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ABSTRACT

| The form of the A‘3 decaf interaction was studied by using
_ lambdas prodv;kcéed_ by stoppéhg K~ mesons in the Berkeley30hoin.
pro;:axﬁ-fréon bubble chambef_. A selected .sample.of 59 A!,3 decays
were analyzed in the A rest syétem. “and 50 6£ these wereﬁfurther'
studied in the laboratory aystem. The results show .that'a pure tensor
"interaction can be ruled out with 98% conﬁdence. and for mixtures of
vector and a,xia.l vector, lCA/Cvl is greate_r than 0.7 with ‘9‘5% confidence. -
Scalar and pseudoscalar-. either alone or_with small admixi:ﬁrea.o‘f tensof.

cannot be-a'.ruled out. .Pure axial vector and V%A are consistent with the

t data.
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INTRODUCTION
'I"he results presented here are from a further analysis of the
A -p + e+ V events used in finding the Aﬁ branching .'ratic.). 1’ K™
mesons from the Bevatron were stopped in the Berkeley 30-in, heavy-
liquid bubble c:.ha.\.r:rﬂ:»er2 filled with a mixture ?f 24% propane #nd 76%
freon. 'CF3Br by weight. Of the events uséd for'detérmining the
branching ratio, 59 satisfied the more stringent criteria éhat were -’
appliéd. The .analysis was done in both the labo:étOfy and A rest
‘- systems. The data show that a pure tensour interaction can be ruled ou£
with 98% confidence, and for mixtures of vecté: and axial Vec.tor,l
ICA/CVi is greater than 0.7 with. 95% confidence. Equal amoﬁnts of
scalar andlpseuciosc.alar. e;ither alone ér with small :admixture.s of
tensor, cannot be ruled out.  Pure axial vector and V£A are éonsiétent
_ with the data. 3 . | | | i
Wim unpolarized lambdas, our'statisfics were -\too-am'a.ll to find the

éign of CA/CV from the lepton‘ spectra.
, ( |

SELECTION AND MEASUREMENT OF EVENTS

. The A‘3 éecays used to stu|dy the interaction were identified by one
' of two s'canning‘vcritei..'ia:' either the electron track displayled a charactex;-'
istically high curvature or had a 8 ray greater than 1 cm. The degree
’oi curvature required for acceptancé was deiinea by constructing a radius
- vector from the A-decay point to a poin£ alongv the negative tra.b.l;. and
requiring thé ;radiué vector to pass through a maxiixmm value beiofe
reaching thé énd of the.-track (Fig. 1). The evénts identiﬁed by & rays

were required to have an élect_rph track longer than 15 cm . A description |

of the scanning criteria and background studies is given in reference {.
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_ Tbe momentum of the electron, as determined from curvature
m;aaurements By ﬁsing the theory of Behr and Mittnershor by total
sfxower lengﬁh, was accurate to 37% at best. Cénter-of«mase re.
{t;Onstructioﬁ therefore depended strongly upon accurate measurements
- of the proton»momehtum. For thié reason all evénts .with protons whiéh
did noi stop in the chgniber were eliminated. The direction of the proton
and the A are also very critical input paraméteré ix.x the reconstruction,
To ensure tha.t'the. proton-A angle was reasonably well'de'termined (to
approximately 5 deg), a cutoff -of 0.5 cm was applied' both to the A’length

(L in Fig. 1) and to the proton length Lp. _ 0

Fifty events were identified by electron curvature and nine by b rays,

Each Aﬁ ‘event was measured at least twice and spatially reconstructed. !
Mean values of the quantitig,é calculated from the different measurements

A

of eaéh event were used, wh‘ich effectively increased the measurement
accuracy. - ) .

| ln'addition'tc-) the> Aﬁ dgc‘ayé. a sgrﬁple_of 770>‘norma1 (A—*p+ )
decays were measured and fitted to give more information about the ~
validity of assigned exrrors énd to pr‘ovide a lambda momentum spectrum. -

ANALYSIS OF THE FORM OF THE A, INTERACTION

8
The A n;xo‘mentum could nét be éaléulated from pro_ducti.on_kine-‘» |

matics, beéause of formatioh of it'hAe A'; on heavy nﬁclei. The' cc’méerva.-

tion of energy and rhOmentum at th;e. Aﬁ decay vertex gave a z_ero-cOnatraint

situation witb two solutions for the Aé momentum. Since thei;e was no

way of choosing between the two soiutiohs. they were treated with equal .

