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ABSTRACT 

The shape of the four-momentum transfer tP distribution in the 

reactions K*p - K*r+r-p at 13 GeV/c is studied for various partial 

waves as a function of the KT?T mass 0 Strong variation of the slope 

with effective mass is observed for the dominant J 
P 

= 1+ waves. 

For natural parity exchange it is found that, for K7rn masses up to 

1.6 GeV, the slope of the t’ distribution is decreasing with in- 
, 

creasing spin of the excited system, B > B > B 
o- 1+ 2+O 
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In the production of low mass diffractive objects it is well known that the 

shape?f the four-momentum transfer distribution strongly depends on the mass 

of the produced system [ 1,2 ] D The experimental differential cross sections 

are usually well described in the small t” region- by the exponential function 

Near threshold the value of the slope B is usually much higher than the slope of 

elastic scattering processes and then decreases with increasing mass of the ex- 

cited system. 

The idea of geometrical scaling and the success of the “b universality” hy- 

pothesis in describing pp interactions at high energies [ 3,4] has created a pic- 

ture of diffractive processes in which all the contributing partial waves have a 

universal impact parameter distribution, or, in other words, their amplitudes 

may be parametrized as 

btt 
Tih(s,t’) = Ai(s)Jah(Rfi’)e2 . (2) 

Individual amplitudes have no slope-mass correlation. The variation of the 

overall tg distribution with mass is explained in such a picture by the increasing 

contribution of helicity flip amplitudes with increasing mass [5] O 

In contrast, reggeized Deck model calculations [6] present the slope-mass 

correlations for individual partial waves as a consequence of the doubly periph- 

eral structure in the momentum transfer of the Deck diagrams. Absorptive ef- 

fects enhance the correlation by sharpening the distribution dojdt’ near thresh- 

old [7]. 

In this paper we present results on the slope-mass correlation of the indi- 

vidual partial waves contributing to the reactions 
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K&P 4 K*lr+*-p (3) 

at 13 cV/c for Krr mass < 1.6 GeV and ItP I 2 0,6 (G~V/C)~. In addition we 

shall examine how the slope parameter, B, depends upon the quantum numbers 

involved: total spin, helicity , orbital angular momentum, or the final-state iso- 

bar. The experiment was performed with a magnetic spectrometer at SLAC 

using rf separated kaon beams at 13 GeV/c and is described in refs. [8,9, lo] 0 

The details of the partial wave analysis and main results of the study of mass 

distributions are published in refs D [ 9,10,11] 0 The cross sections of some of 

the important partial waves are presented in table 1 for Knn mass intervals of 

120 MeV and compared to the total Knn cross section. 

The partial wave analysis was performed in the t channel coordinate sys- 

tem. Subsequently spin density matrix elements were transformed to the s 

_ channel in each of the mass and t’ intervals, permitting simultaneous study of 

the t* distributions in both s and t channels. 

The s channel t’ distributions for some representative partial waves are 

presented in fig. 1 for the mass interval 1.36 - 1.48 GeV. These, as well as 

all other t* distributions, are well described by the exponential formula 

i 
= AiltPIM exp (Bit*) . 

Here i denotes the partial wave quantum numbers JpM17 and isobar in the final 

state; M describes the helicity flip at the kaon vertex. When the helicity flip at 

the proton vertex is zero, M is equal to A A, the net helicity flip of the reaction.* 

The lines shown in fig. 1 correspond to fits with equation (4). For all the par- 

tial waves in all mass bins, no significant structure is observed in the t’ range 

* We note that all O- waves are well described by a single exponential function, 
i.e., equation (4) with M = 0, which indicates that the contribution of proton 
helicity flip is small, at least for these waves. 
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studied except for the dip at t’ = 0 for waves with M > 1. As a consequence fits 

with th?? parametrization of equation (2) indicate R values smaller than 0.6 

fermi for all dominant partial waves. This may be contrasted with the mea- 

sured value of R for proton diffraction, which is- N 1 fermi [ 1,4] ., _ 

In fig. 2 we present the slope B of the l’K*n waves in both s and t chan- 

nels e As can be seen, for both K+ and K- beams the value of B decreases rap- 

idly as the K?T~ mass increases from 1.0 to 1,6 GeV. The l’K** contribution 

is dominant for the Knn mass range studied. Therefore, its mass dependence 

is largely responsible for the overall t* behavior, despite the fact that the t’ de- 

pendence of other waves is drastically different (see fig. l), For comparison 

the bands in fig. 2 represent the slope-mass dependence in the K+i and K-p to- 

tal Kx~ cross section. It is interesting to note that the slope for the l+l+K*n 

wave shows the same trend as that of l+O+K*n wave. However, the values dif- 

fer by about 2 units for most of the mass bins studied. This observation is in 

disagreement with the predictions of the ‘lb universality” model [ 31 in which 

waves with different M values should have the same slope. A similar but 

weaker slope-mass correlation is also present in the l+Kp and l+Ke waves. 

