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This Letter reports measurements of differen-
tial elastic cross sections for P-P scattering at
V. 2, 8.9, 10.0, and 12.0 BeV/c, for K -P at 6.8,
9.8, 12.8, and 14.8 BeV/c, and for K -P at 7.2

and 9.0 BeV/c. For P-P the range of four-momen-
tum transfer squared, t, covered is 0. 03&-t&0.6
(BeV/c)' and for K -p, 0.03& f&1.1 (Be-V/c)'.
There is some evidence that the P-P system does
not exhibit the "Regge-pole" shrinkage observed
in the P-p system, while the behavior of the K+-P
system is consistent with that of P-P. Data on
K -P are not sufficient to draw shrinkage conclu-
sions.

All measurements were made using the hodo-
scopes and data handling systems employed to

measure m* and P scattering. ' They include cross
sections at small angles, obtained by measuring
the momentum of the scattered particle to estab-
lish elasticity, and cross sections for LI, j & 0. 25
(BeV/c)' measured by observing the angular cor-
relation of scattered and recoil particles. These
have been combined using the relative normaliza-
tion factor deduced previously for m and P scat-
tering. Corrections were applied to the two sets
of data to allow for K* decay; these corrections
were calculable to an accuracy of a few percent
and introduce, therefore, no appreciable addi-
tional error.

The resulting differential cross sections with
their appropriate t values, as well as values of

Table I. The experimental cross sections. Under each momentum are given the total elastic cross section, the
ratio of the elastic to the total cross section, the result of extrapolating the measured values of do/dt to t =0, and
a table of the t values and cross sections. The results of the magnetic analysis system are marked with an aster-
isk. Values of do/dt are given in mb/(BeV/c}, and the units of t are {BeV/c) . In addition to the errors given,
there is an over-all systematic scale uncertainty of ~5 Vc for p-p, ~ 7% for K -p, and a relative normalization un-
certain. ty of *3%between the two sets of data.

P

el
o- /o

el t
do/dt(0}

7.2 BeV/c
13.79 + 1.00 mb

0.226 + 0.017

181

p-p

8..9 BeV/c
13.89 + 0.35 mb

0.23S &0.009

10.0 BeV/c
146 *33 mb

0.257 * 0.058

173

Q. 213 + 0.010

147 +6.4

12.0 BeV/c
11.59 +0.41 mb

-t
~0.026
~0.037
*0.052
~0.070
~0.089
*0.109
0.272
0.349
0.434
0.524

do./dt
131 + 20

84 +18
113 +18

72 +14
39.0 +11,1
479 + 82
4.95 + 0.44
2.01 + 0.25
0.42 & 0.12
0.24 + 0.09

-t
*0.024
+0.038
*0.058
+0.082
~0.110
+0.138
*0.172
0.264
0.338
0.422
0.508
0.602

d~/dt
127.0 +6.3
114.0 &5.2
83.9 +3.9
57.0 +3.1
43.9 +2.8
32.6 +2.2

20.5 +1.6
5.23 + 0.42
2.4S + 0.24
0.77 &0.13
0.282 + Q. 077
0.091 + 0.045

-t
~0.030
*0.049
~0.074
~0.105
*0.140
*0.176

dojdt
122 +31

75 +23
82 +18
56 +15
27 +12
19 +10

-t
*0.043
~0.070
*0.105
*0.149
~0, 198
*0.249
0.268
0.343
0.428
0.517

do jdt
80.9 +4.2
62.1 +3.3
38.1 +2.3
24. 9 +1.8
12.2 41.3
7.15 +0.95
4.09 +0.44
1.96 ~Q. Z7

0.583 +0.132
0.190 +0.091

(Continued on p. 504. )
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Table I (continued) .
K -p

P

el
o. /o.
el t

d~ /dt(0)

