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We describe a simple graphical method to obtain the S- Wave R-N 
scattering amplitudes from experiment, and apply it to the most recent 
hydrogen bubble chamber data at 17 2 Mev/ c K laboratory momentum. Be
cause the cross-sections for production of neutral hyperons are still un
determined at this energy we express the results as a function of the ratios 

r = a (~0 + >..) 

1 a(~++~-) 
and· 

Some comments on the zero effective range approximation are also included. 
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The S-wave K-N scattering amplitudes have been discussed by several 
authors. l-4 Neglecting coulomb and mass -difference effects, the cross
sections a el. and a c. e. for K- -P elastic and charge -exchange scattering 
can be written in the form 

and 

'IT 
(2) a = c.e. 4k2 

where cSI = ai + i I3I is the complex phase shift for isotopic spin I = 0, l and 

-213I 
ni = e The absorption cross sections in I= 0 and I= 1 are given by 

and 

and are related to the cross sections for hyperon production by 

0 a 
0 

= 6 a {2: ) 

and 

* 

(3) 

(4) 

(5) 

(6) 

Permanent address: Department of Physics, University of Illinois, Urbana, 
Illinois. 

t Summer visitor from Newman Laboratory for Nuclear Studies, Cornell 
University, Ithaca, New York. 
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We now describe a simple method to obtain the two c;omplex phase shifts 
o0 and o1 from experiment. First, use Eqs. 3 to 6 to- determine the quantities 
r) and n 1 from the hyperon production cross-sections. Then apply the 
fo<ilowing graphical method analogous to the technique of Ashkin and Vosko 5 

to obtain a 0 and a 1 (Fig. 1. ) : 

(a) On the complex (x, y) plane draw circles~· E_, and c of radius l'lo• n 1, 

and J 4k2 /rr f!.el. centered at A = ( -2, 0), B = ( -2 + J4k2 / rr a c. e. , 0) and 

C = (0, 0), respectively. 

(b) Draw the line BDE of length 2n
1 

through the intersection D of circles 

a and b in the upper half-plane. 

(c) Find the intersection F of a circle of radius AE centered at A and 

circle c. 

(d) Find the intersections G and H of a circle of radius n
1 

centered at F with 

circle a. 

It follows from the construction that the solutions are 
2ia0 2ia. 0 2ia() 2ia 1 

n 0e = AH, n 1 e = RF, and no e = AG, n 1 e = GF 

corresponding to the a and b solutions of Dalitz. 2 Both solutions give the 
same value for the elastic scattering amplitude CF. Another pair of solutions 
is obtaine.d b~ changing the sign of a 0 and a 1, cor~esponding to an equivalen.t 
construction 1n the lower half-plane. These solutwns are the (-) type solutions 
of Dalitz. 

The elastic, charge-exchange, and charged-hyperon production KP · 
cross sections have been measured up to 400-Mev/ c K- laboratory momentum. 
The neutral-hyperon production cross sections have been measured only at 
300 and 400 Mev/ c and at rest. 6 At 300 and 400 Mev/ c, the angular distribution 
is no longer isotropic so that the S-wave analysis cannot be applied, and 
below 100 Mev/c. the coulomb and mass-difference corrections to the simple 
isotopic-spin formalism cannot be neglected. We have used the data at 
172 Mev/c: 

(J =79±10mb 
el. 

a = 16 ± 3mb 
c. e. 

and obtained the solution as a function of the as yet unmeasured ratios 

a(~ 0 + :\) 
a(~++~-)-

and (7) 
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J4k2 a-el 
7r 

c 
0 

MU-18297 

Fig. 1. Graphical solution for the S-wave phase shifts. 
_ (Symbols are explained in the text) 
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From Eqs. 3 to 6 we find 

1 - 11o 
2 6k

2 
a ("2:+ + "2:-) = rlr2 1T 

(8) 

and 

2 2k2 
+ -

1 - 111 = a("2: +"2: )[1- (1- 3r
2

)r 1]. 
1T 

(9) 

In Fig. 2 we have mapped the curves of fixed 11o and 11 1 in the (r 1 r 2 ) 
plane for the experimental value of a ("2:+ + "2: -) = 45 mb. Tlie physically 
allowed region is 0 .:!'S 11o 2• nl 2 ' r2 -.:!'S 1. 

