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This letter contains the results of measurements of differential 

' '" ' ' . 

cross sections taken in the energy region of the second and third peah:a of 

the 11- •P total scattering cross section. 1• 2 The data were obtained by using 

an array of recoil proton scintillation counter a in coincidence with pion detec:, 

to identify elastic events. Details of the experimental procedure and the dat2 

analysis will be published separately. 
3 

It should be here stated that we were unable to arrive at an :independc1'. 

normalization for the data, because of pion bearn monitoring difficulties: al::b:: · · · 

the shapes of the curves were rather well determined and repeatable~ l'her~. ·(' 

we normalized our data to the total elastic croos sections as determined by 

other workers and summarized by Falk-Vairant, 
4 

keeping the point at 

cos e* = l fixed at the value determined by dispersion relations 5 and the optic::! 1 

* theorem (where 8 is the c. mo scattering angle for the pion). Hence, the 

normalization is known only to about :t 12 to 15%. A future run is planned to 

meaoure the absolute normalization. 

The errors quoted were obtained from a statistical analysio o£ the 

repeatability of repeated runso 'l'he only region of the curve where the errore 

are significantly different from pure statiotics (io eo. different by more than a 

factor of two) is that in which the recoil proton had nearly the same laboratoi'y-

system angle as the scattered pion. Correctiono due to accidental and inclaoti.-: 

-::ot.mts vJcrc Zo/., or leas for all channelo and all :energieso 

• 
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The results are listed in fable I. where er:: is the cent~r-o.f-m(:~C 

angle of the scattered pion and i;f- is the differential crosD section. (in rnb/. · ·' 

The corresponding graphs appear in iig. 1. 

In :F'ig .. 2. we present a plot of the energy dependence of the coefficieni· 

of the various cosine power series adjusted to our data. and alao to the datE>. 

of Goodwin et alo , 6 Shonle, 7 Bergia et al •• 8 and Chretien et al. 9 The 

initials standing by the data points indicate their originso From this 

behavior of the coefficients we make the following inferences. 

lo The prominence of a 3 between 300 and 550 Mev may be ascribed 

to P-D interferenceo If so, it may be due to the overlap of the high-energy 

tail of the 2.00-Mev Pl/2. resonance with a D-state interaction building up 

with increasing energy. 

2. The small magnitudes of a 3 and a4 at 600 Mev indicate that if.: 

0-state interaction exists at 600 Mev it has angular momentum 3/2. If 

at 600 Mev no states higher than o312 interact strongly, and if th~ P 3/ 2 

interaction has sufficiently decreased, we can understand the small cos 3e 

and cos 
4e contributions and the prominence of a 2; a superposition of 

principally Sl/2. and 0 3/ 2 waves would give just thiso 

3o At 900 Mev we require strong values of a3' a 4 , and a
5

; but no 

powero higher than cos 5
6 are required to fit the data. These facts call for. e. 

prominent F5; 2 interaction together with strong D-atate interactiono ~ve 

cannot fit the 900-Mev data without a superposition of ii' and D waveo 

(and possibly of P waves as well}o 
0 

1'he hump in the vicinity of cos e. = - Oo8. 

which appears to be at a maximurn at 900 Mev,~: is due to 0 and F' (and poosiill}' 

also P) opin-flip amplitudes in superpoeitiono 
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4. The strong forward peaking, particularly at 900 Mev, implieo 

that aboorpttve proceoses may be prominent in these "reoonanceoo " At 

900 Mev a oimple diffraction model with an absorbing volume whooe radiuo 

is l.Z fermis can describe quite well the omall-angle datao 

More extenoive analyoio of these results is in progreso, including 

phase-shift calculations, and further experimental work ia planned, includin~ 

polarization measurementso In agreement with the aosignments of Peiel'ls. I'.) 

we infer strong Dl/Z interaction at 600 Mev, and otrong l:!"'s;z interaction a\. 

900 Mev; but our data indicate a more complicated picture than simple 

resonances in these states. 

1//e gratefully acknowledge our indebtedness to Professor A. ~o Helmha' 

for encouragement and discussion, to Richard Eandi, Donald Hagge, and 

Dale Dickinoon for their valuable assistance in aU phases of the experiment: 

and to the .Bevatron staff and crew. 
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12 to 15% (see text for explanation) 
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~~ig. 1. P.ngular distributions from, Tr- t p - n'"' + p • 
¢ 

(:) io the t'ngil.} i>y , .• ,;; 

the pion ic scattered in the cg m~ system. The solid curvee w~r-.; oh; 

from a least-oquares fit of a cosine power serieo to the dat~.& 

Fig. z. * lmax , ::. 
Coefficients a1 from the expansion da /dG = E a£ cos .. e 

i , .. 0 
which was fitted to the data by the method of least squarea • 

• 
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Fig. 1. Angular distributions from TT + p - n + p. e* is the angle by 
which the pion is scattered in the c. m. system. The solid 
curves were obtained from a least- squares fit of a cosine 
power series to the data. 
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* lmax 1 * 
Coefficients an from the expansion da /dr.l = E a 1· cos 8 

~ 1-0 . 
which was fitted to the data by the method of le;ast sq:uar.es. 
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