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Abstract

We have measured the proton asymmetry parameter «

for 61 =1 > PY events. We found a = - 103t82§ Using a
more restricted samplei of 31 events, we found the branching

ratio (£ - py)/( T~ pr¥) = (2.76 £0.51) x 107>,

I. Experimental Procedure

- An exposure of 1.3X106 pictures in the Bérke_iey 25-in. hydrogen bub-

- ble chamber yielded about 57 000 events of the type K'p - E'_l_"rr_, E+—»p + neu-
tral, with K~ momenta ranging from 270 to 470 Me_V/c. The vast majority of
the events were near 390 MeV/c, where the Y'0,('1520) resonance is formed. Of

the 48 000 measured events, we were able to identify 61 events of the decay

+
. > py.

The problem in the eXpefirhent was to ,separate":the rare =t py de-

‘cé.ys from the more copious Z}+'-> ‘pTTO deéayé. 1 The pvroton momentum in the

- rest frame of the = is 189.0 MeV/c for st pno and 224.6 MeV/c for =t pY-

Bazin et al. 2 found a branching ratio of (3.‘,,7# O_.-8)X10_3, using Only events

with stopped protons. For such evehts the proton momentum is. determined

from range rather than curvature, and is thus very accurately known, so that

“the two decay modes are almost always distinguishable.
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Some events with protons Which left the chamber were also used in -
‘this éxperime'nt. Generally such events present considerable resolution dif-
fic-ulty because the proton momentum is determined frorh_ the curvature measure-
ment, and the associated error in thebmomentum is determined by the large multi-
. ple Coulomb scaftering. The Z+‘—f py decay,. hox.;ve,ver, releases more momentum
to the proton than does the =& - 'pﬁo decay; so that it is soméﬁtimés possible for
the laboratory-system angle bet\%/een the proton é.nd_the Zina E+—>'py. décéy to
gkce‘ed the maximum pos sib‘lle.:a'ngle forazt o .‘p"rr"o decay, for a giveﬁ P fnofnen-
tum. Since the; ‘angles were well measured, fglany' 2+ - py decays could b¢
_identified because of an excessive lﬁb decay angle. A smaller conf:fibution to
the E+v-—> pY sample came frornvever_ltsv with a leaving or scattering proton in
which the proton track length was to'é_great for the proto_ﬁ to be "f':;om a
E+-> p'n'-o decay. |

II. Asymmetry Parameter

The scanners were required to dis'tipguisvh'betwéen' =7 - p:decays
#ﬁd =t ot decays by ionization. Those evénts idéntified as =7 - P decé.ys
were fitted to the -hypdtheses ’ | |
| @) Kp- zta”, =¥ = paf,

@) Kpo zte, 2t by, and

(iii) K'p - =t =t - p + missing mass.
‘-‘Reaction (iii) is essentially a fit to the E+'productibln hypothesis, with a calcu-
» lation of the missing mass of the neutral_decvay particle.

We conéidered as candidates for 23+'—> pY those events fitting reaction
(ii), but not fitting reaction (i) with a confidence 1e;fel > '10-5. There were

253 such events after the regular measuring of the events was completed.

The candidates were carefully examined on;tlie scanning table in order to

| YA
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eliminate those events which had been mismeasured and those which were not,

in fact, Z+ - p decays. Some =t o ot decays which had been misidentified

‘as Zf - p decays gave suécess_ful fits to Z+ - pY. Those events which ap-

pearéd to be proper candidate_ais‘ were remeasured at least once, with particu-

‘lar attention given to small-angle scafte'ri-ngs of the proton. An event which

‘unambiguously fitted = T PY after remeasurement was retained if all the fol-

lowing conditions were met:

A (a) It was resolvable from Z‘+ -—>‘p1r0 by either the range or decay
angle of tﬁe proton. Of the 61 .ev'ents ultimately identified as. Z+ - pY, 31 had
stopped protons, 24 had decay angles too grnea‘t for 0 decay, and 6 had leaving
or scatteriﬁg. protong whose length was too great for 70 dec.ay.

(b) The measured quantities were reproducible upon remeasurement.

‘The T had to be clearly visible, and the production and decay vertices had to

be clearly distinguishable. The confidence level for the Z+—> ‘py fit was re-

_ quired to be > 0.01.

