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A. Yokosawa

High Energy Physics Division
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Abstract

We observe interesting regularities in the up backward

elastic-scattering data at intermediate energies with respect to

the effect of resonances. In addition, the reaction process is

found to be peripheral. It is pointed out that one should be

able to determine the properties of resonances above the region

in which the phase-shift analyses have been performed.

*Hark performed under the auspices of the U.S. Energy Research and Development
Administration.



INTRODUCTION

It is known that ambiguities in phase-shift analyses grow

rapidly as energy increases and that experimental data are

qualitatively and quantitatively less available at higher

energies. We will discuss a new way to determine properties of

resonances at incident ir momentum, say, above 2 GeV/c, where

one no longer observes obvious resonance bumps as illustrated

in TT~P total cross sections plotted with respect to energies

(see Fig. 1).

We are aware that the effect of s-channel resonances are

best seen in the region in which diffractive phenomena or Pomeron

exchanges are negligible, for example, in the difference in total

cross sections of ir p and ir"p scattering, in irp charge-exchange

reaction, and in irp elastic scattering at large |t| or at the

backward hemisphere. Figure 2 shows the difference in total cross

sections of ir p and ir~p plotted with respect to the incident

momenta.

In ?rp elastic channel, we express nonflip, f (0) , and

spin-flip, g(0), amplitudes as:

f (6) *|\* + DA A + k + A£_% J PA(cos 6)

and

g(e> ^[\+kr A A . J P^(cos e).

where J = I ± % and A = (nei2<S- l)/2i.

By examining the properties of Legendre and associate



Legendre polynomials (see Figs. 3 and 4), we see that one would

have a better chance of observing the resonance effects from

various I states in the region 90° £ 0 c m < 180°. Because

amplitudes oscillate in sign as I increases, a new resonance

effect in a high I value should stand out more clearly above

background.

We should be aware that a larger observable resonance

effect is expected where s-channel resonances are not dual to

the t- or u-channel exchanges. We are concerned with the

direct and exchange channels tabulated below; they are dual,

partly dual, or not dual.
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Then a real question is how clearly one actually observes

a resonance effect in the experimental data. One might expect

a larger effect in the polarization than cross-section data,
t'

particularly when the nonresonance terms are much larger than

the resonance terms.

We will discuss our observation of the energy dependence

of polarization data in the backward region at different energies.



RESONANCE EFFECT IN BACKWARD SCATTERING

There is remarkable experimental evidence of the effect

of resonances in backward scattering. The energy dependence

of the polarization data in n p elastic scattering is shown in

Fig. 5. Note that some of the data ' in Pig. 5 are prelimin-

ary and not yet published.

In this talk we concentrate on n p backward scattering.

The discussion on n p will be given elsewhere.

i) Simple Illustration

As shown in Fig. 5, the polarization is consistently

negative for momenta from 1.60 to 1.88 GeV/c over the u range

-0.2> u> - 1.0, and approaches zero at 2.G7 GeV/c and becomes

positive above 2.07 GeV/c. At 2.93 GeV/c the polarization is

again negative with essentially the same shape it had at the

lower momenta. At 3.25 GeV/c the polarization is approximately

zero, and at 3.50 GeV/c it again becomes positive. It may be

possible to explain these changes in polarization is terms of an

interference effect between s-channel resonances and an

appropriate background term.

We try a simple model in which we calculate scattering

amplitudes in the nonresonance region from the phase shifts and

use these amplitudes as background terms, for instance, at 1.88

GeV/c. The N (2190) resonance occurs at a lab momentum of 2.07

GeV/c, and the N(2220) occurs at 2.14 GeV/c. The summing of these

two resonances with the background term mentioned above



reproduces polarization data at 2.07 and 2.28 GeV/c. The N(2650)

resonance occurs at 3.25 GeV/c, and the polarization behavior

in this energy region is similar to the one around 2 GeV/c;

this suggests N(2650) as a recurrence of lower resonances men-

tioned above. We are able to explain IT p polarization data in a

similar way.

ii) Peripheral Interaction

We have noticed that the derivative relationship between

differential cross section and polarization holds true at every

energy, and this is evidence that ir~p backward scattering is a

peripheral reaction. Figure 6 shows an example of such a re-

lationship at 3GeV/c.A detailed discussion on this matter is

not included here.

The peripheral interaction in up scattering at the forward

region has been investigated by several authors . We will

perform a similar study of backward scattering. To start with,

we use the knowledge of impact parameter given by previous

authors. In the phase-shift region, one should be able to deter-

mine the particular partial wave responsible for the scattering

amplitudes in the backward region. In Figures 7 to 8 we compare

the total scattering amplitude with amplitude computed using only

two values of J; the results are in good agreement. The search

for proper J values was tried at every energy. To do more

thorough work on this, one must treat J a s a noninteger and

optimize AJ, the width of J. Also, note that we have assumed



chat che above scattering amplitudes, calculated from the parti-

cular phase shifts , carry no errors due to uncertainty in the

phase-shift analyses.

After obtaining useful information of J and AJ, one can

proceed to fit experimental data da/dt and P with a minimum of

four parameters. This technique can be particularly useful at

higher energies where one cannot perform phase-shift analyses.

Such an analysis is in progress.

There are many details not covered in this talk, but

we believe that the approaches suggested here are promising.

We have not shown the example of the ir p case, but it can be

analyzed in a similar manner to that for tr~p.
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FIGURE CAPTIONS

Fig. 1 ¥~p total cross section, taken from CERN/HERA 70-7
(1970)

Fig. 2 Difference in t p and v~p total cross section

Fig. 3 Legendre polynomials from 0 to 180°

Fig. 4 Associate Legendre Polynomials from 0 cc 180°

Fig. 5 Polarization data in it p bacKward scattering fro.T.
1.6 to 6.0 GeV/c (The white and dark points represent
ZGS and CERN data respectively)

Fig. 6 Derivative relations between differential cross section
(Black Circles: E. W. Hoffman et al., Phys. Rev. Lett.,
35, 138 (1975); Triangles: R. R. Critter.den et al.,
Phys. Rev., Dl, 3050 (1970)) and polarization at 2.93
GeV/c (Ref. 1)

Fig. 7a Spin-non .flip amplitude at 1.62 GeV/c

Fig. 7b Spin-flip amplitude at 1.62 GeV/c

Fig. 8a Spin-non flip amplitude at 2.04 GeV/c

Fig. 8b Spin-flip amplitude at 2.04 GeV/c
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