
TO: 

li'ROJVJ: 

!:L .. Jl __ M 0 R A N D U M 

Date: 27th August, 1962, 

Tho Electroniq Experiments Commi ttuc. · 

J,,V/, Jones, 1),0, Calch;ell, B. Elsner, 
D. Harting and ii,C, l'liddolkoop. 

CONCERNING: The s
1 

Elxperimsntal ( 'IF"P scattering .ett high energies) 

'rho S
1 

experiment wc,s proposed in October 1961 by Jones, 

Harting D.nd Fliddelkoop. 'rho purpose of the experiment is the 

m.easuremunt of the dif:ferontioJ .. cross-section for elastic 1J' -p 

scccttoring at high energy, 12 [l~V/c and 18 GcV/c were chosen for 

the inco1ning 1t raomonta1 up to. the lnrgest scattering nnglos and 

with tho highest accumcy pospible with pros.ont tochnic1uos. 

\Vi th the propos eel apparatus 1 n spnrk chambGr o..rro.ng(jmunt 

with triggering counters, n limit of lf.lb/ for a lo% measurement 
sr 

was thought to bo quito practicnb+o, As no knowledge nbout tho 

cross-suction of th0 GlD.stic rr~p .scattGring nt l::trger momentum 
. ' 

transfers was nvailnble at that time for energies ::1bove 2.5 GeV/ 
c 

nn c:cttonpt W.tS riladG to GXtrapol:·.tc; existing data to tho onergy and 

nnglo region :Ln which we woro_ intorested. 

On thG br1sis of this mtre.polation tho experiment wns 

1. () 90° according y planned to cover ell lnbm::ntory nnglos from 4 to 

in tho laboratory system, corresponding to an o.ngular range frolil 

frOlil 25° to 160° in tho c,m, 

I 



- 2 -

At tho meetings of the Pcochostor Conforonco of July 1962, 

we were nble to ~:ppruiso mor8 roc0nt dnto. from eX:tJOrirxmts up to 

5 GeV/ ns 
0 

well .::\S rosults Qf pp scettter~ng, ,7ond tq 0-i?CUSS at 

greater length the prosont theoretiod i:nterosts · in th0'dntn. 

experiment is primarily tho obsorvtction thett thE> differentlal elastic 

scetttering cross-sGction is fetllinu; off r:·cther retpidly bGyond th0 

diffr.~lc-;ion poak at high picm onorg10D anc~ is 8XpGcted to be well 

belov1 lt1b/ . at our -chosc{rJ BflGrgi(JS ··ctlre:1dy nt much m;l,;tllor an&;los 
r sr 

than we oonsidorod · necessary to cover in tho orig·inal dGsign. 

It seems, therefore~ advist>.blG-·to decrouso tho o.ngu.lar range covored 

in tho fhst pro1>0s11l which vill .rGsul t in 11 much better !nonsuroment 

of the cross-sections ili:. th0 -snmllor angulo.r range·:_now considered. 

It is th0n possible to include .-an accurntv mot·J.'Surerilent of momentum 

of nll outgoing pions, 

'rhis is iml)Orto.nt for· tho;:. followinG reasons. Thoro is 

incroo.sine interest in tho di.ffmction inelastic process nnd in the 

detnils of t~w shrinking of thu diffraction ponk over 11 wj_de range 

of moment= :r11nsfors ns :1 corisbquonco of thu thoorios rolo.tod to 

the Rogge poh concept. Also, by detornining the momentum of the 

scattered piot; in addition ·to C\D nccurato nen.suremont of the 

scattering nnglo,g, thu lower lini t to th0 cross-"soction that cnn be 

measured with ',I!- 10% nccurnoy 'can •-be roducod by 11n appreciable 

fnctor and diffro.ction inol[! .. stic ovOnt:J c·an b0 111eetsured much more· 

qur1ntitativoly \han in tho original arrangement proposed for this 

experito1en t, 

~'ho appn~"ntus layout C\S conceived for thG improvod 

oxporimont io in<l~cated in tho attached skotch, 
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Tho incoming ,'lnd Oute.·oing pion are mor:lOntum nnnlyZod by 

