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A STUDY OF 91 O PRODUCTION AND DECAY BY OBS.El\VATION 
OF ITS NEt.JTl\AL DECAY MODE 

John E. Oahel", B\U'ton J. Noyor, aad Sherwood I. Parker 

J)oplll'tmont of Phyolco nnd bdlntton Laboratory 
Unlvoroity of Ccltforntn, Bcrrkoloy, Cc.lUonln 

July 1, 1958 

ABSTRACT 

The production of oU'anso ptu'ticloa poooooolng neutrnl-plcm c:leccy pro4v.eto 

baa 'beon iDvootigatecl tn protea bombnrclment of Bovlltroa tnrgotc. A woll-colllmatoc:l 

teleocopo counted onorsottc gnmmn photono orlgtnc.tms within a fgYI contlmGtero 

of tho tnrgot. Tho poolUon-4oponcloat counting rnto wo.o detormlnecl 'by mo'Ving the 

toloocope oac:l colUmo.tton on A trnck puallel to tho beo.m cluocticm, CDd the ro .. 

oulting c:lo.to. woro then compnrocl to cvvoo cnlculo.ted from cewtnln o.ooumec:l htno

mnttccl moclelo conoiotoat with ooooctAtwcl production. The couattq rate Gncl ito 
0 0 vnrtntion with position were conolatent with the iclenttfice.tion of e1 ... Zv , which 

lmpUoo evea opia e.n4 evea pnrlty. The dnta nloo nllow aomo gammn-ray con
tributtoao from e• .. ,++flo, z:+ ... p + .,0,' and A0 .... a+ flo. Tho ra.tio of 

intonoitloo from roglcmo uupets-eam" to thooe ud.ownotream" from the target lmpUeo 

t\ Gtrongly peaked aaauJnr dlotl'ibutton, forward CAd bnc:Jm-aao4, in tbe I'OferOilCO 

.frnmo ot tho collidins n\lCleono wldch produce the s1 °. 

' 
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A STUDY OF 81 O PRODUCTION AND DECAY BY OBSERVATION 
OF ITS NEUTRAL DECAY MODE* 

JohD E. Ocher, Burton J. Moyer, and Sherwood I. Pnrlter 

Department Qf Phyoico and Radio.tion Lcboro.tory 
Univerelty of Cnltfornla, Berkeley, Cnlifornla 

July 1, 1958 

J. INTRODUCTION 
The otwty of the vctry-ohort-llved (-lo·lO oec) opocioo of otrange 

pnrtleleo requlreo that oboorvntlono muot be made at dlottmeeo within a few 

centf.metoro tr.om the point of production. In the case of production 'by proton 

bombardment, and in the ol:uJence of a proton beo.m emerging oxterNllly from 

the accelerator, it ia neceooary to devtoe meaup of identifying the partlcleo in 

queotlon o.s they decny in the tmmedlate vicinity of the Bevatron target. 

For thooe otrange pa.rticleo whooe decay producto tnclwl.e neutral piono, 
-ts which ln turn clec:ay within < 10 oeconcls predominantly into oner~Jottc photons, 

lt io posoible to identity their production u4 decny by men.ao ol n rlaidly

collimc.ted teloocope for high-energy photono, oo odentad eo to recoive"photono 

only from a selected. limited region of opace near the target. The K,z and the 

z:+ aro lmown to yiold v0 decay particles; nt thea time of the inception of thto 

experiment it wao not known whether or not both the r:..0 and tho A 0 bncl neutral 

decny modeo. 

Such a techlli4uo te aimUe.r to the early a.ttompto at moa.ourtng v0 1Uo

time by Bjorlduncl et a.1. 1 to tho unoucceooful aea.rch for otro.nge•pe.rticle pro• 

duction a.t lower proton oner&~ioo 'by Gnrwiu, Z and by Bnltul4ill et at. 3 ond to tho 

oucceaoful otrnnao·pa.rttele work of lUdgwa.y, Borlpy, and. ColU.no -6 at the . 
Broekho.ven coamotron. m the present experiment the counter teleocopo c.nd 

ito aoaoclAted collimation were orioatcra nt 90° (lnboratory angle) from the 

direction of the Bevatron boo.m at the target, and the whole syotem w&o tranolato4 

upotream a.nd downstream from the target in order to observe the projected 

docay denoity of the otrange particles ao a function of distance from tho target 

in theoe diroctiono. 

Theoe data wore thon aanlyaed by a beat ·fit compuioo11 to calculated 

decay curveo for vnrlouo pooet'ble kinematic combinations. 

In formulating the kinematico, uae was made of available experimental 

data ns to tho expected procluction moehantomo and 4ocay chare.cteriotlco. In 

* . . 
This work was done under the auspices of the U. S. Atomic Energy 

Commission. 
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particulu. associated production of the form p + n - n + Y + K was assumed, 
5 4 • conoiotent with Oell-Mann'o theory. The work of Ridgway et al. at Brookhaven 

in an expel'iment very similar to the one discuased here has demonstratod that 

the production tbresholcl agrees with this production model. 

