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THL BETA DECAY OF WM LAMBDA PARTICLL

P.G. Murphy and J.C. Sens

1, TNTRODUCTION

AlL cbhserved strangeness-conscrving weak interactions can
be explained in terms of a Universal Permi Interaction based on
a VeA current. The experimental evidence oonoerﬁing these inter-
actions is consistent with the conserved vector current hypothesis,
which predicts 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 "universal' value by

renormalization effects,

If this theory is extended without modification tec strangenesgs-

changing interactions, it predicis a rate for the B decay of the N

‘\ S p e+ Yy,
of 5.3 x 107 see™* 1)a However, on the basis of 15 B-decay events,
the experimental rate is known to be approximately 1/10 of this
value2)o It has been suggestef that this result is consistent with
the same Universal Fermi Interaction; the apparent discrepancy is
te ke explained by sgtronger renormalization effects than in the

strangoencss conserving case.

In this note we proposc an experiment on the p-decay of pola-
rized A particies., The experiment is designed to measure the follow-
ing correlation functions, familiar from the p-decay of polarized

4)

neutrons ‘.,

.a) . The corrclation between the neutrino direction Py, and the
electron direction; 1 + u@@ s Dyso

b) The correiation between the clectron direotioh, B and the ﬂ

-

pelarisation, Sf\’ which has the form L1 + Aﬁe o ﬁn o



o) The correlation betwecn the neubtrino direction and the /N
polarization; 1 + B@L,a'ﬁf\,

) The corrclationﬁu*Dvﬁﬁ s DX Dy

vy

The cocfficient D ig zero if the interaction ig invariant
under time reversal., If we asgume, for example, that the inter-
action ig ftime-reversal-invariani and is a mixiure of V and A
with lelft-handed lwo-component noutrines, then the coefficients

are given by

. 2 2
a g = CV - LA
2
AC - ~205 - 20,0,
B‘g = 902 - 200
TTA VA
where ?; = C$ + BCE :

E; i known from the branching ratio and the known lifetime of

the N\ . From these measured quantities, one computes

Cf, = 1/1 L(1 + 3a)
2 ; ;

CA. = L/4 é(l-—&)

T G
CV 1 ~a + 24.

A value for B can then be calculated from these results and com-
pared with the experimenial quantity. This is a test of the hypo-
thesgis that the antinevtrine is right handed in this interaction.
All combined, cne thus establishes, for this process, tine reversal
invarieonce, lepton consmrf&tion, the ﬁagnitude of V apnd 4, and
their relative sign. Observation of an asymnebtry in the electron
digtribution establishes non-conservation of parity, independent of

the particular form of the couplings.
3152/p t b8! cular form of the coupling
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2. _ APPARATUS

oo

The exporimental arrangement is showr in Flg., 1. A 900 MeV
i beam is led inte a CH? targoet of crossg-section maitched to the
size of the beam ( ~ 1 cm diamctor). At this energy %he A produc-
tion cross-scdébion in the reaction = + p A K® proaches its

=

maximam value of 1.2 mb,))and the polarization isat least .8 )7)8)°
The reactions which arc cbserved are:

1o+ p o N 4+ x© in the target, followed by

AN p ot ow (1)
=Pk e o (2)
K?‘-ﬁ R | (5)l

0 . C e
The N\ and Ki’ being neutral, pass through an anticoincidence
counter A without causing a count. The charged decay modes  of
thege particles are observed in the thin plate spark chamber By e

The ducay products are detected in counters O, and 646 Lach

3

plate of spark chamber 82 consists of plastic scintillatox C5

sandwiched betwocen sheets of oluminium and lead. Spark chamber

3, has gimple brass plates, The proton from the docaying f\passes

3

into 5, and 3., where ite rangce is measured, The clectron produces

i

o showerin 8,, which ds detceted by the scintillators Cgo  The

“dircetions of all the particles are observed in a 907 sterec system

in a single camera,.