2 meter· bending T.'iCLgn.otS to o.n accuracy· of <-'.bout; 1~·5% using pairs 

of spark chambers to define (n\ch tr~:~ck enterinG" .~.mc1 leaving a 
-4 . magnet to about 7 x 10 rndlans, The snmo s:po.rk ch~".lfllbers 

determine tho pion scattering :engle ·to 10-3 rD.dinns. 'rh0 r0coil 

proton is not momenturJ analyzed, but its nngle is me~:sured to 

<10-
2 radians, 

'.rhree sets of triggor counters G.te uf.wd.: orlch spanning n 

different (but overbpping) mngv or' scnttudng dnglos from 15 to 

130 railliro.dinns, Thu lowcjr liui t is set by' theo runge of the 

recoiling proton within tho liquid hydrogon tccrgot; tho uppor 

limit is set by the good-fiold aperture· of the 2 motor "'agnet. 

From o.n opticnl r:1odol of diffrcccti.on scnttoring, the 

integrntvcl cross-suCtiort-" fo·r· c:riasti:c · SCL\ttering is ono r1icrobnrn 

for G ::_ 4.5° nt 18 GuV/ anc for'G > 6.5° at 12 GeV/ , not 
9 - 0 

including tho shrinJ..cinr; of' the diffraction penk suggested by tho 

recent thoorius growing out of tho Rogge ]!Ole concejJt, It is 

soon, thon, that the rccngo of G included :Ls COLipntible with thu 

rnngo ovor which vro oxpec.t a crCrs~J-GOction do-tGctr:ble by this 

technique, 

Using three s8ts of irigger counters, datn would be 

collectetl· c,t e.· higl:i rnto :ovor the on tire nngula.r rc.mgo covnrtJd, 

so thnt in 104 bursts of 10/j pions por burst, 3 x lOt' diffraction 

events vlcluld fall into th0 solid ·•mglG subtunded by our trigger 

counters. 1l'hi'S roqu.irOs only h1ro shifts of PS operation at 

12 GoV/ nnd four sh:Lfts at 18 GoV/ pion mom(ontuel, VIe 1;ould 
c c 

dovote tho mccjori ty of bur running tirJu to oporcction whore one .2nd 

two of thu coincidence:::) ehtmncd.s trfen:) in nnt:icoi nciflcmc(·: to colloCt 

scattering do.ta v1ith good si:ntistics o.t ~.1.nglas 1•Jhore th8 cross~ 

soction is 8L1nll. 'l'hus 20 shifts of P:3 running will provide 

50 evsnts of 1 microbarn cross-section. 
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Diffrrlction inelecstic ovents urc colloct;;d by removing the 

ori tori on of a proton coincidence 1 ."ag_L~n. ~unning in tho d:Lfforont 

1;10dos indicr..ted for the elc.stic triggo:cing, 
·, "'1' ~ 

In arum!'lary 9 thun, our f)rogr:.umno i.s to improvu our aJ}para tus 

to s ulo?t only thoDe angles v1hero we ox poet tho cross-s0ction to bo 

mensurable by our tochniquoG, (lDd r::t these c.ng1Ut1 them to take ~Jore 

precise datn (e.g. mor;t,_-;ntur~; analyzed pions) than vrould h::1vo beon 

possible with th0 previously describucl apparutus. Th!-\ flppnratus 

hyout for this experiment is lurguly iclenticctl to th<"o,t l<i:th which 

the s
2 

(diboson) oxperiment has ju8t boon,suooessfully oouplotod. 

ile will use thG somo boau, cll2, vrh:cch providos a very adequccte 

intonsi ty nt both chosen r:iOlrlE:mta. 

course connistnnt with our previous request, as .:.:tpproyod. 

