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All observed strangeness-conserving weak interactions can 

bo explained in terms of a Universal FGrmi Intoraction based on 

a V-A current. Tho experimental evidence concerning these inter­

actions is consistent with the conserved vector current hypothesis, 

which prodicts a universal value for the vector coupling constant. 

The axial vector coupling constant, to which this hypothesis does 

not apply? is modified slightly from its 1'univcrsal 11 value by 

ronormalization affects~ 

If this theory is extended without modification to strangeness­

changing interactions, it predicts a rato for tho ~ decay of the 1\ , 

soc 

thG exporimontal 

valua 2 ), It has 

1\->p+e + V, 

-1 l) 
However, on tho basis of 15 ~-decay events, 

rato is known to be approximately l/10 of this 
3) 

bean suggested. that this rusult is consistent with 

tho same Universal Formi Interaction; the apparent discrepancy is 

to be explained by stronger renormalization effects than in the 

strangoncss conserving case~ 

In this note we proposo un oxporimont on tho ~-decay of pola­

rized {\ particles e ~~ho experiment is designed to measure the follow­

ing corrolation functions, familiar from the ~-decay of polarized. 

neutrons4), 

a) 'l'hG correlation between tho noutrino direction fl)) and the 

oloctron diroction; l + <Xi\, , fll). 

b) The correlation between tho oloctron direction, fl , and the ~ 
0 

-> 
polarization, 'Pf\, which has tho form l + Afl 

0 

.... 
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c) Tho corrCJlation bGtwcon the neutrino dirEOction and tho 1\ 
·-·> 

pol2.rization; 1 + Bpy P (\, 

d) 'l'ho corrula tion 1·> D PI\ 

The coofficj_ont D is zero if the interaction is invariant 

undor timu rovorsal. If we assumz:, for example, that thu inter­

action is timc-rovcrsul-invc:t.riant and is n mixturo of V and A 

with left-handed two-component neutrinos, then the coefficients 

are given by 

a~'~ c2 
v - c2 

A 

AS -2C
2 - 2CVCA A 

Bs 
2 

2CVCA 2C J -1 

where s c2 
v + ~c2 J A 

~ is known from the branching ratio and the known lifetime of 

tho A From these measurod quantities, one computes 

c2 
v 1/4 s (1 + 3a) 

2 
CA 1/4 (,( l- a ) 

CA (l - a) 
~~·~-·-~--·-

cv l -a + 2A 

A value forB can then be oalculated from these :results and com­

pared with the experimental quantity, This is a test of tho hypo­

thesis that tho antinoutrino is right hando.d in this interaction, 

All combined~ one thus estt:tblishcs, f_or this process, tine reversal 

invr.:.rir~nco, lepton conEJurv~·Ltion, the ungnitude of V o.nd 11., and 

their relative sign~ ObsGrva·tiun of an asymootry in the electron 

distribution establishes non-conservation of parity, ind.ependent of 

the pur·ticular forn1 of the couplings~ 



3152/p 

- 3 -

'.rlw oxpcrimsntal arrang~ment is shown in Fig. 1. A 900 MoV 

n boam is led into a CH
2 

tnrgot of cross-section matched to the 

sizo of tho boam ( ~ 1 em diamct,r). At this onergy tho A produc­

tion cross-section in the reaction n- + p ~ ~ ~- K0 reaches its 

mn.x.imum value of lo2 mb 9 5)r~.nd ~h~~ pol.~:.riza.tion isat least Oo8G)7)B)o 

- 1\0 0 n +p-·• +K 

p + 1l 

-> p -\- 0 +v 

Ko 1 . .., 1C + n: 

in thu target, followed by 

(l) 

(2) 

( 3) 

'The /\ and K~, boing neutral, press through an anticoinoid.enoo 

countor A without causing a count~ The charged decay mbdes· of 

those pn.rticlos c~r·..:, obsurvod in the thin pla.te spark chamber sl Q 

Tho decay products r1ro detocted in countors c
3 

and c
4

• l~aoh 

plate of spark chamber· s
2 

consirots of plastic scintillator c
5 

sandwichod betw-een sh0ets of :1luminium and load~ Spark chamber 

s3 has simple brass plates. 'rho proton from tho doccc,ying {\passes 

into s
2 

and S· ~ whore :Lts range is moasurodo The electron produces 
3 

a shewerin s
2

, which is dotcctod by tho scintillators c
5

• The 

· diroctionn of all thu pnrtic1os nrc obnorvod in ·a 90° stereo system 

in a single camera., 

Tho Gpccrk chmnbers aru triggered by tho following oloctronic 

roquircments: 

l) A c
1
c

2 
coincidcnco, defining a beam particle. 

