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ELAS'riC SOA1'TEIHNG (1!<' PIONS ON 

POLAlUZED PHO'fONS 

(Proposal for an Experiment) 

lr .c. Sons 
-~·-•--u·---•~·-··-----·~-·--·-~------------------

vlith tho ccdvc-nt of polnrizod proton tarcct.s " nwnbor of 

spocul.--:.tions concc·rni.nr.;- spin .:;_nd parity of the' rcsonmlCGS in thv n: - Yl 
syotoms have, in principle, bocomc mora directly amenable to experi-

vtontnl vorific<::.tion thnn ht"Ls boon tho cnso .so fnr. 11his is in 

part:lculnr true for two-body reactions such ns 11 -p GLcstic scGttering; 

horo, scattering ar:f polnrizod protons contt1ins tho snmc r.:r10unt or 

moro infornK1.tion (depending on the incident e:ncrgy) [lS l.l doublo .cJcnttcring 

oxpcrimont and is rntc-wiso no worse. 

In tho following ''" conputo just ;1hnt nsYJ:unotry offocts arc 

to bo oxpoctod in view of tho presently knOW11 phaBo-shifts and how 

sonsi ti vo tJ1oy '''rc to tho choico of qucmtm1 numbors for the known 

r0sonnncos, l'/0 thon propose an arrrmger.,ont of counters with which an 

olr;stio sea ttoring oxporimont can bo carried out. 

Consider tho rcnction
1

) 

+ + 
n+p->n+p 

Tho sco.ttoring mntrix is given 1Jy 

M = f(e) + i o • n g( e, <p) 
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f( () ) 

do ,Cf>) 

r r'l~1J g nrc th0 no:rl··spin flip nnd spin-flip c:nplitudcs, rospoctivol_y, 

1J\~c (lif:forvntir.ll cross-sootion io 

A( 8 ) 

= T ,~(n~ 2.111 
r.rr ( 1vt }1) 
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·- = 
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nnd ts thus tho sumo ns tho polnrizntion of tho recoil proton. 

o ( 8 ) crm bo wri tton in tho form 

o.(o) n 
cos 8 

v1ith (put 'A, = l) 

* n := Ro . :8 . b. . A. A. 
n :1. ~ J lJn 1 J 

11.( 8 ) o ( 8 ) cnn bo wri ttun in tho form 

with 

A(8)o(e) 

c = 
n 

.)m 

I: 
n 

. )~ . 
l~ J 

c 
n 

sinG cosn 8 

., 
d .. A. AJ . lJn l 

\v .M. Lccyson 
2

) htcrJ recently mxclysod tho oxporimontccl <ktn on 

difforontinl nnd to tel ol:J.st:ic sC1\ttcrinr; bohmcm 0. 3 cmd l. 3 GoV. I'ho 

logicn.l ardor of this nnnlycdc. is as :follm;s: tho dntn nro divided into 

resonant regions ,-~nc1 non-roBonnnt roe:L,ons. Ji'or thu rosonh.nt regions 

tho spin/parity n.ssignmcnt .is tAken over frorn photo-p:roduction (D
3
/

2 
n.t 

600 MeV, F
5
;

2 
at 900 NoV). The nmplitudcs for those spin states arc 

found. by fitting rt Brd t-vlignor fonmla to th" obsorvod peaks. In tho 

non-rO,'JUnrmt region, uso iB wndo of tho GxporinK:nte.l values of total u , 
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the difforontic-1.1 G ( 0 ) nnd tho fort-~rnrd. .scnttoring, r~r~:.pli tucto3). Furth or 

rostrictJ.on is i1'1posod by the roquirornont t}JAt tho A 1 s Vt'TY suoothly 

vlith cme:rgy nnd that L ~ 3. 