(c) The event fitted Z}+‘—> PY u'nambiguously.when a fit without beam

' averaging was pe.rformed. ‘Five events near the front of the chamber fitted

+ . . . e ' .
z - pno without beam averaging, with a lower K momentum. We considered

~ these events to be possible ;E+—> pTTO decays in which the K~ had scattered

~and lost momentum befo're:jentering the chamber.

(d) The proton xvaé distinguishable from a n either by its stopping in
the chamber or by its greater ionization. If the tr.ack left the chamber, it was
cdnsidgred unidentifiable if the dip angle exceeded 60 deg. -

(e) The event was inconsistent with a stopped Z decaying via pIRI pT.rO.

Events with ¥ momenta below 80 MeV/c at decay were not considered as

Yoy .
2 — py if the proton momentum was near 189 MeV/c.



R o UCRL-19261

There were, 61 events satisfying the'sé "revquifements. Because of the
criteria that wére used in obtaining the =% . ‘;py events, we estimate ies‘s
than one event of .2+ -~ p*rro as contamination. .3‘ The distribution in missing
mass Squa%r_ed, MMSQ, is shown in Fig. 1:-for 59 'of these. 4 ‘The four events
with high or low MMSQ had protons which scattered, but which satisfied the
decay angle or range requireménts., :TheA typical error in MMSQ is 0.1 mz0
for the events with stopped protons and 0.15 to FO.Z_Q for those with liezwing.rr
protons which did not scatter. | |

The angular distribution of:the proton frorﬁ a Ypolarized Z is

1(@):1{&(6’2)-:@. A (1)
Here § is the proton momentum unit vector and (;Z is the = polgrization.
The =t polari‘zations in this experiment:we,re' determined by observing the
decay asymmetry in ,2+_> p'n'o', where the asfmmetry pérameter is nearly
-1, > Preliminary polarizatioﬂ curv'gs Wéfé shown in Ref. 5. le'yxe 2 polari-
zation arises principally from the interference between the resonant D-wave
amplitude and the strong S-wave background. The Z poléri‘zation for each
' event was calcuiafed from a multichannel partial-wave a.né.l‘ysis. The average
polérization was 0.4. | |

A rﬁaximum-l_ikelihood analysis was pefformed; by use of the likeli-
hood function | |

& (a) = m(1+a (&’2} i qi)Q , ' (2)
i . ,

A
-

+0.52

Evaluating 'C(oz), we find ¢ = - -1.03_0 42°

Since physically la =< 1, the most

likely physical value is o = - 1.




N

~5- UCRL-19261

III. Branching Ratio

A straightforward determination of the branching ratio was made by
applying cuts to all st p decays independent of fhe identity of the decay
neutral, except in two cases which were easily corrected for. The criteria
used were more restriétive than those for the asymmetry parameter deter-
mination, where additional events could be used because they had‘confiéura—
tions which precluded their being Z+ - p1r0 deca};s.

The following series of cuts was impoéed on the events with two—bbdy
= * production fits: |

(a) a fiducial ivolum_e stricter than the rﬁeasuring volume, imposed to
eliminate all events. in the last quarter of the bu‘bble chamber, énd events
near thg front and svi.des‘; | |

(b) = iength > 1 mm, to assure reasonably high scanning eff1c1ency,

(c) confldence level for the missing mass fit > 0 01 to ehmmate mis -
measured events; ‘

(d) -lab-dip angle of the proton < 45 deg. ‘k The scanning efficiency for
distinguishing protons from 1T+ as the decay product of the = became worse as
the dip angle .incrbeased. The efficiency was greater than 95% for dip angles
below 45 deg. A correction was calculated for this cut, since it affected vy
and 1r0 events differently. |

_ After these cuts were imposed, 30 806 events remained. A simple way

to impose the criteria of identifying =t PY by range or decay angle of the

A

proton was to choose a particular region in the space of (=- q)RF’ the rest

framc decay cosine, vs. P the ¥ momentum. Because the = polarization

~ is normal to its line of flight, the decay distribution is uncorrelated with the =

direction. Consequently, apart from experimental biases, events should be

A
A

uniformly distributed in (Z- q)RF



6- UCRL-19261

Scatter plots of (2?‘ q)RF VS. ps, are shown in Figs. 2a and 2b for the

Z+—> pwo and Z+—> PY events respectively, after the particular region of
_ the space, had been chosen. The cuts on the variables were applied to the fitted
values of the appropriate decay. The unpopulated regions 1 through 4 are
described below: |

Region 1: Events in region 1 Were excluded bécause .pz < 125 MeV/c at
decay. This was _doné to eliminate low-momentum 2's, which either stopped
or had a large uncertainty in momentum at decay bécause they were losing
momentum rapidly. |

Region 2: Events in region 2 were excluded because the range of th‘e prdi_:on
from either a y decay or a TI’O decay with the given pi and (2 - c'i)RF would -
.have been less than 1. 2 cm.” The scanning efflclency was lower for these |
short protons.