6.8 BeV/c
3.48 ~ 0.43 mb

0.189 +0.024

19.7 &4.3

9.8 BeV/c
3 34 +0 17 mb

0.182 +0.11

19.7 +1.5

12.8 BeV/c
3.34 +0.15 mb

0.182 *0.010

22. 0 +1.4

14.8 BeV/c
3 41 +0 17 mb

0.185 +0.011

22. 3 +1.6
-t

0.251
0.321
0.399
0.481
0.569
0.663
0.762
0.867
0.977
1.091
1.193

do/dt
4.81 +0.34
2.93 + 0.24
2.11 + 0.18
1.46 + 0.15
0.944 &0.117
0.671 + 0.100
0.331 +0.Q72

0.266 *0.071
0.219 & 0.057
0.117+ 0.049
0.058 & 0.042

-t
*0.049
*0.071
+0.098
*0.133
*0.173
+0.212
0.266
0.340
0.423
0.510
0.605
0.707
0.816
0.931
1.051

do/dt
14.74 + 1.56
13,20 +1.38
10.15 + 1.08
8.37 +0.97
7.87 &0.94
4.36 + 0.78
4.12 + 0.29
2.69 + 0.21
1.58 +0.14
1.09 &0.12
0 .716 & 0.094
0.300 + 0.062
0.270 ~ 0.055
0.162 + 0.048
0.043 + 0.027

-t
*0.050
+0.083
+0, 120
*0.166
*0.224
0.277

*0.291
0.354
0.441
0.531
0.630
0.736
0.849
0.971
1.099

do/dt
16.43 + 1.31
12.76 + 0.99
8.47 +0.87
7.21 + 0.67
5.05 + 0.53
3.80 +0.24
3.62 + 0.46
2.25 +0.17
1.43 +0.12
0.652 +0.085
0.521 +0.071
0.235 +0.046
0.112+ 0.035
0.060 &0.025
0.054 + 0.019

-t
*0.066
*0.111
+0, 161
~0.222
0.290

+0.300
0.371

+0.389
0.462
0.558
0.661
Q. 774
0.896
1.024
1.160

do!dt
14.37 + 1.06
9.61 +0.84
7.81 +0.77
5.03 +0.57
3.23 +0.23
3.63 +0.41
2.00 +0.16
1.75 +0.30
1.23 +0.11
0.805 +0.086
0.451 +0.067
0.181 +0.045
0.153 + Q. 040
0.115 & 0.035
0.069 +0.028

P

el
o /o

el t
d~/dt's, 0)

7.2 BeV/c
4.23 ~ 0.85 mb

0.169 + 0.034

38.9 +11.0

9.0 BeV/c
3 95 & 0 78 mb

0.161 ~ 0.032

37.5 +10.8

0, 271
0, 348
0.434
0.523
0.619
0.722
0.831
0.947
1.065
1.190

do/dt
3.17 + 0.27
1.86 + 0.18
1.16 + 0.13
0.461 &0.082
0,384 +0.074
0.105 + 0.041
0.107 + 0.043
0.079 & 0.040
0.060 + 0.030
0.082 *0.034

-t
0.265
0.340
0.423
0.510
0.605
0.707
0.815
0.929
1.049
1.176

do/dt
3.17 +0.26
1.77 +0.17
0.880 +0.105
0.582 +0.085
0.310 +0.061
0.161 +0.045
0.139 +0.038
0.100 &0.032
0.017 & 0.016
0.060 + 0.032

(dpJ/dt)t 0 and oel obtained from fits to the data,
are given in Table I. The errors shown are pre-
dominantly statistical (7-50%) but include esti-
mates of errors due to counter size uncertainty
(1/p) and t-value uncertainty (lit /p for P, 5t /p for
K+, and Bt /p for K ). An additional 5' absolute
scale uncertainty applies to the P data, 7% to the
K~ data, and a further 3' relative scale error to
the results of the magnetic analysis experiment,
associated with the relative normalization.

