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AB,'JTRACT 

An experiment is described to measure the pro

perties of the strangeness-conserving decay mode 
- 0 

); -> 1\. + e + v. If the branching ratio for this decay 

mode is, as is tentatively predicted, 2 x 10-4, this ex

periment which uses an arrangement of spark chambers and 

counters should provide between 10 and 30 observed events 

per day of PS operation, for an incident 1r- beam current 

(FOR EEC/NPRC) 

of 2 x 105 per PS pulse. The proposed experimental arrange~ 
+ mont requires the coincidence of a K meson from the produc-

tion process 1r- + p~' l.:- + It, and of an electron and a proton 

(in a restricted energy range) from); - _,. 1\. 
0 + e + u, 

0 -A ~, p + 1r , before an event photograph is taken. Back-

ground calculations based on this trigger scheme indicate 

that the ratio of useless to useful photographs should be 

less than 80. It appears possible to reconstruct events 

from the spark chamber protographs with sufficient accuracy to 

eliminate foreseeable spurious events. 

Genova - 29 October 1962 
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INTRODUCTION · 

· This no to presents a proposal'.) for an experime,nt at 

the PS de~igiled to measure the properties of the hyperon decay 

mode, Z .. t? +' e + v. 

Thus far, one such event has been observed in a 

heliurn bubblu cb.ail!bcr, (reported. ut the 1962 CEHN 

Conference), The rate at which this decay proceeds is of 

particular interest in the light of its strangeness-conserving 

nature, and of recontly acquil'ed knowledge that the rates of 

leptonic decays of hyperons involving a change of strangeness 

are lo~rer by nbout an order of: magni ~ude than might be expected 

on certain theoretical grounds, Indeed, because of the very low 

branching ratio expected for the mode );--> 6° + e- + v' in which 

strangeness is conserved anQ. the two participating baryons belong 

to the same isotopic spin multiplet, and because of the singlet 
0 . 

nature of the A , and because of· the rarity of cascade particles, 
- 0 . - - . the mode Z -> A + e + v appears · to be the only one involving 

strange baryons but no bl\ange of strangeness, which is likely 

to be amenabie to measur'ement in the near future. Further, it 

is clear from earhiit theoretical discu~sions (see, for example,, 

Okun, Ann;Rev)tuci.sc:i.., (1959); G. Drei tleiri and H. P:rimakoff, 

Phys.R.&~. 125; '1671 (1962)) that several fundamental issues are 

intimat'ely reiato'd. to this dec'ay mode,· among them the conserved 

vector current hypothesis, the nature o:l' theZ -A interaction, 
.o and, possibly, tho· life.time of Z • 

It is, ?f course, quite probabl& that definitive 

answers to the many basic questions relating to the wesk interac

tions of strange particles will requi;re extensive studies of 

angular correlations and spectra of a number of 1eptonic decay 

modes. Nevertheless, it seems likely that a crude comparison 

of the rate for the Z f! decay mod~ with lmown rates for 

*) Refer to an oarlior letter of intention by C. Rubbia, in 
answer to which the EEC on 19 Sept(3mber 1962 invited sub
mission of a full proposal. 
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other decays might be suggestive, at least, of the next steps to· 

be taken experimentally an4 theoretically, . T)ms, it may well be 

that the .b:('anching ratio for tM Z - - /l 
0 

is mu.ch lower. thap the 

value ( ~ 2 x 10-4 ) presently anticipated in somewhat qu13stionable . ' 

theoretical l"stimates, and trutt the strong interaction form factors 

in this case, as in s trangene~s changing /l 0 ~nd ); :': 'I'eptonic decays, 

are also appreciably less than unity, In this event, one might 

conjecture that conservation of strangeness is of less than primary 

importance in these decays, If, however,, present theoretical 
'--~ 

estimates are borne out, the role of strangeness conservation will 

be enhanced and, further, detailed measurements of the properties 

of the dece.y mode become feasible. 