The obvious difference between the K+ and K- slope-mass dependence 

shown in fig. 2 may be related to the existence of a l+O+K*r resonance near 

1.4 GeV [ 10,121 and to the development with mass of a crossover effect [9] in 

the K* t’ distributions. 

In fig. 3 we compare the t channel slopes of the O- and 2+1+K*7r partial 

waves with that of l+O+K*r. The mass range of the 2+lf wave is too small for 

a conclusion on any mass dependence. It is evident, however, that the O-K% 

wave is strikingly more peripheral than either l’O+ or 2+ls KNIT waves through- 

out our mass region. A similar observation was made for K- data by Otter et 
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al. [12]. Although measurements in the low mass region are difficult due to 

the small O- cross section, our results for the O-K*r wave indicate a slope- 

mass correlation in the K-p data but a rather flat dependence in the K+p data. 

Although the difference between O- and l+ slopes -may be partly related to the 

existence of the pseudoscalar meson at about 1.4 GeV [ 111, high values of the 

slope for all O- waves at all masses indicate a more general nature of this ob- 

servation. 

The significant difference in the slope values for the O- and l+ waves is not 

confined to the K*?r final state. To illustrate this we plot in fig. 4 the values of 

the t channel slopes fitted with the formula (4) for various partial waves in the 

mass interval 1.36 - 1.48 GeV. For a given spin, K*n and KE waves differ in 

the value of the orbital angular momentum L. The clustering of slope values 

for a given spin presented in fig. 4 indicates that the value of the slope depends 

only weakly on L, M, or isobar of the partial wave, but rather depends pri- 

marily on the total spin of the meson system, i,e. , Bo- > B1+ > B2+ D 

The slope-mass correlation of the dominant S wave (l+O+K*x in our case) 

was obtained in reggeized Deck model calculations by Berger and PirilZ [ 71, 

Their calculations are in rough agreement with the shape and the absolute val- 

ues of the l+OSK*n slopes in the mass region studied. This model, however, 

encounters serious difficulties with high values of B for the O- waves at higher 

Kr7r masses, and more sophisticated calculations are needed to accomodate this 

result. 

In the study of the t’ distributions of the individual partial waves in the low 

mass Km system we have made the following observations : 

a) the partial wave data are well described by the exponential function 

N It’ I”eBt’ ; 
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b) the dominant partial wave (l+O+K*a) exhibits strong slope-mass correlation 

whkh is responsible for the behavior of the overall t’ distribution; 

c) waves with different M values at the meson vertex (different net helicity 

flip) have different slope values; 
_ 

d) O-waves are much more peripheral than 1+ waves even at large K?VT masses; 

e) at a given K~T?T mass the slope for 77 = +l depends mainly on the total spin of 

the meson system, namely Bow > BI+ > B2+ D 

These observations are in disagreement with the geometrical “b universality” 

model and indicate that the spin of the excited system and not the net helicity 

flip of the amplitude is the controlling factor of the four momentum transfer dis- 

tributions. The reggeized Deck model with absorptive corrections’ gives a 

better representation of the data, although here the crucial issue of explaining 

the mass dependence of the nondominant partial waves remains unresolved, 

We thank H. I. Miettinen for many informative discussions and his en- 

couragement of this study. 
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Figure Captions 
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Four momentum transfer distributions for the total K+r+n- cross section 

and selected partial waves presented in the s channel for the K+lr+n- mass 

interval 1.36 - 1.48 GeV. 

Mass dependence of the slope parameter for the ~+K*sT waves in t and s 

channels of the reaction (3). The shaded bands represent the slope of the 

total K7r7r differential cross section for It’ IC 0..l(GeV/~)~. 

Mass dependence of the slope parameter for the O-, l+O+, and 2+1+ K*?r 

waves in the t channel. 

Comparison of the slope parameters for the principal partial waves in the 

t channel for 1.36 <Mass (K7rr) < 1.48 GeV. 
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