After combining the data, fits were made of the
form

[o (12)/o (p)] do/dt =e

The factor multiplying do/dt is inversely pro-
portional to (do/dt) t and is unity at 12 BeV/c.
For K it has been p aced equal to 1 since there
is no significant variation of og with energy'; for
P-P, values of 0& have been taken from the work
of Lindenbaum et al. ' Data points from the high-
est and the lowest momentum measured, as well
as values of a, b, and c obtained from the fits,
are shown in Fig. 1. For P-P no statistical im-
provement resulted from the use of c; hence a
two-parameter fit was used.

The average slope of the dg/dt curves at low t
differs significantly for the different incident par-
ticles, being largest for P-P, intermediate and
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FIG. 1. Differential cross sections for the highest
and lowest momenta measured. In addition to the er-
rors shown, there is a systematic scale uncertainty of
W% for p-p, 7% for E -p, and a 3% relative normali-
zation uncertainty between magnetic analysis and recoil
detection data. (a) p-p; the dashed line is a p-p curve
at a comparable momentum. (b} E+-p. (c) E -p.
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comparable for m~-P, P-P, ' and K -P, and small-
est for K -P, indicating that the effective interac-
tion radii differ accordingly.

&alues of (da/df)& 0 for p-p coincide with the
optical-theorem prediction for each momentum,
but the errors in of(P-P) ' and the present experi-
ment combined would not exclude as much as a
16%difference from the optical cross sections.
For K+ scattering, a 20% excess over the optical-
theorem prediction is indicated by the data, but
this value is near the upper limit of the combined
errors of v&(K -p) ' and the present measurements.
Similarly, an 18/p excess is indicated for K scat-
tering but is within the limit of the combined ex-
perimental errors.

Using the fits, values of cross sections at in-
termediate t values have been obtained; the er-
rors used on these interpolated points &vere ob-
tained from the experimental errors on adjacent
measurements, and the total number of interpo-
lated points does not exceed the number of experi-
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FIG. 2. n{t) versus -t; for comparison, the p-p tra-
jectory from reference 1 is shown.

any specific theoretical scheme presently, the
above simple representation of the data seems
preferable to anything more elaborate. Values
of a(f) thus obtained are shown in Fig. 2; the a
curve for P-P scattering is also shown.

From Fig. 2 as well as from the experimental
cross sections, one can see that P-P scattering
does not appear to exhibit the shrinkage observed
in P-P scattering; in fact, the best fit indicates
an expansion 1.3 standard deviations from no
shrinkage and 2. 5 standard deviations from the
P-P shrinkage. K+-P scattering, on the other
hand, can be described by a straight-line trajec-
tory having a slope (66+ 21)% tha. t of the P-P tra-
jectory.

mental data points. From a logarithmic plot of
the interpolated values versus lns, values of a(t)
for a single Regge-pole representation of K+ and

P scattering have been obtained, using

1n(do/dt) =I'(f)+2[a(t)- 1]lns,

where s is the square of the energy in the center-
of- mass system.

As there appears to be little agreement with
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In a recent note Cocconi et al. ' have shown that
the total cross section for the reaction

tion.
As the reaction

is likely to present a maximum at total c.m.
energy F.* = 2. 9 BeV, beyond the well- established
maximum at F.* = 2. 16 BeV. The above authors
observed also that these values of F.* correspond
almost exactly to the masses of the first and
fourth pion- nucleon resonances plus a nucleon
mass.

It is the aim of the present note to point out
that these facts, together with the nonappearance
of the second and third mN resonances, are ex-
plained by a simple model of deuteron produc-

(2)

in the same energy region is well explained by
the one-pion exchange (O. P.E. ) model, ' we as-
sume that Reaction (1) is generated by the O.P.E.
mechanism followed by an interaction in the final
state, which binds p and n into a deuteron.

This picture corresponds to the diagram shown
in Fig. 1. First we show that the fact that P and
n bind together in a deuteron freezes the three-
body kinematics of the intermediate state in such
a way that there is almost a one-to-one corre-
spondence between the total c.m. energy squared