The spark chambers are triggered by the following electronic
requirements:
1Y A CTCQ coincidonce, defining o beam particle,

2} No count in A, i.s., only neubtral particles are

lc



o

Ul

]

-

3} A coincidence between a count in C5 and a >3 times
minimum dionizing signal in the thick counter C4e e
thus roquire the simultancous occurrence of one of
the chorged MNmodes ((1) or (2)) ond the charged Ki
mod.o(’%)o The thin countor O.‘5 serves to roduce the
number of C, signals caused %y knock-on protons from

4

neuirons,

4) & showsr in the first halfl of 5205 produced by elect-

rong from (2),

3. BACKGROUND

Charge exchange in the ftargest,

An incoming w  ocan make a charge exchange collision with the
hydrogen or the carhon in the target, producing one or more neutral
pilions and a neutron. In many of these evenis a star will be pro-
duced in the carbon, seanding charged particles into the anticoincidence
counter. When no star is produced a trigger might occur when one
of the photons from the no decay converts into an electron palr in
the material of Sl or 059 bince the bias level on counter 04 is
set to more than three times the minimum-ionising energy loss, a
trigger will result only if the neutron cauvscs a knock~on proton to

8)

make a 07"04 coincidence. A sinilar experiment /, in which o single
2 - ‘ e
» g 5 o . .
counter O, was used, gave less than % false lrigpers per 107 incident pions,
3 A
The proposed arrangenent differs from this experiment to the exbent

that o coincidence ¢ owill be reguired, that there is pulse height
5 ’ 4 ! H p é)
digeriniantion on C4, end that there is a hole in the centre of ¢

3

and Cﬁu The rate from this process 1s thus cxpected to be negla jipnle,
i ,

Bhower production by ﬁfa

The most froguent N decay mode is N—=p + n 3 il is 300 tines
more fregquent than the $ decay mode, The triggering system reguires
the K to decay inte two charged pions. Any of these three charged
pilons can have o charge-—exchange scatlter in S? followed by & shower,

The pion from N decay has a maximunm energy of 175 MeVy the maximum
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energy of the K° pioné is 500 MeV. (See Table I for the calculated
maxinum and minimun momenta and angles in thejvarious reacthions
involved), A rough upper limit for the charge-exchange cross-section
on lead in this gnergy region can be estimated from the ratioc of the

9)10)

metrical cross-scetion of lead. The upper limit obtained is aboud

charge-eichange to total cross-secticong in hydrogen and the geo-
1/3 of the geometrical cross-section over this energy region. An

. 1 . . , -
experimental measurement at 125 MeVl ) gives a ratio of 1/25 in lead,

showing that the effect iv strcengly inhibited in complex nuclei.

The shower detector Secs_containé seven radiation lengths of
lead., If we take a charge-~exchange ratio of 1/25 for the lower energy
pions from A.decay and & ratlio of 1/5 for the higher energy x° pions
we obtain a probability of 0,18 that a shower is produced by an event
N -p+n, B -7+ 57, This leads t00.32 false triggers per

pulse. This rate will be reduced by a factor of about twe by elec~

tronically reqﬁiring the development of the shower to start in the

first half of 82C5, since a shower from an electron will start in the

first radiation length while a pion does not initiate & shower until

it undergoes charge-exchange scattering.

4. RATE OF EVENTS

The rate of eventg from the hydrogen in the target is estimated

on the basis of the following data:

_ - o .
a) The total cross-seotion for the rgaction w + p -~ N+ K is

5)

1.2 mb, and the angular distribution is as given in reference”’.

b)  50% of the K° decay through the Ki modes and 50% decay through

Kg modes. The long-lived Kg escapes.

¢)  The branching ratic 0 + -

2 - m_tw _g‘ R
1 w0 4+ 0 1
d)  The branching ratio .
i S 2
AN~ n+ 1
e)  The lifetime of the A is 2.51 x 107 Vsce, that of the K] is

1.00 x 10" %0,



pA
f)  The observed B-decay of the A is 2 x 107~ (2>.