Region 3: The scanning efficiehcy was lower for a émall lab é.ngle between
2 and p. The evvénts in region 3 were excluded .because either the vy .decayv or
the Y decay with the given Ps and (=- Q)RF would have‘ resulted in a lab
cosine > 0.966. .

Region 4: It was found that events weré completely resolvable for -0.8
< (=- é])RF < -0.1. In addition, the proton always stopped for both decay'.modes
in the two small areas at th'evupper left and lower right of Fig. 2a, since the
imposed fiducial volume required a prbton to have a track at least 10 cm long
béforé leaving the chamber. The events in region 4 were not in any of these
~areas and were excluded. For events w1th higher Ps in the region -0.8
< (5. -Q)RF < -0.1, the lab decay angles for E - pY exceed the maximum
possible angle for Z+ - pTrO. Forlower Ps > the protons from E;I-» pTTO always
stop, because of thé imposed fiducial volume, while the protons from = T py either

always stop, or have a track length too great to be from the TI'O decay.

r{\
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A histogram of MMSQ is shown in Fig. 3a, before examination and
remeasurement, for the 11775 events lying within the region defined in Fig. 2a.
Examination showed that a number of events in the tail regions (MMSQ < 0.45

mzO and MMSQ > 1.55 mzo) had protons which scattered instead of stopping,
T :

T
so that they were not resolvable. Events with scattering protons_ were removed
from the tail regions,‘ and a weight averaging 1.04 was calculated for the |
Z+—> pY events based upon the p-p low energy cross sections. It was not
necéssa.ry to weight the TI'O events for scattering, since almost all the events
that scattered were already included in the TTO peak. Other non- Z+ - py
events in the low MMSQ region were Z+ . decays, and a few vwere non-beam - -
events.,

After elimination of events in the tail regions by cai‘eful examination
and i‘emeasurement, we found the distribution shown in Fig. 3b. The 31 events

0

below 0.25 mzo are =7 pY, the event at 2.83 mz0 is probably =t PT Y,

™ ™ :
and 11670 events are Z+—> pno. A weight averaging 1.14 for both Z+—* PY
and. Z+—; p'TrO was applied for the events cut out by the proton dip-angle re-
quirement. The wgighted number of y events was 36.85, with a statistical -
error of 6?%6; the weighted nurﬁber of 0 events was 13 348.. The branching

0y = (2.76 £0.51) X103,

ratio was (Z)+ - py)/(’2+—> PT
Because of the complete separation‘ of the y and TI’O peaks in Fig. 3b,

it was ﬁb't necessary tb subtract any background events from the y peak. All

31 events were included among the 61 events used for the asymmetry parameter.

Only regions of high scaﬁning and detection efficiencies were chosen, so that

the relative efficiencies at any point of the scatter plot differ by a negligible

amount.
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This result is in agreement with the previous result of Ref. 2,which
is about one standard deviation higher.

IV.  Theoretical Description

Behrends showedévvthatbtheb most general effective Lagrangian is “

o= VRt
'f off = P (a+b Y5)0'|.w qg A .Z ‘
' (3)

| +E@ - Y5) yn q” A‘Hp,v_
where the second term is thé Hermitian conjugate of the first, q” is the
proton four momentum, A" is the elecfromaghetic field, and a and b are
parity- lconserv1ng aﬁd parity- nonconserv1ng amphtudes, respect1veiy Other
forms of coupling which one rn1ght cons1der on the basis of Lorentz 1nvar1ance
reduce to Eq. (3) when gauge invafianqe and momentum c’onser_vatioﬁ are
applied.