·For these reasons wo have designed an experiment whose 

immedia.te a.im is an accurntu .measurement of. the branching ratio 
- 0 -of Z _,. ./l + ·e + v, even if the .br:anching ratio is .lnss than ihat 

now elEpocted by an order of magnitude, but which :i,s also capable, 

if the decay rate. meets expectations, of measuring correlations. 

important to the dec<1Y process, For a branching ratio of 2 :!!; 10-4 , 

this exp()r~ment, with,an incident 1r- beam.current of 2 x 105 per 

pulse, should provide between 10 .. and 30 observed events per day 

(4 x 104 pulses) of PS operation, depending on details of the 
1 -, - ' 

experimental arrangement, Of considerable importance is tho t~ct 

that the pl;'oposed arrangemEmt of ElJltlrk chD.mbers and counters is 
+ made to :require the .coincidence of a K meson from the production 

procese 11 -t· p ); - + K+, and of an electron and a proton (in a 

specified energy range) from Z --. /l 0 + e +v , /l 
0 

_,. p+ 'IT-, before 

an event photograph is taken, Our calculations indicate that we 

should obtain one useful photograph for a maximum of 80 unusable 

ones, with the final dl.Bcrimination being made from measurements 
·. ' 3 

of the pl.ct'ures, Hence we expeo t a to tal of only 16 x 10 

pictures to contain about 200 useful, analyzable .·bvents for 10 

d f Ps t ' 'f th b h' . t' ' 2 Jo-4 ays o · ~me, ~ · c1 rano ~ng ra ~o ~s . x . . , 



-5 In thCJ GV(:mt that tho brrmching rntio is as lovr as 10 , we antici-

pate on tho bas:Ls .of n realistic rate calculation not loss than 

one obsorvod and identified ovont por dny. 

ll'or .:111 obuorved ove:nt to b~~ Uf;-wful, it is necessary. that 

one bu abl8 to roconstruet from spark chamber photoeraphs and 

cmmtor ros:ponscs the kinematics of the pi'oduction nnd decay 

processes thnt dofine the ovcnt ns complot.oly as possible. A spark 

chamber containing polyethylene as tho target material for tho 

incident pions appon.rs to suj_t th,_so :purposes admirnbly. J.rirst, 

it provides t>licc as many hydrogon atoms as a comparable liquid 

hydrogen target and, .second., if tho polycthylono is confinbd to a 

small rogion of thE~ chamber, it p~rmitr..l at least p<.:-trt, and in many 

cases a11, of' tho production vurto.x to be Sl";(m, ns well n.s thfJ 

electron and the vortex of tho A 
0 

decay. In nddi tion, it is quite 

likely (see bolow) that useful events will be produced on tho pro-

tons of tho cttrbon nuclGi. 1.L'ho:ro :iB, howovur, the danger· thnt the 

presence of th8 carbon nuclei will enhance processes that might 

eith:::r reduco or sirnuLJ_to the ovontG w·e r::;o&k, e.g., that 6 might 

charge oxchange on cnrbon nuclei to yiold >~0 w:L th a sufficiently 

large cross-soction to obscure ;~- dcJcay. Such procossos nrc not yet 

adequately moasurecl and aru, of course, difficult to calculatco 

accurately. In a mylar-unclonccl hydrogen target the situation 

relative to such p:r-ocesE;os is much clearer nn.d. hcmco subjoct to 

qu~ te accurn.to prudict:ion:::1. 

It would seetJ.l that tbu ctwico of target matl.:l~ial must 

necessarily, thcrefor·e, be mado em_piric,·-~.lly and \Ifill require n tont 

run. Vic plan to constro.ct both ", polycthylcnc-londod spark chamber 

and also u myl.ar-cmclosed .liquid hydrogen tnrgui{, and to provid.o for 

their intcr~hango{tbility in tho oxpo:r'imentn.l arrangement. In what 

folloHs imn1odiatoly, however, '-J"G di,scusf:J for s:i.mplicity only the 

polyothyJ.cno n.Tr<.u1g·c:mcnt, but :Lnc.lud.us t·l figuru (Fig., 2) showing 

uchumatically tho oxpur:Lrncntal r;ot-up \Wing ·'.1 liquid hydrogen targot, 
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Ono of the proposed exporimental arrang'(~monts is shovm 

in schematic outlino in }Pig. l, Spark chambor (s.o.) I contains, 

' d' ,. d j'' ,. I 2 n as J.n J.ca:co , .c.) @)1: em .o:r. tLo t.:.~.rgct for 

n·-+y ~ z""' + K+. [Vle do rwt' in calculating· expected ratoB 

(except for haokgrotmd), include events produced in the carbon, 

although there is good 'ompiri.cal eviclonco from oa:rly 1-1ork on as

sociated production in propam; bubblo chmnbo:rs that about one-half 

of the carbon evuntfl ( ono and a half timos as many as hydrogen 

events) a:re not, vdthin tho o:rror of measurement, di;Jturbod by tho 

J<'ormi momon tum, J In S.C. L one ob;><,:rvcs tracks o:f the inci<len t 1T-

+ . - 0 ( the K , tho oloctron, m1d the p and 1r from A decay mean length 

:for 1\
0 

decay is 5 ern)- In somG number of ovents ('"1-), the r.- with 

moan path length of 3.8 em "'ill aliw llo 'obsco:rved. Immediately 

bohind S.C.I. ·is a.freon gas Coronkov counter (at 3 atmos, pressure) 

with a threshold of 0.996c, intendod to detect only oloctrons. 