2) No count in A, ioc~ only nou·tral par·ticlos nre 
ontcr:i.ng sl" 
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3) A ooincidono0 bot~ccn a count in C~ and n > 3 times 
) 

minimum ionizing signal in tho thick counter c
4

c We 

thus ·ruquiro the simul tanoous oocurroncv of one of 

the chrcrgod /\modo ll ( ( l) or ( 2)) and the 

modo(3)~ Tho thin coun·L0r C~ survos to 
) 

. l K1 
c J:lCt,r g e: c 

0 

reduce tho 

numb or of C 
4 

Bignals causc;cl by knock-on protons from 

neutrons" 

4) li. showur in th" fiest hnl.f of c;
2
c
5 

p:roducod b,y eluct-. 

rents from (:?)o 

Char go e:x.cbange in "the ta:rg~; t" 

ll.n incoming n- ca.n mak() a chrt.rgo exchange collision ..-~1 ith the 

hydrogen o:r the carbon in the toxg0t, producing one or more neutral 

pions and a ncutrono In many· of thoso evunts a Btar w·ill be pro-

duced in the cn.rbon~ sending chEl.rgcd particles into the anticoincidence 

oountero ~{hen no star is produced a trigg~r might occur when onu 
0 

of the; photons from th0 n docny convc:rtu into nn olect:ron pair in 

tho material of sl or ~zo 
. ) 

Since the bi[LS lev0l on counter C is 
4 

set to more than thrc>~: times th~) minimum-ionising onorgy· loss~ a 

trig{:;er will result only if thu neutron causus a knock-on proton to 

mako n. CA-c
4 

coincidoncEJo A sinilar c:x:pc·rinont
0
), in v;rb.ich a single 

) . 5 . . . . 
countur C:t.: VUtS USocl, gavo le::sr_.:; thn.n ) false ti':\[:{"81'8 })8Y 10 lUCJ.dent p1.ons. 

) 

~:ho pro.poGod arr.::~ngc, 1ent. differs from th:i. u exper:i.munt to the oxten·t 

thrd; !', coinc:i.dcnce C7-, C. 11 will bu rcqui:eed., :Lhat thcro :i.B pulse hei-ght 
) 'i· 

diocrini:n.:·.::tion 011 c4, 2Jld thnt thu:ru is (), hole in the cgntre of c3 
nnd 0 19 The rate frcJrl ·this process is ·Lhus oxpeotcJd to be n~gl).jible. 

/.1. 

. + 
Sho\'tc:r production by- n-o 

'rho most froquent (\decay mode :is (\ ~ p + rc ; :Lt is 300 times 

more f'ruquun-t than thu p docn,y modu o '11hc t:r:Lr;;goring system rE:Jquires 
0 

the K to duco.y into t·.:;o ohcLrg~Jcl pions o J.\ny of the so three charged 

pions can have a charge-exchangu soat·L0r in s
2 

followed by a showero 

The pion from 1\ decay hn.s n. maximum enorgy of 17 5 MeV i the maximum 
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energy of the K0 pions is 500 MeV. (Seo Table I for the calculated 

maximum and minimum momenta and angles in the various reactions 

involved). A rough upper limit for tho charge-exchange cross-section 

on lead in this energy region can be estimated from the ratio of the 

charge-exchange to total cross-sections in hydrogen9)lO) and the geo­

metrical cross-section of lead. The upper limit obtained is about 

1/3 of the geometrical cross-section over this energy region. An 

experimental measurement at 125 MeVll) gives a ratio of 1/25 in lead, 

showing that the effect ir:: strcngly inhibited in complex nuclei. 

The shower detector s2c
5 

contains seven radiation lengths of 

lead, If we take a charge-exchange ratio of 1/25 for the lower energy 

pions from (\ decay and a ra.tio of 1/3 for the higher energy K0 
pions 

wo obtain a probability of 0,18 that a shower is produced by an event 

1\->p+n, 0 + -K -)' It + 1t , This leads to 0.32 false triggers per 

pulse, ~['his rate will be reduced by a factor of about two by elec­

tronically requiring the development of the shower tci start in the 

first half of s
2
c

5
, since a shower from 

first radiation length while a pion does 

an eloctron will start in the 

not initiate a shower until 

it undergoes charge-exchange scattering, 

'rhe rate of events from the hydrogen in the target is estimated 

on the basis of the following data: 

a) 

b) 

c) 

d) 

e) 

Tho total cross-section for the rqaction n- + p - A + K0 
is 

1,2 mb, and the angular distribut~on is as given in reference 5). 

50% of tho 

K~ modes. 

0 0 K decay through the K
1 

modes 

The long-lived K~ escapes. 