~ weight. For about 40%_o£ our events, complex solutions occurred, due to

measurement errors. ﬁsuélly this happened because the proton or electron

3
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" precluded a determination of the’ sign of C A/ Cy in this experiment.
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transverse momentum was measured to be greater than the maximum

" theoretical value of 163 MeV/c. For th.esie cases, the measured quan-'

tities were 'adjusted accor.ding, to their errors by 2 least-squares pro-.

cedure until the discriminant became zero and a single real sclution

" was obtained.

In the. A rest syatem. the parameter moat sensitive to the form of

the AB-—decay interaction is the kinetic energy of the proton T (see for

P
example reference 4). However, thé distribution of Tp is ;ndependent

of interference effects between V and A, and therefore cannot bé used

" to deternﬁihe the sign of CA/CV

The lepton spec'tra.‘ though depe‘ndent on the form 65 the interaction
and on interference effects, are dominated by the phéseaspace factor, ‘r‘g_

This, coupled with the poqf'measurability of the electron momentum,

Results independént of electron momentum were obtained in the
N ) ‘ ’ . ~ ! !
laboratory system from the distributions of proton transverse momentum

(P,) and of the angle @ between the proton and electron measured in the
' { v : '

plane perpendicular to the A .line of flight (Fig. 2). ‘These quantities

were sensitive to the form of the interaction and had the advéntage of

having no two-solution ambiguity and requiring no fitting.

STUDY OF BIASES AND EXPERIMENTAL RESOLUTION

. Distributions of the Aﬁ decay parameters in the laboratory system

~were biased by the selection criteria and by measurement exrors, and in

the A rest system also by the two-solution ambiguity and the fitting pro-

cedure, To compensate for these biases, we modified the theoretical .

. disiributions for diffei-_ent forms of the interactioi; by a Monte Carlo prdgram'

[
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which generated events under axmulated experimental conditions. The

'experimental results were then compared to the modiiied theoretxcal
curves. | |
. The program irxitiai_:ed each random decay in the A rest system,
according to a given matrix eicment. The proton and electron were then
transformed to the laboratory system by usmg a A momentum chosen at
random from a sample of 770 measured A decays. At this point the chamber
geometry and rénge—energy relations*were introduced, and thc proﬁona were
"required to étop within the chamber. Qutoffs weré tt.len applieo. on® Lp and
I"A and each event was weighted according to the electron-detection efficiency
curve.ir Typical angle and track curvature errors Were assigned oy random
choice on the asaumpt-ion that they were normally distributed. b
The program was checkcd by hlaving' it producé normal A decays, 3
with the "experlimental" errors and cutoffs o’n~ Lp and LA': The resclting‘
‘distributions of Pt and @pm(the angle bet@een the‘proton and piorr in the "/
plé.ne transverse to the A direction) aé‘re'edv well with'those from our meas-
ured sample of 770 A decays (see figs. 3. and 4).
To obta‘in the q\ia.ntities in the ‘A rest system, the same progré.m ‘
that had been used for the kinematica.l reconstr\rction of the real events
was employed to find the two real solutions, or a fitted aingle solution for
‘each Monte Carlo event. - | |
~ Monte Carlo runs were made at. seven different values of ICA/CVI
from 0 to' o, i, e. throughout the range from pure vector to pure axial vector.
For convemcnce,‘-_the parameter ¥= ‘CAI- ICVV |CA\+ ICV‘ was used, so that
Y=-1.0 for a pure vector intercction. Y= 0 for V£A and Y=1.0 for pure
axial véctor. Runs were also made using the tensor interaction and an |

equal mucture of scalar a,nd pseudoscalar. v In each case the induced £orm

factors were awumed to be zZero, .
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LABORATORY-SYSTEM ANALYSIS

For the iabbratory-system analysis, b~ray eveants were excluded.

