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The total u"' •p croeo oection ohowa two weU-ciofined peako, one at 

600 Mev an.ci one at 890 Mev (laboratory-oyotem kinetic: energy). 1 Peietlo Z 

hao aooigned Dl/Z. and F S/Z' respectively, for the orbital and total 

3 
ansular momentum otateo based on. the photopro4uction angular cliotrib\ltiono 

and polarizations of the recoil protons. 4 Landovitz and Marahall5 ougseot that 

Pl/1. and D3;z. or Ds;z aooip.menta are aloo conoiatent with the data. 

- 6 Pt-eviouo v -p elaotic ocattering experimenta have been made at 4ZS, 

460,
7 

600, 1 110, 7 810, 8 9Z5, 9 and 950 10 Mev. Theoe experimento have not 

led to any definite concluoiono, partly ~cauoe of larae energy apreado and 

low otatiotic:o. 

Thia experiment wao conceived to try to eotablioh the aniJUlar 

momentum at the peako from elaotic ocattering on hydrogen. Nesative piono 

at 610cZO, 6SS•Zo, and 750*10 Mev were paaoed through a 30-inch propo.ne 

bubble chamber operated in a 13·kaauas field. 11 The piono were focuoe4, 

deflected, and collimated to give a momeatum opread of c}·H.52 %. Tho energy 

spread quoted above eomeo from energy loeo in the chamber. The mean beam 

momentum wao checked by wire orbiting, by meaourlng the curvature of beam 

tracko in the bubble chamber, and from k.inematico of elaotic events with 

otopping protons. All three method.o gave consiotent reoulte. Twenty percent 

• d d fh. -- . . Work performe un er auspices o t e u:~8&!iAtomit .. l?rietgy Gohrmi-ssion. 
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of the film. was oca.nned twice. All events were meaoured on digitized 

microocopeo (moot of them on a "Franckenotein ") and the data reduced on 

an l.BM 650. A kinematico program gave the evento a x 2 teot for elaoticity 

uoing confi.suration-dependent errors. Good agreement with the expected 

z x cliotl'ibution wac found. About 40% of the measured evento were elastic. 

Traeko entering the ocanning region were counted in 4% o£ the 
;. 

picturco. Corrections wore m.a<lo baaed 0111 calculated muon contaminations 

(11.5"/.o) and meaoured electron contaminations (about 3%), and for interactions 

reducins track length. The reoultlna track lengtho were checked by counting 

- 1 - 12 interactiono and checkina with the " ·P and 'If ·C total crooo oec:tiono. 

The numbero of ola6tic events found were 539, 1159, and 1008 at 

610, 655, and 750 Mev, reopectively. Analysis of about 20% more events io 

otiU in proceoo, and correctiona were made for theoe aoouming ~ey were 

randomly distributed. Corrections werct r.nade for scanning efficiency and 

azimuthal biao, but not ao a function of scattering angle. A correction was 

macle for carbon contamination (nbout 7fo) by using tho behavior of the non· 

el.a.otic tail of the oboerved x l diotrlbution. .For the total elaotic croaa 

oectiono, corrections for small ... anale ocattero which were miooed were made 

by extrapolating the angular 4iatributiono to 0 deg. Tho reoulting total elaatic 

erose sectiono are 16.6•2.2 mb, 16.1•1.6 mb, and 14.41:1.3 mb, at 610, 655, 

and 750 .Mev, respectively. The errors in the croao oec:tiono are thought to 

be about atand.ard cleviation.e, and are not otrongly correlated £rom one energy 

to another. Theoe reoulte are compared with the results ol other worker a in 

.Fig. 1. If the lateot total crooo oectiono 1 are valid, then the results at 810 

and 950 Mev should possibly be scaled to where the crooaeo indicate. Within 

the erroro oho..-n almost any energy dependence from one with peaks at 600 

and. 890 Mev to one which increaaes Unearly may be concluded. 

't 
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The angular distributiono are ohown in Fig. Z. The crooseo in

dicate the expected for'W'&r.:l scattering calculated !rom the optical theorom 

and dispel'aion relations. 13 The extrapolations of the oboerved anaular 

diotribu.tione to 0 deg are compatible with these points if the croos seetions 

are doing at small angleo as a diffraction pattern with reaoonable values of 

the rnd.iuo. Fito of cosine power eerieo were macle to the data. In each 

case the intervals 0.9 • < coo 6 < 1.0 were not conDiclerec:l, and only 

statistical errors were uoed, oince other errors affect only the over-aU 

normali~ation. Fite wore made with the data divided into intervals of 
~ 0 

A (cos 9 ) = O.OS (38 points) and A(coo 0 ) = 0.10 (19 points). The two fita 

asreed within errors 'olrith each other. The 19-point fits are given in Table I. 

