the model 1 and 2 solutions (see Fig. ZO), whereas for 

the A reactions the real parts of both the helicity flip and nonflip amplitudes 

differ appreciably between the model 1 and 2 solutions (see Fig. 21). As noted 

above, the S and T parameter predictions for the A data are correspondingly 

quite different for the two models. The resultant amplitudes for specific II 
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and A reactions are displayed in Figs. 22 and 23; the amplitudes for other 

strangeness exchange reactions are simply related by Table 3. 

Several observations may now be made from the amplitudes determined 

in the present analysis: 

(1) Qualitatively similar structures in momentum transfer are found for 

p (A2) and K*(K**) amplitudes using the model 2 results. 

(2) For the A reactions the values for the exponential parameters, A, 

are in good agreement with the results for TN charge exchange and q produc- 

tion; however, somewhat different values are found for the .Z reactions. 

(3) The approximate agreement with strong exchange degeneracy for the 

o and A2 amplitudes in KN charge exchange is not found to apply to the K* and 

K** amplitudes in 2 and A production. Rather, the ratios of imaginary to 

real parts of the forward amplitudes for Kp --* T(Z, A) are observed to be approx- 

imately one (see Figs. 22 and 23). In addition, from Table 5 we observe that 

the ratios of coupling constants are: 

gV(n)/gT(N = 
I I 

gvP,/gT@, I = 6 , 

for both helicity flip and nonflip amplitudes. 54 As noted previously, the failure 

of strong exchange degeneracy follows from our formulation of the DAM having 

equal radii of interaction for vector and tensor exchange amplitudes, and Tom 

the large polarization observed in the KN strangeness exchange data. 

(4) The apparent failure of strong exchange degeneracy for K* and K** 

amplitudes implies a breaking of SU(3) symmetry. That is, the K* and K** 

amplitudes are not directly related by SU(3) scalar coefficients to the p and A2 

amplitudes determined in the analysis of reactions (1) - (4). Furthermore, if 

the coupling constants for the (A&) reactions are compared to those for the KN 

charge exchange reactions, then the f/d ratios found are incompatible with 
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those determined for the co, w”) exchanges (see Table 4). It is interesting to 

note, however, that if the coupling constants for the Z reactions are compared 

to those for the A reactions then f/d ratios are derived which are in good agree- 

ment with those found for the (p, w”) exchanges. 

4. SUMMARY AND CONCLUSIONS 

The present analysis shows that a consistent description of pseudoscalar- 

meson baryon scattering can be achieved within’the amplitude framework of 

the dual absorptive model (DAM). The amplitudes determined in the present 

study reproduce well the data for reactions (1) - (6) and also satisfy the require- 

ments imposed by previous amplitude analyses of elastic scattering data. The 

hypothesis of strong exchange degeneracy is found to be approximately satisfied 

for (p, A2) exchange in K-p - Ron and K+n - K”p (where the s channel is exotic 

for the K+n case), but is significantly violated for (K*, K**) exchange in the 

reactions TN --c KY and KN - TY (where the s channel is not exotic for either 

reaction). 

The reactions (1) - (4) are closely related since they involve non-strange 

vector co, w’) and tensor (AZ) meson exchanges with exchange degenerate Regge 

trajectories. The model satisfactorily describes the available data on these 

reactions, except perhaps for the KLp - Kgp data for -t >” 0.3 GeV2. 

The p amplitude structure determined in the present work, where 

Im Mah. cc J&r&t) e At , is observed to be consistent with the results of 

previous amplitude analyses. Essentially equal values for the parameters 

r (radius of interaction) and A are found for the p and A2 amplitudes (pre- 

dominantly M=l); these values also are in agreement with the parameters 

obtained for co, w)’ and f” exchanges from elastic scattering data (predominantly 

M=O). This result suggests that the impact parameter representations for all 

of these exchange amplitudes are approximately equal. 
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The comparison of the p and A2 amplitudes to KN charge exchange data 

yields coupling constants which are in good agreement with SU(3) predictions. 

The resulting amplitudes for K+n - K”p are approximately real, and the 

polarization for this reaction is expected to be small. This result suggests 

that strong exchange degeneracy applies to absorbed Regge exchange amplitudes 

in exotic channels. 