The remaining 50 events were all selected on the same basis, namely the

TR criterion. This sample was free from background, was selected

max
with a high scanning efficiency, and had an electron-detection efficiency

' Figures 5 and 6 show the data and the modiﬁed theoretical curves,

The 1ikelihood curves from the P, and @ data are shown in Fig. 7. Of

the two quantities, P, is more sensitive to the form af the interaction, .

t

) ~indicated by the higher. likelihood ratios of the Pt curve. That the maxima

of these two curves do not coincide can be accounted for by a large but
reasonable statistical fluctuation, This is seen from the xz analysis i,
summarized in Table I and the comparison of mean values shown in

Table II. In both cases the Pt data favor pure axial vectof or scalar-

L

'pseudosca.la.r, while the & data favor V£A. However, ® 1is not

aensitive enough to rule out a.ny of the posgibilities.

- The results from P indzcate that a pure tensor interactxon can be
ruled out with 98% conﬁdence.‘ ' For mixtures of vector and axial vector.
ICA/CV_Iv is greater than 0.7‘ with 95% confidence. A scala.r-;pseudoscallar '

interaction with small admixtures of t'ensvo?r cannot be ruled out.

CENTER:OF-MASS SYSTEM ANALYSIS

The Tp spectrum for the 59 events is shown in Fxg 8, tog‘ethér with
five of the modified theory curves obtained from the Monte Carlo program.

'I'he lxkehhood ratio between the va.noua V and A theoriés and pure vector

is plotted in Fig. 9 as a ﬁ;ncti(m of Y.. Figure 10 gives the x?‘ values for a ‘

-
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~ five-cell {it between the T; spectrum and the modified theories. From

this, with 95% confidence, we find that |C,/C |is greater than 0.4. A

gcalar-pseudoscalar interaction, a tensor interaction, or any mixture of

,the two is quite compatible with these results. N

CONCLUSION

o
Results of the two analyses are consistent with each other and with

previous experiments of Baglin ef al, 5 and Lind et al. 6

A value of |C A/ Cvl = 0,94 predicted by Sakurai’, who assumed a

3

~ decay branching ratio of 0.82X10~, is just co_mpaﬁble with our results.

B
However, the value lC A/ Cvi = 0,72 given by Cabbib08 is not in good agree-
ment with our result from . -Pt which favors a predominantly axial vector:,“ ’

interaction. = S - S

=Y

' ACKNOWLEDGMENT
We would like to thank Larry Oswald énd the 30-in. chamber crew

for all their efforts.



-7~ '~ UCRL-11672
FOOTNOTE AND REFERENCES

* This work was done under the auspicés of the U, S. Atomic Eﬁergy ‘

"‘ Comm’iss‘ion and the British Department of Scientific and Lndustrial

Research. | ‘

1. WR. P. Ely, G. Gidal, G. E. Kalmue, L. O. Oswald, W. M. Powell,

| W. J. Singleton, F. W. Bullock, C. Hér’xdefﬁon‘. D. J. Millexr, and

F. R. Stannard, Phys. Rev. 131, 868 (1963). |

2. . W. M. Powell, W. B. Fowler, and L. O, Oswald, Rev. Sciv Instr,
29, 874 (1958). o -

3. L. Behr and P. Mittner, Nucl. Instr. Methods 20, 446 (1963).

4, L. Egardt, Nuovo Cimento 27, 357 {1963). | _'

5 C. Baglin, V. Brisson, A. Rousset, J. Six, H., H. Bingham, |

| .' M. Nikoﬂc. K. Schultze, C. Hendemofx, D. J. Mmiller, F. R. Stannard,
R. T. Elliott, L. XK. Rangan, A. Ha.a.ﬁuft. .anxd K. Myklebost? Branching
Ratio and Form of intefaction for the Beta Decay of thé A Hypéron,
CERN Phyeics Report 64- 12, April 16, 1964

6. \/\/V G. Lind T. O. Binford, M. L. Good, and D. Stern, Experimental
Investxgatlon of V-A in Leptonic Lambda Decay, Univermty of
Wisconsm prepnnt No 6, March 23, 1964 (submitted to Phys. R,ev. ).