Other reactlono wtdoubtedly d.o contribute, including production through 

intermediate pion states aad four-body final states. but these other forms were 

assumed to be ol minor consequonee for production from protons in the energy 

. range of Z.O to 6.Z Bev. Recent dnta seem to imply that p + p -f K0 + y+ + P, 

but indicate reaoonable production trom p + n ... K0 + Y + N. 6 The kinematic: 

<letatle for all of the known strange partic:leo c:apablo of "O modes of decay were 

calculatocl under selected assumptions about their' pro4uc:tton, using the d.e~f-Y 

mechanism, established Q valuoo, and raaseo of ltfetlmo ao determined from 

other osperimento. The beat fit to the data obtained io diacuesec! in Section V 

below, together with the apocUic o.aoumptiOI'la made and the kinematical features 

·involved. 

The l'esulta wtU t..e aeen to affirm the neutrnt decay mode of the e1 ° 
meson aDd to allow an estimate of the fraction of f.ts decn.ys via this mode. AlGo 

ao:me inferences concerning the angular distribution of the 81° production ean be 

mnclo !of.' reactions of tb.e type here lnvolvccl. 

U. EXPERIMENTAL ARRANGEMENT AND PROCEDURES 

A. Disposition of Apparatus and Bevatr~ Facilities · 

The counter-telescope and colUma.tton aeaembly (shown f.n Fig. 1) were 

mounted a.e a rigld unit which could be moved aloag on tracka located over a 

vertical re-entrant "well", pooseaat.ng a lucite bottom window, at the weot tangent 

.~nk of the Bevatron. The location in regard to the Bevatron is shown in Fig. Z. 

This location allowed. the collimation asaembly to extend within 10 inches of the 

target &Ad yet permitted the counter -telesc~e and colllmatton aosembly to be 

move4 by remote control ao as to view regions aD much as 15 em either upotream 

or downatroa.m from the ttt.rget. 

The energy of the pl"otcm beam was determined from the magnetic-field 

otrength which was monitored by a oyatem of magnet-current m&l'kero. The 

beam wao opUled onto the target for a time interval of nearly 100 millloecon4s 

to reduce the inetaate.Deouo counting rateo for the elec:tronic:o. Thia prolonged 

spill, and the cho.nge of magnetic field with time. of c:ouroc resulted in an 

anergy oprea<l ln the proton beam. The target wao plunged to the proper location 

under tho co\lftter aosembly after the lnrge initial beam oocillationo had damped 



., ' 

-5- UCRL·84Z9 

out; aloo a cUpper wac olmultaneouoly plunged a.t a location 180° nround the 

machlne to remove the protons which had gained large radial coctlllltiono 

from ocattel'lng by pasoage through the target, and to prevent them from hitting 

the target holder and target plungtug probe. 

B. Countor Teloocoee and Ca.llbrntl~ 
The toloaeope-cotmter nrray io ohown in Fig. l. The ooquence of 

ovollto for a dotocted gamma. photon would bo (a) no puloG from tho front plAotic 

sc:tntlllntor (uti), (b) convoroion of the photon tn tho lead eonvel"ter. (c) n puleo 

resulting from the paooage of a.t leaot one charged particle throush the plaottc 

oclntUlation counter Sc:. 1. • (d) a puloe ia each of the Cherea.hov-ccnmter photo

tube·o from a.t lea.ot one. relativtotic particle paosing tuouga the 10-c:m lucite 

Cherenkov counter, and fiaally (o) a puloe from a charged particle entering the 

real' counter Sc. 1. Tho Pb co11"'erter was constl'ucted so Chat it could be placed 

at tJta.ncla.rd. uinu or *'out'' pooitf.oae by remota control. 

Since the eouutar waa to operate in a otroug pulolag maanetic field, 

extensive maaoetlc obieWlaa was uoocl. The magnetic abioldin£J of the phototubea 

was checkod by monito.-blg the coWUiag rate tor each of the phototu'bes <luring 

the Bevatron magnetic cycle (WJlu.g no boam), with an lnoert of n plastic ccintiUa.tol" 

on the Cberoekov counter, au with a ra4t.oactivo oource placo4 aoar the 

oclntilla.tor a. 

A block. diagram of thea counter array u4 associated olectrOD.ico io 

ahown in Fis. 3. The elec:tromco usecl ha4 a rooolvblg time of app:roJ:f.matcly 
.. a 

10 sec. boimg limited primarily by the anttcolnotdencc circuit. Tho vory 

flexible multlple•coincl4oaco circuit aacl ntleoin<:lclonce drcult uoed to of 

r:standard llad.latlcm Laboratory doolgn. 
7 . 

The countor t~leocope wao eaUbratcd by a combination of experimental 

and theoretical methode. 8• 9 Tbo procadue wao to determine exporimontally 

the oloctrOD•coUI'ltlag offtdency of the counter tetoocope (without ito front uaDti" 

coWltor or roau.tar load convel'ter) ao a function of Pb-foll thickftooo (varied 
from 0 ln. to i tn.) in tho c:onvel"tor pootUoa, ao a function of bu:ideat ... oloctron 

onersy (oxporlmentally var.iect over the ruge 30·300 Nev), and for various 

seometrical pooitiono of normal tncidonco upoD the Pb foll. This lo Ia effect the 

oimulntlon ol a gamma coavorolon at n known pooition and depth In the converter 

into an electron of known energy. Tbie electron officiency wao then et:trapola.teci 