'.rnkine the vr.lucs of A., thus obtained, wo h~Cvo c.·,J.culr:tod tho 
~ . c!&) 

cxpoctod. left-right r.syml!lctry A( 0 f;" ·'• •rho conputor results for 900 lVioV 

A quito lr•.rc;c rmd stronely vnrying loft--right 

Although tlH; values given by l£tyson nrc J?l<0J}.:'?i9]._g_ solutions~ 
. 4) 

tlwy r.:ru by no monn:::: unJ.que • l!Jo hr.vo thoreforo sorrrchod for othor 

w:luoB of A., ~~Jhich J.m1ve a( e ) unchnngod. F'iguro 2 shov:rs ·Hhnt 
~ 

happens whon tho onpli tudes for 

chrmgod: n vory drc:ntic chrmge 

the F5/ 2 
in A( 8 ) 

and D
5
/ 2 stetos aro inter-

ic, produced, while a( 0) ) romaine 
,-) 

nor!.r ly tho same? • 111his shows thn t tho nsynm;otry raonsurumont in n rmch 

1;10ro scnsi tivo am;_lysor of sptn nnd parity thnn the difforcntial cross-

.section. 

111ho previous procedure is, of course, npplicnblo r:tt n.ny onorgy 

for both 
+ . - 6) 

n n.nd n • \1fu suggest howovor to do tho first nensurm:10nts 

nt ~ 900 - 1000 rioV 1·1i th 11 In this onergy rrcngo thoro i.s in tho 

phaso shift data tho sucgcstion of another isobnr, as pointed out by 

Fold rmd Lc.yson. ~Chis iBobar hn,9 n str2.nc;c pn:ctacle docr:.y modo 

(bosidoo a no:rmnl one); the variation of a ( 11- + p .~, A+ k) with pion 

energy ir; consir~:tont vlith tho o.ssignmcnt rJ~ = ·J!- j = -~·+. 
o( G ) in.1.d. 1.( 0) arc givon, for 930 MoV, wHh tho p, nmplitudos as civen 

2" 

by Lnyson' .~3 ennlysis; in Fie;. 4 tho imaginary pnrt of tho P 1 m:1pli tudG 
"i 

hu.co boon nrbi tr:'rily put oqur.l to zoro 7 ), Although a ( 8 ) is no longor 

thu S<:Jno, tho sensitivity of A( 8) is r.mch' greater. 
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Jn Fig. 5 tho loft-right asyrJmotrios obtained in J?ig. 1 and 2 

are tnmsfo:rmud to tho .bh··Dysto'" :Cor 900 ~!oV incident pions, 

contains·· thn 1Lb-nngulnr dir;tribution (for tho 1!'
5

/
2 

caso; 

is noj;l:Lgibly di.f'furont), It nppunrs thnt tho region o:f g:rontost 

90° pion anglo in tho lnb-syston., 0 
interest is botwoon "' 20 {:l,nd 

casu 

In Fig. 7 a set-u·p in ntcctchod which dotoct.s ovcmtu bctwoon thcx.;o lini t.s 6 

Both tho pion-- and tho proton detector consist of n VIator Coronkov 

countor, constructed in tho forn of a curved canal in which partitions 

cnn bo placed" Er.cch coll is vio>~od by a 2 11 photomultip1.; '·"' o·· ',., o::: 

bottom, The colln nro plncod as closo to tho mngnot n,s the fr:Lnging 

fiold allows. In :front nnd behind nro plastic scintillntors, 

'J'ho pion dotoctor contains 14 equally 1vido colls, spanning 5° or:ch, 

Sizo and ponition of tho corresponding colls in thu proton detector aro 

detorminod b;y olastic scattering kinonGtics. 

Hi.th tho adopted uchumo no cell is snc.llor in m.zo them the 

practi.cal limit of about 3,5 x 6 em, 'l'hc scintilla tors in tho pion 
() 

dotoctor sprm 10 orcch but n.rc pl,ocod such that in a front-back 

coincidonce 5° intorvalB nro soloctod; DimilrLr for tho proton detoctor~ 

In tho :Lndicatod intervals all pion.s bnvo ~ ) 0,75, nll protons 

0 !::., 0,75; on tho pion-side the Coronkov counters C1ro therefore put in 

coinc:Ldonco? on tho proton-Gide in nnti-coincidonco with tho scintillntors. 