The vector couplings determined for n-p -+ .n”n and KLp - Kip yield 

SU(3) f/d ratio values (f/d) M=O - -5.3 and (f/d) M=l - 0.32 in good agreement 

with previous studies. 

We have summarized the data for the reactions TN - KY and KN - nY, 

where Y is A0 or Z, by compiling the differential cross sections at t=O, 

(do/dt)o, and the slopes of the forward differential cross section, B, in the 

momentum interval -3 to -16 GeV/c. The data are observed to satisfy the 

following relations : 

(gj (nN--KY)-(g)o--7iY) , 
0 0 

and 

B(rN -KY)>B(m-7X) , 

where the inequality of the slope parameter is especially pronounced for the 

A0 reactions. The equality of the forward cross sections suggests that the 

Regge phases hold at t=O (crK* (0) = oK** (0))) and that absorption does not 

alter the phases of the forward amplitudes appreciably. This result is sup- 

ported by nN charge exchange and also Ki regeneration data where the 

experimentally determined phases are near the values predicted by Regge 

theory. However, absorption does alter the amplitudes significantly for -t >O 
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and can cause the observed differences in the slopes of the forward cross sec- 

tions for line reversed pairs of reactions. 

The polarization data for the strangeness exchange reactions are also 

compiled in the momenta interval N 4 to - 14 GeV/c. Polarizations for both 

nN and EN channels are observed to be large, to be nearly independent of 

energy, and to be satisfied approximately by the relations: P(nN -KA)= 

-P (TN -KZ) and P($N -) ?m) = -P@N --L ~2). The large values of polarization 

are in disagreement with the expectations of the duality diagrams for strong 

exchange degeneracy in m channels. 

The present analysis reproduces well the observed features of the strange- 

ness exchange reactions (5) and (6), using the same basic amplitude structure 

for K* and K** exchanges as for p and A2 exchanges. However, the relation 

between coupling constants for the @, A2) exchange reactions and the (K*, K**) 

exchange reactions indicates that the K** is suppressed with respect to K* in 

disagreement with SU(3) predictions. In the present formulation of the DAM, 

where nearly equal radii of interaction are used for vector and tensor exchanges, 

the suppression of K** relative to K* is needed in order to reproduce the large 

polarization observed in reactions (5) and (6). The K**/K* ratio of couplings 

suggests that one should be cautious about applying SU(3) symmetry between 

the (K*, K**) and @, A2) exchanges. 

In conclusion, the present formulation of the DAM provides a consistent 

picture of inelastic pseudoscalar-meson baryon scattering. In order to evaluate 

the validity of the amplitudes determined in the present analysis, further 

experimental work is necessary. Measurements which appear to be particularly 

needed for further progress are: (1) polarization for n-p - n On for -t> 0.2 GeV2, 

(2) &/dt for m -TAO, (3) polarization for m - 7rA” and KN - ~2 above 
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- 8 GeV/c, and the more difficult measurements of (4) polarization in 

K+n - K’p, and (5) S and T parameters in strangeness exchange reactions. 
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Table 1 

Model Parameters for Reactions with p, o’and A2 Exchanges in the t Channel 

Reaction 

r (GeV-I) 

vet tor exchange 

A v (GeV-2) (b) 

2 
V 

g1 
av( GeVB2) 

bv( GeV-4) 

cv(GN-6) 

Bv(GeV-2) 

tensor exchange 

A T (GeV-2) lb) 

T 
80 

T 
g1 

av( GeVe2) 

bv(GeV-4) 

B,(C+ZV-~) 

0 n-p- r n 

5. 19 

P 

-0.93 

-15.0. I ‘ 

-30,,9 

5.56 

10.20 

5.22 

1.5 

---- 

_--- 

---- 

_--- 

-_-- 

_--- 

q-e- 

7r-p -L q”n 

4.99 

---- 

---- 

---- 

--_- 

---- 

---- 

---- 

---- 

A2 A2 

-0.72 -0.70 

-7.56 -8.88(-9.25) 

-14.9 -16.3(-18.2) 

7.28 7.28 

4.88 4.88 

2.0 2.0 

K+n -. K”p(a) 

5.13 

P 

-1.11 - 

-10.4 (-10.6) 

-21.8 (-21.-g) 

5.56 

10.20 

5.22 

1.5 

K;P - esp 
Solution 1 1 Solution 2 

5.00 

p+w” 

-1.20 -1.95 

-15.8 -15.3 

11..9 10.7 

5.13 

p+hJO 

5. 56 
I 

5.56 

10.20 I 10.20 

5.22 5.22 

1.5 1.5 

---- -e-w 

---- ---- 

---- ---- 

a--- ---v 

---- ---- 

e-e- -w-- 

(a ) SU(3) predictions for the coupling constants, ga h, are shown in parentheses, 
see Sec. 3.1. 