(ln an aoymptotlc region of the curve) to incluclo electron anergies of 300·700 Mev 

a1'l4 fol4oc:l with the theoretical proltabUttieo of pair formation ln the various 
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"" incremento of diatance through the actual lead converter, an.d with the theoretical 

energy-partition probabilitieo for the electron and positron. In the experiment 
(' ' ' the 340·Mev Dynchrotzoon was waed as tho oource of olectrono by directing the 

l ~ .. 

bremsstrahlW'lg beam on a converter placed at tho entrance of a pair magnet to 

yield a opectrum of electrono. The olectroa energy wao determined by a 

ca.Ubratecl momentum charulol in the pair magnet. And flna.lly an electron 

teleocopc of small dimenoiono wa.o added. in front of the counter toleocope to 

define further tb.e momentum channel, to count the incident electrorus, and to 

define the position of lncldence. Tho ratio of the number of incident electrons 

giving a simultanoouo cotmtor•teleocope puloe to the total number of incident 

electrons than is by definition the electron-counting o!ficiency of the counter 

telescope. The resultiq aamma.-coumer efficiency for our geometry ao de

termined by thia method ie ohown in Fig. 4 with about e 15% accumulated abaolute 

error. 

C. Collimation 

The collimntion asoembly as ohown ln Fig. 1 we.s found neceeoary in 

order for the coutor tel•oeope to observe gammao originating in regions of space 

near the target without an extensive background from the target, which represented 

a.n extremely tntenoe source ofgammao becaUDe of clirect .,o production. Even 

with the large amO\Ult of leacl employed, a relathtely omall background wa.a present 

and. had to bo eubtracted from the data. The correctioao for effects of direct 

.,o production in the target and for tariM gammao oca.tterecl from the collimation 

a lito are given in Section m. Tho efficacy of the colUmation may be judged from 

Fig. 5, obtained wtdor conditione pl'o<luclng 011ly target v0•s. 

D. Monitor ancl Calibration 

The relative mol'lltor uoed in this experiment consioted of a pion telescope 

(two 1-ln. diam, i-ln. thick plaotic aclntUlators - ao shown in Fig. 2). This 

relative monitor wae chooen becauoe it gave an accurate instantaneous record of 

the proton flux through the target, a.c it looked esoentially at tho charged-pion 

production occurring in the target. The induction-electrode signal wao used as 

a rough preliminary calibration of the elrc:ulating beam, but for final analysis 

the pion toleocope waa eaUbrated by plunging thin aluminum foUo with the target. 

An absolute calibration wao mado by correlating the monitor counts against the 
24 10 Na activity (a opa.lla.tion product from Al) produced ln l-hour rune with an 

aluminum oanclwieh ( 1-mU gU4rd foil, Z -mil Al, 1-mU Al guard foil) covering the 

target faco. Thio then took proper account of multiple traveroal.D through the 

target, and of beam mieoing the target, which are the eourceo of error in the 



't UCRL-84Z9 

,, ., 
t 

circulating-beam induc:tlon-electrode measurement. This method, on the other 

hand, introduces an apprecial>le error (at least ~20'fo) in the absolute production 

erose sectiono given in Section V, pending a better value of the Al-apallation 

crooo oeetion to form Na.24 (taken here as 9.3 mb for 6.0 .. Bev protons) and a 

better correction for the production of Na24 by neutrono which are themselves 

produced tn the target (here eatimatod as a 15% correction lor the l-in. Cu 

tazogot). 

IU. TREATMENT OF DATA 

The numbero plotted in the curveo preseuted below represent the count• 

ing rateo for hlsh-enerly photons received from various locations ot the column 
< 

of space delt.aed by tbe collimating oyotem. These numbero are the result o£ a 

combination of !ou observed counting ratea measured under the following 

conditione: 

a. Pb converter in, channel open (i.e., Pb shutter removed; see Fig. 1) 

b. converter out, chaiUlel open 

c. converter in, channel clQsed 
:""'('. 

d. converter out, channel clooed. 

The difference between (a) and (b) ia related to electrons originating 

in the c13nverter when the channel is open; the difference between (c) o.nd (d) 

gives a omaU backgrou4 counting rate for electrons originating tn the converter 

but not attributable to gamma rayo tzoom the volume of apace of intereot. Thio 

background, due presumably to evento generated by neutrons and charged pions 

in the material of the collimating aysterJ? and converter, was fortunately a small, 

nearly conatant COI'rection to be oubtracted from the (a) mlnua (b) d.nta. It was 

important only at the extreme u.potream and downstream limits of the data 

displayed. 
~ 

The counting rate as observed above might be expected to include some 

gammas from direct tt0 production in the target directed by aUt ocattering into 

the counter aperture. Consequently the collimating function was directly measured 

to determino the spatial resolution and enable the direct tr
0 production to be 

ou'btracted away. Thio measurement wao performed by reducing the beam energy 

to 0.8 to 1.0 Bev (below aoaoc:iated production threshold) and making a spatial 

determination of the apparent target si.ze as viewed from direct ,o gammas. 