We assume a beam intensity of 2 x lOb negative piliong per
¥y & 2 P

pulse., The following factors are taken inte account:
Decay of the A and K¥ before reaching the anti counter (see f£ig.2)
The solid angle defined by counters C, and C4

Tho angular distribution in the ANK produotlon reaction 6)

The limitation of the trigger rate to at most 1 trigger per pulse

The triggering rates are then:

Nop+e”™ + P 5.4 x 1072 triggers per pulee

A= p + 7  less than 0,16 triggers per pulse
giving a ratio of B decay events to background evenis of better than
1:30. '

If the PS is operated at 1 pulse per 1.2 sec (at 10.5 GeV/o with

a 100 ns flat-top), one can obtain in one day %90 B-decay events in
less than 11,600 pictures, Additional B-dcoay cvents are to be ex-

pected from the carbon in the target.

A - p + % events will be rejected firstly in scanning on the
basis of the characteristic appearance of the shower and secondly by
kinematic fitting.

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

running.

15th February 1962

3152/



3152/p

8,

9-

10,

1%,

-7 -

REFERENCES

R.?, Feynman and M.Gell-dann, Phys.Rev. 109, 193, 1958,
W.B. Humphrey et al. Phys.Rev. Letters 6, 478, 1961,

C.H. Albright Fhys.Rev. 114, 1648, 1959 and Phys.Rev, 135,
750, 1959.

For example, A. Lundby, Progress in BEiementary Particle
and Cosmic Ray Physics, Vol.V, 1960,

Kiev Conference on High ¥nergy Physics (1959) v. 4L44.
Alston et al. Rochester Conference (1960) p. 378.

J.Leitner et al. Phys. Rev. Letters 7, 264, (1961)
BE.F, Benll et al. Phys. Rev. Letters 8, 75, (1962),

Je Cronin, private communication.
J.C. Coris, UCRL 9048, 1960,

For exanple Rochester Conf. 1958, p.65; Rochester
Conf. 1960, p.38.

J.0. Kessler and L.M. Lederman, Phys.Rev. 94, 689, 1954.



- B o

CAPTION TO THE FIGURES

FIG,1 - Experimental arvangement. G, €, = Beam defining
gounteérs. A = Anticoincidence counter, rejecting charged
particles from the target. T = 2 cm long, 1 cm diametor
CH2 target. Sl = thin plate aluminium spark chamber,'total
thickness ~ 0.% mn 4l C5 = 4 nm plastic scintillator,

04

ionizing events, 82 + 05 = gpark chamber - shower detector

combination., Each plate congists of n 2 mm AL, 2 mm Pb,

= 2 cm plastic scintillator to detect > 3X minimum

2 mm plastic scintillator, 2 mm Al. Total thickness

~ 7 radiaticn lengths. The scintillators of the first half

of ©
5

" second half to another, 83 = thick plate brass spark chamber,

are connected to onc photomultiplier, those of the

Totel thickness of 8, + 5, is 145 g/om2 Cu-aeguivalent.

3

FIG,2 - Lfficiency E; for escape of both N\ and Ko into spdrk
chamber Slﬂbcfora decay, as a function of the point of
production in the target. The integrated escape efficiency
for a 3 cn long target is 0,295, The cin angular distribution,

. . . ¢ . .
used in calculating ¢ dis taken from Ref. 6.



TABLE T

Calculated maximum and minimum values of momenta, ranges, mean frees

paths for decay, and angles for A\K production,

K;**?Z++

i

3

A

[

~-y D+

% and A= p 4+ e 4

d

Py

;
i i
| - o ..o o + - - ) - -
i+ P 4K K = 7 4x e ? o A= Pre +
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; RGN + - ] - -
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; B e e i I r——
A 505 | 970 621 23%3% S48 469 279 1 172 1029 1 534 352 i 234
MOMINTUM ‘X ‘ ;
AR R R N LY i 1

MeV/c (Labsy) -
L AL

i

N

686

. - ] : :
Rages A 6 6 8 1 1 | 8 2845 145 21.5 gSh Sh
: & 3. i b.52 3 5 i A : ] 5 e A . ¢ Shower CwHeT
(g/cmzm cw) ; 3 a?cm; 52emi 300 5 E 35 & | 4 2 5 ;
‘ FOR 7 | 0.35cm. 2.8icm| - - 47 1.8 17 - - - L - -
PECAY (em) 5 ' ; g %

51 © 0 20 © 180°

180

¢ 180

26.6°

180







461

S18/H/ 3665






sxs/n/a&si