(b) For comparison of the present A parameters to the exponential parameter of 
Harari, A’ (see ReE. 29) we note that A1 = A + Q‘Bn (s/so) M A f 2. I GeVs2 at 
5 Gev/c. 
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Table 2 

Summary of Experimental Data References 

Reaction Exp’t. Momenta 

fGeV/cl 

Reference 

- 0 3.67, 4.83, 5.85, P. Sonderegger et al. , Phys. Lett. 20, 75 -- - (1966) 
13.3, 18.2 

9.8 A. V. Stirling et al. , Phys. Rev. Lett. 2, 763 (1965) 

5.9, 11.2 P. Bonamy et al. , -- Phys. Lett. 23, 501 (1966); P. 
Bonamy et al. , Nucl. Phys. Bl6,335 (1970) -- 

3.47., 5.0 

5.0, 8.0 

3.72, 5.9, 9.8 
13.3, 18.2 

3.65 - 

10. 0 

3.2, 3.47, 5.0 

5.9, 11.2 

K;P -K;p 2-4, 4-8 

K-P - Ken 5.0, 7.1, 9.5, 
12. 3 

+ 
Kn-Kp 0 5.5 

12.0 
+ 

rpdK + -I- 
Z 3.0, 3.25, 4.0 

5.05, 7.0 

3.23 

5.4 

6.0, 10.0, 14.0 

D. D. Drobnis et al. , -- Phys. Rev. Lett. 20, 274 (1968) - 

0. Guissan, presented at Rencontre de Moriond, 
March 7-19, 1971 

0. Guissan et al. , -- Phys. Lett. 18, 200 (1965) - 

E.H. Harvey et al. , -- Phys. R,ev. Lett. 27, 885 - (1971) 

M. A. Wahlig, I. Mannelli, Phys. Rev. 168, 1515 (1968) 

D. D. Drobnis et al., -- Phys. Rev. Lett. 20, 274 (1968) 

P. Bonamy et al. , -- Nucl. Phys. B16, 335 (1970) 

A. D. Brody, et al. , Phys. Rev. Lett. E, 
SLAC Group B, private communication. 

1050 (1971); 

P. Astbury et al. , -- Phys. Lett. 2, 396 (1966) 

D. Cline et al. , -- Nucl. Phys. B22, 247 (1970) 
A. Firestone et al. , -3 Phys. ReyLett. 25, 958 (1970) 

S. M. Pruss et al. , -- Phys. Rev, Lett. 2, 189 (1969) 

R.R. Kofler et al. , -- Phys. Rev. 163, 1479 (1967) 

W. A. Cooper et al. , -- Phys. Rev. Lett. z, 472 (1968) 

A. Bashian et al. , -- Phys. Rev. D4, 2667 (1971) - 
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Table 2 (cont’d. ) 

r p+K “9 2.0, 3.1, 4.0 0. I. Dahl et al. , Phys. Rev. 163, 1430 (1967) -- 
0 0 -K A 3, 4, 5, 6 C. E. W. Ward et al --• 7 Bull. Amer. Phys. Sot. , 

paper JH5, 17 (January 1972); C. E. W. Ward private 
communication. 

3.9 

4.5, 6.0 

M. Abramovich et al. , Nucl. Phys. B27, 477 (1971) -- 

D. J. Crennell et al. , “Two -Body Strange Particle 
Final States inTrInteractions at 4.5 and 6 GeV /cl’, 
B. N. L. . preprint (1972) 

7.91 R. Ehrlich et al 0. ’ Phys. Rev. 152, 1194 (1966) 

8.0, 10.7, 15.7 W. H. Willen et 2, “High Energy Differential Cross 
Sections for F Production”, Fourth International 
Conference on High-Energy Collisions, Oxford 
1972, BNL preprint 16681, (1972); W. A. Love 
private communication. 