2ia
0 

2ia 
1 

We have obtained solutions for 11
0

e and 11 1 e by using the 
r 1 and r 2. An mean values of the observed cross-sections and varying 

example is shown in Fig. 3. It was found that 
2ia 0 2ia 

1 
11

0
e + 11 1e shows practically no variation with r 1 or r 2, although 

2ia
1 

and 11
1 

separately vary strongly. The graphical method 

has also been useful to explore the effects of uncertainties in the experimental 
2ia

0 
2ia

1 
quantities. The value of 11

0
e + 7") 

1 
e turns out to be quite insensitive 

to variatio. ns of a 
1 

and a by a standard deviation but varies strongly + _ e . c. e. 
when a ("2: + "2: ) is changed by this amount. In Fig. 4 we have plotted the 
points corresponding to the four assumptions about the cross sections made 
in Table I. 



Fig. 2. 
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+ -Allowed region in the r 1• r 2 plane for 0" (:E - L: ) = 45 mb. 
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2i60 2i61 
Fig. 3. The vectors AG = e and GF = e for the b+ 

solution r 1 = 0. 5, · 0. 3 ~ r 
2 
~ 0. 8. 
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Table I 

Assumed cr.oss sections within standard 
deviation from experiment 

a a O"'E+ + el. c. e. 

79 ± 10 16 ± 3 45 ± 8 

79 16 45 

89 16 45 

79 13 45 

79 16 53 

'E-

0 F 4 

----'1------J)-----r-
A c 

2i5 0 2i5
1 

Variation of -2 + e + e = CF as a function 

of the cross sections a 
1 

, a , and a ('E+ +'E-). 
e . c. e. 
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A zero-effective-range approximation has often been used to obtain the 
energy dependence of the phase shifts o In this approximation 

kA = tan o = i ~l-nr: ~ia.I ) 
I I Z1ai 

. l+nie . 

where AI = a 1 + ibi is an energy-independent scattering length. In Fig. 5 
we give a conformal map of the phase shifts into the Arcomplex plane. 
The circles correspond to the solutions obtained by making the Dalitz and 
Tuan assumptions concerning the neutral-hyperon production: 

(a) a (X.) = ea 1 (e = energy independent) 

bo a o 
'E>""l- a 1 

(at rest). (b) 

Assumption (b) follows from the zero-effective-range theory in the absence 
of coulomb and mass differences. Jackso~ and Wyld have given expressions 
for a 0 and a 1 which include these effects. However, there appears to be 
no J~stification in the R-matrix formalism for their method of separating 
the KP absorption cross section into an isotopic spin I = 0 and I = 1 part. 
We have not incorporated the at-rest data to restrict the solutions. 

Finally, we investigated the dependence of the Dalitz-Tuan TT-Y 
~esonance 7 on r 1 and r 2 .. Figure 6 is a plot of the imaginary part of the 
KP elastic-scattering amplitude in the unphysical region for the minus 
solutions an~ various assumptions of r 1 and r 2. Note that for large r 2 the 
resonance disappears. 
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2 
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Fig. 5. The complex scattering lengths A 0 = a 0 + ib0 and 

A 1 = a
1 

+ ib
1 

for r
1 

= O.S, 0.3 .:S r
2 
~ 0.7. Also A 0, A 1 for 

the Dalitz solution with b 0/b 1 = 2.. 
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6. Curves of ImT as a function of IP I in the region of 
unphysical K-P energies for the b _ sofution with r 1 = 0. 5 and 
r

2 
= 0.3, 0.5, 0.7. 
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