The valueo of x Z reached plateaus at the powers of eosine shown. In all 

cases the c:oofiic:len.t of the next higher power of cosine was zero withln the 

errors. The error& quoted have the normalization errors folded back in. 

The fact that az and a 4 were found to be larger at 655 Mev than at 

610 Mev ohould not be taken too seriously. lt is assumed for what follows 

that az is really at a maximum at 600 Mev. If the peako in the croos oection 

are resonanceo--that is, the real part of the phase ohift goeo through 90 deg--

~ z· 6 il. 
then the oize o£ (I elas compared to 1/Z w (1.1 + 1) J\. · I e 1 -1 1 makeo it 

likely that the firot peak h.&D J ~ 3/Z. and the oecond J ..'!: 5/1.. That the 

coefficient a 2 goeo through a maximum at 600 Mov implieo tbe.t the angular 

momentum otate there is J = 3/Z. The decrease in az and a 3 and the increaoe 

in a 4 and a 5 all imply that the next peak should have J = 5/Z. If it is aosumed 

that both reoonances go through +90 deg and that there is a reasonable energy 

dependence of the phase shifts, then even relative parity !or the two resonances 

would lead to interference terms that would give negative contributions to a 2 

and positive to a 4 around 600 Mev. It does not seem easy to reconcile such 



Table I 

0 
Coefficl.eata of the various powers of coo 1J (in mb/sr) for the 19-point fitG. The hisheot power and. the 

•alue of x. l. for the fit are given. There were U 8 - ll) degrees of freedom. 

Energy 

(Mev)~" 
l ao al az. a3 a4 n X -

610 4 10.6 0.23 * 0.04 1. 73 * 0.2.8 3. 78 :1: 0.61 0.27 :1: 0.44 -1.23 • 0.6 9 

655 4 1.1. o.zs * 0.04 1. 56 :1: o.zo 4.38 * 0.50 0.17 :1: 0.31. -2.54 :It 0.5 3 

750 4 16.3 o.zs • o.o.a 0.81 • o.zo 2..49 • 0.48 -3.24 :1: 1.02. o.sz * 0.6 9 

"" 

as 

5.81 • 1.2.2 
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contributiono with the oboorved coofficiento. It would be difficult to 

explain a 2 and a 4 if one reoonance goeo through + 90 des and the other 

throush -90 deg. Therefore it ia moot roaeonable to aooip odd relative 

parity to the reooannces: Pl/2. and Ds;z• or Dl/2. and lfs;z· Thuo the oame 

poosible angular momentum aosignmento are arrived at independently of 

the photoproduetion data. 

Several nonreoonating states are needed to explain the oboerved angular 

diatributiono. Plausible seta of such other otateo have been conotructed. The 

problem is underdetermined. by the data at hand. oince the phaoo shifts are 

complex. U some of theae other otateo could. be determined by other meano, 

then the ambiguity of the orbital momentum of the resonances could poosibly 

be eliminated. Because the nonreoon.ant otatee are responsible for the 

negative value of a4 around. 600 Mav, its minimum~o probably due to 

"accidental" cancellations. If the real part of the pba.ee ohift of the J = l/2. 

wave is 90 cles at 600 Mev, then the phaoe must have a large imapnary part. 

Thio eoncluoion io neeeaoa.ry to account for the oboerved. amount of illelaotic 

scattering when it is kept in mind. that there muot be some nonreoonant elaotic 

scattering. Strong absorption ia ln keeping with Peierlo • conjecture 2. as to the 

cause of this peak. It ohould be emphaaized that this experiment doeo not prove 

that the pea.ko are true rooonanceo. However, it would be more difficult to 

account for the clata 'Without that hypotheoio. 

looapin h&o been ignored in this qualitative a.nalyoio. One difficulty 

with thio analysis io that a 3 and a 5 oeem to be chanfliA8 laster than general 

considerationo would indicate likely. Part of the apparent oudd.en change may f, 

be due to a lack of oenoitivity to the fifth and sixth powero of cosine at the lower 

energieo. The ouppooition of inoenoitivity is compatible with the rooulte of 

Ooodwin et al. , 
6 

who find a beot fit with a sixth·degreo polynomial at 4ZS Mev. 
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LEGEN,D.S'.:: ... 

,ii"'ig. 1. The total elastic cross section is given as a function of the pion 

kinetic energy (laboratory syatemt1). The erosses ahow ouggested 

changes in the elastic data based on the latest total cross ... section data. 

(a) - Reference 6; (b) - Reference 7; (e) - Reference 8; 

(d) - Reference 10. .t 

b"""'ig. Z. The elaotic a.ngW.ar distributions are given as a function of the cosine 

of the angle in the center-of-momentum system. The crosses are 

the predicted forward scattering cross sections. 
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