+ t-0 nn-K A 6.95 

K-p - 7r- r;t 3.95 

4.07, 5.47 

8.0, 16.0 
- 

K n-r 2 0 3.0 

J. Lynch, private communication 

L. Moscoso et al --• 2 Nucl. Phys. Bs,332 (1972) 

J. S. Loos et al. , -- Phys. Rev. 173, 1330 (1968) 

D. Birnbaum et al. , -- Phys. Lett. 3lB, 484 (1970) 

S.A. B. R. E. collaboration, Nucl. Phys. B33, 61 
(1971) 

- 0 
-+T A 3.6, 3.9 

4.5 

4.9 
-0 Kp-7r +x0 2-3, 3-5 

- 7r+A” 5-8 

0 0 K-p-+n A 3.5 

3.9, 4.6 

3.95 

4.1, 5.5 

D. J. Crennell 2 & , Phys. Rev. Lett. 23,1347 (1969) 

W. L. Yen et al. , Phys. Rev. Lett. 22, 963 (1969); 
W. L. Yen et al. , -- Phys. Rev. 188, 2011 (1969) 
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Table 3 

SU(3) Relations for Pseudoscalar-Meson Baryon Scattering 

SU(3) Amplitude (a) 

AV 

AT 

A$ A T 

-A$ AT 

(l-2cr)AV 

(1 - 2a)AV -I- (1 - 2o’)AF) 

-(l - 2a)AV -I- (1 - 2c1?)A~) 

(l- 20!/3)AV + (1 - 2&/3)AT 

-(l - 2a/3)AV+ (1 - 20’/3)AT 

channel 
:xchange 

P 

A2 

P, A2 

P9 A2 

0 
PI w 

K*, K** 

K*, K”” 

K”, K”” 

K*, K** 

Reaction Amplitude 

1 
-J B A(r-p - ;n) 

A(?P - 17 On) 

A(Kp--K On) 

A(K% --K’p) 

-A(K;p -L K”sP) 

-A( ~‘p -K+ Z+) = - 42 A( ‘~rp +K’IZ?) 

-A(K-p - n-Z+) = & A(K-n-r0 Z-) 

=-&A(K-n-a- X0) 

=-&A(z’p-r++) 

-1 $A( r-p +‘A’) = - 
J- :A( r’n -K+n”) 

-J 
$ A(z” p4a+ho) = - 

J- 
$A(K-n- r-h”) 

=- $A(K-p -GO A’) 

(a) The f/d ratios are contained in ok E l/(f/d f 1) 

(b) The Z amplitudes have been written assuming t channel exhanges with isospin 3/2 

can be neglected. 
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Table 4 

f/d Ratios Determined from Model Comparisons to the Data 

KEp - fsp (soln. 1) 

Reactions 

0 ?r p-r n 

KoLp + K”$ (soln. 2) 

KN charge exchange 

EN e-11-X (model 2) 

KN charge exchange 

EN+ TA (model 2) 1 

n-p-K(A, z:) 

Kp- n(A, 2) 
(model 1 

TP - K( A, 9 

??p-+n(A, 2) 
(model 2) 

I 

vet tor exchange 

-5.15 0.30 

-5.42 0.34 - 

-4.70 -0.45 

9.10 0.24 

-2.26 0.15 -2.86 0.27 

-2.11 0.15 -4.48 0.34 

tensor exchange 

fid’a’;l = o f/d(Th)h = 1 

_--- ---- 

---- ---- 

---_____ 

1.78 1.35 

-0.15 -0.22 
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K* 

E 
X 
C 
H 
A 
N 
G 
E 

K** 

E 
X 
C 
H 
A 
N 
G 
E 

Table 5 

Model Parameters for Strangeness Exchange Reactions 

Reaction T K-p + 7r- Z+ 

Model 1 Model 2 T gOp+ 7r+n” 

Model 1 Model 2 

r (Gd) 5. 0.4 4.97 4. 77 5.13 

Ao! 0.065 0.065 0.065 0.065 

Av(GeV-2) 

V 
go 

V 
81 

av( GeVw2) 

bV(aV4) 

Bv(GeV-2) 

x (Gev-2) 

