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ABSTRACT 

Differential antiproton-proton elastic scattering cross 

sections versus ltl exhibit distinct changes in slope at several 

values of ltl.. ·Interpretation as a diffraction pattern suggests 

that the slope changes occur at the diffraction maxima and that 

the interaction has a characteristic radius of 1.8 fermis. 

The optical model for elastic scattering by a black disc suggests an 

explanation for some features of particle scattering at laboratory momenta 

up to 25 GeV/c. Namely, the optical model representation for the differen-

tial cross section, in terms of the Bessel's function J
1 

(x), 

. 2 2 
do/dO = {kr J

1 
(x)/x} (1) 

with x = 2kr sin 6/2 = ltl
112 

r (2) 

where ltl is the momentum exchanged at barycentral angle e, and r is a 

l 
~ ...... 

characteristic radius for elementary particles, predicts a diffraction 

\ .•.. pattern consisting of concentric rings with maximal intensities at x* = 0, 

5.52, 8.64, 11.8, 14.9, 18.0, •••• It is interesting that plots in 

ln(do/dt) versus ltl for experimentally measured scattering cross sections 

show sharp changes in slope at values of ltl consistent with Equation (2) 
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and with the values of x = x* for intensity maxima in the diffraction pat-

tern [1-3]. A slope change is also evident at x* = 2.42, which has been 

accounted for in the following way. The "Golden Rule No. 2" relates the 

matrix element M and the scattering cross section to [4) 

(3) 

Assuming that da/dt is given by Equation (1), the condition that M have a 
- - -- - -- ·-- -·· --- -

minimum value, i.e.' represent an attr~ctivepotential weil;-istnat--- ----

J (x) = 0 [1]. 
0 

The values of x which satisfy J (x) = 0 are those listed above as x*. 
0 

Now, with more data available, we show further evidence for diffraction 

effects in elastic scattering of antiprotons on protons. All of the pre-

sently available antiproton-proton differential elastic scattering cross 

sections [5] have been plotted as da/dt(B) versus ltl at fixed angles f6r 

the range of scattering angles 10° to 90° in Figures 1, 2, and 3. Their 

behavior is consistent with an exponential dependence, e-bltl, where at 

several values of It!, the slope b changes significantly. For example, 

for the 90° data, distinct changes in b may be seen at lt(90°)1 = 0.07, 

0.35 and 0.85 (GeV/c) 2 • The observed values of ltl correspond to 

x*/lt! 112 ~ 9.3 (GeV/c)-1 , and substituted in Equation (2), yield r = 1.8 
0 

fermis as a characteristic radius for antiproton-proton interaction at 90°. 

The effective radius of interaction will be similar at the other scattering 

angles. 

Average values of the slopes have been evaluated for segments of the 

curves between the breaks in Figures 1, 2, and 3, and are listed in Table I. 

v 
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They differ significantly for each range of ltl from 0 to .07 GeV/c, from 

0.7 to .35 GeV/c, and from .35 to .85 GeV/c with differences far outside 

2 the experimental errors. The X for the region 0 to .07 GeV/c varies 

around 2, that for the region .07 to .35 varies around 3, and that for 

.35 to .80 varies around 4. Such values of x2 
may be exp~cted as the con-

sequence of uncertainties in normalizations in the various experiments 

from which the data used here derive. 

Differential cross sections for incident momenta of 3 to 4 GeV/c 

and 5 to 6 GeV/c are shown plotted versus ltl in Figure 4. Here, one sees 

that breaks in the experimental slope are suggested at ltl ~ 0.4, 0.8, 

1.9, 3.0, and 4.0 GeV/c, corresponding to x* = 5.5, 8.6, 11.8, 14.9 and 

18.0, respectively, and satisfying x*/ltl 112 = 9.0 (GeV/c)-1, again im-

plying r = 1.8 fermis. 
0 

In conclusion, this study of the fine structure of antiproton-proton 

elastic scattering suggests that it may be described as a diffraction 

pattern or a superposition of diffraction patterns with a characteristic 

interaction radius of 1.8 fermis. 
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Table I 

-2 
Range of I tl 

Slope b in (GeV/c) averaged 
Average X 2 

'.- over angles 10 - 90° 

0 - .04 58 + 13 

0 - .06 50 + 11 
Apout 2 

0 - .08 40 + 10 

0 - .10 36 + 7 

.06 - .30 18 + 2.5 

.06 - .35 16 + 1.3 

.06 - .40 16 + 1.1 
About 3 

.08 - .30 17 + 2.5 

.08 - .35 15 + 0.8 

.08 - .40 15 + 1.1 

.30 - .80 4.5 + 4.3 

.30 - .90 4.1 + 3.3 

.35 - .80 ·3.2 + 2.5 - . 
About 4 

/_ .. ,., 
I .35 - .90 2.8 + 2.2 

\ ... l .40 - .80 2.5 + 2.5 
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FIGURE CAPTIONS 

Figure 1. Differential crosS sections for antiproton-proton elastic 

scattering plotted versus ltl for 10°, 20°, 30° and 40° fixed 

center of mass scattering angle. 

Figure 2. Differential cross sections for antiproton-proton elastic 

scattering plotted versus ltl for 50°, 60° and 70° fixed 

center of mass scattering angle. 

Figure 3. Differential cross section for antiproton~proton elastic 

scattering plotted versus ltl for 80° and 90°_ fixed center of 

mass scattering angle. 

Figure 4. Differential cross section for antiproton-proton elastic 

scattering plotted versus ltl for incident beam momenta of 

3 to 4 GeV/c (upper curve) and 5 to 6 GeV/c (lower curve). 
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