Tho electronics consists ontiroly of stnndrtrd conponont.s, 

:t'Gpontod mnny timos 

t 

Tt2 ·--- -+--
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A further snfeguard agn:i.nst unwnntod events is obtninod by 

moasuring tho proton energy. 1'his cr.:n bo done by adding nbsorbers to 

tho proton dotoctor, thus turning p
1 

_, p
7 

into ( difforontin.l or 

· integr;.l) rnnge telescopes. A disadvantage is that the differontinl 

cross-soction, which crm be-) mortsurud nlong with tho asynmetry, is 

strongly distorted by tho abnorbo:rs, duo to nuclo~.r interactions: 

at 25° tho proton range is 160 g/cr.
2 Al, which is hw geometrical moan 

free path~~ • Other possibili tics are r:mt,'!lotic analysis or n carbon-

plato spttrk chnnber to r:10c:suro tho rnngo, J.l. decision must nwai t moro 

n.ccurn.to calculntions of tho backgrounds duo to olustic and inolr.stic 

scatters on bound nucleons in the target. We prefer to lctwo this 

question opon for tho J10r:1ont. 

number of scatters on freo polnrizod protons, for a 

1 X 1 X J. 

Tho 
3 em 

l~b 5 
tnrgot, 25/ cross-section, 10 7t por burst, is 90 por burst, 

45% goos into tho angular linits 20 - 90° and~;,% escnpos tho polo 

faces. For the sako of discussion we ht:-.vo nssuraod a magnot similar in 
8) 

si.zo and :field strength as tho onu rccontiy proposed by Abraham ot al , 

This e;ives 1.2 elnstic scnttorn on polr\rizod protons per burst, For an 

orror oA in A of 0,05 in any angulnr interval 400 ovonts are required, 

Tho least populated interval contnins 0, Zfo of nll ovonts, In two days 

of running tho asyr1rootry is dotcrninod to betwoon 0,005 and 0,05 depending 

on the interval, 

In :B,ig. 7 the trnjoctorios hnvo boon corrocted for tho magnetic 

field assuming 20 kGauss over the ontire polo nroa. 
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R.lLLlLF E_Ji..52.JL§~ 

1: This in pnrt of a fullor invcstigntion, to bo published; 

for notation Gnd. derivation, sou 8 .g. Hanilton, 1rhe t'::·cory of' 

olo.r:,u1try :pn.rticlos. Couloub uff;__.cts lwvc' be on negloctod; tho 
inc::lnstici ty lJf:lrt:inutcrs h.nvc- hl)cm put ;::: 1. 

2: W,l1, Layson, Nuevo Cimcnto 27, 724, 196:3, 

3: J,vl. Cronin (P,H. 118, 824, 1960) hns computed thoso by use of 

dispersion relations ( relo ting thcl roal part of tho forward 

SCilttoring m:1plitudo to tho imac;inary part) and the optical 

thooron ( rcla ting tho imagiuary part to the total 0 ) -

4: Sco Rochester Conference 1962, pago 150 for an amu.sing dialogue 

on th:L.s point, 

5: Of the)' -substatos corrospondine to s given state ··v hnd boon 

intorchanc;o.s for n1LJ . .:,~. sirnultnnoously, then 0

1 

( 8 ) = 0 ( 8 ) 
I 

.c.nd ll( e-) -· -.fl. ( 0 ) (r:iin,ni-tr::nsfcm\r..tion). 

6: For an assumed EJOt of phnse-Ghifts graphs lilcc Fig. 1 nre 

obtninod. in throe minutos coraputor tir.1o. 

7: Tho r.r ::::: 3/2, J = J need not bo in resonance at tho sano onorgy; 

thoroforo thin t'os.surJption is slightly too strong. Too littl.o 

is l<:nown o..bout tho emplitudos to givu ruasonablo alternatives. 

8: Abraham ot e1 1 Proposal for a diroct dotornination of tho 

)~- N - K parity. 
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