0.30 0.21 -0.17 -0.78 

17.0 17.1 - 12.3 11.9 

-18.5 -17. 7 12.6 12.3 

3.23 3.61 0. 79 2.51 

2.57 1. 77 0.95 

0.0 0.0 0.0 

---- em-- 1.80 

Y (QV-4) 

AT( GeV-2) 

T 
80 

T 
g1 

aT( GeVm2) 

b,(@v*) 

BT( GeV-2) 

---- 

2.95 

0.0 

2.29 

2.01 

-0.01 -0.17 -0.56 

0.82 

-0.69 

2. 95 2.48 2.36 2.31 

-2.24 -2.41 2.26 2.97 

-0. 77 -0.67 -0.48 -0.22 

-8.05 -7.87 

0. 5 

-0.66 

0. 0 

-6.15 

0. 5 1. 0 
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FIGURE CAPTIONS 

1. Example of the real part of the helicity flip amplitude for tensor exchange in the 

present formulation of the DAM (solid curve). The dashed curve is of the 

form: J1(r d-7) eAt’cot[& n.a(t)J, where a singularity results when the 

zero in o!(t) is slightly displaced from the zero in the Bessel function. 

2. Differential cross sections for (a) 7r’-p - Ton and (b) ‘rrp -q On from references 

in Table 2. The curves are the DAM descriptions of the data (see Sec. 3.1). 

3. Polarization data for (a) ?‘r-p -non and (b) 7r-p --c q On in the momentum interval 

3.6 - 18.2 GeV/c. The curves are the DAM comparisons to the data. 

4. S-channel helicity amplitudes evaluated at 6 GeV/c for (a) 7r -p+ Ton and 

(b) 7r-p-n”n. The solid (dashed) curves represent the imaginary 

(real) parts of the amplitudes. The imaginary parts of the amplitudes are 

essentially Bessel functions, J Ah (see Sec. 2 and 3.1). The solid (open) 

points in (a) are the results of the amplitude analysis of Halzen and Michael 

(Ref. 18) for the real (imaginary) parts of the s-channel amplitudes. For 

comparisons to the present amplitudes, the amplitudes of Halzen and Michael 

have been rotated by a constant phase, - 14’) to agree with the Regge phase at 

t = 0 (see Sec. 3.1). 

5 . (a) Comparison of KN charge exchange differential cross sections: K’n-K”p 

at 5.5 and 12.0 GeV/c; K-p--K’p at 5.0 and 12.3 GeV/c. The solid (dashed) 

curves are the results of DAM comparisons to the K-p-Eon (K+n-K’p) data. 

(b), (c), and (d) DAM predictions for KN charge exchange polarization, T, 

and S parameters respectively. 

6. Resultant s-channel helicity amplitudes, summed over p and A2 exchanges, 

for the reactions (a) K-p-E On and (b) K+n-K”p at 6 GeV /c. The solid 

(dashed) curves represent the imaginary (real) parts of the amplitudes. 
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7. (a) Differential cross sections for K;J?- KiP in the momentum interval 2 

to 8 C&V/c. The dashed (solid) curves are the results of the DAM comparison 

to the data for solution l(and.2) as discussed in Sec. 3.1. The corresponding 

polarization predictions are shown in (b). 

8. Differential cross sections extrapolated to t=O for TN- KI: (solid points) 

and %I --, ~2 (open points). Preliminary data have dashed error bars. The 

data references are summarized in Table 2. The curve is the comparison of 

the DAM to the data (see Sec. 3.2). 

9. Slopes of the forward differential cross sections for (a) q -KIZ and 
- 

(b) KN --n,Z. Preliminary data have dashed error bars.. The data references are 

summarized in table 2. The solid and dashed curves are the comparison 

of the DAM (model 2) to the data for theoretical slopes calculated in the 

momentum transfer intervals: A: (0 I-tLO.3 GeV2), and B: (0.1 z-tL0.4 

GeV2). 

10. Differential cross sections extrapolated to t-0 for TN -KA (solid 

points) and FN -r 7rn (open points). Preliminary data have dashed error 

bars. The data references are given in Table 2. The curve is the comparison 

of the DAM to the data. 

11. Slopes of the forward differential cross sections for TN-KA (solid points) 

and KN- 7rA (open points). Preliminary data are denoted using dashed error 

bars. The data references are given in Table 2. The solid curves are the 

comparison of the DAM (model 2) to the data as discussed in the caption to 

Fig. 9. 