•. Tbia experimental alit•ocattering measUl"ement waa applied for other energies 

oimply by normalizing to the came on-target gamma intensity. because the 

~ behavior o1 high-energy ga:mmao wns not expected to change in any eosential way, 
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even though a olight ehnnge of gamma spectrum could. be expected o.t 90 0 

(laboratory) with a eht\nge in &evatron enet-gy. Tho resolution curvo from a 

l/8·in. Cu. target: to shown in J'ig. Si this wa.o croso-c:hecked on the upstream 

side for protoa energies below 3 Bev (kinematically K>meoona could not go 

upstream lor proton energies below approdmately 3 Bev). 

Expel'imental data obtained as thuo deocdbed o.re given in Fig. 6 for 

which thG target thtckneos waa 1/8 in. (Cu) aa4 the lower d.callnln1 aportue of 

the collbDnUns oyotom wao i X 1 in. The i·in. dlmcnoioa io meuuod pnrallel 

to the 1/B .. iJl. target·thickrtooe dimenoion, l. e. parallel to the beAm ctirec:tioa. 

Thlo lower defining cperture to not the loweot aperture showa in Fig. 1. but is 

thfa seccmd aperture ancou.ntered in proceeding upwarcl from the target reston. 

The loweut, broader aperture is simply a passage through a Pb structure which 

sbJelds the cleftnlna apert\ll'e from direct irrndiaticm from tho targot. Thea edgoo 

of thie lowest aperture do not "see" the counter telescope. Tbe tra.noverae 

dime~~n (hero l-in. ) of tho deflnl11f1 aporl\11'8 auotAattally a.flecto the observed 

olope ot the C\Ul'V80 of intensity vo. diotaDCO, owing to 1000 Of the cUverging 

particles: but tbia effect is, o1 eouroo, cnlcula.blo U an angulAr cHotribution ia 

lmown or a.aoumed. 

Similarly, in Fig. 1 aa-e shown the data from a i·in. Cu target obtained 

with tho same coUimation ao descri))ed above. In both FifJ~~ 6 nnd 7, the ciaahed 
L:i' '. ~~·; ~} 0 

curves repreeent the normalised contribution of direct tariet v 'o and the alit 

scattering o£ their photons. .Fiaure S preeento the reaulta of observations for 

four dU'ferent energy intervale of the f.ru:ident protono, in which the direct w0 

contributlOil h&o been subtracted away. Jn J'ig.lO are plotted the counting rates 

at a fixed pooition Z.5 em downstream from the target for the val'iouc energies 

involved tn the data ot Fi5. 8. .. 

IV. OVAUTATIVE DISCUSSION OJ' 1\ESULTS 

Beto:re entering into a discuaoion of the kinematical asaumptiono nnd 

enlculatlona, and of certain trial ftmctlonal formo l.or the matrix element 

describing tho productiGri of the partioleo whoae 4eeny.a are observed. we will 

summarize the qualitative leatureo of the data which are of intereot and which 

must be accommodated by the aaaumptions and. calculations. 

A. 'l"he Oamma Rays Orisinatins "Upstream" 

The prooeaee of oboerved photono. definitely in exceoo of thooe duo to 
0 . 

sUt scattering ot target 1f photono. when the •olume regioa oelected by the 

eollimato1' was upatream t'rom the target. req\U.reo that the most prominent 
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partie: leo in que aU on be of maoo comparable to K meoOAO rather thnn to hyperons. 

T.bo latter particloa could not emerge upotl'enm in the laboratory from energieo 

here ave.ilcble In the nucleon-nucleon eolUoion oystemo, except by ocatte:ring: 

and lt would be entremely difticult to eupmin the oboerved upstream intensity 

cmd spo.tlal decay rato upon thia ba.oto. Flgureo 6, 1, 8, and 9 all oxhlhlt the 

upstream component clearly for those cases in which. the incident-beam proton 

energy was well over 3.0 Bev. Whon the 'boam energy wao below about 3.0 Bev 

thto compoacn:at wa.a not pt'eoent, which lo ldnematically appropriate for particleo 

of K·meoon maoo. 
Furthermore, the ratio of the intenoity of upotream emioaion to that of 

downstream emlDolon, together with the spntial-decay olopa of the former. baa 

led uo to pootula.to a atl'ongly peaked, forward and backward coatributlon in the 

pr~uction of e0• o ln t~ reference frame of the colUding nuc leona. 

1\\. The Rate of Variation of Intensity with Position 

The spe.tial-deco.y alopeo oboorved in the plots of photon intenctty ve 
-10 pooitton of eolUmator are compatible with panicle llfetlmeo of the order of 10 

seconds. It is lmpruu:Ji.ble to completely identify the oepa.rate coatributiono of 

the v0 -decay modes of the 2:+, A 0, K +. and 6° panic leo; but thoro aro reaoonc 

s-elated to the spectral e!fic:iency of the counter teleoc:opa, aDd to ldnemo.tico 

(which will be d.locuoocad bolow in Section VB), for believing that the observed 

photons are preclomtnantly from the e0 partic:leo. 

Furthermore, it ia poooible to underotand the ratio of upstream to 

downotream intenattleo, no well as the deco.y olopoa of both, in ternus of the 

s0• o; but it lo dlffleult to accommodate these obaervationa lf the hyperons are 

prominently oeon by the countoro. .,. 

