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A Determination of the Relative &=\ Parity.

To determine the relative ¥~/ parity, we have measured the
invariant mass spectrum of Dalitz pairs from the decay of unpolarized
EP -~ hyperons, Boﬂzko + e+ +e . This method has been suggested by
Feinberg 1 , Feldman and Fultonz), and by DalitzB). The problem is to
establish the decay as an electric (odd T-A parity) or a magnetic

" (evén parity) dipole transifich, Under the even parity hypothesis the
radiative matrix clement is proportional to the momentum of the Dalitz
pair, whergas'with‘odd parity the matrix element is independent of the
pair momentum. . This has the consequence that for odd parity, more
Dalitz féirs'éihibiting large invariant mass would be expected to occur
than for even parity. ~Our data favor eveﬁ‘i3-uﬁ parity.

We will first analyze our data neglecting terms proportional
to the electric>fofm factor, the effect of which will be cbﬁsidéfed

later. Under this assumptién, the differential invariant mass distri-

bution of the Dalitz pairs has the approximate form 4),5).
1 dw .
0 ax - 1% for even parity (1)
1w . . |
0(x) ax = *t*== . Qfor‘ odd parity (2)

where x = [(E+ + E_)2 - (ﬁ; + ﬁi)z}/zgkz o

i

is the square of the invariant mass in units of ZSZ, and

A = .(ME - MJ\)_ = 76.1 VeV,

. e ) o’ a

. The quantities E+ and P+ are the electron energy and

. ‘ ' d - [
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- momentum, and

~(1-x)% (1 =) 3)

with

A2

In »sur experiment,:zc;ehyperons were produced by K--ﬁesons
at rest in hydrogen. The 8l-cm Saclay hydrogen bubble ehamber
was expésed to a K;-meson beam at the CERN PS.  About lO6 K~ -mesons
were stobped in the chambef, preducing 3 x 105 EOthperons.Qia the
reaction K~ + p - 2° 4 no. About. 1,000 of these undergo Dalitz
decay. The decays produced in this manner are recognized in
soanhing by the presence of‘an electron ﬁaif eriginating at the
stopping point of an incident K-—meszn together with a Ao-hyperon
decay in the proximity of the K -stopping point. There are three
reactions of stopped K -mesons capable of producing such events:
a) XK +p-o 5%+ n°
La AC + e+ + o
b) K_-+ P —;/30 +n°
ﬁm°+ , 'Y + e +>e
¢) K +p—a® 4"
, lr_

Ly 4 e

+ e

The theoretical branchingtratiés for 1n° and 3° Dalitz deeays are
1/80 and 1/180, respectively. The experimental producticn rates
for (2°, ﬁo) and (A%, ﬁo)‘from (x7, p) at reét7) are 0,28 and 0.064,
respectively. This implies that, of 3.6 events with a A% and

Dalitz pair, one correspends to reaction (a).
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' To date we have obtained 353 events which, after measurement
énd anéiysis, have proved to be examples of type (a).» These events
came from a sample of 1430 measured and analyzed events. The
remaining events in the present sample have been identified as
being either types (b) and (c) or events in flight., Events of
type (a) were aoéepted in the sample if their x2-prabability
exceeded 5% for a five constraint fit. Events af type (b) and
(¢) were also identified by kinematic fitting and events in flight
rejected on the basis of the A° or =° momerwtum in the decay-fit.

There is a small region of overlap between the allewed configuratien

of reaction (b) and reaction (a).

Pigure 1 shows a sample of events frem reactiens (a) and (b).
The‘ofdinate and abscissa are the sum ef the momenta and the
invariant mass, respectively, of the comstrained A° and fhe
measured e’ and e~ . Goed 2° events eluster avout a value of
mbmeﬁfum; 162.2 Mei/c, and invariant mass;;ll91.5 Me#} characteristic
ofVZO's‘produced by“K— interacting at rest., = I? is evident from
Figure 1 and the inset that the density of peints in a region
abeut t‘heveicpected_zO momentum and mass is mﬁah larger than the
generai.density; Therefore, the fractian‘of events from
reaction (b) contained in the sample of "good" £ A%+ e 4+ et
events‘is‘avféw percent only. ﬁoreover, reaction (b) gives an in-
variant mass spectrum very similar to the function ¢(x), Equation (3).