1'his counter, wh:i.ch can conveniently be made o:f 2 em thick aluminium 

'and tho:refore shapod as shown in Pig. 1, subtends 60 po:r cent of the 
- 0 

total solid angle available to· the electrims from tho L: "" 1\ docay, 

an<l :is expected to have a detection efficiency of Scrfo, Note that 

light is not collGctod from -t;;:_,. cdrtr-.,:J. region of thu Ccre:,nLov counter 

through which tho incident 1r bo(un passes. This sacrificcoc< only 

;" peer cent of tho electron solid n:nglo (exclu<lod from tho valuo 

s ta tud above) in dofuronoe to a minim tun demand on the coun te:r. 

Following tho Coronkov countor are a K+ dGtootor of design o~mon-

tia:Uy identical to that usod originally by Cork, Korth, \Venzol, 

Cronin and Cool in oxpurimonta on tho E and A decay asymmetry para

motcmo, andB proton dot ector for tho proton from A decay. Tho 

kinornH.tios of the A
0 are~ fo:rtunatoly, f.:mch as to l.end tlwmsolves 

to a restrictivo <lutuction scheme, l~ighty pur cont of all tho 

resulting protons lio in tho enorgy rogion bll'i;weon 100 nnd 300 ~leV. 

The proton detector can thoruforo bo nuuk to detect only protons in 

proton orwrgy, 
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Spark chambers I and II are . triggered only by a coinci

d&nce of pulses in the 1r beam counter (Sl), the Coronkov counter, 

+ the K counter nnd tho proton counter. Because of the kinematics . . 
"· + . 

o:f tho production proces.s,' the K cmu1ter subtends 15 per CEmt 

of tho tOtal solid angie {JVailnblo to the K+. ThE- kinematics 

of the decay proco~3S provide a rel::~,tive solid unglo for tho proton 

dot ector of SO p.•r cent. Usinp, thGfJe valuc,f; WE; obtain, with 

80 per cent 
h . 

x lOJ incident 1r tho K+ dutector, and 2 ufficiency of 

a total of 20 )~-.,flo +o-+v ohsorved events por per pul:Je, 

4 x 10
4 PS pulses f:rom tho hydrogen in our target, j,f the branching · 

ratio is 2 x 10-4• Note that in thirJ calculation of useful rate, 

have asbumed a polyct,.tylono target length of 20 em m1d taken 

- + o-(E K ) = 0.27 mb, which yields t>6 E produced in tho hyd:rogon 

per l?,s. pulse. Aluo thU <Jfficicmcy for detection of the A0 

has been roducocl by n. factor of~·, since only A0 ->p+7r- is d.otected., 

by a factor of 0,80 duo to :i.ntoractionB in and geometry of the proton 

cour[ter and by a :factor of 0,80 for :(nabili ty to Ecognizo pions of 

cmorg:y 'loss than 20 JVioV in S.C. I. 

tb .. b:rgct. 

We proceed. n01>1 to com,idor background ratus which El'O 

eivcn iP_,JII:lEiQ.g~~ . .Ow:L . .9YS1L~.:~.J?~Y-~~.-9~ of P .s. operation. -{·)o havO 

~~tumptcd to cnlculato ccm.sorvatiycly the h-1ckground rates arising 

from a num1X.J:' o:t' cvont cl'!.<:cirw th.at a.ro mentioned buJ.ow .• 



5040/p 

- 6-

l) - + z -1r· +p ... E. +K ; _, 
ll + 1T ; - 0 

7T ...P. 1r'· -7 0 ; 10 

?) - 0 + - ~1egliL~·ible 1r +p ... A +X w; 

3) 1( +:J ... zo +Xo ; Xo+p ... '(+ . .·. +n; 

4) 
.• + - A

0
+n; 1t +p ~' Z +X ; z +p ... 0 - -A -> p+e +v; neGligible 

6) z - .,..+. ~~- .1\0 1r +p ... + ...• 
' + ~} .. ~. +~·-; 

7) l'- .,(+. - · E0 +n; 1T +p ... "-' +., ' ); +~.J ... y-);- o; ,. 
) 

3) - + z - Z0 +n; 1r +p -> /; +K ; +p ... A0
-> n+e +V' ' ' . 