In the downstream lnteaoity vnriation a change of slope ia evident at a 

diot&Slce of oeveral centlmotere ll'om the targot. Thto caa be produced by the 

effecto ol the peaked angular diotrlbution aooumed for a part of the 6° yield, and 
+ it also ia related to tbe contributt.oa of tho K mesons and to a alight eJtteat of 

the A 0•o. 

Jt hno been prevloualy mofttioned that the apparent lldtial decay slopeo 

are otrongly affected by the angular distribution becauoe tho looo of particles 

from the fleld of view ao the collimator ia tranalated away from the target ia a 

functiOD of their angular diotrlbutiono. 
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Staco the co\Jfttor toleocopo cftlctoncy io detel'mlao4 upon an aboolute 

bnoto, tmc1 cinco tho soomotrlc 4etlnttt01\,of tho volumo of apace cootl'lbutlng 

cloteetol>le pb~OI'lo to known. it t.a pooot'blc to eetlmato the nbooluto production 

erooo oecttorafol' thG obon•llvod pantcloo obooJI'ved via tho two-v0 decay if 

ms.gW.u lm4 tDomont\1.\1'1 dlotrlbutlono tll'o o.ooumed. 

!'01' tb.o eempleo of o.ag\llal" en4 momentum cUotributtoao 4eoeribod 

below in hctt.on V, the aboolute•pred\ldtOII'l crooo oocttcmo, per targot aueloon, 

for cJ"oction o£ puticloo oeon tuough a.a o.ooumod decay tato! ..,0•a, \?GI'G iD 

tho J'&DgO of 0.! to O.J mb. While thio wa.o 'but o. erwle J'Ootdt, lt wo.o evt4enco 

for a oubotanttal fre.ctlon of the e1 ° decny pl'oceodina vln tho neutral moclo. 

J'vther woJ"k wltb countol'o to moaovo the sontt.o of chnrgo4-pion. to l'lCuatral

ploa cloce.y modeo lo being ;pvouod. 

D. &tcitatioa Faction 

The dGpoDcloaco of photon ytolcl (monoved. Z.S em clGWDob'oam from the 

target) upon bom\)al"dlftl protoa enorgy to ohown in Ftg. 10. Thto nloo is aa 

empirical noult to bo aatloftecl
1
1ry tho momentum dopeadeneo aoaumccl ln the 

tt:le.l matrix elemeato. 

V. KINEWATICS AND MATRIX ELEMENTS 

A. Kiaoa»q.ticnl Aoou.mpYOD!J 

Fol' the pvpooec of ccleu.to.tias; pbaoe•opnco fnctora aacl oaosrgy 

di•trlb.tlono, tho mnjor c:oatributioa ot ot1'0ftge puttcloo hare oboervec! wa.a 

aeou.mocl to bo from tho S·bo4y, ftnnl-ote.te typo, N + N ..oN+ Y + K. The 

caleulattoae.l proeoduo then tavolvo4 the followlDg itomo: 

a.. T~ oacrgy olotributioa of protono incident upoa tho tai'JGt ~o nDc:ertained 

from tho oporatloaal charc.ctOJ"iotlco of the BevntrOft. For OJmmpi.G, under 

ce.Utlono of biaboot onorgy. tho p•oloaged. benm ''optll .. on tho targot required 

for oatiofnctol'y countor opel'e.doa involved a nearly urdfOI'm opreacl ta lacldent• 

proton onorgy from S.l to 6.2 Bev. 

b. The momeatum d.lotl"ibudoa ol tbo target 1l\lcleono wa.o aacumo4 to be 

ot tho Forml type mtll a l4·Mov upper limit. Tbio, togothor with (a) dotormmoo 

tho c.Uotrlbutlon ia cvaUa'ble enol'gleo ill tho reforcmee frnmoo of tho colliding 

nucloono, Aa4 nloo detonrtlooo tho labol'atory velocity cltotribution of tho 

~ · collloioa oyotomo. Cnlcuiattono wcn•e o.loo made with n Oauootaa•typo 

momoDtum-c:lonoity lllllctlOD., with S"eoulto whieh difforod oaly oUgbtly duo to tho 

ce'« ''tc.ll" of high momolltn. For f.ncldont•proton entn·gioo nbovo 3 Bov. tho rooulto 

of tho two cUotrlbuUono o.ro ooocattnlly lncU.ctlngulobt:Lblo. 
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c. A J·bocly, roh\ttviotlc pbo.eo•opnee CGlcuk\ttcm, coaael'viQS tctnl ooorgy 

end momentum in tlto eolUoiOD rofol"onco fromo, provld.Gd the velocity opectrum 

within that tromo ot uy clootred pt\l'dclo bl tho flnQl otate. 11 No attempt wao 

modo to Q'IUIOIJVO ansv.lal' •. omcmtm:D f.l1 tho cclcalatloao. Probably mcay OD(IUinl' 

momeata cOlltrib~o. thoUGh tho aaalyoto ;lvon below of motvb: clemente will 

ia4ieato thct high eagv.tnr-mom<mtum ctateo may 'bo p!'OmSDoat c:O!dl'ibl:toro. 

cl. AD oaoatay• ond Mplnr-dopeacionco f\lftCUon lo aow a.oou.mo4 con mnt~rin 
olomcmt etfocttvo lD tho pl'ocluetloa of tho K moocmo, the pnl'tlmotGI'O of whlcb 

uo to bo ndjUtJtod fOJt o.n camplrlcnl fit to tho c!i:Wl. \'1e 61'0 DCWJ abJo to enlculnto 

tho apnt!Al ud voloci'y diotri'butlon of tho It mooeno la tho rotoreaco fl'omo of 
tho production eollloloo. 