At tho suggestion of the NPRC wo ht':vo invostigatecl vrlmt 

datn were availo;blo from bubble chamber cxposurBs to dnto. '11he~o 

SG0tn'" to bo only two sots of film relnted to this problem. One is 

tlw run nt 16 GoV/ ,,,- made in tho 30 en. cb.CJ.r,:bCJr frOi'l which a 
c 

meager sm,1ple of 300 el:cstic events has boen obtninod. IJ.'ho second 

is an oxposuro of the; 81 or;, chumbor at 10 GoV/ 1r- (belmv our . c 
lowest proposed on orgy) where n maxiuUi,; of' 3000 ov-:mts J~:e.y exist on 

tho film, hovrover o. vory sr,1.nll frr.tction of thc:-so hL"l.V<.) be~n analyzed. 

Of course, theosu e,ll corruspond to coupl0tGly unsulectod ovonts, 

Vlo Gro very intl)rostod , 

in evan this f.."1L"!.i.~li;lo and we. vrould be willing to undertD.ko analysis 

of this elastic chta with the> bubble cl!cJ;;b;;r r.:nnlysis fncUi tivs cct 
j •• • • ~ . • • • 

tho Uni ve:cs~. ty_ of lllichigan (the: oldest .and uJJOD[~ ~hi:: tlost 

t:~dvnncyd bubblu ch"mbo.r L:ccilitios in 0xistence). , Howwor, ns 

str:ctud !'GP~n.todly t it i_s ou_r .objecti v_e :Ln thifJ V:"XPO:ti>':l011_t to. got 

differontic:~l cross-sections to 10% statistics over c. range of 

angles Vlh<.::re bubblo chD.r.lber oxposurcs CD,n be UX}luctod to hr.JVG only 
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one or h1o events tote.l. In rrddi tion tho .,/ dcctn V/0 VI ill take 

cnnnot bo colloctod by bubbl'J chnmbom for uo,;u tiF;o to come. 

~1ho GXl)eriLlGnt o.s lJroi)os8c~ .nhd schGdlilOd s0c;(1S Conpntible 

witl1 othor counter expur:L:-·.wnts in period III. Srx:Cifically, the 

C 
4 

beam [.~nd &xperiuon tc w:i t: .1 :L t c'.o ntlt conflict. hlo do i3tress 

the ndvnnt.::tges to D.ll concornt;d · :i.11 p:fGsSi:ng · thj_n cxporir;Iont 

forvmrd ·with vigour to coraplotion:' In 1x;rticc.'.la:r, tho activi tios 

connectud vri th the nuutrino '_Shielding inDy proceed ~·vi th loss 

conflict when ou:r apparotut3, iu ru;iOvod 1 nn<l thO _propo:secl m2 bonr:t 

LJrcy be; installod f(Dr a prolonged pu:riod nftor we ·;.ro finishod 

vli thout int~:pruptiO.lf• · Frow our incti.l'ect inforwation concerning 

trw stntus of Gxpo:ri<Jt;nts during period III VIO cannot oscnpc tho 

feeling that our elastic scattering exl_x;ri:nc;nt is of more 

iwmodiat.o and vi tal interest than the J:Jroposod r12 experiments, 

and wo foel it vmuld bo unf'ortunatu for tir:ro to bo lost to our 

oxper.irJ.0nt frOL"i .this ;source. 

AG a final note, it is our conviction thc.t thv clnstic 

scattoring dnta r:mst bo colleci{ud with good statistics over the 

lo.rgel3t possible rDnt:_\O of 1:wnunt1.1f'l._ tr;:xlSt~ors, cnc; tl1nt on_l_y with 

rosults of high prc~ciuion will defini tivu con?l:usions relative to 

Our fooling in 

this regard is strongthonod by thd rooont lXlpor of .Hanajou ~ 

Phillips nncl lbri tn jlointin,, out ;just one· facet of thu potential 

cor'plexitios of tho thoory, 

is tho most sui to.blo Li0thod ?f _ colloctinf-s th:i:B _?.ntf.\ 9 Lmc1_ that our 

results v1ill substnntially influoncG tbo intorprotrrtion of thB recent 

thoorios of stroi-1e- itJ:te;acti._on·s. 
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1. + '110 hG!."-I,,:;ure tho 1r - - p elastic sco..tto:eing cross-section to 

as lnrge r:. sc?ttering nngle ~'.s is posSible vd th a r·oasonnblo 

nmount of' accelor~:~tor tine, 1this objvcti VG is the Ga:c1.0 ns in the 

previous proposal 1 we h:'.ve ui;nply ruviscd. our e stim~1to of the 

size of tk.tt ung:Lc ':nd of tho Gf'fuct of inelastic kckc;round.s. 

