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The Reaction p+p--7-n+ + d with .Polarized Protons*t 

F. s. Crawford, Jr. and M. L. Stevenson 

Radiation Laboratory, University of California, Berkeley, California 

June 17, 1951-~. 

rw.t-shak and Messiahl have pointed out that if mesons are present 

in both S and P states in the above r&action, then it is possible t.o 

obtain, through interference, a large azimuthal asymmetry in the angu

lar distribution, provided that a polarized proton beam (or target) is 

used. If a substantial amount of such an asymmetry is indeed observed, 

then· the relative amounts and phases of S and P waves can be estimated. 

Carvalho, at al, 2 looked for ':an asymmetry in meson production in the 

course of examining possible asymmetric background in the scattering 

frotn hydrogen of 439. ~.ev polarized protons. They obtained a null re

sult of Q • .o4 t .o6. 

Following the Rochester techniqua,3 Chamberlain and co-workers4 

have obtained an external beam of 315 Mev protons from the Berkeley 

cyclotron having a polarizationS estimated to be I P \ • \2(Sy)\ • .73. 

With this beam, we have made measurements of the left right asymmetry 

of meson production in the plane perpendicular to the proton polari• 

za.tion, using coincidence detection of the rn0son and dt!!uteron1 and a 

liquid ~ydrogen target. Measurements ware made at incident proton 

energies of 317 and 310 f!lev. The results of the raw data are 

R-t/R+L • 0.16 t 0.03, and 0.23 ± o.o4 at 317 and 310 Mev respectively. ,. 

R and L refer to the direction of the produced meson, as seen by the 

incident proton. (The polarized proton beam is produced by a "left" 

scatter.4) 

In the notation of Marshak and, Hessiah1 H·L/R+L • PQ ! !~o:2 9 • 

• 



Here, A + cos2 8 is t."te angular dependence of the differential cross 

section in the c.t--1. system for unpolarl.zed protons, and Q is the inter-

esting quantity, involving the relative amplitudes and phases of the 

transitions imrolved. It is apparent the.t the angular factor becomes 

unl ty, independent of A, at Q .. 90°. However, measurements were made 

at 690 because of meson energy loss in the target. ~Je used A • o.ho • 
and 0.496 at· 317 tU'ld 310 Hev, respectively, to average the angular 

factor. i.Jith IP I • o. 73 this gives )Q I • 0.37 ± .06 .snd o.42 ± .01 at 

317 and 310 Mev., respectively. Analysis? of the excitation function 

shows that Q is expected to vary by less than ten percent between 310 

and 317 t1ev, so that we may conveniently' combine these data to obtain 

an average jQ I • 0.41 :.t .o5 at an average proton energy of 314 Nev. 

(JEn)cm • 11.3 Mev. 

~ hfe satisfied ourselves as to the following points: (1) Uniformity 

of counter sensitivity. {2) Insensitivity of cotmters to stray fields. 

(3) Target and counter alignment. (b.) Exclusion of p+p~ n+ + p + n. 

(S) Reproducibility during many interch~~ges of counter positions. 
I 

( 6) As an ovartill check, th? experiment 1-ras repeated usi~ the ordinary 

"scattered" beam, which has been shown4 to be unpolE~.rized. The beam 

energy t¥as degraded with a De absorber to correspond to the measurEld 

energy of the polarized be~. At 317 and 310 Nev, R-L/R+L -o .02 t .o6 

and o.oh :t .oh were obtained, respectively. These results have con

vinced us that no hidden asymmetries Here present in the equipment. 

The average of the left and right measurements with the polarized beam 

agreed with the results obtained with the unpolarized baa~, and with 

our previous measurements.6 

Rosenfeld7 has compiled data on pion production from nucleons and 

compared it ~i'ith the phe~ornenolo?ical theory of Hatson and Brueckner.8 
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.In his notatiOn, Q •'f2 V)c 1•1 (vl + ~c2) -l sin (~ .. ."iJ), where. 

n • p~j~c, and ~ c is obtained b:r fitting the 90° (CH} excitation 

fun~tion d.ata to hn dci)_o (90°)/d.JL= a10 ( Y) + V}3 ~ 0-2). The 

tel"mS in · Y) and ~ 3 come from S and P mesons 1 respectively • 

. ·~ + 1f • I~+~\ expl '-\> , and S1/ S2 • \ S1/s2 j exp \\1, ;-rhere 

S0 cand s2 are the complex transition runp~itudes giving p state meson 

production from ls
0 

and 1D2 protons, respectively, and s1 i.s the 

. amp~itude for S state production from 3p1 protons. Our data.6 y:ields 

1e .• o.62 .t .16. With the measured Q, at ~ • o.LJ., tM.s gives 

· l sin ( 'P ·T1>) • o .• 61 t .10. 

The e.uthors wish to tl'lank Dr. Hugh Bradp.er 1 Hr. Robe.rt E. 
· f\1\yt-o.,. L.,. ~~~o~ . 

Donaldson; Dr. ~-'ie;J,;r,t;l.a ih (JQ~, Mr. H. Brook Knowles, Hr. R. Trlpp 1 

and l'fr. T. Ypsilantis for assistance during the measurements • 

• * This work has been performed under the auspices of the n.s. Atomic 

Ene.rgy Commission. 
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