e. It to aaoumc4, coaoiotont with coro optn. thnt tho K-moocm ciGco~ to 
iootropic bllte Gwn rofol'onc:o frame. i'unhol"mol'o, tho docny of a v moocm 

la iootl"oplc ln ito owa fl"ame. Consequently the photOD. cllotrlbutiOD fSI'om thto 

procooo will bo ophorlcnlly oymmotl'ic ta tho root frnmo of tho X moooa, nn4 will 

poooeoo A opoctru.m la thl.o ftta.mo which io flat botvteoa a mlaimum cacl modmutn 

value of pbotoa GACI'IJY wbtch Ql'o •oadtly cl.otortJJlned by the Dopplov obtft 4uo to 
v0 motion within tho K·moooo tro.mo. . 

f. The volume of opnce dotillod in the !Uoratol'J roforouo oyotem by thQ 

collimnti• Ia now \loed to d.oflne b~ tro.noforma.tlon the llmitntloao iil tho coW.ott' 
ro-foronco framo witl:dD which tho v d.ecny of a. K mooon cnra bo couato4. It lo ' 

thea poootblo to calcv.IAte the probability Cbnt a K meocm cf c partkulo.r momcntllm, 

aacl within 01l oliatble ooU.d mlfJlo, will doea.y tn a clotoctobla mCD1\Gr wlthla thlo 

repoa. a.a4 to evaluate the ODGf'gy of tho photon whkh ontoro tho eolUmctlOD 

oyotom. . .. , . 
g. J'iDaUy, tho opectl'nl olficleacy of the toloocope ent&ro to comploto the 

ealculaUOD. 

Tbio proc:ooo of computo.tlcm wao coclo4 fOI' aa IBM 650 dntn-pa-ocooolng 

aulchtno, Gad tho prodlctiono of vcrtwo nooumptloao of oraos-gy mad DSiglo cle· 

poadenee of the productln procooo wol'o taveotisoto4. 

B. Pi'Qdomlnaru:o of t 1 ° .Dotoctton 
Tho apodl"nl-e!llclenc:y cuvo fH tho pbcncm coucttaa oyotom (ooc Fig. <G) 

tndicateo that hlahor onergf.oo aro otsoongly fnvorocl in 4Gtoctln. Tho couatol' 

threohold lo 40 Mov. nnd. at tho psropel" energy of o ~O ·cloc.ny photoa (61 Nov) tho 

efflcincy lo only abfNt 2~. Ph~OSUJ wh.ooo energioo hc.vo boca Dopplor-ohlftod 
upwnr4 by virtue of emlsolon fr~m v8•o moving rnplclly towor4 tbe 4otoctol', 

howevor, mny bo couatod with elflcioacieo wbtch rice to ovor <lo<'At. 
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The hu-ge Q value aoooeiated with the two-tt0 mode of the 61° 4ecay 

(- Z19 Mev), and the high velocltieo available to the e1 ° ltoelf in the 3 ·body final 

state. provide the poaolblUty of atrong Doppler shifts of photce bam thio ooueo. 

TM: fact that four photono arlee from eac:h eueb decay to of couae tavorl:l.ble. 

For theoe ~eascme we flnd that tho efficdeacy for obeervtns the 9° 

particles is much greater than fOl' tho A 0•o. The loager lifetime of the K+ meoon 

and th.e fact that tt yields only Ofte .,o in ito decay cause tu rel.a.tive intensity of 

photons from lt to be aleo rotatively omall near the taraet. Figureo 9 and 11 

indicate the relative comrtbuttOft& IJ"om theso pc.rticlea uncler certain production 

aseumption.a. 

c. Enerax f!!! Anale DoPf!!!onc:e~ .Euamlned 
1. Sf~rlca\_Sym~pt:rx ... S·Wave ProciuctiOJl 

In Fig. 12 are preoented the epattal-clecay curvoo cclculatod tmdor thlo 

.a.oeumption, normalized to tho experimental cla.ta at Z.5 em clownotroam from tho 

target, for throe c!lfforent as~nun~ lifetlmeG of the e1 °. 
The tnitlal downotream elope can 'bo rather well tit by the lifetime of 

-10 ·~ 1.0 X 10 aec. But the upstream yie&U pred.lcted to low by mere than an order 

oi magnitude. Also the c:loWPotl"eam prodlc'tion fallD below the oboorved data 

beyond 8 or 10 eoratimetero. 

Tb.e excitation fucthm for the photon emission aeea at 2.5 em downotream 

is, however, !all'ly well satiofied by S-wave productf.n o.a ohcnm ta Fig. 10. 

z. The Stron.slx-Peaked Aausu~ption . 
If we consl4or the energy dependence and angular dependence to be 

tree para~eters to be a4Juoted independently ao deoired. a rather l'eopectable fit 

to the data may be achieved. both upotroo.m M1d c:lownotream no far no the de.ta 

extond by a matrix element of the form: 

• 

Thts to aceompllohed, however, at the expen.so of poor a.greemont with 
0 -10 presently aeeeptecl values of the e1 lifetime. We require about 1.9 X 10 oec 

£or tbio p~ocluetion model. .Figure 9 displays the predictions o£ this model U we 
+ 0 u uaume K meeona and 8 mesono are equa y prod.ucod wtth thto m~trlx·elemoat 

form. 