The branching ratio 

The branching ratio 

Ko _, 
1 

_0 -->_L±._ 1t :_ 

1\ _, n + n° 

2 
T 

2 

1 

and 50% decay through 

The lifetime of the 
-10 

{\ -10 'K.o is 2.51 x 10 sec, that of the 1 is 

1.00 x 10 sec. 
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f) The observed ~-decay of the 1\ is 2 x 10-3 ( 2 ), 

We assume a beam intensity of 2 x 105 negative pions per 

pulse, The following factors are taken into account: 

Decay of the A and K0 bafore reaching tho anti counter (see fig.2) 

The solid anglo defined by counters c
3 

and c
4

• 

angular distribution in the f\K prod.uction reaction 6 ) 

The limitation of the trigger rate to at most l trigger par pulse. 

The triggering rates are then: 

1\-> p + e + 11 5.4 x 10-3 triggers per pulse 

/\->p+n loss than 0,16 triggers per pulse 

giving a ratio of p decay events to background events of better than 

1:30. 

If the PS is operated at l pulse per 1,2 sec (at 10.5 GeV/c with 

a 100 ms flat-top), one can obtain in one day 390 P-decay events in 

less than 11,600 pictures. Additional P-decay events are to be ex­

pected from the carbon in the target. 

{\_, 
p + " events will be rejected firstly in scanning on the 

basis of the characteristic appearance of thfl shower and secondly by 

kinematic fitting. 

The time required is 20 parasitic shifts and 10 shifts of actual 

running. 

15th February 1962 
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.~I~~eJ. ... Experimuntal arrangement~ c1 , c2 ::::: B~.;am defining 

counters o A = Anticoincidonco cou:ntu:r, ru,j ccting ch[t,rgod 

pnrticles from the tnrgeto T ~ 2 em long, l em diamctur 

CH
2 

target. '\ ~ thin platG aluminium spark chamber, total 

thickness ~ 0.3 mm A.l. Cz = 4 mm plastic scintillator, 
) 

c4 = 2 em plastic scintillator to detect > 3X minimum 

ionizing events, s
2 

+ c
5 

= spark chamber - shower detector 

combinn.tiono Each plato consists of;;; 2 mm Al~ 2 mm :Pb~ 

2 mm plastic scintillator, 2 mm Al. 'I'otal th:icknc;ss 

~ 7 radiation lengths. 

of c
5 

are connected to 

second half to another, 

Total thicknoss of s
2 

+ 

The soint:illators of tho first half 

one photomultiplier, those of tho 

s3 = thick plato brass spark chamber, 

s
3 

is 145 g/cm
2 

Cu-aoquivalent. 

FI_G...?..?. - Efficiuncy- ~ for oscape of both 1\ and K
0 

into spark 

chambo:r sl ··b<cfore docay, as a function of tho point of· 

production in tho targuto The integrated uscape officionoy 

for a 3 em long target is 0.295. The em angular distribution, 

used in calculating E:. is takun from Hof. 6. 



TABLE I 

Calculated maximum and minimun values of momenta, ranges9 mean free 

paths for decay~ and angles for l\K production, 
<")' + K: ~ n + n; - 1 __ _:__:_ _ ___::_ 

'\ - I -f 1. -'). p + n and. 1\ ~ p + e + V o 

I - o o o --~-~-~ , ----=-- ! . - -
I n + P~ 1\ +K K

1 
__, n ·+IT I 1\ ~ ? --> Ti 1 /\ __, P + e + LJ j 

' 
O' 1\ + -' I - I K i n- j P 11 \ P I e , 

I . ....... . . . I . ! K momenta J ;\ momenta i /\momenta j i\ momenta j t\ momenta . 
~---·-·----- t_·_ -~- ____ ,_______ Iv~[x_-:.:~f- ~~!Il~=J~~~--,--lr:_IN J --J':i.ilX ---~- I::tn:_~ - Y:l'_0.=:_i- _l~J'N ~~ !7~0 :J_~IlT-~~ 

'-- I I I I ' I 
:~ I 605 970 621 i 233 I 948 ! 469 l 279 172 1

1

1 
1029 53c; I 352 234 , 

IviOHB1TTUWI X I ' I I I 
1 1 l . j i . 

Id2V / c (Labsy)' __ I , 

L. :~ I 57·5 422 I -19 
i 1_\j i ! 

I 
I-- -+----

RANGE ! 

(g/cm2 in cu) :i 3·67cm, 6.52cml 300 
or ! ! 

11EAN FREE . ! -t ! M I 1 I 

-175 686 257 17 -40 

58 135 14 84 28.5 

47 1.8 

y--

1 17 2.84cmf 

r------.....;.::..+---·_j_ ____ _[ ____ + ·---+----:-----~--
PATH FOR 
DECAY (em) 

0.35cm I 
N ~ I -;------- T 

0 , I ],II 

A 
X 

51 ° 20 ° 180° i 180° 70 16° 55 : 180° ! 
I 

145 21.5 Shower Shower 

-l '0 
j_ " 4- 26.~ i 180° 180° 
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