2, To obr:.wrve tho n2r:r.ovling of the~ diffrP.ctj_on }?8t:tk 1'dth 

incr(Jr.tsing onergy. This is nlso ''s propo:30d previously, oxoopt 

that tho ::lOasureEmnts >lill now bo oxtondod to Sl''D.llor c:,nglos. 

In p[.trticular it vrill bG interusting to sue ~·iiwth0r the:·· sc:::.ttoring 

cu.n be fittod .-in tho Be.i.tle --1Jl9ruwr as tho p - p scn.ttering cnse~ 

predouinantly by tho v::touur:1 Rogge tr:1jootory., i'loasurencmts nt 

two cnorgie;J Over ·e rc'.nge of uomentu1YI tro,nsfors detcrminl:J this 

trccjdctory, and we will now bo ablo to carry this closer to tho 

poles. By inclwling ,/ p scD,ttering, oontrj,butions from 

dif'forent trajootorios raay bo otucliod, 

3, 'ro detor:Jinc: tho Por,untum clilltribution of slightly 

4. 

\ ·' . '· ·:·.' 
·inolastj.c pion sco.ttcrinE~'S C :! 2 GoV inol~.stici ty) ovor D. r:7.ngo 

(1) If pe,_\ks appear in thu mononturn distribution, 

D . .B in the ]~ ~- p cnso, 

(2) If such puaks nppoar vlhuthor thoir uwrgy and 

nngle do].J0.tldenco fits o. ono-'pion exchD.llge uodel 

or th'o vacuun Rugge 'trr~jcctory. 

11o find vrhoth0r t}w hi&·h onorzy sliD'htly in;;·lr:.st.ic 
'-' ' • . o.·~.' 

soatterinc renlly results in a two-body fin,ll stato, the pion 

and a nucleon isobr~r, ~'his crm b" check0d uoro oxplioi tly than 
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by the observation of' pe~1ks in the cross-section, since the 

kinenutics a.ro novJ dGtvrEtlinod by the pion c:mr_;·L; ~:~nd r.10r.1untu1~1 and 

thE! proton tmglo. 

Th;, last hro objuctiv0s vroro not po;;s:lb1a in the 

previoug oxperi;;wntnl nrn:mger:wnt, nnci thG first two cnn b"-~ D.chieved 

with more prucision in thG presGntly proJ?osucl configurr:.tion, Not 

only cr:m D. ln.rgv r~:..'lg'o t}f :fou .. r-n,om.:..::ntur.J trnnsfer.s bo covered 

(0,1 to 5 (GoV/ )2
), but also thcso cr,n be uonsurod with GXcollent 

c 
r~ccumcy (12/b to 3%, rospGctively), 
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·2'' . "j 0 _., X .. 

l() to 'I .5o r:r nngle (lub)l'5o ·L> 19° C.M.S. 

. 30 - '22.5 
0 

C.N.S. 

30° to 90° p ane-lu (lc.b) 

1 .-0 f 11 ' t ' " t b : ror 1 t:.l po1n -u ll1 ·~;~u~go 

__ !JJJ. 
"' 1.5/b flp 

p 
;:; 200 l'JeV/0 

at 12 GeV/ 
0 

Lip 
~ 

300 l'loV/ [l.t 18 GeV/ 
c 0 

/\(;) = l0-3 rndio.nn 

llG - 5 X 10 ··3 r::.tJia.na 

f.' 

rtt 12 

at 18 

burst1 12 GoV/ up to 2 X 10) por measured in 0 

104 bUl'S~J 18 GoV/ up to ,j. X ~xrr d 12 
c 

not JJJlWCJ.rud in d 12 bor.un yet, but OXl>eoted 

to ho nbout 104 per burst at 12 G0V/ from 
c 

oxpori cncH in d 7 buon, 

boo.m 

GoV/ ~ 
GcV/ 
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