7. " J. J. Sakurai, Phya Rev.. Letters 12, 79 (1964). |

8. N. Cabibbo, Phys. Rev. Letters 10, 534 (1963).



.._.,........‘......._,..-..._.,

Table I x?Z probabilities for different forms of the interaction, from P, and @ data separately.
; , : Foﬁn of interaction , :
_ Vector V-.33A V-.67A  V-A V-1.5A ~V-3A  Axial Scalar Tensor
_ : : ' : : ~ Vector :
xéqf@ldist;ﬁbu&idﬁa ©..926.7 167 85 . 54 3.8 2.8 2.3 0.2 10.1
Percentile from P(%) <<1 <t . 4 15 28 43 50 8 2
x‘z of & distributions 4.3 . 3.0 10.25 0.07 024 054 075 429  0.25
Percentile from & (%) 23 . 39 97 >99 .97 - 91 . 86. © 23 o 97
..
.

Qe
. s

2L911-TY0N



Table II. Mean values of theoretical distributions of P, and 3.

Form of interaction

- - : Axial
Vector V-.33A  V-.67A V-A V-1.5A V-3A Vedctor Scalar Tensor

B S RO NRS

Mean P, (MeV/c) - 112 . 108 102 99 .97 - 9% 93 - 85 103
from mbdified L . S . i
theoretical distributions o

| Mea.n'P‘t from experiment = é6:h6~' | |
‘Mean @ (deg) 141 437 © . 432 128 . 426 - 424 423 . 416 . 432

from modified
theoretical distributions

Mean & from experiments 128+ 7 . ‘ : ; L i

C et
L)

i

2L911-TYDN
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FIGURE LEGENDS

Fig. 1. Example of an Rn; ax event, Thé radiué ‘vector R from the point

of decay to a point on the electron track passes through a maximum

value. : |

'Fig 2.  Proton transveree momentum and angle ® between the proton and
electron in the plane transverse to the A line of ﬂight. The A is
‘shown moving along the positive z axis before decay. The'x. y plane
corresponds to the A transverse plane. - S >

Fig. 3. Transverse-momentum distribt;tibn of 544 nc;rmal A deéaya

- selected from the sample of 770 measured events by applying cutoffs

on' Ly and L. The broken line is the P, distribution of 1200 Monte,

Carlo events normalized to 544 'I‘he xz probability for obtaming
| a worse ﬁt is 30%.
Fig. 4. Distribution of @pw from the same événta shown in"Fig. 3.‘, The
x2 probability for oBtaining é.'worée fit is 86%. | '
Fig. | 5. Dxatributxon of P, from 50 R max events‘ The emooth cﬁrves
include: the experimental resolution and biases.
Fig. 6. Distribgtion of & f?om 50 Rmax even’ts.f The smooth curves
include the eiéperimentalr.:esolution and biases. '
Fig. 7. Likelihood curves £rom P and & data from 50 R max SVERts:
= ( ch/ch -1)/( ]cA/c l+1) ‘ .
' Fig. 8. Distribution of the proton kinetic energy in the A rest syaterr:
| for 59 events incluciing foay events. The smooth curves incluc'ie.

the experimental resolution, the_ biases due to track length cutoffs,

the two-solution ambigﬁity. and the effects of the fitting procedure.

g



1. ~ UCRL-11672
Fig. 9. Likelihood curve from "II‘; data for 59 events.
Y = (e, /Cyl -0/tie,/Cy | + 1) |
' Fig. 10. Chi-square curve from T;data_with four degrees of freedom.
Y= ”C_A/CV' ~i)/(lCA/CV‘ +1). Yalues io; tensor and scalar-
‘pseudoscalar interactions are shown at the right. '

A
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Neither the United States, nor the Commission, nor any person acting on
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A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the information con-
tained in this report, or that the use of any information, apparatus, method,
- or process disclosed in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method or process dis-
closed 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 provides access
to, any information pursuant to his employment or contract with the Commis-
sion, or his employment with such contractor.