12. Polarization for the reactions (a) 7r’p -Kf 2’ in the momentum interval 

3-14 GeV /c , and (b) K-p- n-Z+ at 3.95 C&V/c. The solid (dashed) curves are 

the comparisons of the DAM model 1 (model 2) to the data. See Sec. 3.2 of 
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the text for the distinction between models 1 and 2. 

13. Polarization for the reactions (a) “-p -K” A0 at 3.1 and 3.9 GeV/c, and (b) 

EN-r A in the momentum interval 3.9 to - 8 C&V/c. The solid (dashed) 

curves are the comparisons of the DAM model 1 (mode12) to the data. 

14. Differential cross section at - 4 GeV/c for : (a) r+p -Kf Z+ (solid points) 

and K-p--n-X+ (open points). The solid (dashed) curves, denoted (I), are the 

comparison of the model 1 version of the DAM to the data in the 7r’p (K-p) 

channel. (b) n-p -K” A0 (solid points) and K-p- *‘A0 (open points, scaled 

by a factor of 2). Sc+lid curves (I) and dashed curves (II) are the comparison 

of the DAM, models 1 and 2 respectively, to the data. 

15. Differential cross sections for ?~‘p -Kf Z+ at 14 GeV/c , (solid points) and for 

K-p- 7r- X+ at 16 GeV/c (open points). The solid (dashed) curves, denoted 

(II), are a comparison of the model 2 version of the DAM to 7rp (zp) channels. 

The model comparisons have been calculated at 14 GeV/c. 

16. Differential cross sections for (a) r+p-cK + 2’ and (b) K-p- 7~~ 2’ in the mo- 

mentum interval N 4 to -16 C&V/c. The curves are a comparison of the DAM 

(model 1) to the data. 

17. Differential cross sections for (a) 7r -p -+K”Ao and (b) TN-rA in the momen- 

tum interval -3 to -8 GeV/c. The curves are a comparison of the DAM 

(model 1) to the data. 

18. Predictions of the DAM for (a) T and (b) S parameters for q+KZ (solid 

curve) and Kp -zZ (dashed curve) respectively as calculated from the DAM, 

model 1. Parts (c) and (d) are analogous, but are calculated from the DAM, 

model 2. 

19. Predictions of the DAM for (a) T and (b) S parameters for v-+KA (solid 

curve) and zp -+rA (dashed curve) as calculated from the DAM, model 1. 
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Parts (c) and (d) are analogous, but are calculated from the DAM, model 2. 

20. S-channel helicity amplitude for (a) K* and (b) K** exchanges in the channel 

s+p-KK+Z’at 6 C&V/c. The solid (dashed) curves represent the imaginary 

(real) parts of the amplitudes. The curves are for the DAM, model 1, 

results. The DAM, model 2, results differ only in the real part of the K* 

helicity flip amplitude, which is shown as a dotted line in the figure, 

21. S-channel helicity amplitudes for (a) K* and (b) K**‘:exchanges in the channel 

a-p-K”Ao at 6 GeV/c. The solid (dashed) curves represent the imaginary 

(real) parts of the amplitude for the DAM, model 1, results. Parts (c) and 

(d) are the same as (a) and (b) respectively but are for the DAM, model 2, 

results. 

22. Resultant s-channel helicity amplitudes, summed over K* and K** exchanges, 

for the reactions (a) a+~-+-K+Z+ and (b) K-p- 7r- 2’ at 6 GeV/c. The solid and 

dashed curves represent the imaginary and real parts of the amplitudes 

respectively. Amplitudes for other channels are related as given in Table 3. 

The curves show the DAM, model 1, results. The DAM, model 2, results 

only differ in the real parts of the helicity flip amplitudes, which are 

shown as a dotted curve in the figure. 

23. Resultant s-channel helicity amplitudes, summed over K* and K** exchanges, 

for the reactions (a) r-p -K” A” and (b) Rap + 7;tA” at 6 GeV/c. The solid 

and dashed curves represent the imaginary and real parts of the amplitudes 

respectively. Amplitudes for other channels are related as shown in Table 3. 

The curves show the DAM, model 1, results. Parts (c) and (d) are the same 

as (a) and (b) respectively but show the DAM, model 2, results. 
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