Thus, we conclude that background effects are negligible.



a4 v Figure 2-shows :the measured distribution of the.invariant
mass lelded by C(x) It also shows the mass distributions calculated
81ng equatlons (l) and (2). The measurements agree well with the

even parlty Spectrum.
The agreement can be expressed in terms of the average

value of the inyvariant mass. We find experimentally:

- A . , :
’ < x> =0.161 £0.009 -
The}vaiués eipecfed from the equations of Eﬁans4> ares
Tiennt e fproeveéh ¥ D> = 04167,

1
Al i e n . for odd < x® > = 0.221.

Figure 3 shows a two-dimensidndllploﬁ.of ouf.ﬁéta;' .ﬁhe
energy of ‘the low-energy -member of the electron pair is plotted against
the 1nvar1ant mass for each of our events.» Contours of constant
dens1ty are drawn for the two hypotheses, u31ng an %pprox1mate form
of Evans' cquqtlon and ndglecting “terms ‘proportiondl to the electric
form factor. . From the centour lines, ,it is seen that for odd parity
an accumulation of points is expected in the upper right hﬂnd region
of this plot, whereas for even parity a pau01ty of events is ‘expected
in thls region. The ‘preference for even parlty is seen. - The figure
shows ‘a loss of low.energy elecctron events, which is explained by the
dlffloulty of scanning for and measurlng sth events. It can be shown
that the effect of this on the spectrum is small, and correctlng for
this would make our contlusion in favour of even-parity slightly
stronger. = We have also checked our results for possible biases in

the scanning and analysis of the Ao's, and have found none.
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The full expression for the invariant mass spectrum, given
by Evans 4), shows & dependence on the electric and magnetic form
factors, fl(x) and £, (x), of the 7 = N electromagnetic transition.
In obteining the expressions (1) and (2), we have assumed that

£, (x) = £, (0) ana that | £, | <, |.

The variation of f (x) in the reange 0 &« x £ 1 is

2
expected to be smaller than two per cent. This has been discussed by

1’2’3’4). Neglecting fl (x), a large variation in £, (x)

many authors
of the order of 100 per cent would be required to make the odd spectrum

fit our results,

Finally, we have considered the possibility of Ifl 3>>$f2\,
although one expects that {fll will be small, as is the case for the
neutron, In figure 4, we show the theorectical average invariant mass
of the Dalitz pairs as & function of f:H/fz, for real values of the
ratio., Unless fl/f2 ~ + 10, it is seen that our result clearly favors

(2)

even parity. A perturbation theory estimate of fl/f2 gives‘ﬂdl/4.
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2
dw o g A +
dXdy‘ = - 5 MEQAZXQ Q (X9y)
+ — X —
Q- 2 /DN\N4 2. 2 2 2 o - ;
ENEN (§)F = i 0® (1e0®) 2% (1gD) (a, 34y
2 2 .2 b
* AT AT x oy ! - 2
- 2 —_— - M - AT X
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X 2 -
o A 2 2 - |
5 3R (2M2 9 + A° x (q & MA)) |
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Figure 1

The momentum and invariant mass of the constrained /\O and
+ =)
the measured e and e for a sample of events from reactions (a) and
(b). Crosses have passed and dots have failed the selection criterion

for good events, The inset is an enlargement of the shaded region,

Flgurd 2

The ratio of the number of events to the function C (x)
plotted against x, the square of the invariant mass. The theoretical
predictions for odd and even parity are shown, assuming‘ fltgj le
and f2 (x) = f2 (O). Spectra are normalized for the same number of

events,

Figure 3

The energy (Te : small) of the low-energy member of the
electron pair is plotted against x, the square of the invariant mass,

Contours of constant density are drawn for the two hypotheses.

Figure 4

The theoretical average invariant mass of EZO Dalitz pairs
as a function of the ratio of factors fl/f2. The shaded area is the

experimental value.
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