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WILSON-PEIERLS AMBIGUITY IN HIGH-ENERGY PHOTOPRODUCTION
Jde J. Sskurai®
Radiation Laboratory
University of California
Berkeley, Czlifornia

Septembar 2, 1958

Recent experiments at Cornell University and at the California Insti-
tute of Technology have revealed the presence of a second pesk in photopro-
duction of s single pion.l It has been suggested by R, R. Wilson thet this
peak corresponds to & resonance:in an excited isobaric state of the proton
with T = % and J & % . 2 The parity of the isoberic state was originally
assigned by him to be even so that the isobar decsys into a p-wave plon and
a nucleon. However, in a more recent letter R. F. Pelerls has pointed out that
the ~r* production can be more reasdily understood in terms of & resonance in
a Te % s 4B % state with gdd parity{BWhich means that the proposed isobar
has & symmetry property required of a nueleon plus & d-weve pion., Arguments
besed on the engular distribution of the -r7 production are not very conclusive,
since there are many nonresonant states which are expected to be important for photo-
production of gharged pions. The purpose of this letter is to point out
that there exists a very definite possibility of resolving this p3/2 Xg. d3/2
anbiguity by measuring the polarization of the recoil proton in the reaction

Y+ PP +T (1)

and that such an experiment 1s indeed feasible.

Let us recall that the p state of the pion-nucleon system can be

3/2

reached from the magnetic dipole chamnel of the Yp sgystem end the d3/2

On leave of absence from the University of Chicago.
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state from the electric dipole channel. We construct the production matrix
M for Eq. (1) under the essumption that only these two channels contribute,
since other nonresonant states zre expected to be relstively unimportant for photo-
production of peutrel pions. provided thet either of the resonence models

is correct.4 Ve have5
MZ A [2&.6\( X /é) - i((}.%oé —Gogaof{ﬂ + iB(BO‘oaé\-a - T E), (2)

A
where Q, k and é are unit veoctors along the photon polsrizetion, the photon
momentum, and the plon momentum respectively, and A and B are the transition

emplitudes for Ml-»pa/z and for El — d respectively., In Wilson's p3/2

2
model B is 0 and ; A iz is essentialig proportionsl to the total 1 pro-
duction cross aedfion at all energies up to E. = 800 Mev. In Peierls's 63/2
model A is dominant in the first resomance region (E, » 320 Mev), both 4 and B
contribute in the transition region (450 Mev < E, < 600 HMev), and B 1s dominent
in the second resonance region (E, ~ 700 Hev). From Eq. (2) we obtain the
angular distribution

1(e)~(,a,2+ 13‘2)(1+%amze)-m(.m) cos 8. (3)

From the experimental point of view the most striking feature of Reaction

(1) is that the ° anguler distribution is forward-beckward symmetric in the
antire region up to 80C Mev and is consistent with the 1 +-2 sin® e distri-
bution. Hence unless one has 2

2 Re (AB®) =0 (4)
at gll energies Pelerls's model is untenatle—-e point already noted by Pelerls
himself. Note that Pelerls's model implies thet A and B are ebout 90°
out of phasé in the trensition region where we know both A end B contri-

bute substantially.

.
G
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Thus from the -° angular distribution we cannot decide betwesen Wilson's
model with 5 = C end Psierls's model with Re(AB®) = 0,6 and it would be nice
if we could directly test Peierls's hypothesis that 1 2 Im(AB“)‘ is almost
as large as \Ai 2 +~‘ B[ 2 in the trensition region where |4 ];g ‘ Bl .

We now note thet the polarization of the recoil proton is given by

Ple) g ML=
() + ()

= 4 Im(4B*) sin 6/ (\At\2+ | B 231 + 2 s1n® @) - 2 Re(aB%) eoee]. (5)
| >

where (1) and (1) refer to the respective probabilities for observing the
proton with spin up end spin down relative to the preduction plané whose nor-
mal is given by k x q. Quantitatively Peierls's model impliwve that with, A
and B 90° out of phase the polarisation is as large ss 80% in the enguler
region 40° < €. < 140° st about E, = 550 Mev (or, more preecisely speaking,
at that ensrgy where l A l = lB [), s shown in Fig. 1. Fertunately this
polarization is rather insensitive to varistions in the relative phase of

A and B; even if the relative phase is 6C° (wbich would probably give too
ruch forward-backvard asymmetry to be consietent with ths angular-distribution
measurements) the polerization can be still es lerge as 70% in the broad
engular region shown in Fig. l.

The recoil proton in Reection (1) hes a substantial laboratory-system
kinetic energy in the major pert of the region of our interest. Specifically
at E; = 55C Mev, 6, = 55° the proton kinetic emergy is 215 Mev, 4s is well
known, a polarized proton beam can be cnalyszed by & scattering from complex
nuclei, In fact the situation here is extremely favorable: For 220=-Msv polarized

protons the anslyzing power of proton-garbon scattering is essentially 100§



¥

-l

at optimum angles, so thet at such angles the observed right-left asywmetry
in the subsequent p-C scattering is the proton polarization 1ﬁsalf.7 With
only a few hundred events a statistically significant result cen be obtained,
and in spite of a low expeoted counting rete such an experiment is feassible.

In view of this lerge asymmetry expected from Peierls's model and no
ssymmetry expected from Hilson'é model, we balieve that the Wilson-Feierls
ambiguity caen be resolved in this manner. Should tho proposed experiment
indeed show & large prntenrpelarisation in the transition region (i.e. between
the first end second pesk), such a polarizetion would be & very striking con-
firmation of Pelerls’'s model. Of course the possibility exists that nelither
FPelerls's model nor Wilson's model is correct. We expeot that most other
models8 are likely to give a proton polarization substantislly smaller than
8%, The energy end angular dependence of the proton polerizetion will throw
further light on the nature of the second peek.

The investigation discussed here was sparked by stimulsting conversa-
tions the author had with Dr. Oreste Piccioni. Thanks are also due to Drs.
M, J, Moravesik and T, J. ¥psilantis for helpful discussions.

This vork was done under the auspices of the United States Atomie

Energy Commiseion.
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FIGURE CAPTION
Fig. 1. Expected proton polarization for Reaction (1) in Psierls's model
in the energy region where the p3 /2 state end the 63 /2 gtate contribute
equally under the assumption that the p3 /o amplitude and the d3 /2 amplie

tude are 90° out of phase.



.x):.

N

-
(:\\

Py

%)

(s@2162Q)8

Proton Polarization, P(8)

06

Gel
|

o8l