Tho phyo.lcal basto lor such a pe~ked dtetributhm may be conolderod in 

· terms of a atrlpplng model investigated by Peaolee lor the production reaction. 12 

Jn tbto ease one eonoider.o a nucleon ae being frequently d.tsooctatecl into n 
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virtunl hotLvy mooon tt.D.d hyperon otate (properly conserving atrangoneoo), and 

thAt nococlato~ procluctloe ia a nw:loon-nucleon coUioion takeo place vin a 

otrons inter nett em 'between a virtual pion from one nucleon and a virtual otrnnge 

pnrticlo from the other nucleon.. Thio Uttornction hao been fvthor worltod out 

in toaomo oi n otl'ong K·interaetlon by Barahay13 and Schwinger. 1 ~ The otripplng 

plctuo lenclo to Oil oftectlvo matrin element with n vel'y cmtreme angulAr peaking 

on Poaolee'o phenomenolostcnl moclel ( ... Coo30e), but U thlo mode of production 

wel'o mined with oomo S-ottl.te proclucticm, na indic:atocl by the Broohhnven work 

nenr threohold, which coulcS aloo poesl'bly Al'ioo from competing .:.-body final 

stateo, it could reduce to the effective mat.l'ix-elemant fit given above. 
. 0 

The abaolute-product'on c:roeo oeetion of thnt fraction of 8 decay seen 

by tbe v0 -d.ec.ay mode \11'Ulor tblo aooumption lo 0.15 * .01 mb. 

3. A Ntxturo of S· and 0-Wnve Pro4uc:tlon 

Since the eue~gy hero omployed is conotd.orably above throohold it io 
\ 

U.holy tbo.t oovornl a.n8ulnl'-momentum ota.too contribute. Furthermore, other 

outlet chnftllolo tho.n tho J -body final otate undoubtedly ocela'. The cc.lculD.tion 

of Yujlro ot al. inclicate the role.tlvo froquenc:leo of occUI'rence of 3, 4, and S -body 

flMl otnteo predicted by a statioticnl moclel with conoorvation of otl'cmgeneoo 

and of iaotoptc: opin. 11 Their cnlculationo incllcate that the J -body final otnte 

oc:cvo nbout cme•tbird of the timG for 6.Z-8ev bombarding proton ene~gy. 

A moclel wno tb.Gretoro attempted which combines a opherlcally oymmetrtc 

o.nd a. pechod contrilnatton~ and tho momentum clependonco aooumod wo.s rotated 

to tho nngulnr cliotl'i\tutiOD tn a masmer familial' in wave mechnnlco. The 

fuactioanl fQFm nooume4 waa c 

I 1 ( z '"" ·HI Z al +" .;r · 1) cos
8 

8 

with a value of a chooen for beet fit to be n = 6.5 X 10·3• 

Tho reoult of thl~ choice la ohown in Fig. 11, together with epatial .. 

docny cUI'voo .from other otrrmco pnrticloo which could yield phot011.o, with 

Wettmo nDd crooo •oec:tion nooumptloao thore atatocl. Tho effect of tho strong 

momeDtum dependence cODDiderably compenoo.teo for the weaher angular 

dopendeneo in tho compa.riooa of this rcaoult with thAt of tho otrt.pping model, 

orad nllowo tho upotroe.m contribution to be adequate without extl'eme peal:dng. 

The production Cl'oes ooc:tion for e1 °•o no ooen by the v0 -decay mode lo in 

thl() ce.oe O.<t~ o .10 mb. 
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VI. SUMMARY 

The data nllow no preeioe quontttctlve concluotons beco.uoo of. the 

complexity of proceoo~a contributing and. the experimentnl and otatlotlcnl un

certnlntioo. The followt.ns quclito.tlvo lnferenceo, however, npponr to bo 

warranted: 

a. A eubott\nticllractiora of the e1 ° 4ecny proceod.o through the zv0 mode. 

With Uberal uracertainty wo eotimato from our elate thnt the fraction may be near 

J. Further olaborntion of thlo cmperlmont io ill progrooo to meaouo thio. 

b. A portion of tho t 0 production involveo otrong forwar4-'bnckwnr4 ponldng 

in the collioion frame of the producing aucleone. Jt lo ouggeoted thnt high 

angulnr•momentum otntee are prominont, or that a otrippmg typo of reaction 

may function in the procluctlon proceuo. 

' 



" 

1. 
z. 
3. 

4. 

5. 

6. 
7. 

a. 

9. 

10. 

11. 
12. 
13. 

14. 

15. 

-IS

REFERENCES 

UCRL-84Z9 

Bjorklund, Crandall, Moyer, and York, Phyo. Rev. 77, Zl3 (1950). -
R. L. Garwin. Phyo. Rev. 90, Z74 (1953). -
Bnlcndin. Balnohov, Zhukov, Pontecorvo, and Selivo.nov, J. Exp. Theoret. 