9) I..ocidot.:ttr .. lo; noglie;iblo. 

Tho conclusion appears to b0 that tho total trigger rate 

will probably not exceod 80 times the useful, obsc'rvod ovont rate, 

Final selection of useful events will then bo made from detailed 

measurements on the spark chamber photographs. In this connection, 

tho problem of evont reconstruction from track photographs of b.C.I. 

has also boon cons:Ldorod; we sketch horl) tho salient featurl)S, 

ConsidGr that S.C. I. is constructed o:f ,· say, 5 mm thick polythylono 

pla tos and 5 mm gaps. The mean docay length of the ); is 3, 8 em 

and its direction of motion makes an anglo of 17°.±L0 :relative to the 

incident 1r-, !!once about gef!{, of tho 1.;- crnorge from the polythylono 

plate in which thoy wero produced and. about 6rJI, of all ~;- traverse 

at loast 2 gaps in the chamber. Let us asBume here, however, that the 

track of the z- is not obso.rved, 1-Jhich :ln the most difficult situation 

in >~hich to reconstruct the ovent. Thoro aro them throe verticos 

that dofine an ovunt: (1) tho incident 'IT rc+ vortex; (2) the 

electron, A0 vo:rtox; and (3) tho A0 ducay ve:rtc.·x. Wow roughly 

vortex (3) muf:lt lie in a vo1WJlO dcf:inecl by a cylindor of radius 

about 5 mm orig:Lnnt:lng at ·vert ox (l) VIi th the axis of tho cylindor 

maldng an anglo of 17° rolat:i.vo to the'/1:- direction and lying in tho 

plano dl)turminod by tho 1r 1mrl :K", 'l'his iD because tho A0 is omitted 
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at a maximum anglo of ± 6° relativo to tho)~ direction. Hence measure-

mont of tho A0 vortox position alono spucifies the incident 1r- • 2:-
o 0 

anglo to 17 j:S • B'urthor, measurement of tho cnorgy of tho proton 

from A0 decay in s.c.n lcaiis directly to tho direction of the A0 

which in combination wi.th the ol(;Ctron tn.:.ck forrEs v~~,rtt';X (~!), from 

which t.hu uncortaj_nty in the Z ang1e can bG reduced to lor:m than ::!: ) 0 

In practice, H may not be necessary to find vertex ( ) oxplicHly. 

Tho reason for this is that v ... rtox (1) can be localized Vli.thin an 

ellipsoid with axes 5 mm x :5 mm x S ram, whore the major nxis is j_n 

the direction of tho i.ncidunt pion. VIe must, to eliminate almost 

all spurious events, only be BUro that the oloctron track (which is 

localised to about !: 1 mm) do0ll not intersect vortox (l), 1'his will 

also "liminato about 10;0 of all usofull:- ovonts, but ensure (>~ith the 

oxco1;tion of tho O.U025 em thick n.lmninium shouts) that the Z- decay 

and/or tho oloctron prod.ucti.on took place in tho spark chambor gas, 

i.o. ~ outside tho tD.rget matvx'ials whoro spurious ovonts involving 

2:-+p-.); 0 + n orl::--1-p-+A 0 +n can take placo. \Vo present :Ln :f:Lc:.3 a list 

gonoalogical troe of ovoD.tB that have boon considered hncl t-·lb:Lch n"ight 

rGE.ml t in track photogro.phs s:Lmulating a real ~~ -- .n.O docny • 



EACKGR.Oli'NDS IN RECOGNIZING T:H:E EVEIJTS 

Qn >f --------------------------?>I .£.~2 X 10-
6 

J • .L ... .L2 -"'T 1 

produced------ \ 

~On 
" 

No additional pion I '"OuooO 

carbon 
' \,ons additional pion 

--produced (via Formi 
motion) 

z:c:~~' 
/\0 

negligible, R 

negligible, R 

Pc- 2 x 10-5 

negligible, R 

neglie,ible, R 

..J- ---·+-~ -6 , .-,;- '7 2_ ' P:0- 2 x 10 

~ [" negligiOle, R 

/'( negligible, R 

TT+ • - ~ T.+ " .J... • f - ~ I . ..:l t - TT+ (~eCQY No h. ls produce a ---·------> K Cie vector aLLs -----1 ACCl'-l.en .al_ n.. - -- negligible, R 
count 

£ indicates the apparent branching ratio due to the background event 

assuming for the processes the same production cross section as the~ -K+ production 

cross section. 

R indicates that the event mcy be recognized by reconstructing the production and 

decay points of the r- ~ .A..0 
+ e.-r v 

FIG. 3 
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