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K+p ELASTIC SCATTERING AT _864, 969, AND 1207 MeV/c* 

Roger W. Bland, Gerson Goldhaber, and George H. Trilling 

Department of Physics and Lawrence Radiation Laboratory 
University of California, Berkeley, California 94720 

May 16, 1969 

The differential cross section for K+p elastic scattering has 

been measured at 864, 969, and 1207 MeV /c. Our data show a 

smooth transition from low -energy s -wave s<::attering to high-

energy diffraction, and are somewhat in disagreement with a 

recent experiment on K+p backward scattering. 

The general features of K+ p elastic scattering have been known for 

some time:i-? below 800 MeV/c a single wave, the S wave, appears to domi-

nate, ·and above 1400 MeV /c a completely diffractive behavior is encounte'red. 

Of particular interest is the 800-1400 -MeV /c transition region, which spans 

the onset of inelastic processes and contains the only large structure in t~e 

+ K p total cross section. In this paper we present d:lfferential cross sections 

for K+ p elastic scattering at 864, 969, and 1207 MeV /c. We see a smooth 

transition from the low-energy isotropy to the high-energy diffraction, with 

minimal structure in the Legendre coefficients in the transition region. We 

also find our data in the backward direction to be completely inconsistent 

with th~ recent counter measurements by Carroll et al. 8 

Our data come from an exposure of the LRL 25 -inch hydrogen bubble 

+ chamber to a mass -separated K beam at the Bevatron. Most of the events 

were measured on the Berkeley Flying -Spot Digitizer. We analyzed all 

events ?ccurring within our fiducial volume, yielding 10 500, 5 600, and 
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6 300 K;t p elastic scatterings at 864, 969, and 1207 MeV /c, respectively. 

Since all events were measured, the data could be normalized to the accurate 

9' . 10 
total cross section measurements of Cool et al. and Bugg et al.; the re-

suiting error in normalization was ± 2 to 3o/o. Complete details of the analysis 

and normalization procedure will appear in a later paper. 11 

The major biases in our event sample arise from three sources of 

scanning loss: ( 1) loss of forward events, for which the K+ .deflection becomes 

small and the recoil-proton track short; (2) loss of backward-scattering events, 

which are nearly collinear with the incident K+; ( 3) loss of events for which 

the plane of the scattering is perpendicular to the camera plane, -and hence 

for which there is little apparent deflection of the secondaries. To minimize 

these biases we took the following steps: (a) about 20o/o of the film at each 

momentum was rescanned, and corrections were made based on the newly 

found events (numbering about 3.5% of the first-scan events); {b) we removed 

all events with <j> between 60 and 120 deg, where <j> is the azimuthal angle about 

the incident beam direction of the normal to the scattering plane and <!> = 0 

corresponds to having the scattering plane perpendicular to the camera axis; 

(c) the region 0. 9 < cos f) < 1 was rejected as unreliable at all three momenta 

and the region -1 < cos f)< -0.9 was rejected at 864 and 969 MeV /c. In the 

remaining regions of cos f) the corrections for scanning loss were always 

less than 6%. 

The final results are given in Table I and plotted in Fig. 1, along with 

1 5 12 . published data at other momenta. ' ' The data qf Carroll et al. at 1.20 

BeV /c are shown with ours in Fig. 1e. The data of Carroll et al. are lower 

than ours by a factor of 0.64± 0.05, and we see no way in which such a bias 

could have occurred in our data; We thus conclude that the absolute normal-

\ 
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ization of the data of Carroll et al. at this momentum is probably inco-r-ree-t-.--

We have performed Legendre-polynomial fits to elastic scattering data up to 

1960 MeV/c, and the resulting coefficients are plotted as a function of beam 

momentum in Fig. 2. The only clear structure in the 800-14-00-MeV/c 

. transition region is a small negative dip in both a
1 

and a 3 near 900 MeV /c. 

The Legendre fits have been used to calculate the differential cross ,section 

in the forward and backward directions, as given in Table I. The forward 

differential cross section can be used in conjunction with the optical theorem
13 

to obtain the real and imaginary parts of the forward K+p scattering ampli-
, 

tude. Carter 14 has used dispersion relations to calculate the real part of 

the forward scattering amplitude, and we can compare our results with his. 

He predicts for the center -of-mass ·forward scattering a~plitude Ref{ 0) = 

-0.25 ± 0.03, -0.24± 0.03, and -0.28 ± 0.03 fm, at 864, 969, and 1207 MeV /c, 

to be compared to our measured values of Re f{ 0) = -0.26 ± 0,03; .. 0.25 ± 0~04, 

: 15 
and -0.24± 0,03, m good agreement. 

In conclusion we find the K+ p elastic scattering to undergo a· smooth 

transition from low -energy S-wave 13cattering to a forward diffraction peak, 

with minimal structure as a function of energy. 

We would like to acknowledge the help of Howard S. White and the Data 

Handling Group, the Bevatron staff, and the 25 -inch bubble chamber crew, 

as well as the efforts of our scanning, measuring, and computing staff. 

t'· Dr. Michael G. Bowler, Dr. John L. Brown, and Dr. Sulamith Goldhaber 

.k· participated in the early phases of this experiment, and Dr. Charles G. Wahl· 

has contributed advice and helpful discussions. 
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FIGURE CAPTIONS 

Fig. 1. The differential eros s section for K+ p elasti~ scattering from 642 

to 1455 MeV /c. 

Fig. 2. Legendre coefficients for K+ p elastic scattering as a function of 

beam momentum; do/c:In = ~A1 P1 (cos 8). 
. 1 
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