The decay asymmetry parameter o of Eq (1) is _

a =2 Re(a*b)/( |av|2 + '|b|2). | (4)

Assuming U-spin invariance a.ldne, a = O:if- U = 0 for the photon.v7 This latter
requirement is sﬁggested by the Ge'llt-Mann—Nishijima_. formula. The conélusibn
a = 0 can be ‘seen.by.performing avU—spin rotation-of .{ off by 180 deg and ré—
quiring U—.spin invariance. These imply that a and b are rela.t1ve1y imaginary,
so that @ = 0. Adding CP invariance would impose the stronger requirement

8,9

that b = 0 also. Several authors have shown that CP invariance and SU(3)

invariance of ;Ceff-imply that b = 0 for =7 PY, so that a = 0.
Our experiniental result for o is two standard deviations from the
SU(3) result.

9,10

Some authors have made dynamical calculations of the asjn:nmetry

parameter and branching ratio, using pole-model and current-algebra techniques.
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Only Ahmed obtains results in good agreement with this experiment for both
the asymmetry parameter and branching ratio; the others obtain small
asymmetry parameters.

References and Footnotes

"‘\Work done under the auspices of the U. S. Atomic Energy Commission.

TAddress after Oct. 1: Nevis Laborateries, Columbia University, Irvington, N. Y.

1. A more detailed dis cussien of tﬁe experiment can be found in L. K.
Gershwin's Ph. D. ,'Thesie, UCRL-19246, June 1969 (unpdblished).'

2. M. Bazin, H. Bllu,rnenfeld, u. Nauenbei"g‘, L.. Seidlitz, and C. Y. Chang,
Phys. Rev. Letters 14, 154 (1965). |

3. We investigated the possibility that some of these events were %' — p1T0
decays arising from K’ interactions with deuterium. About 300 =1 - p
decays were anal&rzed from deuterium film taken during the experiment.
‘The deute ridm contamination in the hydrogen film was estimated by
counting the K n - Aw_ ihteractions., We estimate that from 1 to 5%

of the identified ZJ+-+ py decays are actually deuterium events.

4. Two events had good =t production fits, but the missing mass of the neu-

" tral decé,y particle was not calculated because of intricacies in the

fitting program. The events were nevertheless identified as = T — PY-

5. R. Bangerter, A. Barbaro-Galtieri, J, P. Berge, J. J. Murray, F. T.

Solmitz, M. L. Stevenson, and R. D, Tripp, Phys. Rev. Letters 17,

495 (1966).

6. R. E. Behrends, Phys. Rev. 111, 1691 (1958). The conventions for the v

matrices are those of S. Gasiorowicz, Elementary Particle Physics

(John Wiley and Sons, Inc., New York, N. Y., 1966).



~10- ' UCRL-19261

7. See, for example, H. Harari, Phys. Rev. 155, 1565 (1967), and H. J.

Lipkin, Lie Groups fdr Pedestrié.né (North-Holland Publishing Co. ,

‘Amsterdam, 1966), for discussions of the SU(3) properties of the -
photon and the consequences of its being a U-spin singlet.

8. Y. Hara, Phys. Rev. Letters 12, 378 (1964); M. Hirooka and M. Hosoda,
Progr. Theoret. Phys. (Kyoto) 35, 648 (.1966); |

9. R. H. Graham and S. Pakvasa, Phys. Rev. 140, B1144 (1965); K. Tanaka,
Phys. Rev. 140, B463 (1965) and 151, 1203 (1966).

10. H. S. Mani, Y. Tomozawa, and Y; P. Yao, Phys. Rewv. 15_8, 1577 (19.6’7);

| M. A. Ahmed, Nuovo Cimento 58A, 728 (1968); G. M. Papaibahnou,

Phys. Rev. 178, 2169 (1969).'

Figure Captions

Fig. 1. The MMSQ distribution for 59 of the 61 2+ — pY events used in
determining «.

Fig. 2. Py, VS. (f‘:- Q)RF for (a)b the 11 775 events satisfying all the branching
ratio criteria (the regioné 1-4 that héve been removed are explained
in the text),. (b) the 31 évents devtermined to be Z+—> py decays.

Fig.. 3. The MMSQ distribution for the 11 775 events satisfying the branchi"né
ratio criteria, (a) before examinati.on and remeasuremeht (the scale
is logarithmic); (b) aftef examination and remeasurement of events

with MMSQ < 0.45 and MMSQ > 1.55. Thirty-one events below 0.25

o~

are =t . pY decays; the event at 2.83 is probably =t pnoy. :
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Neither the United States, nor the Commission, nor any person acting on
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resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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