Phyo. (U.S.S.R.) .!!• Z65 (1955). 

lUdgwa.y, Berloy, ond Colllno, Phyo. R.ev. lli• 513 (1956). 

M. Oell-Mann ond A. Paio, Proceedingo of 1954 OJ.nosow Conference Oft 

Nuc:le~ and .Meson Physico (Pergnmon Preso, Lonclon. 1955), p. 34Z. 

D. Berley a.nd G. B. Colllno, Bull. Am. Phyo. Soc., Series n, 1, 320 (1956). 

M. Naka.)nura, Multiple Coincidence and Anticoincidence Circuit~ CoWltlng 

Note No. CC 3-1, UCRL-3307, 1956. 

J. E. Oshor, w0 Modes ol Heavy·Meoon and Hyperon Dec•y (Theeio), 

UCRL-3449, June 1956 • 

.R. Kf' Squire, Cha.ra.cti)riatico of the Production of Neutral Piono Near 

Threshold in p .. p Colliaiona (Theoio), UCRL-3137, Sept. 1955. 

Friedlander, Hudio, and WoUga.ng, Phya. Rev. !!• Z63 (1955). 

Block, Harth, and Sternhelmer, Phyo. Rev. 100, 3Z4 (1955). -
D. C. Poaolee, Phye. Rev. 105, 1034 (1957). 

S. Barehay, Phyo. Rev. 104, 85) (1956). -
J. Schwinger, lntera.ctlono of the Fundamental Particlco, NoteD on Lecturea 

by J. Schwinger, Harvard, 1956 (Prepared by L. S. Rodberg MIT). 

K. Yufiro and K. Kei&o, Dept. of Phyeica, Ooaka Univ., Ooaka, private 

communication through T. Kotani (1957). 



! 

·~ 
\ 

-16- UC.RL-8429 

LEGENDS 
Fig. 1. Front and oldo crooo ooctiono of the counter teleecopc. collimation. 

o.nd m ouatmg o yotem. 
Flg. z. Vertical view down on Bevatron weat taJtgot o.reo.. Location of Bevatron 

"'woll, n counter oyatom, nnd monltos-lns toloocopc uo ohown. 

Fig. J. .Electronico o.act couator block dio.eram. 
Fls. 4. Oamma. .. c:ounter teleocopo detection efficiency ao· o. function ot gammn 

energy for colltmo.to4 gammc radiation lacidcmt on tho counter teleocope. 

Fig. S. Data tahen at 0.8 to 1.0 Bev, below noooctatec:l produc:tla throohold, to 

clote:rmino the effective oUt l"ooolu.Uon for a opectftc to.l"get thiclmeeo. 

Fig. 6. Data for 5.7• to 6.0-Bev protono incldcnat on a 1/8-in. Gu target, obaerved 

with 1/l. X 1-in. olito tor the lowor deflniq apertve. 

Flg. 7 • .Onto. for 5.7. to 6.2-B_,v protono incident an 1/Z-in. Cu t6rget. oboorvecl 

with 1/Z X l·ir&. otito for lower 4ofinln& .aperture. 

·Fig. 8. DatA for the pl'oton energloo Uoted above lnclctr)ttt on a 1/Z-in. Cu target, 

ao o'boerved with a 1/Z X l-in. alit o.o lOVter defining aperture. 
Fia. 9. Calculated curvoo for 8 decay and 8+ decay compared with the export

mental c:lata ol trig. 7. Tho e0 aacl e• CUI'V80 WOJ'O cnlcula.ted fu equal croso 

oectiona, ami matri& .. element energy IUld D.D.SulD.r dependencieo o1 
UU Z <Xi (£.1. ;-.J .. l} Coo 14 6 lathe c. m. ayotom, wbero E, M, 8 refer to 

the particulcr particle ill queotlon. 

Fig. 10. Excitation functtoa of gamma intonoity vo energy o.t ftaed dlotanco of 

Z.5 em fr.om toraet centor. 
Fia. 11. Calculated cuvea for e0 4ocay, 6+ decay, AO decay, and E+ decay, no 

compared With the d.nta of Fis. 7. The e0 curve io calculated for 

IHI 2 c 1 + 6.Jxlo·5 c:s:2/.f- 1)4 Coo1 6. tho C\II'VGO fore+, A0, ancl E+ 

for S-wave only (I H 12 « 1), whore E = totnl onersy ~~ e0• M = M 6C 
2

• 

Valueo aooumoci for tho curveo givon • 
. 0 -10 
6 -, "eO ra l.SXlO aoc, fl = .Sl mb "S" wCLvo + .lJ mb "G" wave 

8+ ----, "e+ = l.ZXlo-8 ooe, a = 1.1 mb "S" wnve 
0 -10 A ...... , ., aO = 2.77 X 10 . oec, t1 = l.l mb "S" wave 

z:+ -· -. "E+ = .78Xlo·lO ooc. fl = .95mb usu wavo 

Fig. lJ. Compnrtoon of co.lculated s-wo.ve IJ0 curveo (normalined to the expert· 

mentnl data at !.5 em) with experlmontnl dnta for 5. 1· to 6.Z-Bcv protono 

on a 1/1-in. Cu target. Several valuea ~t moo.n-utca time arc ohown; aote 

the poor upotroe.m to clownotream o.groement with the oimple s-wnve fun 

picture. 
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